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Preface
An Introduction to Practical Hospital Epidemiology
Ebbing Lautenbach, Preeti N. Malani, Jennifer H. Han, Jonas Marschall,
Emily K. Shuman, and Keith Woeltje

It is with great pleasure that we introduce the fourth edition
of Practical Healthcare Epidemiology. As noted by Dr. Loreen
Herwaldt in the introduction to the first edition of this text,
“Hospital epidemiology and infection control have become
increasingly complex fields.”1 While certainly true then, it is
even more so now. The healthcare epidemiologist today faces
an abundance of both challenges and opportunities. One
need look no further than the recent emergence or reemer-
gence of multidrug-resistant gram-negative bacteria, Middle
East Respiratory Syndrome, and Ebola, to appreciate the
dynamic nature of this field. Ongoing emphasis on such
issues as pandemic preparedness, patient safety, and complex
regulatory requirements related to infection prevention,
highlights the need for the expertise of the healthcare epide-
miologist in many arenas. The requirement for knowledge-
able and well-trained healthcare epidemiologists has never
been greater.
Healthcare-associated infections (HAIs) exact a tremendous

toll in morbidity, mortality, and costs. A recent survey esti-
mated that 4 percent of all patients admitted to US acute-care
hospitals in 2011 developed HAIs, for a total of 721,800 such
infections.2 Among these patients, about 75,000 died during
their hospitalizations. Total annual costs for the five major
HAIs (surgical site infection, central line–associated blood-
stream infection, catheter-associated urinary tract infection,
Clostridium difficile infection, and ventilator-associated pneu-
monia) have recently been estimated at around $9.8 billion.3

The primary focus of the healthcare epidemiologist remains
the prevention of HAIs. In this regard, there has been substan-
tial progress over the past several years, with significant reduc-
tions in the incidence of several HAIs, including central
line–associated bloodstream infection, surgical site infection,
and C. difficile infection.4 However, as indicated by the
ongoing burden of HAIs noted above, there remains much
work to be done. Indeed, the healthcare epidemiologist must
deal with all aspects of the healthcare setting to prevent
patients or staff from acquiring infection. These include out-
break investigation, surveillance, policy development, audits,
teaching, advice, consultation, community links, and research.
With the increasing acuity of the hospitalized patient

population and the growing utilization of other healthcare
settings, (e.g., long-term acute care, outpatient, home care),
the need for the healthcare epidemiologist will continue to
increase dramatically in the coming years.

The knowledge and skills of the healthcare epidemiologist
also lend themselves extremely well to addressing many other
issues at the forefront of patient care today. Knowledge of
healthcare epidemiology is useful for antimicrobial steward-
ship, quality improvement, technology assessment, product
evaluation, and risk management. In particular, application
of healthcare epidemiology–based practices has offered much
to the patient safety movement. These include establishing
clear definitions of adverse events, standardizing methods for
detecting and reporting events, creating appropriate risk
adjustments for case-mix differences, and instituting evidence-
based intervention programs.5,6

We recognize that several comprehensive textbooks of
hospital epidemiology exist as excellent resources for infec-
tion control professionals.7–9 This book is not meant to repli-
cate these textbooks but rather to complement them as
a pragmatic, easy-to-use reference emphasizing the essentials
of healthcare epidemiology. As a starting point, this overview
of the important aspects of healthcare epidemiology should
provide a good foundation for those entering the field of
infection prevention. The practical nature of the book lends
itself well to the very nature of healthcare epidemiology as
a field that requires constant action (e.g., surveillance, inter-
ventions). While daily decisions must be based on a thorough
evaluation of the data, they must also be practical in the
context of the healthcare setting and surroundings of the
practitioner.

This book is also distinguished by its focus on experience.
While based solidly on the existing medical literature, this
resource also offers real-world advice and suggestions from
professionals who have grappled with many of the longstand-
ing and newer issues in infection prevention. As with earlier
editions of this book, we asked the authors to write their
chapters as if they were speaking to an individual who would
be running an infection prevention program and who was just
starting in this field. The authors’ task was to prepare future
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hospital epidemiologists for their new careers by summarizing
basic data from the literature and by providing essential refer-
ences and resources. In addition, we asked the authors to share
their own experiences of what works and what does not work
in particular situations.

We hope that this book will provide trainees and profes-
sionals in infection prevention, particularly the fledgling
healthcare epidemiologist, the knowledge and tools to estab-
lish and maintain a successful and effective healthcare epide-
miology program. Ours is a vibrant and exciting field that
presents new challenges and opportunities daily. The pro-
spects for the healthcare epidemiologist are virtually limitless,
whether they are in infection prevention, antimicrobial stew-
ardship, patient safety, or beyond. We hope that this textbook
provides the foundation upon which many future years of
further learning, innovation, and advancement are based.
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Section 1 Getting Started

Chapter

1
Ethical Aspects of Infection Prevention
Loreen A. Herwaldt, MD, and Lauris C. Kaldjian, MD, PhD

Hospital epidemiologists and infection preventionists make
countless decisions every day. In general, we do not make life-
or-death decisions, such as whether to withdraw life support or
whether to withhold possibly life-sustaining therapies. Few of
our decisions require court injunctions or provide the fodder
for eager journalists. We simply decide whether to isolate
patients, whether to let healthcare workers continue to work,
or whether to investigate clusters of infections – all very rou-
tine decisions in the life of anyone who practices infection
control. These decisions are so ordinary that they could not
possibly have any ethical implications. Or could they?

In fact, many of the decisions we make every day, even those
we consider quite straightforward, are also ethical decisions –
which is to say, they compel us to choose between competing
moral values. Such choices are rarely easy, and their intrinsic
difficulty is not eased by the fact that few of us have received
more than cursory training in ethics. Moreover, if we attempt to
train ourselves, we find that very little has been written about
the ethics of our specialty, infection prevention and control.

Common Infection Prevention Decisions
with Ethical Implications
Wemay easily overlook the ethical component of our everyday
decisions; thus, we may misconstrue the decision confronting
us, thinking that it is without ethical consequences when, in
fact, ethical principles are at stake. Take, for example, the
practice of isolating a patient colonized with a drug-resistant
organism. Isolating a patient constrains the patient’s freedom
of movement but protects the rights of other patients to be
treated in an environment without unnecessary risk. Similarly
the practice of removing healthcare workers with contagious
diseases from patient care follows from epidemiologic data but
also from the ethical concepts of beneficence, nonmaleficence,
and utility –with an overall goal of maximizing good outcomes
andminimizing harm. In such cases, we restrict the freedom of
healthcare workers to obtain the greater benefit of protecting
patients and fellow workers. Or, when stocking the hospital
formulary, we consider the efficacy and cost of drugs, but we
also balance the benefit of lower cost (to the patient and the
hospital) and the risk of selecting resistant microorganisms
against physicians’ freedom to prescribe any available drug.

Infection prevention personnel confront additional ethical
dilemmas in many of their daily activities. For example, when
managing an outbreak, infection prevention personnel must
identify the offending pathogen’s source and mode of transmis-
sion, and then intervene appropriately. This is simple enough if

the reservoir is a contaminated drain that is easy to replace or
a nursing assistant with no political clout in the hospital. But what
if the reservoir is a powerful physician with a large practice and
tremendous influence with the administration? Or what if the
administration thinks your recommendations are too expensive
and excessive? Would you bow to the pressures and recommend
interventions that you think are less than optimal, or would you
risk the wrath of the physician or the administration and state
your best advice regardless of the consequences?

Infection prevention personnel frequently inform patients
or healthcare workers that they have been exposed to an infec-
tious disease. When the pathogen is varicella zoster virus, the
problem is relatively simple. Yet infection prevention personnel
must still consider ethical issues. Do you permit some suscep-
tible employees to continue working, if they wear masks, but
restrict others? Or do you restrict all susceptible healthcare
workers regardless of their position or their economic status?
If you are very busy at work or have plans for the evening, do
you delay your response or ignore the exposure altogether?
Other exposures, such as those to the hepatitis B virus, the
human immunodeficiency virus (HIV), or the prion agent that
causes Creutzfeldt-Jakob disease, provoke emotional responses
and raise challenging ethical questions. For example, what do
you tell employees in the pathology laboratory who were not
informed that the patient might have Creutzfeldt-Jakob disease
and, therefore, did not use the recommended precautions when
they processed the brain tissue? Do you recall and resterilize
instruments used for the implicated brain biopsy? Do you
notify patients who subsequently had surgical procedures and
might have been exposed to instruments that were not steri-
lized in the manner recommended to kill the infectious agent?

We hope these examples enable you to see that ethical
considerations abound within the practice of infection preven-
tion. Clearly, ethics is not the esoteric discipline some misun-
derstand it to be. Ethics is part of our daily practice. We should
not delegate ethical deliberations to others, though we will
need to include professional ethicists, hospital managers,
accountants, and lawyers in our discussions. We all must
recognize that maintaining our ethical integrity is an essential
professional responsibility. This chapter is a brief introduction
to the intricate intersection of ethics and infection prevention.

Taxonomy
In the introductory paragraphs, we described some routine
infection prevention activities that have ethical implications.
These descriptions are, in essence, a “narrative taxonomy” of

1



ethical problems in infection prevention and hospital epide-
miology. A taxonomy is an orderly listing or categorization of
things. Infection prevention personnel are probably familiar
with taxonomy as it refers to microorganisms, but not with

respect to our profession. On the basis of our experience in
infection prevention (LAH) and ethics (LCK), we developed
a taxonomy that we think will be helpful to infection preven-
tion personnel as they think about their own work (Table 1.1).

Table 1.1 A taxonomy of ethical problems in infection prevention

Control of the patient to limit spread of pathogenic organisms
Isolate patients who are colonized or infected with drug-resistant organisms
Isolate patients who are infected with highly infectious and/or dangerous organisms

Control of healthcare workers to limit spread of pathogenic organisms
Restrict the activities of healthcare workers who have been exposed to infectious diseases
Restrict the activities of healthcare workers who have infectious diseases
Restrict the activities of healthcare workers who refuse vaccinations (e.g., influenza vaccine)

Control of medications to limit selection and spread of antimicrobial resistance
Limit the antimicrobial agents included on the hospital formulary
Develop guidelines regarding the use of antimicrobial agents
Provide computer decision support for clinicians’ antimicrobial choices

Mandating or recommending best practice and interventions to reduce the risk of infection
Mandate or recommend treatment to eradicate carriage of resistant pathogens
Mandate implementation of isolation precautions
Mandate pre-employment vaccination and/or immunity to certain pathogens
Organize and promote yearly influenza vaccination campaigns
Develop policies and procedures
Mandate postexposure testing of patients and healthcare workers
Recommend postexposure prophylactic treatment of patients and healthcare workers

Resource allocation
Establish a threshold for investigating clusters of infections
Evaluate products to assess their cost relative to their safety and efficacy
Determine whether single-use items may be reused
Guide choices regarding materials, design, number of sinks, etc., for construction projects (cost vs. safety)
Limit hospital formularies to reduce costs and control antimicrobial resistance

Information disclosure
Report exposures to staff and patients
Report outbreaks and cases of reportable diseases to the public health department
Report data on healthcare-associated infections to the Centers for Disease Control and Prevention’s National Health Safety Network
Identify patients colonized with resistant organisms before intra- or inter-institutional transfers
Protect the confidentiality of patients’ medical records and laboratory results
Protect the identity of index patients in outbreaks
Protect confidentiality of patients who test positive for human immunodeficiency virus

Conflicting and competing interests
Managing outbreaks

Staff, especially institutional leaders, may refuse to comply
Administrators may balk at the cost of investigating outbreaks
Hospital epidemiologists who chose unpopular interventions may lose referrals or their jobs

Managing exposures
Staff, especially institutional leaders, may refuse to comply

Selecting the hospital formulary
Relationships between the staff on the formulary committee and the pharmaceutical industry may compromise decisions
Staff physicians may prefer specific antimicrobial agents not on the formulary

Individual professionalism
Act altruistically (prompt intervention vs. personal convenience)
Mediate in-house disputes between administrators, clinicians, unions, and the hospital
Act courageously when necessary, despite inadequate or conflicting data
Keep up with new developments in the field

Personal
Protect yourself from acquiring infectious diseases
Protect your family from acquiring secondary infections

Loreen A. Herwaldt and Lauris C. Kaldjian
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The taxonomy not only describes the most important ethi-
cal problems in infection prevention but also helps us define
the individuals, groups, and organizations to which infection
prevention personnel have specific obligations. In particular,
infection prevention personnel have obligations to inpatients
and outpatients as groups, to individual patients, to visitors as
a group, to individual visitors, to healthcare workers as
a group, to individual healthcare workers, to the healthcare
facility for which they work, to public health entities both local
and federal, to facilities to which their facility refers or transfers
patients, to referring or transferring facilities, and to the public
in general. Different groups often have different interests that
are in competition. We can use the taxonomy to help us
identify the type of ethical problem we are facing and the
competing obligations that may surround that problem.

An Approach to Ethical Problems in Infection
Prevention
Most discussions of medical ethics ignore the epidemiologist-
population relationship and concentrate instead on the clin-
ician-patient relationship.1,2 Infection prevention personnel
are frequently clinicians; however, we must differentiate our
clinical and epidemiologic roles because the fiduciary duties
associated with these different roles do not always coincide.
Medical ethics are “person-oriented,” while epidemiologic
ethics are “population-oriented” (Table 1.2).3–5 Even so, the
standard principles of medical ethics also apply to hospital
epidemiology. These principles are as follows:6,7

• Autonomy (respecting the decisions of a competent patient)
• Beneficence (doing good)
• Nonmaleficence (doing no harm)
• Justice (being fair and allocating resources equitably)
• Utility (maximizing benefits and reducing harms to all

concerned)

However, the principles are applied according to the public
health model,5,7 which requires commitment to improving the
health of populations, not only individual patients.8 Although
both medical ethics and epidemiologic ethics stress nonmale-
ficence and confidentiality, medical ethics emphasizes privacy
at times when epidemiologic ethics emphasizes investigation
and reporting to protect the population. Furthermore, medical
ethics stresses patient autonomy, whereas epidemiologic ethics
places special priority on justice. Put more practically, medical
ethics demands that the clinician treat an infected patient while
maintaining the patient’s confidentiality, privacy, dignity, free-
dom, and contact with other human beings (Table 1.3).
In contrast, epidemiologic ethics might stress treating both
infected and colonized patients to protect patients and health-
care workers. In particular cases, epidemiologic ethics might
require healthcare workers to post isolation signs on the doors
to patients’ rooms; or insist that patients stay in their rooms
except when going to essential tests, in which case they must
wear surgical masks; or require healthcare workers to wear
gowns, gloves, and masks to avoid direct contact with patients.

By now it should be clear that ethically challenging situa-
tions are common in the practice of infection prevention and
hospital epidemiology. To respond effectively to these chal-
lenges, infection prevention staff must address each problem
systematically. Kaldjian et al.9 developed an approach to ethics
that is clinically oriented and helps the user state the problem
clearly, collect data comprehensively, formulate an impression,
and, finally, articulate a justified plan. In outline form, we
present a modified version of this approach tailored to the
particular demands of infection prevention (Table 1.4), and
we employ this approach (in abbreviated form) as we discuss
three core topics.

Core Ethical Topics in Infection Prevention

Staff Vaccination Programs
Vaccines were one of the public health movement’s major
triumphs during the twentieth century, and in that very

Table 1.2 Differences in emphasis between epidemiologic ethics and
medical ethics

Variable Epidemiologic
ethics

Medical ethics

Scope of concern Populations Individuals

Goal Prevent
infection

Treat and prevent
infection

Typical principles Nonmaleficence Beneficence and
nonmaleficence

Justice (fairness) Respect for patient
autonomy

Utility

Purpose of
disclosure

Investigation Diagnosis

Information
handling

Confidential
reporting

Confidential
documentation

Table 1.3 Differences in approach between infection prevention and
medical care in the care of a patient with a transmissible infection

Variable Epidemiologic
approach

Medical
approach

Microbial
colonization

Possible treatment Observation

Confidentiality Qualified (e.g., posting
signs on patients’
doors)

Maintained

Freedom of
movement

May limit with
isolation precautions

Maintained

Freedom of
contact

May limit with
isolation precautions

Maintained
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triumph are the seeds of a substantial controversy and an
ethical problem. Because use of vaccines effectively decreased
the incidence of many infectious diseases, the public no longer
knows how dreadful these infections can be and how many
complications and deaths they have caused. The public is now
more aware of vaccine complications than they are of the
infections the vaccines were developed to prevent.
In addition, parents of “vaccine-damaged children,” the nat-
ural health movement, television, radio talk shows, and the
Internet have all become important participants in this
“debate.”10,11

The controversy about the pertussis vaccine is illustra-
tive. In the 1940s, pertussis was the leading cause of death
among children under 14 years of age. Pertussis, in fact,
killed more children than measles, scarlet fever, diphtheria,
polio, and meningitis combined.12 The incidence of per-
tussis was already decreasing before the killed whole-cell
vaccine was introduced, which was probably related to
changes in social conditions, hygiene, and nutrition.
However, the incidence declined significantly after the vac-
cine was introduced.13

Because the whole cell pertussis vaccine is composed
of dead Gram-negative bacteria, it includes many toxic

components and is, thus, quite reactogenic. Recipients
often have significant pain, swelling, and erythema at
the vaccination site, and they may develop fever, anor-
exia, irritability, and vomiting.14 In addition, some chil-
dren may develop inconsolable crying, excessive
somnolence, seizures, or hypotonic-hyporesponsive
episodes.14 Encephalopathy, which is very rare, is the
most severe complication of pertussis vaccination.14

Opponents of the vaccine allege that the vaccine not
infrequently causes serious permanent neurological
damage. In some countries, such as Sweden, Japan, and
the United Kingdom, the antivaccine movements gained
such prominence that the countries either stopped vacci-
nating children or the rate of vaccination decreased sig-
nificantly. All three of these countries had outbreaks of
pertussis that affected thousands of children and caused
numerous deaths.14

The controversy over the pertussis vaccine suggests that
the ethical debate over vaccines in both the public health
arena and in the hospital revolves around providing the
greatest good for the greatest number of people (i.e., pro-
tecting them against harmful infections) and protecting the
individual from harm that could be caused by
a vaccination. The ethical dilemma occurs because, in gen-
eral, the population benefits (i.e., an immunized population
that is less susceptible to infection), but individual persons
bear the risk of vaccine complications.15–19 In highly vac-
cinated populations, a single person can refuse a vaccine
and may avoid both the potential complications of the
vaccination and the infection itself because he or she is
protected by the vaccinated population. However, one may
ask whether this is fair to persons who are willing to bear
the burdens of being vaccinated (potential
complications).15 Furthermore, if this scenario is repeated
often enough, the vaccination rate in the population will
drop, and nonimmune people will be at risk.

The ethical dilemma just described also occurs in
healthcare facilities that require healthcare workers to be
immune to certain infections. For example, most health-
care facilities require that healthcare workers be immune to
rubella, which means that employees must present proof
that they have had the infection or that they have had at
least two rubella vaccinations. The reasons healthcare facil-
ities have this requirement are that rubella is easily trans-
mitted within healthcare facilities and that this virus can
cause severe congenital defects if a pregnant woman
becomes infected.20,21 Thus, healthcare facilities caring for
pregnant women seek to protect these patients by requiring
staff to be immune to this infection. Pregnant employees
also benefit from this requirement. However, the individual
healthcare provider may not benefit from receiving this
vaccine, because rubella causes very mild disease in adults,
and an adult vaccine recipient might develop complica-
tions. Thus, the hospital puts limits on the autonomy of
its staff members to avoid harming pregnant patients and
employees.

Table 1.4 An approach to ethical problems in infection prevention

1. State the problem plainly

2. Gather and organize data

a. Medical facts
b. Goals and procedures of infection prevention and

control
c. Interests of patients, healthcare workers, hospital,

community, and public health agencies
d. Context

3. Ask: Is the problem ethical?

4. Ask: Is more information or discussion needed?

5. Determine the best course of action and support it with
reference to one or more sources of ethical value

a. Ethical principles: beneficence, nonmaleficence,
respect for autonomy, justice, utility

b. Rights: protections that are independent of
professional obligations

c. Consequences: estimating the goodness or
desirability of likely outcomes

d. Comparable cases: reasoning by analogy from prior
“clear” cases

e. Professional guidelines: for example, APIC/CHICA-
Canada professional practice standards48

f. Conscientious practice: preserving epidemiologists’
moral integrity

6. Confirm the adequacy and coherence of the conclusion

NOTE: APIC, Association for Professionals in Infection Control and
Epidemiology; CHICA-Canada, Community and Hospital Infection Control
Association–Canada.
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The approach many facilities take to influenza vaccine
illustrates another extreme. The influenza virus is quite con-
tagious and can cause serious complications, hospitalization,
and death, particularly among elderly people and people with
significant underlying diseases. Healthcare facilities, particu-
larly hospitals, care for many people who are at risk for com-
plications of influenza. Moreover, outbreaks of influenza have
occurred in healthcare facilities. These outbreaks are difficult
to recognize and, therefore, are underreported.22 Thus, many
hospitals offer the vaccine free of charge to employees each fall.
But employees, even those who work with high-risk patients,
usually are not required to be vaccinated.23 In this case, hospi-
tals have elected not to mandate vaccination with a safe and
effective vaccine that could prevent at least as many severe
complications as does the rubella vaccine. Instead, they have
elected to preserve their healthcare workers’ autonomy rather
than allowing the interests of vulnerable patients to take pre-
cedence over that autonomy.23

Why do hospitals manage rubella one way and influenza
another? To our knowledge, no one has studied this issue.
However, we might speculate that society considers the birth
of even one child with congenital rubella to be a tragedy.
By contrast, we might speculate that society is not as alarmed
by the fact that thousands of elderly people die each year from
complications of influenza. Moreover, a damaged child repre-
sents many impaired life-years, whereas a frail elderly person
who dies represents very few life-years lost. Furthermore,
because influenza outbreaks in healthcare facilities are rarely
recognized, most hospital administrators probably feel that the
risk to the patients is very low and, thus, do not require all staff
to be vaccinated. In contrast, the hospital would face a huge
lawsuit if a woman could document that she acquired rubella
while receiving prenatal care in that facility. Though these
different approaches to rubella vaccine and influenza vaccine
present major ethical issues, healthcare providers seem rela-
tively unaware of these issues even though they often discuss
their right to autonomy regarding vaccinations.

We believe that healthcare workers have a moral obligation
to restrict their own freedom when it comes to complying with
interventions such as influenza vaccine if in so doing they
might help preserve their patients’ health. Rea and Upshur23

take this position in their commentary on the issue:
As Harris and Holm wrote of society in general: “There

seems to be a strong prima facie obligation not to harm others
by making them ill where this is avoidable.” But there is
a special duty of care for us as physicians not simply to avoid
transmission once infected, but to avoid infection in the first
place whenever reasonable. Our patients come to us specifi-
cally for help in staying or getting well. We have not just the
general obligation of any member of our community, but
a particular trust: first do no harm.23

The hepatitis B vaccine illustrates another approach to
vaccines within the healthcare setting. The US Occupational
Safety and Health Administration requires healthcare facilities
to offer hepatitis B vaccine to all employees who will have
contact with blood and body fluids to protect them from
acquiring this virus through an occupational exposure.24

In this case, the individual vaccinated gets the benefit and
bears the risk associated with the vaccine. In addition, employ-
ees are not required to take the vaccine. If they do not want it,
they simply sign a waiver stating that they decline the vaccine,
in which case they bear the risk if they are exposed to hepatitis
B. The institution, thereby, fulfills its ethical and legal obliga-
tion to the employee, and the employee maintains his or her
freedom to choose whether to be vaccinated.

But a question remains regarding hepatitis B vaccine, and
that is whether all healthcare workers should be required to be
immune to this virus to protect patients from becoming
infected. Given that the risk of transmitting hepatitis B virus
is very low with most healthcare-associated activities, there
does not seem to be a strong ethical argument for requiring
vaccination. However, more than 400 patients have acquired
hepatitis B from infected healthcare workers who performed
invasive procedures.25 It is, therefore, appropriate to ask
whether all healthcare workers who perform invasive proce-
dures that could expose the patient to the healthcare workers’
blood should be vaccinated against hepatitis B. Though some
healthcare workers might argue that mandatory hepatitis
B vaccination infringes on their right to choose, we think that
mandatory vaccination for this group of healthcare workers is
ethically justifiable, given the known benefits of vaccinating
healthcare workers, the minimal risks associated with the vac-
cine, and the possible benefits to patients. Because many med-
ical schools now require medical students to be vaccinated and
the Centers for Disease Control and Prevention recommend
vaccinating all infants, in the near future this question may
become moot.

Isolating Patients Who Carry or Are Infected with
Resistant Organisms
The incidence of colonization or infection with drug-resistant
microorganisms, particularly methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant enterococci (VRE), has
increased substantially over time. One of the primary goals for
infection prevention personnel is to protect patients from acquir-
ing pathogenic organisms, including resistant organisms, from
other patients, the environment, and healthcare workers.
Infection prevention personnel have several means to accomplish
this goal: educating staff; implementing isolation precautions,
with or without active screening programs to identify carriers
(see Chapter 7, on isolation precautions); implementing hand
hygiene programs; controlling use of antimicrobial agents (see
Chapter 19, on antimicrobial stewardship); and developing clean-
ing protocols for patients’ rooms and equipment. Of these meth-
ods for controlling spread of resistant organisms, implementing
isolation precautions, with or without active screening, and con-
trolling use of antimicrobial agents have been quite controversial
and are associated with significant ethical issues. We discuss the
ethical implications of using contact precautions to control
spread of MRSA and VRE.

There are numerous reasons to prevent spread of MRSA
and VRE. Both organisms can cause serious infections.26–29

Because MRSA and VRE are resistant to the first-line
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antimicrobial agents used to treat serious infections caused by
S. aureus and enterococci, these infections may be difficult and
expensive to treat. Moreover, if MRSA becomes resistant to
vancomycin (i.e., if the resistance gene is transferred fromVRE
to MRSA), infection with such strains might be virtually
untreatable with currently available antimicrobial agents.
Furthermore, MRSA infections do not replace infections
caused by methicillin-susceptible S. aureus, rather they are
added to them. Thus, in hospitals where the incidence of
MRSA colonization and/or infection increases, the overall
incidence of healthcare-acquired S. aureus infection often
increases as well.26 If MRSA and VRE are transmitted in
a hospital, other organisms, such as Clostridium difficile and
gram-negative organisms that are resistant to extended-
spectrum β-lactam agents or to carbapenems may also be
transmitted, indicating that the overall infection prevention
practice in the hospital is lax.

Some infection prevention personnel argue that data from
numerous institutions document the effectiveness of aggres-
sive prevention and control measures.27 Infection prevention
personnel who take this position would also argue that, as
healthcare professionals, we should first do no harm. Because
MRSA and VRE harm many patients, we should do all we can
to prevent both transmission of these organisms and infections
caused by these organisms. Therefore, infection prevention
programs are obliged to use reasonable means to prevent
selection and spread of these organisms.27

Other infection prevention personnel argue, to the con-
trary, that there are numerous reasons not to invest substantial
resources and time into MRSA and VRE control efforts.29,30

They insist that the incidence of colonization or infection with
these organisms is already so high that control measures are
ineffective and waste precious resources. They would agree
that aggressive measures have worked in some instances, pri-
marily in outbreaks, but that the data on the overall incidence
of MRSA and VRE colonization or infection indicate that
infection control efforts have failed to stop transmission.
They also argue that many colonized patients never become
infected, colonization per se does not harm these patients, and
MRSA and VRE are neither more virulent nor do they cause
greater morbidity and mortality than methicillin-susceptible
S. aureus and vancomycin-susceptible enterococci. Thus, these
patients should not be subjected to decolonization or to isola-
tion from which they will not benefit. These infection preven-
tion personnel also state that efforts to control MRSA and VRE
impair patient care and, therefore, may actually cause worse
patient outcomes than would have occurred if the patients
were not isolated.31–33 Finally, they would argue that eradicat-
ing carriage with antimicrobial agents such as mupirocin may
actually increase antimicrobial resistance.34

Infection prevention personnel who think contact precau-
tions are an important component of a program to prevent
spread of MRSA and VRE offer several arguments to support
their position:35 1) contact precautions have been shown by
numerous investigators to stop transmission of these organ-
isms during outbreaks; 2) contact precautions have reduced
transmission of MRSA and VRE in situations where they are

endemic; 3) data from several studies suggest that proximity to
a patient who carries MRSA or VRE is a risk factor for acquir-
ing these organisms;27 and (4) common sense suggests that
housing infected or colonized patients in rooms separate from
patients who do not carry these organisms should reduce
spread of the resistant organisms.

Other infection prevention personnel present arguments
against using isolation precautions to control the spread of
MRSA and VRE:29–33 1) MRSA and VRE are spreading despite
these precautions; 2) patients in contact precautions do not
receive the same level of care as do patients with similar
problems who are not in contact precautions; 3) contact pre-
cautions may actually prevent patients from getting appropri-
ate treatments (e.g., aggressive physical rehabilitation) or from
being transferred out of an acute-care facility to a facility better
suited to the patients’ needs; and 4) contact isolation creates
social isolation that may impair patients’ psychological well-
being.

Other infection prevention experts would argue that the
real question is not whether to invest resources in attempts to
control MRSA and VRE, but which means should be used to
control spread. The major issue in this discussion has been
whether to use intensive active surveillance coupled with con-
tact precautions to control the spread of these organisms 27,36

or to enhance compliance with standard precautions and hand
hygiene.30,32 The crux of this debate revolves around differing
interpretations of the extant data. Those who support active
surveillance and use of contact precautions believe that the
data strongly support this approach,27,36 while those who sup-
port enhancing general infection prevention precautions
believe either that current data suggest these measures are not
effective30,32 or that more data are needed before hospitals
spend large amounts of money and time performing active
surveillance.37

As suggested in the preceding paragraphs, the major ethical
dilemma with respect to using contact precautions to control
the spread of resistant organisms is that the health interests of
patients who are not colonized or infected with a resistant
organism conflict with those of the patients who are colonized
or infected with one or more of these organisms. That is, the
patients who are not colonized or infected expect to be treated
in the safest possible environment, one that is free of organisms
that could complicate or prolong their hospitalizations or
could add costs to their hospital bills. They desire to avoid
untoward consequences or complications of hospitalization.
On the other hand, patients who are colonized or infected with
one of these organisms have the right to full treatment for their
medical problems, which includes receiving adequate attention
from staff and having access to all tests and therapies that are
necessary for their care. These patients want to avoid compli-
cations of inadequate care, such as slower or impaired rehabi-
litation, and complications of social isolation, such as
depression, anger, and nonadherence to recommendations.
Each side in this debate refers to different ethical principles
to support their case. Those in favor of contact precautions
argue that this type of isolation protects unaffected patients
from acquiring organisms that could eventually harm them
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and thus supports the ethical principle of nonmaleficence.
The opposition argues that use of contact precautions violates
affected patients’ autonomy and may violate the principles of
beneficence and nonmaleficence, as well.

Some infection prevention leaders have begun to question
whether contact precautions should be used as a primary com-
ponent of a program to prevent spread of MRSA and VRE
within healthcare facilities.38–40 They argue that most studies
addressing this issue are of low quality and were done before
intensive efforts to improve hand hygiene were begun or before
hospitals introduced bathing patients with antiseptics like chlor-
hexidine. Moreover, they argue that contact precautions do not
prevent infections in colonized patients, that contact precau-
tions may harm patients, that the incremental benefit of contact
precautions is likely to be small, and that contact precautions
increase costs and healthcare waste considerably.38–40 Recent
studies by Gandra et al.41 and Edmond et al.42 found that
MRSA and VRE transmission rates and device-associated hos-
pital-acquired infection rates, respectively, did not change sig-
nificantly after they stopped using contact precautions for
patients colonized or infected with these organisms. While the
data are suggestive, neither study assessed whether the rate of
MRSA and VRE transmission changed. Both studies had meth-
odological weaknesses, and thus they do not provide a definitive
answer to this question.

Those who still support using contact precautions cite the
results of recent studies that did not find an increased risk of
adverse events among patients treated with contact precau-
tions compared with patients who were not.43–47 In fact, the
cluster randomized trial study conducted by Harris et al. found
that universal gown and glove use by healthcare workers caring
for patients in intensive care units significantly reduced the
risk of MRSA acquisition as measured by routine surveillance
cultures and did not increase the risk of adverse events.45,47

MRSA and VRE are the two most common resistant bac-
terial pathogens in most US hospitals. Nevertheless, as we have
discussed in this section, experts in infection prevention still
debate the merits and the ethics of placing patients in contact
precautions simply because they are colonized or infected with
one of these organisms. This discussion also illustrates that as
medical information changes, one’s ethical assessment of the
merits of infection prevention interventions may change as
well. Consequently, hospital epidemiologists and infection
preventionists cannot take refuge in the old adage “we’ve
always done it this way.” Rather, we must constantly reassess
the literature and then reassess our practices in light of new
data and ethical principles.

Ethical Issues Associated with Caring for Patients
Infected with Highly Transmissible and Virulent
Organisms such as Ebola Virus
Highly transmissible and virulent organisms present special
challenges for healthcare providers, including infection preven-
tion staff. Outbreaks of Severe Acute Respiratory Syndrome
(SARS), Middle East Respiratory Syndrome (MERS), and

Ebola have demonstrated the ease with which such organisms
can spread in healthcare facilities. In fact, spread of these organ-
isms has been amplified in the healthcare setting; many patients
and healthcare workers have acquired these infections in health-
care facilities, andmany of these patients and healthcare workers
have died. Thus, outbreaks of these infections have shown how
important protecting patients, visitors, and staff – infection
prevention programs’ primary responsibility – truly is.

In this section, we will use the example of Ebola virus
infection to illustrate how the ethical principles of autonomy,
beneficence, nonmaleficence, justice, and utility apply when
healthcare workers care for patients infected with a highly
transmissible and virulent organism. We will also discuss the
following additional ethical values that are relevant when
addressing such challenging situations: altruism, solidarity,
and conscientious practice.

Infection prevention personnel direct much of their work
toward preventing harm to patients, visitors, and healthcare
workers. Thus, many routine infection prevention practices
are designed to maximize beneficence and nonmaleficence.
In contrast, some routine practices, such as implementing iso-
lation precautions or restricting ill healthcare workers, place
explicit limits on autonomy for patients or for healthcare work-
ers. In addition, infection prevention personnel generally focus
most of their attention on providing benefit and preventing
harm to patients while at the same time ensuring that visitors
and healthcare workers are also safe. When healthcare workers
care for patients with infections caused by highly transmissible
and virulent organisms, infection prevention staff members
must increase their efforts to ensure that other patients, visitors,
and healthcare workers are safe (nonmaleficence) and must
place more limits on patients’ autonomy. During outbreaks of
these infections or during other crises, infection prevention staff
may also apply the principle of utility more frequently to ensure
that benefits within a healthcare population are maximized,
harms are minimized, and scare resources are preserved.

Autonomy: The principle of respect for patient autonomy
indicates that patients have the right to request and receive
available treatment even for infections caused by highly trans-
missible and virulent organisms. Healthcare workers must
always respect the patient’s right to self-determination while
balancing this right against the important interests of other
patients and of healthcare workers themselves. Because Ebola
virus is transmitted easily in healthcare facilities and infections
are often severe, infection prevention programs implement
more stringent infection prevention practices that necessarily
limit the infected patient’s autonomy to protect the interests of
other patients, visitors, and healthcare workers. Thus, to protect
other patients and healthcare workers, healthcare facilities place
a patient with Ebola virus infection in rigorously enforced
isolation precautions and limit the diagnostic tests and treat-
ments offered.

Beneficence: The principle of beneficence indicates that
healthcare workers must promote patients’ best interests.
In most situations, this means that infection prevention
measures address primarily the patient’s welfare and that
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healthcare professionals work primarily to ensure the
patient’s welfare when deciding which diagnostic tests and
treatments are appropriate. When a patient is infected with
a highly transmissible virulent organism such as Ebola
virus, infection prevention personnel and clinicians must
increase their attention to the welfare of other patients,
visitors, and healthcare workers, thereby expanding the
extent to which the principle of beneficence is applied also
to these groups. When trying to maximize the principle of
beneficence, we should try to balance the best interests of all
concerned parties (maximizing beneficence in this way can
be seen as being related to promoting utility). On the basis
of the principles of autonomy and beneficence, healthcare
workers should strive to meet the patient’s needs and
should never abandon the patient.

Nonmaleficence: The principle of nonmaleficence indicates
that healthcare workers must avoid harming patients. This
principle can be applied to healthcare workers, even during
routine patient care. For example, the Centers for Disease
Control and Prevention introduced standard precautions to
protect healthcare workers from the harm of acquiring patho-
genic organisms while caring for infected patients, including
those infected with common organisms such as MRSA, hepa-
titis B, hepatitis C, and HIV.

When a patient is infected with a highly transmissible and
highly virulent organism, such as Ebola virus, the principle of
nonmaleficence can be seen as indicating that, in addition to
protecting the patient from harm, we must also protect other
patients, visitors, and healthcare workers from harm. As noted
previously, healthcare workers still must accept some risk
because they cannot abandon patients. Healthcare facilities
and infection prevention programs must do all they reasonably
can to minimize the risks for each front-line staff member by
providing safeguards such as optimal personal protective
equipment, education and practical training, an optimal work
environment, and other staff members whomonitor and coach
the staff members caring for the patients.48,49

Justice: In general, the principle of justice indicates that
persons should have equal access to healthcare resources,
that persons in similar situations should be treated simi-
larly, and that available benefits or necessary burdens
should be distributed fairly among the group of individuals
under consideration. When healthcare workers must care
for patients infected with highly transmissible and virulent
organisms, the principle of justice indicates that risks and
burdens of caring for these patients should be distributed
fairly and consistently among staff. This principle also indi-
cates that healthcare workers who do not accept this risk
have likely transferred the risk to someone else. Thus,
a healthcare worker who will not care for a patient with
Ebola or who does not report to work during an influenza
pandemic has shifted to other healthcare workers both the
risk intrinsic to caring for the patient and the responsibility
for not abandoning the patient.50

Utility: The principle of utility indicates that infection pre-
vention programs and healthcare workers should work to

maximize benefits and minimize risks to all persons con-
cerned, including the affected patients, other patients, health-
care workers, and members of the community. Under usual
circumstances, infection prevention programs’ and health-
care workers’ primary focus is on maximizing the benefits
and minimizing the harms for individual patients while
maintaining a safe environment for other patients, visitors,
and healthcare workers. However, when caring for a patient
infected with Ebola virus or with another highly transmissi-
ble virulent organism, infection prevention programs must
increase their efforts to ensure that other patients, visitors,
and healthcare workers benefit and are not harmed. In these
situations, infection prevention personnel and clinicians
must consider both the likelihood that the patient will benefit
from a diagnostic test or a procedure and the likelihood that
healthcare workers or other people will be harmed in the
process.49 For example, clinicians may choose to intubate the
patient and insert a central venous catheter before the
patient’s condition deteriorates (i.e., preemptively) to
decrease the likelihood of harm to healthcare workers asso-
ciated with performing procedures under emergent condi-
tions. Or clinicians may deem the likelihood that a moribund
patient will benefit from a procedure, such as dialysis, to be
very low and the likelihood that a healthcare worker could be
harmed to be high and, therefore, decide not to offer the
patient this intervention.49,51 During widespread outbreaks,
such as the Ebola outbreak in West Africa, healthcare admin-
istrators, clinicians, infection prevention personnel, and pub-
lic health officials may justifiably apply the principle of utility
(alongside other principles and values) to protect healthcare
workers because healthcare workers are a limited resource
that is essential to the community’s well-being.49 To protect
healthcare workers, it may be necessary to preferentially
provide them prophylaxis or treatment, and it may be neces-
sary to triage patients48 to limit healthcare workers’ exposure
to patients who are least likely to respond to treatment.

Altruism: The principle of altruism indicates that healthcare
workers have a duty to care for infected patients regardless of
the causative organism’s transmissibility or virulence. Because
they have promised to care for the sick and to make patients’
needs their primary professional concern, healthcare workers
are committed to responding to their patients’ needs, even
when responding entails some degree of risk to their own
welfare. The basis for healthcare workers’ duty to care results
from:

• Aprofessional’s promise to respond to the needs of the sick;
• The actual need of one or more patients;
• The ability of an actual professional to meet that need.

Various professionals, organizations, agencies, employers, and
governments have assessed the extent of a professional’s duty
to care for patients during disasters or outbreaks that pose
serious risks to the healthcare workers’ lives. However, they
have come to very different conclusions.48–50,52,53 Some have
stated that the duty to serve is an absolute duty regardless of the
healthcare worker’s risk; others have stated that the individual
healthcare worker can decide how much risk he or she is
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willing to assume; and yet others have come down somewhere
between these two alternatives.

The American Medical Association’s (AMA) Code of
Medical Ethics upholds the duty to care, stating: “Because of
their commitment to care for the sick and injured, individual
physicians have an obligation to provide urgent medical care
during disasters. This ethical obligation holds even in the face
of greater than usual risks to their own safety, health or life.”54

But the AMA Code includes a note of caution that effectively
appeals to the principle of utility: “The physician workforce,
however, is not an unlimited resource; therefore, when parti-
cipating in disaster responses, physicians should balance
immediate benefits to individual patients with ability to care
for patients in the future.”

Unlike most professional societies, some governments have
defined healthcare workers’ duty to work and treat patients
during emergencies as being absolute. In fact, some US states
“regard the obligation to treat during an emergency as a legal
duty punishable by criminal sanctions for failure to act or for
abandonment of patients.”48 Some employers have developed
strict policies addressing the duty to work during crises, such as
a pandemic. For example, the University of Iowa developed
a policy that focuses on utility and also stipulates that the duty
to care is extensive, given that the hospital is an essential
community resource. The policy states: “The University will
be considered a ‘community asset’ and a ‘state asset’ in
responding to a pandemic. University of Iowa Hospitals and
Clinics and Student Health Services will experience increased
demand for medical treatment and advice from faculty, staff,

students, and the community. For this reason, employees of
these facilities are considered essential and required to report
to work as scheduled, or may be called to report to work if not
scheduled.”55

Table 1.5 describes a range of possible expectations and
rationales relevant to the duty to care in situations that pose
infectious or other risks to healthcare professionals.

Solidarity: The principle of solidarity indicates that healthcare
facilities and the community should support healthcare work-
ers who serve at risk to their own and their loved ones’ welfare.
As discussed previously, healthcare facilities have a duty to
protect their staff (see nonmaleficence), but attention to this
duty is particularly important during times of crisis or high
anxiety associated with highly transmissible and virulent
organisms. The principle of solidarity indicates that healthcare
facilities should: 1) clearly articulate and actively promote the
applicable professional standards of duty and the institutional
and societal expectations regarding the duty to care so that the
healthcare workers understand the situation; and 2) provide
venues in which staff members can learn about the infectious
agent, the risks posed by caring for a patient infected with this
agent, and precautions the facility is implementing to protect
and help staff who care for these patients. Opportunities for
open dialogue between leadership and frontline staff members
will allow the concerned parties to calibrate and communicate
their expectations and also acknowledge the boundary between
consensus and controversy.

The principle of solidarity also indicates that healthcare
facilities have additional responsibilities when their staff mem-
bers care for patients infected with highly transmissible and
virulent organisms, such as Ebola virus.48,49,52 For example,
healthcare facilities must protect the staff who care for the
patient from discrimination, stigmatization, and harassment
from inside and outside the institution and must help provide
for the caregivers’ physical needs (e.g., food, water, adequate
breaks from work, a place to stay if necessary) and emotional
needs (e.g., help making difficult decisions, counseling) given
the difficulty of caring for critically ill patients while wearing
extensive personal protective equipment and maintaining con-
stant vigilance to avoid exposing themselves to the infecting
pathogen. Moreover, because healthcare workers who acquire
Ebola while caring for a patient could become seriously ill and
could subsequently be disabled or die, healthcare facilities
should consider developing compensation provisions for
harms suffered by healthcare workers who knowingly accept
serious risks when caring for such patients (e.g., death benefits
for surviving family members).

Conscientious practice by staff: Conscientious practice refers to
the profound role that conscience, or integrity, plays in our
moral lives. It indicates that healthcare workers should
have the freedom to determine the degree of risk that is accep-
table given their life situations and other important responsi-
bilities (such as obligations to dependents). In other words,
healthcare workers must balance their duty to care for patients
in a particular situation against their duties or obligations to
family, friends, society, and, we might say, even themselves.49,52

Table 1.5 Range of possible responsibilities based on the assessment of
the duty to care in a crisis situation

Expectation Rationale

Work is mandatory Duty entails accepting the
associated risks

Exceptions exist Competing duties exist that
may mitigate a particular
healthcare worker’s duty to
care

Healthcare workers may
volunteer; if a sufficient
number of healthcare work-
ers do not volunteer, a lottery
system can be used to select
additional personnel

Healthcare workers may opt
out of caring for patients in
risky situations; if some work-
ers must be required to work,
a lottery system distributes
burdens fairly

Healthcare workers may
volunteer, and those who do
will receive hazard pay; if
a sufficient number of
healthcare workers do not
volunteer, a lottery system
can be used to select addi-
tional personnel

Healthcare workers may opt
out of caring for patients in
risky situations, and those
who volunteer should be
compensated for accepting
the risk; if some workers
must be required to work,
a lottery system distributes
burdens and compensation
acknowledges the signifi-
cance of the risk
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Respecting conscientious practice protects the individual health-
care provider’s ability tomaintain his or her integrity, and doing
so acknowledges that healthcare workers vary in their assess-
ments of how much risk is acceptable based on their personal
obligations and their philosophical, religious, or professional
beliefs.

Moving from Theory to Practice
As should be apparent, ethical principles and values provide
guidance but not absolute or detailed answers to specific ethi-
cal issues. Moreover, different principles can suggest different
and possibly competing responsibilities and may lead admin-
istrators, clinicians, and infection prevention personnel at dif-
ferent healthcare facilities to different conclusions based on
their patient populations, their healthcare worker population,
their resources, and the guidelines and laws governing their
practices. When developing policies and procedures to address
either routine or more challenging infection prevention issues,
infection prevention personnel, clinicians, and administrators
must consider the implications of each principle and deter-
mine which principles are most important for specific indica-
tions or situations. As new information arises, infection
prevention personnel and others must evaluate whether speci-
fic policies and procedures still meet the standards implicit in
the ethical principles.9,52 For example, they may need to eval-
uate whether contact precautions for patients with MRSA or
VRE infection or colonization remain an ethical practice given
intensive use of alcohol-based products for hand hygiene and
antiseptic solutions for bathing patients. If effective treatments
are introduced for Ebola or infections caused by other highly
transmissible and virulent organisms, infection prevention
personnel may need to reevaluate imitations on care offered
to patients infected with these organisms.52

Ethical codes emphasize a profession’s core values and may
help guide decisions and behavior. To our knowledge, neither
the Society for Healthcare Epidemiology of America nor the
Association for Professionals in Infection Control and
Epidemiology (APIC), the two societies concerned with infec-
tion prevention, have developed codes of ethics. However,
APIC and the Community and Hospital Infection Control
Association–Canada (CHICA-Canada) have published
a document describing “professional and practice standards”
for persons practicing infection prevention and control.56

A well-developed and clearly stated ethical code is an
essential guide, yet it is also insufficient. A code of ethics
cannot identify all of the ethical dilemmas that individual
hospital epidemiologists and infection preventionists will face
in the course of their practice. Nor, despite the fond hopes of
professional school administrators, does reciting such a code at
graduation guarantee ethical conduct. Alone, an ethical code
cannot ensure ethical behavior. It must be taught, learned,
affirmed, and lived, if it is to affect our practice. As William
Diehl writes: “Formal codes of ethics are hot items these days.
[But one] thing is certain: any organization that requires all its
employees to review and sign its ethics code each year, and
then does nothing else to encourage high moral behavior, is
wasting its time on the code.”57

Any institution that does not act as it preaches wastes time
and also, at least implicitly, encourages unethical behavior.
Institutions reward the conduct they prize. It should be
a warning to us that, at present, we are probably more likely
to hear of inconsiderate behavior excused on the grounds of
a colleague’s academic or technical brilliance than to hear an
individual praised for making a difficult but ethically sound
decision. Perhaps as a community we need to consider the
significance of RalphWaldo Emerson’s startling and humbling
remark that “character is higher than intellect.”

As our financial and staff resources are stressed without
limit and as the pressures under which we work intensify,
temptation amplifies. Barbara Ley Toffler of Resources for
Responsible Management states:

For many employees, being ethical is getting to be too risky –
something they can’t afford any more. . .. The problem grows
out of what I call the “move it” syndrome. . .. That’s when the
boss tells a subordinate to “move it” – just get it done, meet the
deadline, don’t ask for more money, time, or people, just do it –
and so it goes on down the line.58

For American companies, this peril from within is as ser-
ious as outside threats from competitors. As more employers
are forced to “move it,” companies are increasingly vulner-
able – legally, financially, andmorally – to the unethical actions
of decent people trying to [move it just to keep their jobs].58

To “move it,” we may find ourselves declining to issue
appropriate sanctions in an outbreak because we are loath to
alienate an important doctor or lose referrals from a powerful
practice group. Or, fearing management anger over bad pub-
licity and loss of revenue, we may decide against closing a ward
affected by an outbreak. Under pressure to reduce budgets, we
may approve questionable practices or eliminate effective
infection prevention programs. We may be tempted to treat
influential administrators or practice groups preferentially
because they control our budgets or could curtail our pro-
grams.Wemay be tempted to recommend a particular product
because we have received grants from the company that makes
the product or whose stock we own. We may feel pressure to
withhold information regarding resistant organisms so that we
can transfer patients to other institutions and shorten their
length of stay in our hospital. Or perhaps wemay be tempted to
condone altering hospital records to avoid losing accreditation.

What can you as an individual hospital epidemiologist or
infection preventionist do? We would recommend that you
think about your job and identify the most common questions
you answer and decisions you make. Once you have identified
these questions and decisions, you can try to identify the
ethical choices they represent. You can then develop an
approach for dealing with these issues before you face them
again, since it is easier to think more clearly and dispassio-
nately when not in the middle of a crisis. When designing such
approaches, you should obtain help, if necessary or prudent,
from experts in medicine, law, ethics, or other appropriate
disciplines.

We have described but a few of the manifold ethical chal-
lenges that confront us. Against our ambitions and our fears,
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we must rely on our enduring values, commitments, and con-
tinual self-examination as we strive to meet the challenges
posed by our work. We must ask ourselves difficult questions.
Are we serving ourselves or patients and healthcare workers?

Are we seeking to keep our jobs, or are we seeking to imple-
ment the right interventions? As hospital epidemiologists and
infection preventionists, we must keep our attention focused
firmly on the needs of our patients and communities.
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Chapter

2
The Infection Control Committee
David A. Pegues, MD

Introduction
The infection control committee plays an important role in
ensuring patient safety through the prevention and control of
infections in healthcare facilities. This committee is amechanism
for the infection prevention program to report activities, includ-
ing infection metrics, outbreaks, and infection prevention and
control interventions. The infection control committee also
develops and approves policies and procedures on infection
surveillance, prevention, control, and education. The infection
control committee is an important liaison between departments
responsible for patient care and supporting departments, such as
pharmacy, environmental services, and facilities. The committee
should report to the facility’smedical board and/or senior leader-
ship to ensure executive engagement and support for prevention
activities.

Infection control committees vary in their scope of respon-
sibility and membership size, depending on whether they serve
a single healthcare facility or a local, regional, or national
health system. Regardless of size, most infection control com-
mittees function in a reporting capacity, typically reviewing
and approving reports and policies developed by content
experts who are members of the committee.

Membership
The infection control committee is generally comprised of
members from a variety of disciplines within the healthcare
facility. Representation may include the following: physicians,
nursing staff, infection prevention practitioners, quality assur-
ance personnel, and risk management personnel, as well as
representatives from the microbiology laboratory, surgery
department, central sterilization and processing, environmental
services, pharmacy, facilities management, dietary services,
occupational health, and local public health. Physician and nur-
sing staff members often are drawn preferentially from the high-
volume and high-risk departments and represent important
constituencies in infection control and prevention, including
critical care, surgery, and those that care for immunocompro-
mised patients (e.g., hematology/oncology, solid organ trans-
plantation). Members of the committee should hold leadership
positions or positions of influence in the hospital in order to
serve as opinion leaders and to effect change when necessary.
Members may be nominated by their departments and should
be engaged and effective communicators. Ordinarily, member-
ship on the committee is ongoing with periodic (e.g., annual)
reappointment, but additional staff members may be asked to
provide ad hoc input as the need arises.

Role and Functions of the Committee
The infection control committee functions to prevent and
control healthcare-associated infections by setting infection
control policy and monitoring practices to reduce these risks.
Preventing healthcare-associated infections has become highly
technical. Therefore, the bulk of the committee’s work is best
accomplished by a core of experts that include the hospital
epidemiologist, infection preventionists, a microbiologist, and
the director of employee health. Policies should be developed
by this subgroup along with other experts on an ad hoc basis
and brought to the entire committee for review, approval,
and support from political and administrative standpoints.
Committeemembers then assist in disseminating, gaining buy-
in, and monitoring issues associated with new and existing
policies from their departments.

There are a number of important core functions of the
infection control committee, including the following:

• Reviewing infection control surveillance data and
developing appropriate infection control goals and control
plan.

The infection control committee collaborates with the
infection prevention team to develop the annual
infection prevention objectives and goals and assists in
effective implementation and monitoring progress
toward these goals. To meet these goals, surveillance
data that have been collected and analyzed by the
infection prevention program are regularly reviewed,
interpreted, and discussed at committee meetings.
Surveillance summaries can be electronically distributed
before the meeting along with the agenda and other
documents for prereview or may distributed at the
meeting. The frequency of reporting should be defined
(e.g., monthly, bimonthly, quarterly) and surveillance
data presented in such a way as to trend performance
over time and compare year-to-date performance
against internal and external benchmarks. Corrective
actions and responsible individuals should be identified
and documented in the meeting minutes. Progress and
barriers to implementation of the action plan are then
discussed and addressed at subsequent meetings.

• Discussing and developing plans for the control of
outbreaks and monitoring implementation as needed.

Reviewing the management of outbreaks is another
important function of the infection control committee (see
Chapter 11 on outbreak investigations). Members of the
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committee undoubtedly will be leading or participating as
members of the investigation team. These individuals, and
not the committee as a whole, are responsible for making
real-time decisions about control measures and assessing
their impact. The committee’s role primarily should be
advisory and consultative, and this function is an important
part of the quality improvement process. The committee
also is likely to be engaged in preparedness planning and
response to emerging global public health threats (e.g.,
Ebola virus and MERS-CoV) as well as local community
threats (e.g., vaccine-preventable disease outbreak in
a susceptible population). Successful prevention and control
of infections require careful planning, including evaluation
of the technical evidence supporting efficacy of an
intervention, education, measurement, and monitoring to
ensure impact and sustainability. The infection control
committee supports the mission of infection control by
establishing important alliances and advocacy, and
spreading and sustaining prevention and control efforts
throughout the hospital or health system.

• Approving infection control–related policies and
procedures before submission to the medical board.

It is more efficient to have working groups of experts draft
and edit infection control policies before distributing them
to committee members in advance of the next meeting.
New and existing policies are then summarized in the
meeting where committee members offer comments and
formal approval is sought. Once approved by vote of the
committee, these policies and procedures are submitted to
the medical board for approval.

• Providing infection control input and guidance to ensure
the safety of the hospital environmental and employees.

The infection control committee and its members share
responsibility for ensuring the safety of the hospital
environment, including hospital construction and
renovation activities, environmental services, sterilization
and disinfection, and occupational health of employees.
The committee should include standing members
representing each of these departments. These members
typically serve as liaisons to their departments and work
collaboratively with infection prevention program
personnel on relevant infection control issues both within
and outside of the infection control committee meetings.

• Serving in an advisory capacity to senior medical and
administrative leadership of the facility.

The committee serves an important advisory role to senior
leadership, informing them of infection control risks and
hazards and proposing interventions to address these issues.

• Compliance with benchmarks.

The infection control committee should periodically
review compliance with facility-specific and national
infection prevention benchmarks. These may include
employee hand hygiene compliance and seasonal influenza

coverage rates, or performance on infection control
process measures such as perioperative antimicrobial
prophylaxis and infection prevention bundles.
By reviewing and discussing such data, the committee can
help to identify variations in practice at the unit or
provider level and address barriers to achieving the goals.

• Compliance with regulatory requirements.

The infection control committee may need to develop
guidelines to help clinicians comply with external regulatory
requirements. Examples include institutional guidelines on
notifiable disease reporting, consent requirements for human
immunodeficiency virus testing, and policies governing work
fitness and professional activities of healthcare workers
infected with bloodborne pathogens or other communicable
diseases. In addition, The Joint Commission requires that
hospitals have written infection control policies and
procedures needed to conduct the organization’s mission
effectively. The infection control committee reviews and
approves the annual infection control surveillance plan and
risk assessment and is charged with evaluating and ensuring
compliance with The Joint Commission infection control
standards, including all relevant elements of performance
and national patient safety goals.

• Promoting and facilitating the education and compliance
of all staff in infection control policies and procedures.

The infection control committee plays an important role in
developing and disseminating infection control education
for employees. The committee may have primary
responsibility for content development or share the
responsibility with the education department. This includes
required infection control and bloodborne pathogen
training for employees at the time of hire and annually
thereafter as well as role-specific infection control (e.g.,
medical device cleaning and disinfection). In addition, the
infection control committee also helps to develop,
coordinate, and disseminate education plans for new
infection control policies and practices. Examples included
interventions that directly affect patient care (e.g.,
chlorhexidine gluconate bathing, catheter dressing
products, nurse-driven urinary catheter removal protocols),
environmental control (e.g., disinfectant products), or
health and safety of employees (e.g., safety sharps devices,
latex-free examination gloves). Whatever the education
methods used (e.g., in-servicing, huddles, screen savers,
posters, email), this information should be effectively
messaged to all impacted employees. In these ways, the
committee acts as a facilitator between other departments to
improve implementation of new infection control practices.

Responsibilities of the Chair
The chair is most often a physician who has training and
expertise in infectious diseases and healthcare epidemiology.
The chair provides scientific and administrative leadership to
the committee and is typically appointed or approved by the
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medical board. The chair is responsible for reviewing the
membership list annually to ensure adequate representation
from appropriate departments and for replacingmembers who
have poor attendance, are unable to fill their role, have
accepted different positions, or have left the organization.
The chair also may appoint special subcommittees or task
forces or ad hoc members to address specific infection control
issues that arise.

To be effective, the chair should be familiar with and utilize
effective meeting practices. These include attention to meeting
preparation, facilitation, participation, and evaluation.
An effective chair, along with his/her administrative support,
organizes meeting logistics and distributes the agenda and
documents that require review before the meeting. The chair
ensures that meetings start and end on time, and keep to the
agenda. For example, the meeting may open with an optional
members “check in,” in which members are invited to contri-
bute immediate concerns to the opening of the meeting. This
“check in” serves to bring busy people to the purpose of the
meeting so that they can receive support or put issues aside for
the meeting. The chair must be an effective facilitator, listening
attentively and respectfully, and he/she should encourage the
participation of many members in the discussions. Verbally
summarizing decisions and assigning action items helps to
avoid misunderstandings and moves the agenda forward.
Minutes record the decisions of the meeting and the actions
for follow-up and help to ensure that the plans and actions
decided upon by the committee are implemented.

In addition to these administrative functions, the chair
serves as an expert consultant to the hospital and departments
on infection control and prevention matters. The chair typi-
cally acts as spokesperson for the infection control committee
when reporting to the medical board and other hospital-wide
committees and often is called upon to justify to senior leader-
ship the evidence supporting the committee’s infection control
recommendations, and their potential costs and benefits.

Responsibilities of the Members
Members of the infection control committee should be selected
both for their willingness to serve and for their ability to work
collaboratively on committee activities. Members should
attend the meetings regularly and, when unable to attend,
should identify a delegate to attend in their place. Members
need to be effective communicators, as they must bring for-
ward infection control–related concerns and report back com-
mittee activities and decisions for those whom they represent.
Ideally, members should be in a position of influence and have
decision-making capacity for their departments to facilitate
implementation and compliance with infection control poli-
cies and practices. In addition, many members of the commit-
tee have important committee reporting functions. Table 2.1
lists the reports that are often presented to the committee
duringmeetings and the corresponding responsible committee
member. Not all reports or responsible members are applicable
in all healthcare settings. The frequency of these reports will
vary but should occur no less than annually and more often,
depending on the local needs.

Administrative Matters
Committee meetings should be held at a recurring day, time,
and location with a frequency typically ranging frommonthly to
quarterly. The agenda should be planned and distributed to
committee members before the meeting. In addition, all policies
should be distributed before the meeting to allow adequate time
for review and comment by committeemembers and to improve
meeting efficiency. As a token of appreciation to members, food
and/or beverages should be provided, budget permitting.

The meeting agenda may begin with introduction of new
members or visiting attendees and then correction and
approval of the minutes of the previous meeting. This may be
followed by invitation for the members to provide brief, infor-
mal reports or “check ins,” as appropriate. Old business should
be limited, as much as possible, to updating progress toward
completing action items from prior meetings and to ongoing
outbreak investigations or response to public health emergen-
cies. A healthcare infection surveillance summary is presented,
including infection counts, rates, and benchmark performance
and opportunities for improvement are discussed. Brief, 5-to-
10 minute department-specific infection control reports are
presented on a recurring schedule and should be summarized
in the minutes and the reports attached (Table 2.1). New
business should focus on in-depth reports of selected current
infection prevention and control issues activities. These
reports can be presented either by standing or ad hoc members
or invited guests. Finally, new and revised policies should be
discussed and approved on an ongoing basis to ensure policy
content is current and that regulatory requirements are met.

Meeting Minutes
Well-documented minutes should be kept of each committee
meeting. These minutes have four major purposes: to serve as
communication tools, instruments for guiding current and pro-
posed infection prevention and control practices, legal and reg-
ulatory documents, and historic records. Minutes are useful to
notify or remind individuals of the tasks assigned to them and the
timelines, and to report actions and decisions to the medical
board, senior leadership, and other relevant committees (e.g.,
quality improvement and patient safety). Minutes are important
tools for collaborative project management, moving projects for-
ward with the aid of well-written summaries of progress and
commitments. Infection control committee minutes are consid-
ered to be confidential peer review documents in most states and
therefore are not subjected to subpoena. Regardless of applicable
law, committee minutes are reviewed by regulatory and accred-
iting agencies, and they must be accurately and objectively
reported and recorded. An institution-specific template is typi-
cally used for recording theminutes, and content is guided by the
agenda. The minutes should include sections for each topic dis-
cussed, which contain the following information: a discussion,
which is the analysis of the problem or data; a recommendation,
which describes improvement strategies; an action, which
includes what is to be done and how; and follow-up, which
describes who is responsible for what and when this issue will
be revisited to ensure improvement has occurred.
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Table 2.1 Infection control committee reports and responsible parties

Responsible party Reports to the infection control committee

Infection preventionist (IP) Recurring reports

• Healthcare-associated infection rates

• Invasive device utilization rates

• Hand hygiene compliance rates

• Isolation compliance monitoring rates

• Outbreak investigations

• Notifiable disease reports (as applicable)

• Construction project surveillance: current class 3 or 4 Infection Control Risk Assessment
(ICRA) projects

• Mandatory training reports

• Pressure ulcers/wound care report (may be assigned to the Wound Care Nurse or long-term
care facility member)

Annual Reports

• Infection control report

• Infection control plan

• Infection control risk assessment

• Tuberculosis risk assessment

• Infection control education plan

• Bloodborne pathogen exposure control plan

Microbiologist or laboratory
representative

• Blood culture contamination report

• Facility antibiogram (may be assigned to Pharmacy)

• Legionella urinary antigen report

• Seasonal influenza and respiratory virus surveillance report

Environmental management
services representative

• Quality Improvement/Quality Assurance monitors (e.g., high-touch surface cleaning report)

Pharmacist • Antimicrobial stewardship activities

• Facility antibiogram (may be assigned to Microbiology)

• Pharmacy compounding area biological environmental monitoring (USP 797 a standard that
outlines the requirement for compounding areas)

Wound care nurse • Pressure ulcers/wound care (may be assigned to the IP or long-term care unit representative)

Long-term care unit representative • Residents’ vaccination rates for influenza and pneumococcal vaccines

• Pressure ulcers/wound care (may be assigned to the IP or Wound Care Nurse)

Home health nurse • Infections in the home setting, including catheter-associated bloodstream infections (CLABSI)

• Central line device utilization rates

• Visiting nurse hand hygiene compliance (assessed by home care patient survey)

• Home health bloodborne pathogen exposure control plan

Occupational health and safety • Employee communicable disease exposure events

• Employee respirator-fit testing report

• Employee influenza vaccination rates

• Annual employee tuberculosis infection/skin test conversion rate

• Annual safety device review

• Annual bloodborne pathogens exposure control plan review

Facility maintenance/engineering
representative

• Airflow (pressure) reports

• Legionella water culture and mitigation report

• Temperature and humidity standards for controlled areas, including operating rooms, labor
and delivery rooms, and isolation rooms

David A. Pegues
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Table 2.1 (cont.)

Responsible party Reports to the infection control committee

Food services • Food safety quality indicator report

• Food safety and sanitation inspection reports

Surgical services representative • Immediate-use steam sterilization (flash) report

• Operating room temperature/humidity report

• Surgical Care Improvement Project quality measure report (e.g., antibiotic prophylaxis)

Sterile processing representative • Temperature/humidity report

• Sterilizer biologic indicator report

• Instrument recall notifications

Public health representative • Local community outbreaks and communicable disease trends

Dialysis • Dialysis water and dialysate culture report
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Chapter

3
Product Evaluation
David A. Pegues, MD

Background
According to the Association of Value Analysis Professionals,
the average healthcare organization utilizes anywhere from
5,000 to 17,000 products, services, and technologies in any
given year.1 Medical product evaluation is the process of
appraising the value and significance of quality, safety, cost,
standardization, user preference, and serviceability of a device.
Product evaluation and selection centers on collaborative deci-
sion making within a formal organizational structure, most
often consisting of an interdisciplinary committee with defined
membership, governance structure, and policies and proce-
dures for reviewing, procuring, and assessing new products
for the hospital. A wide range of representatives from all
relevant clinical and nonclinical areas of the organization
should participate, including nurses, physicians, materials
management, hospital administrators, finance, and purchas-
ing, as well as infection prevention. Interdisciplinary and col-
laborative evaluation allows stakeholders to voice their
opinions and concerns and promotes transparency in the pro-
duct selection process.

Product selection and evaluation is an integral part of the
value analysis process, but as illustrated by Figure 3.1, value
analysis is more comprehensive, involving the intersection
of product selection and evaluation. Value analysis is the
organized, systematic application of recognized techniques
that identify the functions of a product or service.3 Value
analysis seeks ways to enhance value by providing the

desired performance at the lowest overall cost. Value analy-
sis brings together users who have clinical product
knowledge, financial analysts, and those with purchasing
expertise in order to make best-valued product and service
acquisition decisions. In many hospitals, there are separate
value and analysis and products committees. Where such
a distinction exists, value-analysis committees often focus
their evaluation on higher-cost medical devices and technol-
ogies whereas products committees typically focus on high-
volume medical consumables, such as isolation gowns,
gloves, bathing products, and disinfectants.

The role of infection prevention in safety product evalua-
tion was initially emphasized in the US Department of Labor
Occupational Safety and Health Administration (OSHA)
Needlestick Safety Prevention Act of 2000.2 In recent years,
prevention of healthcare-associated infections is increasingly
a focus in marketing claims that are used to justify the differ-
ential cost of new products and technologies. Infection pre-
vention personnel have an important role in the evaluation of
products that may affect rates of healthcare-associated infec-
tions to determine whether they are clinically safe, effective,
and justify the added cost. This role includes the requirement
for technical knowledge and expertise in the following aspects
of product evaluation:

• Infection risks to patients and personnel
• Asepsis of sterile products
• Cleaning and disinfection or sterilization of reused

products/equipment
• Proper disposal of items/products if not reusable

In addition to the technical expertise that healthcare epi-
demiologists and infection preventionists possess, there are
regulatory considerations that drive infection prevention per-
sonnel to be involved in product evaluation. The Joint
Commission infection control standards require that organi-
zations reduce the risk of infections associated with the use of
medical equipment, devices, and supplies, and products eva-
luation is a critical step in the process.

Steps in Product Evaluation
The five core product attributes of medical devices are safety,
quality, performance, features, and ease-of-use. The process of
product evaluation includes the following steps that have
been adapted from the Centers for Disease Control and
Prevention’s (CDC) Workbook for Designing, Implementing,
and Evaluating a Sharps Injury Prevention Program:4

PURCHASING
Vendor 

Management 
and Contracting 

Knowledge

PRODUCT
USERS

Clinical Product
Knowledge and

Evaluation

FINANCE
Cost-Benefit 
Knowledge

VALUE ANALYSIS
Review and Evaluation

Figure 3.1 Central position of value analysis in relation to product users,
purchasing and finance
Source: What Is Value Analysis in Healthcare? WellStarr Health System Georgia,
USA. Available at ww.iienet.org/uploadedfiles/Webcasts/SHS_VA_Presentation.pdf.
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1. Organize a product selection and evaluation team:

a. Organizations should designate a team to guide the
selection, evaluation, and implementation of infection-
prevention devices. This team is usually implemented as
a formal, standing product-evaluation committee or
designated subcommittee.

b. Assign responsibility for coordinating the process
and obtain input from persons with clinical expertise
(e.g., Environmental Services director for surface
disinfectants, critical care nurse specialist for central
line dressings).

2. Set priorities for product consideration:

a. Define priorities based upon the facility’s rates of
healthcare-associated infections, needlesticks, and other
data, such as audits of device maintenance practices for
defects in processes of care.

3. Gather information on the use of the conventional
(existing) device:

a. Must obtain information on use of the conventional
product (device) that it is replacing.

b. Frequency of use and purchase volume.
c. Purpose(s) for which device is used.
d. Compatibility issues with other devices it is used with

(e.g., chlorhexidine gluconate and skin care products;
central venous catheter (CVC) lock solutions and CVC
integrity).

e. Unique clinical needs. If yes, representatives from these
areas should be included in the team.

4. Establish criteria for product selection and identify other
issues for consideration:

a. Design criteria – physical attributes of device, required
features for clinical needs.

b. Performance criteria – how a device functions for its
intended patient care and safety needs.

c. The product’s environmental impact should also be
assessed, including whether the product will be recycled
or reused (e.g., isolation gown) and what method is used
for disposal (e.g., high-level disinfectant requiring
stringent handling and disposal).

5. Obtain information on available products from the
following sources:

a. Primary peer-reviewed literature, when available.
b. Evidence reviews from an evaluation organization, such

as University HealthSystem Consortium and ECRI
Institute.

c. Professional resources, including professional societies
(AORN, APIC, SHEA) and the product manufacturers.
Manufacturers’ representatives can provide clinical and
technical data, including product research, material
safety data sheets, and cleaning and disinfection/
sterilization methods, as appropriate.

d. Opinions and experience of materials management and
colleagues in other similar facilities.

6. Obtain samples of products under consideration.
7. Develop a product evaluation survey form:

a. This form must contain the information necessary to
make informed decisions for final product selection.
Criteria may include safety, performance, quality,
efficiency, ease of use, compatibility with other
products; clinical effectiveness; financial impact
analysis; sterilization parameters; regulatory
requirements; standardization; environmental impact;
and training requirements.

b. The form that is easiest to complete is usually one or two
pages and allows users to circle or check responses using
standardized scoring criteria, such as use of a graded
opinion or Likert-type scale (e.g., strongly agree, agree,
disagree, strongly disagree).

c. Allow space for comments. Healthcare personnel should
be given an opportunity to comment on a device.
Individual comments can provide useful insights and
identify areas for further questioning.

d. Include questions about product users. Unless a product
evaluation is confined to a single unit and/or group of
staff, information on the respondents (e.g., occupation,
length of employment and/or work in the clinical area,
training on the new device) is helpful in assessing how
different groups react to the new device.

8. Develop a product evaluation plan:

a. Select clinical areas for evaluation. Include patient-care
areas with unique or compelling clinical and at-risk
populations (e.g., intensive care units for products
focused on device-associated infections).

b. Determine the duration of evaluation. Consider
frequency of device use and learning curve to become
familiar with the device. Balance staff interest with need
for sufficient product experience. If more than one
product is being evaluated, use the same population and
trial duration for each product.

c. Plan for staff training. Healthcare personnel
participating in an evaluation must understand how to
use the new device properly. Training should be tailored
to the audience needs and include discussion about why
the change is being proposed, how the evaluation will
proceed, and what criteria will be used to evaluate
product performance (e.g., ease of use, end-user
preference, durability, performance of device)

d. One efficient approach to training is to utilize a team
consisting of in-house staff and device manufacturer’s
representatives

9. Compile data from the survey forms:

a. Depending on the number of staff involved and survey
forms completed, this can be done either by hand or by
use of a computerized database. It is useful to score
each question in addition to the overall response,
particularly if evaluating two or more devices;
responses to each question can be used to compare
devices. In addition, categorize individual comments so
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19

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107153165.004
https://www.cambridge.org/core


they provide a better picture of the clinical experience
with the device.

b. Consider calculating response rates by occupation and
clinical area and analyzing data by these variables, if the
volume of responses permits. This can help identify
differences in opinion that may be influenced by
variations in clinical needs.

10. Perform financial impact analysis:

a. Should be performed on each product and can help to
clarify the choice between different products with
equivalent performance and functionality.

b. This analysis should include direct costs (e.g., cost of the
replacement product), indirect costs (e.g., costs
associated with the use of the device after purchase,
including training, disposal, time analysis) and group
purchasing organization contract pricing.

11. Select and implement the preferred product:

a. Learning reports from the education and training of staff
on the evaluation units are invaluable in spreading use of
the product and standardizing practice across patient-
care areas.

b. Interdepartmental and health system standardization
plan should be developed for each product being
evaluated. Standardization can reduce cost and decrease
variations in practice that contribute to medical errors.
It also reduces inventory and storage requirements and
user training.

12. Perform postimplementation monitoring:

a. New product performance and user satisfaction should
be evaluated at planned intervals, including the
frequency and criteria for reevaluation. This may
correspond to the length of the contract.

b. At the provider level, monitoring should focus on
compliance and satisfaction with use of the product.

c. At the unit and hospital level, it is important to assess
whether the product has been associated with the
desired clinical outcome and if not, why not. In the case
of devices that impact the risk of healthcare-associated
infections, use of surveillance data can help to inform
these periodic evaluations, especially when correlated
with data on compliance with product use.

Assessing the Evidence
When available, evidence from peer-reviewed medical litera-
ture should be utilized when evaluating the clinical efficacy of
a medical product and the data quality, consistency, limita-
tions, and potential biases should be considered.5 However, the
Food and Drug Administration’s (FDA) regulatory policy is
largely responsible for the rapid introduction and large quan-
tity of medical devices coming tomarket and the lack of clinical
efficacy data for the majority of these devices. While all new
drugs must undergo rigorous premarketing testing in rando-
mized clinical trials to receive FDA approval, most new

medical devices and products do not require such evaluation.
Some of the differences between medical devices and drugs are
outlined in Table 3.1. About half of medical devices that are
marketed each year are considered low-risk products (e.g.,
bandages, surgical drapes) and are exempt from premarketing
review. New products that have undergone incremental change
to a previously marketed version (e.g., dialysis catheters, endo-
scopes) are considered medium-risk. For these products, the
FDA requires only a premarketing notification application
(510 k), because they are assumed to be essentially equivalent
to those already approved.6 Because the data are not required,
manufacturers have little incentive to undertake studies to
answer relevant clinical questions, including the impact of
devices on reducing the risk of healthcare-associated infec-
tions. As a result, many manufacturers rely upon data from
in vitro studies or laboratory model systems to support claims
of efficacy in reducing healthcare-associated infections.

Making the Business Case/Cost
Effectiveness
If a change in product that may bemore expensive but provides
clinical value is being proposed, it must be shown that the
product will achieve the desired results (e.g., reduce infections,
produce a better clinical outcome).7 Optimally, cost/benefit
analysis should include the facility’s actual costs and revenue.
For example, the difference between reimbursement for
patients and the actual hospital costs associated with patients
is their contribution margin. If the product being evaluated is
aimed at reducing surgical site infections (SSIs), then one
should compare the contribution margin for those patients
with SSIs versus those without this complication. That differ-
ence (delta) provides data on actual costs and can be compared
with clinical/healthcare-associated infection data to determine
whether change is warranted.

Another method to assess cost effectiveness of an infection
control product is to compare direct cost avoided in preventing
infections to the incremental cost of the product. Reductions in
rates of the targeted healthcare-associated infection can be
estimated from pilot evaluations within the facility and from

Table 3.1 Comparison of differences between medical devices and drugs
that impact evaluation of clinical efficacy

Devices Drugs

Constantly evolving Unchanging compound

Complications decrease
with use

Complications increase
with use

Results vary with operator
skill and experience

Results unrelated to provider
skill and experience

Limited premarketing assess-
ment of safety and efficacy

Extensive premarketing
assessment of safety and
efficacy

Low-quality evidence base High-quality evidence base
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medical literature, when available. The point estimate of risk
reduction associated with the device is then applied to the
facility’s baseline infection count and multiplied by the direct
cost of the target infection to estimate direct costs averted.8

In the example in Table 3.2, a 12-month evaluation of ultra-
violet germicidal irradiation (UVGI) for terminal cleaning of
rooms previously occupied by patients with Clostridium diffi-
cile infection on three target units was associated with 25 per-
cent decline (relative risk, 0.75) in C. difficile infection rates.9

The estimated cost of C. difficile infections averted was com-
pared to the direct cost of purchasing and servicing the UV
devices and hiring employees to implement the program
house-wide in order to justify the capital expenditure.

Indirect cost can also be used in the evaluation of products
with safety or infection-reduction features. Safety-engineered
sharps devices have a higher acquisition cost than nonsafety
devices, but in addition to comparing direct costs of the two

devices, you must consider indirect costs of implementation as
well as projected cost savings resulting from a reduction in
sharps injuries. An example of a template for calculating indir-
ect cost related to implementation of a sharps injury preven-
tion device program is available at www.cdc.gov/sharpssafety
/pdf/sharpsworkbook_2008.pdf. This cost model considers the
cost of lost productivity, medical evaluation and treatment for
occupational needlestick injuries to help organizations deter-
mine how much the projected cost for purchasing and imple-
menting a specific device will be offset by injury reductions.
Costs incurred due to underperformance in one or more of the
healthcare-associated infection metrics in the Centers for
Medicare and Medicaid Services value-based purchasing or
hospital-acquired conditions programs or other insurance
payer quality programs can also be leveraged to justify the
higher cost of implementing products that have been demon-
strated to reduce infection risk.
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Location No. infections
observed
baseline

Relative risk
with UVGI

No. infections
avoided

Per patient attribu-
table cost of HAI

Estimated annual
direct cost avoided

Non-study units* 108 0.75 27 $6,408–$9,1248 $173,016–$246,348

Study units 87 0.75 21 $6,408–$9,1248 $134,568–$191,604

Total 195 48 $308,584–$437,952

* Potential costs avoided if UVGI was also used on nonstudy units with an equivalent observed risk reduction.
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Chapter

4
The Business Case for Healthcare Epidemiology
and Antimicrobial Stewardship
Eli N. Perencevich, MD, MS

Introduction
Before the early 1970s, little attention was paid to infection
prevention activities in hospitals, and few standalone hospital
epidemiology programs existed.1 However, since the Joint
Commission on the Accreditation of Healthcare Organizations
(JCAHO) established infection prevention standards with
requirements for discrete programs, there has been slow but
increasing support for infection prevention leadership, staff,
and interventions in healthcare settings.

There are numerous internal and external penalties and
incentives driving an increased focus on infection prevention
activities, through attention to infection rates (outcomes), spe-
cific programs (e.g., antimicrobial stewardship programs) or
interventions (process measures). For example, despite the lim-
itations of public reporting, the Centers for Medicare and
Medicaid Services (CMS) now requires hospitals to submit spe-
cific healthcare-associated infection (HAI) rates to receive full
annual reimbursement updates (pay for reporting), and as of
2015, these data are now used to reduce Medicare reimburse-
ment rates for the poorest-performing hospitals (pay for
performance).2 Prior to this, the Hospital-Acquired Conditions
(HAC) Initiative, mandated by the US Congress in 2005 and
implemented in 2008, targeted eight “never” event complica-
tions, including catheter-associated urinary tract infections
(CAUTIs) and central line–associated bloodstream infections
(CLABSIs). Under the Initiative, hospitals could no longer
claim higher-level Medicare severity diagnosis-related groups
(MS-DRG) reimbursement for these eight complications.
A 2012 study limited to 398 hospitals found little evidence
that the HAC Initiative was effective in reducing infections.3

However, a more recent and larger analysis examining the
impact of the HAC Initiative in 1381 hospitals found that it
was associated with an 11 percent reduction in CLABSI rates
and a 10 percent reduction in CAUTI rates.4 These results
suggest that hospitals have responded to economic incentives,
and when provided with a business case for new interventions
targeting one of these HAC (e.g., CLABSI), may be inclined to
support new infection prevention interventions.

Public reporting continues to drive attention toward infec-
tion prevention and antimicrobial stewardship. Hospital spe-
cific rates are available at Medicare’s Hospital Compare
website (www.hospitalcompare.hhs.gov), while hospitals in
31 states and the District of Columbia are now mandated to
report HAI data through the National Healthcare Safety
Network (NHSN).5 In addition, the risk of litigation has risen
drastically, as public awareness surrounding the incidence and

preventability of HAI has increased in recent years due to
public reporting and increased media attention. For example,
a recent study found that higher reported patient satisfaction
on Hospital Compare’s Hospital Consumer Assessment of
Healthcare Providers and Systems (HCAHPS) Patient Survey
was correlated with a lower frequency of medical malpractice
claims.6

Antimicrobial stewardship programs (ASPs) are also receiv-
ing increased attention. Since July 2015, all acute-care hospitals
in California have been required to develop a policy supporting
judicious use of antimicrobials, establish a physician-supervised
multidisciplinary committee or work group, and report the
activities within the hospital administration.7 The National
Veterans Health Administration (VHA) released VHA
Directive 1031, which required all VA medical facilities to
develop a stewardship policy with annual review by July 2014.8

Finally, The President’s Council of Advisors on Science and
Technology (PCAST) recently recommended that stewardship
programs be required for all inpatient and long-term care facil-
ities as a Condition of Participation for CMS by the end of 2017.9

Each economic incentive, public reporting initiative or
mandate for infection prevention or antimicrobial steward-
ship is an opportunity to enhance overall programs through
increased hospital programmatic support investment in new
surveillance technologies, or implementation of infection pre-
vention interventions (e.g., central venous catheter insertion
checklists, antimicrobial coated catheters, or automated mon-
itoring technologies). Yet despite the increased attention,
there is little evidence that infection prevention programs
are receiving the necessary support. A 2014 survey from the
Society for Healthcare Epidemiology of America (SHEA)
Research Network quantified the increasing burden on infec-
tion prevention programs.10 Overall, 59 percent of programs
expected increases in reporting requirements, 31 percent
reported increases in time devoted to meetings, and 57 per-
cent reported increasing program responsibilities in 2014,
while only 13 percent were expecting increasing financial
support for hospital epidemiologists. Furthermore, only
13 percent of programs were expecting an increase in the
number of infection preventionists. In the US, 92 percent of
47 programs responding to this SHEA survey had antimicro-
bial stewardship programs, while 72 percent of the 22 non-
US hospitals had such a program. The authors of the survey
concluded by saying, “while mandatory reporting of infection
rates and other infection control indices have been leveraged
in some institutions to garner additional support, the major-
ity of facilities have not seen additional support despite the
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growth of responsibilities.”10 While it may seem obvious that
hospital administrators should be rushing to fund infection
control and antimicrobial stewardship programs, if the past
several decades are any indication, expansion of programs will
only occur through careful planning and making a business
case for infection control and antimicrobial stewardship.
In 2007, a SHEA guideline outlined how to make a business
case for infection control interventions and programmatic
requirements.11 During the past decade, this approach has
been modified to discuss antimicrobial resistant pathogens,12

targeted infection preventionists issues,13 and expanded to
cover antimicrobial stewardship programs.14 Yet, the basic
steps necessary to make a business case have remained largely
the same and are increasingly necessary, in the face of over-
whelming programmatic requirements and regulatory burdens.
Thus, an updated outline of a business-case analysis is needed
to help hospital epidemiologist, infection preventions and anti-
biotic stewards expand their programmatic resources and ulti-
mately say “yes” to a safer healthcare environment.

Types of Economic Evaluation in Healthcare
Before defining a business-case analysis, it is often helpful to
understand what types of economic analyses exist since pub-
lished economic analyses are often used for parameters in
financial calculations. The medical literature contains four
basic types of economic analysis including cost minimization
analysis, cost-effective analysis, cost-utility analysis, and cost-
benefit analysis. In general, the different types of economic
analysis, including the related business-case analysis, vary in
how they calculate and report clinical outcomes (Table 4.1).
Unfortunately, one cannot rely on how authors of published

reports describe their analyses in abstracts or methods sections
since many published studies purporting to be one type of
analysis are actually a different type of analysis. Yet despite
the limitations of the published literature, important data are
included in many reports and having a better understanding of
each type of analysis, including strengths and limitations, can
inform an effective business-case analysis.

Cost-Minimization Analysis
Cost-minimization analysis is frequently used in infection
control. Here, the effectiveness of two or more interventions
or devices are assumed to be the same, and the analysis is
aimed at determining which is the least expensive.15 For exam-
ple, when a hospital value-analysis committee is determining
which brand of disposable isolation gown should be pur-
chased, it is often assumed that each type of gown is equally
effective (side effects and effectiveness). In this example, the
least expensive gown would be chosen. However, if the value-
analysis committee was trying to determine whether to replace
disposable gowns with reusable or laundered gowns, they
would not complete a cost-minimization analysis, since dis-
posable gowns are associated with different levels of healthcare
worker protection (e.g., liquid barrier) and healthcare worker
satisfaction.16 In situations where different levels of effective-
ness exist, one typically completes a cost-effectiveness analysis
or cost-utility analysis.

Cost-Effectiveness Analysis
Unlike cost minimization analysis, cost-effectiveness analysis
(CEA) compares interventions or devices that have different
levels of effectiveness including clinical benefits and side effects.
If a new device costs more and is less effective or alternatively
costs less and is more effective than an existing intervention,
then choosing is relatively simple – one should always select the
more-effective as well as less-costly device. Frequently, the
choice is more complicated, particularly when a new device
delivers increased benefits at a higher cost. In cost-effectiveness
analysis, the effectiveness of a device or program is measured in
the most natural unit of comparison, such as lives saved or
infections prevented.15 Comparisons are then made in terms of
dollars per life-year gained or dollars per infection prevented.
Many interventions (in fact most) in healthcare are considered
to be cost effective without a cost saving requirement. Clearly,
society values a life saved (or infection prevented) over $0, so
we should be able to spend resources to prevent an infection,
just as we are able to spend resources on a coronary artery
bypass graft surgery.

Cost-Utility Analysis
Cost-utility analysis (CUA) is an extension of CEA with the
benefits of a specific intervention adjusted by health preference
scores or specific utility weights.15 Here, devices or programs
are compared in terms of quality-adjusted life years (QALY)
gained. This approach allows the incorporation of disability or
adverse effects associated with the infection being prevented
and also the side effects of the program or device. Good

Table 4.1Differential valuation and reporting of outcomes based on type of
economic analysis completed

Analysis type Valuation
of outcomes

Formulation
of final reported
outcome

Cost minimization
(CMA)

None Dollars saved

Cost effectiveness
(CEA)

Natural units
(e.g., infections
prevented,
life-years saved)

Cost per infection
prevented or
cost per life year
saved

Cost utility (CUA) Healthy years
(quality-adjusted
life years: QALYs)

Cost per QALY
saved

Cost benefit (CBA) Monetary units
for infections
prevented
or lives saved

Net benefit
(or loss) in dollars

Business case
(BCA)

Monetary units
for costs averted
through infections
prevented

Net benefit
(or loss) in dollars
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examples of CUA in the infection control literature are quite
rare.17 An example worth reviewing is one that analyzed the
routine use of vancomycin versus cefazolin as perioperative
prophylaxis during coronary-artery bypass graft surgery.18

One important parameter to consider when reviewing and
reporting the cost-effectiveness of infection control interven-
tions is what is considered cost-effective by society. As discussed
above, cost-saving interventions are cost-effective, but since
society is willing to spend resources on healthcare, a cost-
saving threshold should not be used when determining what is
and what is not considered cost-effective. A standard threshold
for determining whether a program is cost effective is for the
intervention or program to cost less than $50,000/QALY saved;
however, some suggest the threshold should be increased to
$100,000/QALY saved.19 The World Health Organization
recommends that a threshold for labeling an intervention cost
effective be three times a country’s gross domestic product per
capita, so this threshold is approximately $164,000 in the United
States using per capita GDP for the period 2011–2015.20

Before discussing cost-benefit analysis or even business-case
analysis, it is important to note that CEA and the closely related
CUA have emerged as the preferred methods for economic
evaluation in healthcare.21,22 A key strength of both CEA and
CUA is that outcomes are reported in standard units, such as
cost per lives-saved or QALYs-saved.21 If an agency wanted to
choose between funding a contact-precaution initiative for VRE
and a colon cancer–screening program, it would be difficult to
compare cost per VRE infection prevented with cost per cancer
detected. However, if the clinical outcome comparison between
the two programs was cost per life-years saved or cost per QALY
saved, an informed decision could be reached.

Cost-Benefit Analysis
Cost-benefit analysis differs significantly from other types of
economic evaluation in that all aspects of the analysis, includ-
ing the clinical consequences of the intervention, are valued in
monetary or dollar terms. If a device or program’s benefits
measured in dollars exceed its costs, then it is considered
worthwhile.21 The major barrier for completing a cost-benefit
analysis in healthcare is the requirement to value clinical con-
sequences or a human life in monetary units. For example, few
are comfortable estimating or assigning a monetary value to
a human life-year. Therefore, the use of cost-benefit analysis
has typically been limited to policy-level evaluations outside of
healthcare.

Business-Case Analysis
A business-case analysis is a cost analysis from the perspective
of what is best for the business, in this instance the health
system. Defined for infection prevention, a business case is
one where programmatic investments (e.g., hiring full-time
employees or purchasing new antimicrobial coated catheters)
realize a clinical benefit and a financial return within a set time
frame, typically the next fiscal year. The return can be through
profit, reduction in losses, or cost avoidance. Specifically, the

aim is to determine the dollar costs and benefits of an infection
control or stewardship program or changes to such a program
to encourage or maintain investment by hospital administra-
tors. In the business case, patient outcomes such as infection-
associated morbidity and mortality have not been included
since they typically don’t impact the hospital economically.23

Unfortunately, many programs lack the economic expertise
necessary to complete a business-case analysis for a program
or specific intervention. Prior to considering such an analysis,
healthcare epidemiology leadership should contact their local
institution’s finance administrators or “value-analysis” com-
mittees for assistance in using the available local cost data.
Additionally, most published studies purporting to be cost-
effectiveness analyses of infection control interventions actu-
ally take the hospital perspective and are more correctly called
business-cases analyses.

Another caveat is that many infection prevention programs
have been in existence for years and have helped keep rates of
infections low. Similarly, once an antimicrobial stewardship
program has reduced fluoroquinolone use to very low levels, it
becomes harder to reduce further. The challenge then becomes
the continued justification of such programs. Thus, a key role
of a business-case analysis is to maintain current funding levels
of programs in the face of prior success, since administrators
might want to cut such non–revenue generating prevention
programs. There are also difficulties when trying to initiate
a new intervention, as it is easy to quantify the extra costs (e.g.,
new hires or new devices) but often very difficult to estimate
the incremental financial benefits. This is particularly challen-
ging when there are very few published clinical trials available
to convince administrators of the economic costs of HAIs or
benefits of infection prevention or stewardship programs and
even fewer resources to complete studies at one’s own
institution.24

One partial solution to facilitate saving an existing program
is to examine areas where the intervention is not in place and
compare infection rates to areas where the intervention is
utilized. However, this is becoming increasingly difficult,
as there are fewer intensive care units that lack central
line–associated bloodstream infection prevention initiatives,
for example.25 Alternatively, if cost reductions or drives for de-
implementation force elimination of a specific program (e.g.,
contact precautions for resistant pathogens), it would be help-
ful to stagger the elimination of the program in a stepped-
wedge fashion, so that if infection rates rise in certain units
where an intervention is eliminated, this evidence could be
used to reinstitute the program.26 Interestingly, the University
of Maryland eliminated their antimicrobial stewardship pro-
gram in 2008 resulting in a large increase in antimicrobial
utilization and costs.27 The program elimination led to a now-
published economic analysis, which informed the reinitiation
of a stewardship program years later. This experience, which
will hopefully not be repeated elsewhere, is one that can greatly
inform institutions discussing program elimination.

When an identified problem, new mandate, or new tech-
nology leads to the desire to introduce a new infection
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control intervention, it is important to remember that this is
the time to collect outcome, cost, and implementation data
that will justify the continuation of the intervention in the
future if the institutional support dissipates. To that end, it is
often helpful from an analysis, and more importantly, from
an implementation perspective to roll out a new intervention
in a stepwise or step-wedge fashion.28,29 This allows compar-
isons to control populations (e.g., wards or ICUs where the
intervention has not yet been implemented) using a higher-
level quasi-experimental design.30 Importantly, when com-
pleting a business-case analysis, it is critical to make an
honest assessment of the situation. While hospital epide-
miologists and infection preventionists want to increase the
resources available for infection prevention, it is also impor-
tant to avoid overestimating benefits or underestimating
staff and time costs.24 Making either or both of these mis-
takes in an initial analysis may improve the appearance of
the situation in the short term, while hindering efforts and
necessary trust in the long term after resource audits are
performed.

Business-Case Analysis Example: Expanding
Services and Programs
The method of completing of a business-case analysis can be
broken down into several incremental steps. Over the past
decade since the SHEA Business-Case Guideline11 was pub-
lished, it has become evident that two additional steps are
needed prior to completing a business-case analysis for
a specific intervention, policy change, or new hire. These two
steps are strategic planning and learning to say “no” to added
demands without added resources. If there is one recommen-
dation that that should hang on the walls of every hospital
epidemiologist, infection preventionist, and ID pharmacist it
would be KEEP CALM AND DON’T WORK FOR FREE, which will be
discussed more below.

Step 1: Establishing a Strategic Business Plan
for Your Program
Although beyond the scope of this chapter, it is important to be
aware of the role that strategic business planning plays in
establishing a platform for program success. Soule published
one of the few overviews of strategic planning in infection
control.1 She outlined a basic strategic plan that included
a mission statement, overall program goals, program assess-
ment, description of existing personnel and roles, the infection
control plan, and how the infection control program integrates
in the hospital via an organization “org” chart. Whether
through “SWOT” analysis that identifies strengths, weak-
nesses, opportunities, and threats or other strategies like Gap
Analysis,31 understanding where one’s program is now (exam-
ple – high central line–associated bloodstream infections –
CLABSI) and where it needs to be (below the NHSN median
CLABSI rate) is a critical first step in preparing to make
a business case.

Step 2: Learn to Say “No”
Once one has established clinical goals or targets, it becomes
easier to identify what is already being done and, therefore,
where increased resources are needed. However, many times
a program is faced with a request to expand without increased
resources. For example, a request from a hospital chief medical
officer might be: “Our CLABSI rates are too high, you must
attend a national meeting on CLABSI prevention and get the
hospital rates cut in half to be in line with other hospitals.
However, at this time, we have no additional resources to meet
this request.”

As outlined in William Ury’s important book The Power of
the Positive No, a typical response to this request is to accom-
modate the request within the current budget or get angry and
say “no” to the request in an attacking way.32 However, these
responses let the entire infection prevention team down by
adding more work onto an already overworked program,
which can be quantified since a strategic plan was completed
in Step 1, above. If anyone gets angry and attacks hospital
leadership in a direct or indirect way, the long-term harm to
programmatic efforts is immeasurable. Fortunately, there is an
effective path that avoids accommodation or confrontation.
This strategy is called the “Positive No” and requires uncovering
the yes – what the goals are (i.e., your strategic plan), empower-
ing a “no” in a positive way and proposing an alternative
strategy that the infection prevention team can say yes to.

The first step in the infection control “Positive No” is
saying yes to the infection prevention program including
the staff. For example, resources are needed to meet a new
request, and if one says yes now, the program will never
receive the necessary resources to protect patients and your
overworked staff. Thus, the decision is between saying yes
to future patients and the existing staff and saying no to
reducing CLABSI rates without resources. This small recog-
nition of what one is saying yes to empowers the infection
prevention team to make necessary financial requests.
The second step is to develop a positive no without anger.
This requires time; therefore, it is recommended that deci-
sions or responses to any request not be made immediately.
Thus, once the request is received, print the email and save
it while a plan B is developed. Finally, once a response or
alternative plan is carefully developed, it can be proposed to
the CMO: “I really feel that CLABSI are a big problem.
At the moment our team is extremely overworked and I’m
concerned they may quit. I can’t say yes to new initiatives
without additional resources, as it will compromise what we
are doing and my team. I propose we set up a hospital-wide
task force to come up with a plan to address the CLABSI
problem.” While this response indirectly says no to the
initial request, at the same time it has communicated that
the clinical problem understood the problem and that the
infection prevention program has seriously considered the
situation and has a potential plan to improve the CLABSI
rates. Now that there is a clinical target and task force, the
next steps are to develop a business case to tackle high
infection rates.
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Step 3: Frame the Problem and Develop
a Hypothesis Regarding the Potential
Solutions
One may now wish to implement an intervention to
reduce CLABSI in hospital ICU settings. However, there
are many possible interventions that target CLABSI includ-
ing antimicrobial catheters, insertion bundles and check-
lists, and “scrub the hub campaigns.” Since a strategic plan
has been completed in Step 1, the primary barrier hinder-
ing implementation of specific CLABSI interventions has
been identified as too few infection preventionists for the
hospital census compared to other institutions with similar
clinical programs. In order to implement an intervention
to reduce these infections, the CLABSI task force recom-
mends hiring additional staff for your department. Thus,
the next task is convincing the hospital administration that
the cost of an additional full-time employee (FTE) will be
offset by cost savings through reduced infections, including
CLABSI.

Step 4: Meet with Key Administrators
Prior to the start of the analysis, schedule a meeting with
the key administrators (e.g., Chief Quality Improvement
Officer, Chief Medical Officer, Chief Nursing Officer)
who oversee hospital epidemiology and other groups who
will be involved in the program, hire, or intervention.
The purpose of this meeting is threefold. First, it is impor-
tant to obtain agreement that the manner in which the
plan is to address the clinical problem (i.e., new FTE) has
the backing of leadership. Second, the administrator can
assist in identifying critical individuals and departments
who may be affected by the proposal and whose needs
should be included in the business case. Finally, the admin-
istrators can help identify the critical costs and factors that
should be included in the analysis, including administrative
data.

Step 5: Determine the Annual Cost
of the Program
In the current example, the cost is the salary of an FTE plus the
price of benefits. This is available from many sources including
the hospital’s institutional budgets or available on-line surveys.33

As an example, anFTE infectionpreventionistmight earn $62,000
in Idaho or $110,000 in New York State (ref www.careersinpubli
chealth.net/careers/infection-preventionist, accessed 12/2/2015).
Other interventions may involve more wide-ranging costs. For
example, interventions that include contact precautions will
include costs associated with purchasing gowns and gloves, excess
FTE time (i.e., salary) needed to don and doff the precautions,
added FTE time to remove the added waste from the wards, and
costs associated with waste disposal.

Step 6: Determine What Costs Can
Be Avoided through Reduced Infections
Optimally, the upfront cost of hiring a new infection preven-
tionist can be recouped during a reasonable period of time,
usually the current fiscal year. Ideally, local institutional data
can be analyzed to determine if CLABSI were reduced after
hiring additional staff in the past. Alternatively, the medical
literature may be reviewed to see if others have published their
data regarding a similar issue. For example, individual local
experience or a literature review might suggest that hiring an
infection preventionist would be expected to reduce CLABSI
by half through improved audit and feedback, and insertion
checklist implementation. Thus, if a hospital has 40 CLABSI
annually, an effective infection preventionist could directly
prevent 20 CLABSI.

Step 7: Determine the Costs Associated
with the Infection of Interest
at Your Hospital
If local hospital administrative data are readily available, an
attributable cost of an ICU-CLABSI could be directly calcu-
lated. Alternatively, a literature review might reveal that the
average CLABSI is associated with an excess cost of $18,000.11

Many estimates of the costs associated with CLABSI and
other HAI report far higher costs. One major reason for the
overestimate of HAI costs is failure to consider time-
dependent bias in the study methods.34 Time-dependent
bias is particularly important to consider when estimating
the cost and length of stay of HAIs since longer hospitals
stays are associated with higher risk of HAI. If the duration of
the hospital stay and costs that manifest prior to the infection
are included, this would cause a biased overestimate of the
outcomes associated with the infection. Studies that use con-
ventional study design methods that fail to take into account
hospital stays and costs prior to the development of the
infection have been shown to overestimate costs by approxi-
mately 30 percent and attributable lengths of stays by 9 to 13
days.34,35

At this point, it might be tempting to multiply the expected
CLABSI prevented, 20, by the estimated costs per CLABSI and
state that hiring an infection preventionist will save $360,000 in
CLABSI-associated costs alone. However, a certain percent
of these costs might be reimbursed by third-party payers,
although this is less common in 2015. For example, if 20 per-
cent of costs are reimbursed, the cost savings from preventing
20 CLABSI would be estimated at $288,000 (80 percent of
$360,000). After subtracting the cost of the new infection
preventionist, the savings could be as high as $226,000
(288,000–62,000) in Idaho.

An alternative method for calculating the attributable cost
of a nosocomial infection is to multiply the average increase in
length of stay by the average daily cost for a hospital stay. This
cost can be determined specifically for the local institution or
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taken from the literature. The average attributable length of
stay for a CLABSI is approximately 12 days.11 Thus, preventing
20 CLABSI, reduces over-all length of stay by a total of 240 days
at an average cost of approximately $1,200/day for a cost sav-
ings of $288,000.

Step 8: Calculate the Financial Impact
of the Proposed Intervention
or Program
Completing the business case requires taking the estimated
cost savings or additional profits and subtracting the costs
of the upfront outlay, in this case the salary and benefits of
a full-time infection preventionist. In this example, the total
economic impact to the hospital for prevented CLABSI
from hiring an additional infection preventionist is esti-
mated to save between $178,000 (New York State) and
$226,000 (Idaho).

Step 9: Include Additional Financial
or Health Benefits of the Proposed
Intervention or Program
Many infection prevention interventions have multiple bene-
fits. For instance, contact precautions introduced in response to
an Acinetobacter baumannii outbreak would also be expected to
reduce MRSA and VRE infections.36 In this case, the additional
FTE would also be expected to reduce rates of surgical site
infections and improve hand hygiene compliance. All of these
factors should be included in a proper business-case analysis.
To further make the business case for an additional FTE, one
must include the expected reduced costs associated with reduc-
tions of these other preventable infections. After these are
included, it would be expected that hiring an additional FTE
would save the hospital significant additional costs.

Even though business-case analysis does not include the
adverse consequences of healthcare-associated infections,
such as patient mortality, hospital administrators do respond
to these issues. While patient safety cannot be the whole
argument, some calculation of the patient safety improve-
ment associated with the intervention should be included.
If mortality associated with preventing a CLABSI is included,
it is possible that preventing 20 CLABSI could prevent two to
seven additional deaths. Additionally, preventing complica-
tions such as CLABSI might be associated with reduced legal
costs. Furthermore, with the increased regulations for man-
datory reporting of healthcare-associated infections, there are
many other financial benefits to the hospital that we have not
considered (e.g., pay-for-performance or enhanced reputa-
tion of the institution). These must be included in a proper
business-case analysis and can influence hospital administra-
tion. Thus, a hospital’s risk management group should be
involved early in any quality improvement program busi-
ness-case analysis.

Step 10: Make the Case for Your Business Case
Completing the analytical portion of a business case must be
followed by effective communication of the results to key
stakeholders at the institution through the successful presen-
tation of your analysis. After completing the analysis, sche-
dule individual meetings with the same stakeholders you met
with in Step 4. These meetings should include presentation of
the initial findings of the business-case analysis, the develop-
ment of the implementation plan, which may have additional
costs that need to be included, and determination of current
support for the planned initiative. These meetings will allow
the infection prevention leadership to answer most of the
questions that might otherwise appear during the final pre-
sentation of the business case. Most important, these meet-
ings are the critical first step in developing an implementation
plan for the intervention, about which much has been
written.37,38

Even in interventions, such as the presented example,
where the estimates suggest that hiring an FTE will be cost-
saving, it is often not easy to initiate cost-saving interventions
in hospitals. One of the reasons for the difficulty in initiating
interventions is that it is not always clear who should pay for
the intervention since the cost-center that benefits (e.g., patient
care) is not always where the cost of the intervention arises
(e.g., infection control or microbiology). In this example,
should the Critical Care service contribute to the hiring of
a new infection preventionist since they will see the benefits
of the added staff through lower reported infection rates and
lower costs? The cost-shifting issues become even more pro-
blematic when interventions are effective but not cost-saving.
It is often the case that stronger institutional support and
understanding of cost-sharing is needed in order to initiate
effective and even cost-saving interventions.

Step 11: Prospectively Collect Cost and
Outcome Data Once Program Is in Effect
If an infection control or stewardship program or intervention
has been in place for an extended period of time, it is often the
case that infection rates are already low, so that it may be
difficult to justify additional investment. In the above CLABSI
example, if CLABSI rates are now below the NHSN median,
competing demands may cause administrators to question the
need for your now larger infection prevention program. One
way to maintain current resources is through continued collec-
tion of multidrug-resistant organisms (MDROs) rates, device
infection rates, and process measure compliance rates (e.g.,
hand hygiene) that have been improved through the FTE
hire. If one is able to demonstrate a continued reduction in
these rates through a well-designed annual report, it will be
difficult for administration to eliminate the FTE. Fortunately,
the literature continues to support the fact that continued
investment in infection prevention programs is cost-effective
and pays dividends over the long haul, while the benefits
would be lost if the investment was not continued.39
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Conclusion
Demonstrating the value of infection prevention and antimi-
crobial stewardship programs increasingly falls to the hospital
epidemiologist, infection preventionist, and infectious diseases
pharmacist. When accompanying a well-designed strategic

plan and thorough annual report, a business-case analysis
can help justify new initiatives andmaintain or expand existing
programs. The future existence of these programs will require
up-to-date estimates of the costs and outcomes associated with
device infections and multidrug-resistant pathogens.
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Chapter

5
Quality Improvement in Healthcare Epidemiology
Mohamad G. Fakih, MD, MPH, Susan MacArthur, RN, CIC, CPHQ, MPH,
and Louise-Marie Dembry, MD, MS, MBA

It is not enough to do your best; you must know what to do,
and then do your best.
– W. Edwards Deming

Healthcare-associated infections (HAIs) account for consider-
able patient morbidity and mortality, with the majority being
preventable.1,2 There is increasing pressure on hospital epide-
miology and infection prevention programs to lead efforts to
reduce HAIs nationally by promoting compliance with evi-
dence-based practices. HAIs provide an important measure of
quality, and epidemiologists are expected to play a significant
role in preventing them. This chapter is a primer on quality
improvement applied to infection prevention, from principles,
to tools and measures. These quality principles, when inte-
grated with epidemiologic techniques, strengthen infection
prevention programs and ensure patient safety and high-
quality patient care.

Quality Improvement and Infection
Prevention
The focus on quality is traced to medieval times where artisans
worked on improving their craftsmanship.3 The Industrial
Revolution brought factories, increasing productivity and
incorporating quality control into the products. After World
War II, Japanese products had a reputation of being poor-
quality, negatively impacting their ability to be sold interna-
tionally. The movement for “total quality management” was
born as Japanese organizations sought new ways to improve
the quality of their products, and these strategies represented
the new “total quality” approach.3 Rather than relying purely
on product inspection to ensure quality, Japanese manufac-
turers focused on improving all organizational processes
through the people involved in them. This led to higher-
quality products at lower prices, which made Japanese exports
competitive in the world market.

Two American quality experts, W. Edwards Deming and
Joseph M. Juran, were aware of Japan’s progress in the quality
arena and predicted that the quality of Japanese goods would
overtake the quality of goods produced in the United States by
the mid-1970s. Japanese manufacturers began increasing their
share in American markets, causing widespread economic
effects in the United States. Total quality management, which
emphasized approaches that went beyond just statistics and
embraced the entire organization, came out of this movement.
Several other quality initiatives, such as “continuous quality
management,” followed. American companies were slow to

adopt the principles of quality improvement, and hospitals
were even slower.

The Rise of Handwashing: A Quality Improvement
Exercise
As epidemiologists, one of the first stories we are taught is that
of Dr. Ignaz Semmelweis, a Hungarian obstetrician who in the
1840s showed that cases of puerperal fever could be prevented
if doctors washed their hands in a chlorinated lime solution
before examining patients.4 His approach closely followed
what we now consider modern quality improvement techni-
ques. First, Semmelweis identified that a problem existed by
examining mortality rates in two different obstetrical services.
Next he hypothesized that puerperal fever was contagious, and
he made observations and started collecting data to prove his
hypothesis. He then implemented a practice change, or inter-
vention (handwashing); last, he demonstrated a significant
decrease in infection (mortality) through continuous monitor-
ing of data before and after the practice change. Unfortunately,
his findings were neither widely adopted, nor were his recom-
mendations implemented by the medical community, and as
a result, women in nineteenth-century Vienna continued to die
preventable deaths. Even today, the existence of evidence-
based practices and quality improvement techniques do not
guarantee their adoption nor the successful prevention of
errors.

The Birth of Hospital Epidemiology and Infection
Prevention Programs
During the 1950s, epidemics of staphylococcal infection and
nosocomial infections in hospitals emerged as a major
public health issue. At the urging of the American Hospital
Association, the CDC, and the Joint Commission (then called
the Joint Commission on Accreditation of Healthcare
Organizations [JCAHO]), infection control programs were
instituted in thousands of hospitals across the country during
the 1960s and 1970s. Each program implemented its own
prevention and control strategies, with little evidence to defi-
nitively determine which interventions, if any, effectively
reduced the incidence of infections and the associated costs.
In 1974, the CDC initiated the 10-year Study on the Efficacy of
Nosocomial Infection Control (SENIC).5 The study showed
that the incidence rate of nosocomial infections decreased
and remained lower in hospitals that conducted surveillance
for nosocomial infection and that used evidence-based
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infection prevention patient care practices. As hospital epide-
miology and infection prevention developed as a discipline,
quality principles were incorporated and became integral to
the functioning of many programs.

The Perfect Storm
During the 1980s and early 1990s, as hospital epidemiology
programs continued to evolve, they were impacted by the emer-
gence of the human immunodeficiency virus and the implemen-
tation of universal precautions and the Occupational Safety and
Health Administration’s Blood-borne Pathogens Standard,6 as
well as the resurgence in tuberculosis, including nosocomial
outbreaks of multidrug-resistant tuberculosis. At the same
time, hospital epidemiology programs were tasked to address
the increasing burden of multidrug-resistant organisms and
other emerging pathogens that posed a threat to hospitals.
In 1999, the Institute of Medicine (IOM) published, To Err
Is Human, describing the extent of patient harm in the health-
care environment.7 The IOM estimated about 100,000 preven-
table deaths per year in the US due to medical errors. It urged
that there be a comprehensive approach to patient safety as an
ultimate target, at all system levels. To Err is Human and sub-
sequent IOM reports were the impetus for US hospitals to
embrace safety as priority, and presented an overall framework
to improve the delivery of healthcare. The concepts in this
framework can be easily applied to infection prevention strate-
gies as well:

Safe: “avoiding injuries to patients from the care that is

intended to help them” (e.g., ensuring compliance with hand

hygiene)

Timely: “reducing waits and sometimes harmful delays for both

those who receive and those who give care” (e.g., administering

surgical antibiotic prophylaxis 1 hour prior to the first incision)

Effective: “providing services based on scientific knowledge to all
who could benefit and refraining from providing services to

those not likely to benefit” (e.g., use maximal sterile barrier

precautions during central venous catheter insertion, based on

appropriate indications)

Efficient: “avoiding waste, including waste of equipment, sup-

plies, ideas and energy” (e.g., replace administration sets not

used for blood, blood products, or lipids at intervals not longer

than 96 hours)

Equitable: “providing care that doesn’t vary in quality because of

personal characteristics such as gender, ethnicity, geographic

location, and socioeconomic status” (e.g., implementation of

standard precautions and transmission-based precautions)

Patient-centered: “providing care that is respectful of and
responsive to individual patient’s preferences, needs, and

values ensuring that patient values guide all clinical decisions”

(e.g., partnering with patients and family members to “speak

up” and ask questions, and educating them about what they

can expect from healthcare providers and what is being done to

reduce their risk of healthcare-associated infection)

The IOM’s report To Err is Human concluded that “a health
care system that achieves major gains in these six areas would
be far better at meeting patient needs. Patients would experi-
ence care that is safer, more reliable, more responsive to their
needs, more integrated, and more available, and they could
count on receiving the full array of preventive, acute, and
chronic services that are likely to prove beneficial. Clinicians
and other health workers also would benefit through their
increased satisfaction at being better able to do their jobs and
thereby bring improved health, greater longevity, less pain and
suffering, and increased personal productivity to those who
receive their care.”7

Very quickly, hospital epidemiology programs found
themselves in the crosshairs of hospital administrators, quality
management departments, managed-care entities, regulatory
and accrediting agencies, lawmakers, and an increasingly wor-
ried public, all requesting evidence of effectiveness and
increased accountability. Although collaboration with other
disciplines is nothing new to hospital epidemiology, this “per-
fect storm” sometimes required epidemiologists and infection
preventionists to use a different language and methodology.
“Multidisciplinary collaborations are essential to instigate
innovative prevention research, identify new applications for
old prevention strategies, maximize synergy among the broad
array of professionals engaged in quality promotion efforts,
minimize overlap, and conserve scarce resources.”8 Table 5.1
presents perspectives on the quality of healthcare from the
points of view of various stakeholders.

Public Reporting and Transparency
Healthcare consumers, regulatory and accreditation agen-
cies, and the insurance industry, including managed-care
entities, have an increasing interest in greater transparency
in the reporting of healthcare-related outcomes. Publicly
reported healthcare-associated events include central
line–associated bloodstream infections, catheter-associated
urinary tract infections, colon and abdominal hysterectomy
surgical site infections, methicillin resistant Staphylococcus
aureus bacteremia, and Clostridium difficile infections.9

The desire for transparency is based on the belief that
these indicators can be used to evaluate those organizations
that offer the highest quality of care most cost-effectively.
Reported data are becoming increasingly available to the
public by way of the Internet. However, questions remain
about the accuracy of the reported price, process, and out-
come information; the comparability of the results across
different populations; and whether and how patients and
others use the information in making decisions.

The Concept of Value in Healthcare
Value is a key component to any product we consume.
In healthcare, patients, as well as providers and suppliers

Quality Improvement in Healthcare Epidemiology

31



benefit from optimizing the value of care, resulting in further
economic sustainment of our healthcare delivery system.10

The focus is on efficiency, and accountability from the provi-
ders. The historical organizational structure for healthcare
delivery made it difficult to measure value. When we shop for
a car, or anything for that matter, we want to purchase the item
that gives us the best value. By value, we mean the best quality
that we are able to afford. For healthcare, assigning value is

a more difficult task but is no less important. We have learned
that better care does not equate to higher-cost care, and pro-
viders are facing steadily increasing pressure to take excess cost
out of the system (i.e., reduce waste) while maintaining or
increasing the quality of care.11 Many agencies and groups
have focused on promoting quality nationally and internation-
ally (Table 5.2).

High Reliability Organizations
To achieve the improvements sought and prevent errors,
healthcare systems looked for nonmedical organizations
where safety has been a priority.12 High reliability organiza-
tions (HROs) have fewer accidents because they work on pre-
venting failure and ensuring reliability.13 These organizations
exhibit a state of “mindfulness” reflected in five practices:
preoccupation with failure, reluctance to simplify interpreta-
tions, sensitivity to operations, commitment to resilience, and
deference to expertise.14

HROs address failures with thorough analysis, and treat them
as a reflection of the system’s reliability. The preoccupation with
failure identifies any defect in a process (no matter how small),
and directly addresses the issue without waiting until a bad out-
come occurs. They encourage identifying multiple potential rea-
sons for the failure and avoid simplification. Often failuremay be
related to multiple factors, and identifying one defect does
not necessarily rule out the presence of additional defects.
The sensitivity to operations includes paying very close attention
to any changes or deviations in operations and not disregarding
these changes as nonsignificant. The commitment to resilience,
a containment principle, refers to the organization being func-
tional even in the presence of a stressful environment. Facing the
adverse event, the system will work on establishing plans to
improve a process to be less susceptible to errors. The system
contains the event, and improves the process so that in the
situation where a similar event occurs, it will be ready, and
harm may be avoided. Finally, expertise is not always related to
hierarchy. HROs look to the personwho can best achieve the task
regardless of his or her position.

Unfortunately, hospitals do not perform as HROs, making
them susceptible to frequent failures, resulting in patient

Table 5.2 Websites with information relevant to quality improvement

Organization URL

Centers for Disease Control
and Prevention (CDC)

www.cdc.gov/

Institute for Healthcare
Improvement (IHI)

www.ihi.org/

Agency for Healthcare
research and Quality (AHRQ)

www.ahrq.gov/

Centers for Medicare and
Medicaid Services (CMS)

www.cms.gov/

The Joint Commission (TJC) www.jointcommission.org/

National Committee for
Quality Assurance (NCQA)

www.ncqa.org/

American Society for Quality
(ASQ)

http://asq.org/index.aspx

The American Society for
Healthcare Risk Management
(ASHRM)

www.ashrm.org/

The World Health
Organization (WHO)

www.who.int/en/

The Robert Wood Johnson
Foundation (RWJF)

www.rwjf.org/

National Patient Safety
Foundation (NPSF)

www.npsf.org/

National Quality Foundation
(NQF)

www.qualityforum.org/Home
.aspx

Table 5.1 Perspectives on healthcare quality from the point of view of various stakeholders

Perspective Infection prevention Quality management Managed care and accreditation
agencies

Focus Adverse health events Indicators Errors, near misses

Determinants Risk factors Patient mix Root cause analysis, human factors

Monitoring Surveillance, response Performance measurement,
improvement

Reporting, learning

Goal Prevention Performance improvement System improvement

Key professionals Healthcare epidemiologists,
infection preventionists

Quality managers,
accreditation officials

System engineers, healthcare
purchasers and consumers

Note: Information is from Gerberding.8
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harm.15,16 Some of the limitations of hospitals include their
dependence on efforts of individual healthcare personnel
rather than institutionalizing high reliability processes, bench-
marking based on available reported outcomes that may not be
surrogates of high reliability, and accepting clinician auton-
omy and variation in patient care even if it does not conform
with best practices.16 Healthcare organizations may work on
achieving high reliability through three routes: include
a leadership commitment to no harm, establish a safety culture
throughout the organization, and incorporate rigorous process
improvement tools.15

Leadership
Leaders of hospitals and healthcare systems have a key role in
influencing safety at their organizations. They can promote
safety as a focus for the entire organization with setting clear
goals to be achieved.17,18 A qualitative analysis of 14US hospitals
and their approach to reducing healthcare-associated infections
revealed some of the attributes of effective leaders.19 Successful
leaders reflect a culture of excellence when they communicate
with their associates; find solutions to overcome barriers; inspire
others to lead with clear goals; and are planners, “thinking
strategically while acting locally.”19

Organizational Culture and Safety
The organizational culture of institutions plays a critical role in
patient safety. There are four dimensions of organizational
culture: group, entrepreneurial, hierarchical, and production-
oriented. Hospitals are thought to have a mixture of the four
dimensions.20 A survey of 92 US hospitals evaluated the per-
ceptions of leaders, physicians, and healthcare personnel
regarding their institutions’ safety climate and their organiza-
tional culture.20 The hierarchical organizational culture was
most common, which values predictable operations, and is
heavily reliant on structure, policies, and procedures. On the
other hand, those who perceived their organization to have
a group participation culture scored better in the safety climate
survey, suggesting that a high level of hierarchical culture may
create barriers to safety efforts. Institutions may have
a dominant culture, but at the departmental level variation
occurs. For example, the infection prevention department
may exhibit a strong group culture supporting safety, com-
pared to a surgical service line where production takes first
priority.21 Still, differing subcultures will support and align to
a few beliefs and values of the organization. An organization
that thrives on a culture of excellence may be more willing to
adopt programs that enhance improvements in patient
safety.22 Finally, external factors or pressures, such as public
reporting, hospital-acquired condition program, and value-
based purchasing, effectively influence hospitals to closely
monitor and intervene in the areas of interest.

Safety Culture
The most effective quality programs provide an environment
that places patient safety at the center of all that is done. Clear
expectations will enable healthcare personnel to do the right

thing, the right way, the first time, every time. A culture of
safety incorporates organizational commitment that is con-
veyed at all levels, supported with resource allocation, and
openness in reporting and addressing safety events.23

Hospitals differ in their adoption of a safety culture, and varia-
tion is even recognized at the unit and the individual level.23

When an error occurs, a “no name, no blame, no shame” culture
encourages a focus on the improvement of processes, without
negating accountability at the individual level.24,25 A close eva-
luation of events clarifies whether the gaps are related to an
imperfect process or volitional individual noncompliance.
As a step toward greater transparency, some organizations invite
members of the public to join patient safety committees and
other initiatives. The comprehensive unit safety program
(CUSP) focuses on the work at the unit level and promotes
safety as a priority for healthcare personnel.26 It includes the
education of staff on the science of safety, creation of a team and
engaging senior executives, identifying and learning from
defects, and implementing improvements and communication
tools. CUSP has been widely used in national efforts to reduce
device-related infections.27,28

High Reliability Tools
A key to reducing errors is to focus on the environment and
process where the errors occur, rather than assuming the error
resulted from an unsafe act committed by a healthcare
personnel.29 Most errors represent “system flaws rather than
character flaws.”30 Human factors engineering studies the
relationship between the person and the system and helps
design the system to optimize the worker’s performance to
reduce any events. James Reason’s “swiss cheese” model
depicts multiple system failures that escape safeguards thus
leading to safety events.29 Human factors protect against the
risk of slips or mistakes of healthcare personnel resulting in
safety events. In addition to human factors engineering, pro-
cess improvement tools such as PDSA, Lean, and Six-Sigma
have been used to enhance processes.

Deming’s cycle, or PDSA, provides a structure to imple-
ment improvements using four steps: plan, do, study, and act.31

The “plan” stage identifies the process that requires improve-
ment. The “do” stage is when an intervention is implemented;
a certain level of imperfection is accepted as the experience
itself can lead to learning and improvement. The “study” stage
evaluates what worked and what did not. Finally, the “act”
stage includes adjustments and additional steps to implement
based on the analysis of the difference between actual and
expected results. The process is then repeated, till expected
results are achieved. Lean process is a quality improvement
method that focuses on improving quality by dramatically
changing operational processes to become faster and more
flexible and to reduce waste.32 It does this by identifying and
reducing steps that do not add value in a process. Finally, six-
sigma aims to reduce variation and achieve stable and predict-
able process results.33 Achieving a level of six-sigma implies
near perfection in an operational process, with only 3.4 defects
per 1 million opportunities. Teams follow a process improve-
ment methodology abbreviated DMAIC: define, measure,
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analyze, improve, and control. It starts by identifying the
problem, then measuring the problem, identifying the root
cause of the problem, mitigating the root cause, and finally
maintaining the gains. This methodology focuses on finding
sources of variation inherent to a process and eliminating them
to achieve more consistent results.

High Reliability and Infection Prevention:
The Example of the Peripheral Venous Catheter
We describe below how using the five principles of high relia-
bility organizations may improve the infection risk related to
peripheral venous catheters (PVCs). The preoccupation with
failure leads to the identification of any defect in a process, and
directly addressing it before a bad outcome occurs.

• A PVC is placed without following all the proper steps (not
compliant with aseptic technique). I voice my concern even if
there are no detectable adverse events.

• I notice that the antiseptic used in the kit for placing the PVC
has been exchanged with another (not all antiseptics are
equal). I investigate the reason.

The sensitivity to operations includes paying very close
attention to any changes or deviations in operations and not
disregarding these changes as nonsignificant.

• With more than half of nurses on one unit being new
graduates, the manager recognizes a need for educating them
on the proper placement and care of the PVC, and arranges
for educational sessions.

• An administrative decision is made to abolish the
“Intravenous Therapy (IV) Team” because of financial cuts.
The IV team had the responsibility to evaluate the PVCs and
provide feedback to the nurses. The unit manager evaluates
a process to fill the gap in anticipation of any problems before
they occur.

Reluctance to simplify interpretations: Often failure may be
related to multiple factors, and finding one factor may not
mean other factors are not involved and should still be
identified.

• A patient reports pain at the PVC site shortly after it is
placed. The healthcare personnel finds minimal swelling at
the site, but the flow of the intravenous fluids was not
impeded. Patient was reassured, however, woke up with
a swollen and tender arm, and an infiltrated PVC site.

• After 3 days of PVC placement, erythema and a mild
palpable cord was found at the site. The nurse noted mild
phlebitis that was attributed to a potassium infusion. Within
24 hours, the patient developed chills and fever. The patient
was diagnosed with peripheral septic thrombophlebitis.

Commitment to resilience means that the organization will
continue to be functional even in the presence of a very stress-
ful environment.

• An influx of very sick patients present to the emergency
department. Healthcare personnel are caring for a much
larger number of patients, providing the same treatment

without short cuts. If they are not compliant with all the steps
of placing the PVC, then they will note this by labeling it as
“not placed under aseptic conditions.”

• Two nurses attend a lecture on the associated risk with PVCs,
and multiple case studies are presented. Although they have
not previously seen cases with adverse events related to PVCs,
their concern about their patients’ safety was translated into
evaluating every patient’s PVC on their unit for any
problems.

Deference to Expertise: Expertise is not always related to
hierarchy. It is looking to the person who would be the best to
achieve the task regardless of his/her position.

• An IV team nurse is more knowledgeable than other nurses
or physicians in the topic of placement and care of the PVC.

Implementing and Sustaining Quality
Improvement Efforts

Implementation
Implementation is critical to the success of quality improve-
ment efforts.34 Prior to implementation, a decision to adopt
a program is made at the institutional level. The program is
usually piloted at a unit level, and then spread hospital-wide.
During implementation, the program is refined to best fit
the institution, and plans are established to ensure the work
is sustainable. Successful implementations strongly influ-
ence program outcomes. Implementation may not be uni-
versal, and adoption varies among healthcare personnel.
Successful implementation depends on multiple factors
including the innovation characteristics, organizational
capacity and support system, provider characteristics, and
community factors.34

The planned program needs to be adaptable to and compa-
tible with the institutional workflow. The flexibility of the
program will allow enhancements or modifications based on
its evaluation during implementation. The closer the program
is to the institution’s functions, the easier it is for it to be
integrated. Moreover, the institution needs to allocate the
resources – whether human, technical, or financial – to war-
rant the optimal support. Leaders play a pivotal role in sup-
porting the work, communicating the importance of the
program as a priority, and addressing any barriers that may
arise during implementation. Leaders are accountable and
demand the same accountability at all levels. The providers
should perceive the program as beneficial to them or to their
patients’ safety, and they should have the skills and the ability
to achieve the work. It is essential for the providers to see the
new program as a means to improve their work, or at least not
burden their daily activities. During implementation, health-
care personnel are trained and evaluated for their competen-
cies, and their feedback and concerns are addressed. Often
a few providers emerge as champions, and they identify and
engage all the other stakeholders to partner on supporting the
program implementation.35 Successful champions believe in
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the safety efforts, have the recognition and respect of their co-
workers, and are motivated and early adopters of change.36 It is
beneficial to make the case to each discipline or stakeholder of
the program’s value to them and to their patients. With each
group having different perceptions and needs, it is essential to
address any potential effects according to their perspectives.35

Sustainability
Sustainability is the long maintenance of a program, where it is
continued or improved, becomes integrated into regular activ-
ities, and is supported by the different stakeholders.37,38 Unlike
implementation, resources are more limited during the sustain-
ability period. Sustainability is often not well planned for and
often overlooked. Programs are more likely to be partially
sustained, unless a significant effort is placed in institutionali-
zation, when combined with regular training, audits, and
feedback.38 Factors that influence sustainability include capa-
city to continue the program, and having processes established
to integrate the program as part of the daily activities of health-
care personnel. Integration of the program is easier when it is
aligned with the organization’s goals (e.g., promoting safety,
process, and outcome dashboards). Other supporting factors
include updating policies and standard operating procedures,
regular competency evaluations, and keeping the focus on the
program as a priority. Champions provide essential support for
early program adoption;39 nevertheless, the sole reliance on
champions can weaken further acceptance at the institutional
level, either through lack of delegation to others or if the
champion leaves.40 The optimal goal is to have a gradual migra-
tion from the dependence on the champions to a full integra-
tion of the process into the daily work of the healthcare
workers, making everyone accountable for the proper steps of
the process, and thus, reaching successful results independently
of the presence or absence of the champion.

Implementation and Sustainability: The Example
of the Urinary Catheter
We describe the example of efforts to reduce urinary catheter
risk and catheter associated urinary tract infections (CAUTI).
With the public reporting of CAUTI in intensive care units
since 2012, and its association of performance with the hospital
acquired condition penalty and value based purchasing, the
hospital leadership makes the decision to invest significant
effort to improve urinary catheter outcomes, and decrease
CAUTIs on all patient care units (intensive and non-
intensive care units).

As a first step, hospital leadership assigns an executive
sponsor of the work who receives regular updates and pro-
vides support for any required resources during implementa-
tion. Key stakeholders are engaged and educating on why
addressing CAUTI is important, and asked for their support
and partnership in the effort. Champions are identified and
the CAUTI prevention team is formed. The CAUTI team
includes physician and nurse champions, in addition to infec-
tion preventionists, and other supporting services. The CAUTI

team provides expert support to the involved units, identifies
progress of the work and plans any changes based on perfor-
mance. An evaluation of the time requirements for the effort
is made to free up resources for implementation. The second
step is identifying the units where initial implementation will
occur. Implementation plans are discussed with unit managers
and representatives of the different pilot units. A key compo-
nent is to identify how to integrate the new effort as part of
the daily activities of the bedside nurse. In our case, this
means the daily evaluation of urinary catheter necessity and
removal. Plans to provide education and evaluate for compe-
tencies are also made. Any feedback from the unit teams is
thoroughly examined and addressed. The process (urinary
catheters used based on appropriate indications) and outcome
(CAUTI) measures are also explained to the teams. Audits and
feedback on performance are given regularly to the units
involved to help identify gaps and improve the process.
The pilot work may identify important opportunities such as
the need for evaluating nursing competencies for placement
and maintenance of urinary catheters, the importance of inte-
grating the assessment into the electronic medical records, the
potential of collaborating with other teams (e.g., wound care
and fall prevention) to reduce unnecessary urinary catheter
use. The third step is to disseminate the effort hospital-wide.
In the case of the urinary catheter, the emergency department,
intensive care units, and operating rooms are areas where
devices are frequently placed or used. Addressing these differ-
ent areas will support all other units in reducing inappropriate
urinary catheter use house-wide. Having the urinary catheter
evaluation for need as a daily activity for every bedside nurse
ensures sustainability of the process. Collaboration with the
information technology team is essential to the integration of
the process. This is achieved through incorporating the reasons
for use by the ordering clinician, and having electronic triggers
for the daily evaluation. Additional periodic monitoring, from
evaluation of competencies, processes and outcomes, to feed-
back on performance, are essential to continued success.
Finally, leadership is kept engaged through incorporating the
outcome measures as a part of the institution’s quality
dashboard.

Measuring Quality

“Doing the Right Things Right.”
In 1966, Avedis Donabedian introduced the triad of out-
come, process and structure as a model for evaluating med-
ical care.41 This model is commonly used today in the
development of healthcare metrics. Outcome, he suggests,
“in terms of recovery, restoration of function and of survival,
has been frequently used as an indicator of the quality of
medical care.” Process, denotes the “attributes or properties
of the process of care as goals or objectives of that process,”
and structure refers to the “adequacy of facilities and equip-
ment; the qualifications of medical staff and their organiza-
tion; the administrative structure and operations of programs
and institutions providing care; fiscal organization.”42 When
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attempting to evaluate the quality of healthcare, each type of
metric carries with it strengths and limitations that must be
considered before selecting.

Measuring quality of care is a key component in improving
outcomes.43–45 Quality improvement projects and initiatives
should all have a component that addresses how success or
progress toward a goal will be measured. In general, measures
fall into one of two categories: process and outcome measures.
Each has its strengths and weaknesses that should be taken into
account before deciding what data will be collected. Most
important, quality measures should be practical. They should
also be relevant to the issue, understandable, measurable, and
achievable.46, 47

Process Measures
Process measures are related to activities performed by provi-
ders of care. They include the types of service delivered as well
as the appropriateness and timeliness of those services.48,49

Within the realm of healthcare-associated infections, some
examples of process indicators are rates of hand hygiene com-
pliance, timing and appropriateness of surgical antibiotic pro-
phylaxis, appropriate indication for device use, and influenza
vaccination. Process measures should be linked to the out-
comes of care that are the focus of the quality improvement
initiative.50 Although it is generally believed that improvement
in processes of care lead to improvements in outcomes, that is
not always the case. It is best to choose processes of care that
have been validated in efficacy studies to impact outcomes.50

Even then, they may not always translate well into real-life
settings, and the impact seen in a research study may not be
achieved when widely implemented.

Measurable improvement in the given process should
translate into clinically meaningful improvements in patient
outcomes.49,51 If a quality improvement project is centered on
poor or weak measures, the opportunity costs related to taking
resources away from more productive activities will be high.
What also remains unknown for many process measures is
how good is good enough? Is perfect compliance required or
is less than perfect compliance acceptable?

Advantages of process measures include:46,47 49,52

• Data can be collected relatively quickly
• Generally easier to measure and interpret
• Lend themselves well to PDSA cycles, as they have smaller

sample sizes and quicker feedback, lend themselves to this
approach

• Directly actionable: healthcare personnel can identify
a single error of commission or omission that can be
improved upon, leading to more individual accountability
and a sense of ownership over improvement efforts (e.g.,
indwelling urinary catheter drainage bag not below the
bladder, indwelling urinary catheter securement device
not used, nonintact central venous access catheter
dressing)

• Do not require risk adjustment
• Easily understandable by stakeholders

• Promotes optimizing care to prevent rare or never events

Disadvantages of process measures include:44,49,52

• Ensuring the correct denominator may be labor intensive
• Practical limitation of process measurement (e.g., observing

insertion of central venous or indwelling urinary catheters)
• Lack of evidence about which processes are important for

specific procedures and/or outcomes
• Unmeasured risk factors that impact the outcome more

strongly (e.g., host factors such as immunosuppression,
obesity)

• Capture only a small portion of the overall care delivered
during a hospital stay

The concept of “bundles” has been promoted by the Institute
for Healthcare Improvement (IHI) to improve compliance with
processes of care.53 Bundles are a collection of processes or steps
that are performed to care effectively for patients undergoing
certain treatments that carry inherent risks (e.g., insertion of
a central venous catheter). Bundles have been developed for the
prevention of central line–associated bloodstream infections,
ventilator-associated events (ventilator bundle), catheter-
associated urinary tract infections, and surgical site infections.
All steps in a bundle must be completed for the bundle to be
effective – it is an all or none approach – thus the steps are
“bundled” to maximize effectiveness.54 This is another way to
look at process measures. Instead of scoring compliance on
individual measures, compliance is scored for the entire bundle
(e.g., if one step ismissed or performed incorrectly this would be
recorded as noncompliance with the entire bundle). Bundles
should not be overly complex; they should consist of only 3–5
evidence-based steps that require only yes or no answers for
monitoring compliance. The central line–associated blood
stream infection (CLABSI) prevention bundle consists of the
five following components: hand hygiene, maximal barrier pre-
cautions for insertion, chlorhexidine skin antisepsis, optimal
catheter site selection, and daily review of line necessity and
removal of lines that are no longer needed.53 It is different
from a guideline that will have dozens of recommendations for
preventing CLABSI. Following a bundle supports teamwork and
doing all steps reliably, in the correct order and with each step
adequately documented. When bundles are followed, the varia-
bility in clinical care is reduced. Bundles are widely used and
have been the cornerstone of successful collaboratives to reduce
healthcare-associated infection; however some feel that the evi-
dence behind the effectiveness of bundles requires further
study.54

Outcome Measures
Outcome indicators are the results of care provided.
Traditionally, outcome measures have been related to morbid-
ity, mortality, resource utilization (e.g., readmissions), and
quality of life.48 In the realm of healthcare-associated infec-
tions, device- and procedure-related infections are the most
common outcome indicators used. Outcome measures are the
endpoint that patients care the most about.50 Outcome
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measures have been heavily used for public reporting of health-
care-associated infections, as this is ultimately what patients
and payers are most interested in.46 The Centers for Medicare
and Medicaid Services (CMS) has adopted the CDC’s National
Healthcare Safety Network (NHSN) surveillance definitions for
evaluating six healthcare-associated infections linked to public
reporting and reimbursement. Using the NHSN definitions,
and adjusting these outcome measures using standardized
infection ratios (SIR), helped standardize the evaluation of
outcomes nationally. On the other hand, surveillance defini-
tions have their own limitations, as they do not fully represent
clinical events.

Outcomemeasures are not enough to improve patient care;
it is still necessary to know what processes require attention to
enhance the outcomes. Understanding and knowing the true
connection between process and outcome measures remains
a challenge in many instances. The assumption is that if the
processes of care are performed correctly and consistently the
effect will be noticeable in an improvement in outcomes but
that may not always be the case.52

Advantages of outcome measures include:47,49

• Patient outcomes are the bottom line, of most interest to
patients and payers

• Likely to get the most buy-in from clinicians and
administrators

• Reflect all aspects of processes of care and not simply those
that are measured or measurable

• Data may be more accessible

Disadvantages of outcome measures include:49,52

• The measurement may not be reflective of the true clinical
outcome

• The outcome may be rare or difficult to track
• Data collection process difficult
• Larger sample size may be needed to capture the outcome

measure (this is one of the most important disadvantages)
• May require risk adjustment
• What action tool to use to impact the outcome is not

immediately clear, unless audits of process of caremeasures
are undertaken in parallel

• Data abstraction can be expensive
• Factors impacting the outcome of interest may be outside

the control of the provider
• Often impractical for ambulatory care settings

The collection of outcome measures has been integral
to healthcare epidemiology programs for many decades.
However, the collection of such data requires specialized
training and is labor/resource intensive even with electro-
nic surveillance tools. With the rise in mandates for more
reporting of healthcare associated infections data publicly,
some investigators have explored the use of proxy mea-
sures rather than continuing to strive for exact measures of
outcomes.55 The goal is to use limited resources more
efficiently so more resources are available for prevention
efforts targeted to processes of care. Proxy measures

promote rapid assessment of healthcare-associated infec-
tions and may be best used intrafacility rather than for
inter-facility reporting and comparisons.

Choosing Between Process and Outcome Measures
One should be flexible in the approach tomeasuring quality and
developing strategies best suited tomeet specific needs. The best
measure ultimately depends on the goal of the quality improve-
ment project or initiative.49 There are situations where one type
of measure is likely to be more useful than the other. To assist in
making that determination, it is helpful to ask the following
question: which factors are influenced by the provider, and if
those factors are positively controlled, would they improve out-
comes? If the answer is “yes,” this might push one toward using
process measures possibly in combination with an outcome
measure. Also, in situations where how you do something is as
important as what you do, process measures do not capture that
distinction.47 What this means is that in situations where tech-
nical skill is relatively unimportant (e.g., giving a vaccination),
the process measure is appropriate (the outcome would be the
rate of vaccine preventable infections). However if one is
focused on surgeons’ technical skills and how they impact out-
comes, for example, then process measures will not distinguish
between two surgeons in the way that outcome measures (e.g.,
surgical site infection rate) can.

Ultimately, the determination of whether to use process,
outcome, or a combination of the two measure types needs to
be balanced with available resources, time to do the project,
and the frequency of the outcome. Stakeholders and those
who influence care must select and support the chosen mea-
sures; otherwise, they will not believe or act on the data
generated and will not support driving positive change and
improving care.

Summary
Quality is an integral element of infection prevention and
hospital epidemiology. Optimizing outcomes and minimiz-
ing infection risk rely on having a structure to implement best
practices. High reliability organizations have achieved opti-
mal outcomes through leadership commitment to “no harm,”
a well established safety culture, and continuous improve-
ment of their processes. Recruiting champions to support
the work and engaging the key stakeholders for buy-in are
critical for initial successful results. However, a pivotal factor
in sustaining the improvements is integration of the process
into the daily routine of the healthcare personnel activities.
We may evaluate quality by either measuring the processes or
outcomes. Both have strengths and weaknesses. The process
measures help quickly identify gaps in performance, allowing
for prompt remediation and enhancements. Outcome mea-
sures are seen as the final results of the care provided, and are
increasingly used to assess hospital performance and pay-
ments. It is of paramount importance to understand what
outcome measures represent and how processes affect them.
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Section 2 Infection Prevention Basics

Chapter

6
Epidemiologic Methods in Infection Control
Jeffrey S. Gerber, MD, PhD, MSCE

A strong working knowledge of basic epidemiologic principles
and approaches is critical for the healthcare epidemiologist.
The ability to accurately quantify new patterns of infectious
diseases, design rigorous studies to characterize the factors
associated with disease, and devise and evaluate interventions
to address emerging issues are vital to effective job performance.

Epidemiology is commonly defined as the study of the
distribution and determinants of disease frequency in human
populations. This definition concisely encompasses the three
main components of the discipline of epidemiology. The first,
“disease frequency,” involves identifying the existence of
a disease and quantifying its occurrence. The second, “distri-
bution of disease,” characterizes in whom the disease is occur-
ring, where it is occurring, and when it is occurring. Finally,
“determinants of disease” focuses on formulating and testing
hypotheses with regard to what might be causing the disease.

The value of epidemiological methods in the study of
healthcare infections has been recognized for some time.1–4

Indeed, the past decade has seen a renewed interest and
vitality in efforts to explore previously unstudied aspects of
epidemiological methods in the study of healthcare infections
and antimicrobial resistance.5–9 While this chapter is meant
to provide a broad overview, the reader is also directed to
numerous published textbooks that are dedicated to general
epidemiology, infectious diseases epidemiology, and statisti-
cal analysis.10–16

Measures of Disease Frequency
Before setting out to identify the possible causes of a disease, one
must first quantify the frequency with which the disease occurs.
This is important both for measuring the scope of the problem
(i.e., how many people are affected by the disease) and for
subsequently allowing comparison between different groups
(i.e., people with and people without a particular risk factor of
interest). Prevalence and incidence are themost commonly used
measures of disease frequency in epidemiology.

Prevalence
Prevalence is defined as the proportion of people with disease
at a given point in time (e.g., the proportion of hospitalized
patients who have a nosocomial infection). This is also some-
times referred to as the “point prevalence.” It is calculated as
the number of individuals with disease divided by the total
number of individuals in the population observed.

Prevalence ¼ number of diseased individuals
total number of individuals in the population

(A related, although infrequently used, measure is the
“period prevalence,”which is defined as the number of persons
with disease in a given period of time divided by the number
of persons observed during the period.) Prevalence is
a proportion and as such has no units. This measure of
disease frequency is dependent on both the incidence (i.e.,
the number of new cases which develop) as well as the
duration of disease (i.e., how long a disease lasts once it has
developed). The greater the incidence and the greater the
duration of disease, the higher the prevalence. Prevalence is
useful for measuring the burden of disease in a population
(i.e., the overall proportion of persons affected by the dis-
ease), which may in turn inform decisions regarding such
issues as allocation of resources and funding of research
initiatives.

All populations are dynamic; individuals are constantly
entering and leaving the population. Depending on the popu-
lation, the prevalence may vary depending on when it is mea-
sured (Figure 6.1). If a dynamic population is at steady state
(i.e., the number of individuals leaving is equal to the number
of individuals entering the population), the prevalence will be
constant over time.

1 2 3

Year

X – Disease onset D – Death

Time point Prevalence
0.5 years
1.0 years
2.5 years
4.0 years

0/6 cases
1/7 cases
3/6 cases
4/6 cases

X

X

X
X

X

D

Figure 6.1 Measurement of prevalence in a dynamic population
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Incidence
Incidence is defined as the number of new cases of diseases
occurring in a specified period of time. Incidence may be
described in several ways. Cumulative incidence is defined as
the number of new cases of disease in a particular time period
divided by the total number of disease-free individuals at risk
of the disease at the beginning of the time period (e.g., the
proportion of patients who develop a nosocomial infection
during hospitalization). In infectious disease epidemiology,
this traditionally has been termed the “attack rate.”

Cumulative incidence

¼ number of new cases of disease between t0 and t1
total number of disease free individuals at risk of disease t0

A cumulative incidence, like a prevalence, is simply
a proportion and thus has no units. In order to calculate the
cumulative incidence, one must have complete follow-up data
on all observed individuals, such that their final disposition
with regard to having or not having the disease may be deter-
mined. Although this measure describes the total proportion of
new cases occurring in a time period, it does not describe when
in the time period the cases occurred (Figure 6.2).

For the cumulative incidence of nosocomial infections, the
time period implied is the course of hospitalization until an
infection event or until discharge without a first infection event.
However, patients do not all stay in the hospital and remain at
risk for exactly the same period of time. Furthermore, most
nosocomial infections are time-related, and comparing the
cumulative incidence of nosocomial infection among patient
groups with differing lengths of stay may be very misleading.
By contrast, if one is investigating infection events that have
a point source and are not time-related (e.g., tuberculosis
acquired from a contaminated bronchoscope), then the cumu-
lative incidence is an excellent measure of incidence. Surgical
site infections are also usually thought of as having a point
source (i.e., the operation).

Historically, nosocomial infection rates were often reported
as a cumulative incidence (e.g., the number of infections per 100
discharges). This definition had no unique quantitative mean-
ing, as it did not separate first infections from multiple infec-
tions in the same patient, and allowed undefi multiple counting
of individuals. The implications of a finding of 5 infections per
100 discharges would be entirely different if it represented 5
sequential infections in a singlemoribund patient or 5 infections
in 5 different but otherwise healthy patients, such as women
with normal deliveries.

The incidence rate (or incidence density) is defined as the
number of new cases of disease in a specified quantity of
person-time of observation among individuals at risk (e.g.,
the number of nosocomial infections per 1,000 hospital-days).

Incidence rate

1
4

number of new cases of disease during a given time period
total person � time of observation among individuals at risk

�

The primary value of this measure can be seen when com-
paring nosocomial infection rates between groups that differ in
their time at risk (e.g., short-stay patients versus long-stay
patients). When the time at risk in one group is much greater
than the time at risk in another, the incidence rate, or risk
per day, is the most convenient way to correct for time, and
thus separate the effect of time (i.e., duration of exposure) from
the effect of daily risk. For convenience, in hospital epidemiol-
ogy, incidence rates for nosocomial infections are usually
expressed as the number of first infection events in a certain
number of days at risk (e.g., the number of nosocomial infec-
tions per 1,000 hospital-days), because this usually produces
a small single-digit or double-digit number that is practical for
comparison across centers.

An incidence rate is usually restricted to counting first
infection events (e.g., the first episode of nosocomial infection
in a given patient). It is standard to consider only first events
because second events are not statistically independent from
first events in the same individuals (i.e., patients with a first
infection event are more likely to experience a second event).
For example, the group of all hospitalized patients who have
not yet developed a nosocomial infection would compose the
population at risk. After a patient develops an infection, that
patient would then be withdrawn from the analysis and would
not be a part of the population still at risk for a first event. Each
hospitalized patient who never develops an infection would
contribute all her hospital-days (i.e., the sum of days the
patient is in the hospital) to the total count of days at risk for
a first event. However, a patient who develops an infection
would contribute only her hospital-days before the onset of the
infection.

Unlike cumulative incidence, the incidence rate does not
assume complete follow-up for all subjects and thus accounts
for different entry and dropout rates. However, even if follow-
up data are complete (and thus the cumulative incidence could
be calculated), reporting the incidence rate may still be prefer-
able. The cumulative incidence reports only the overall num-
ber of new cases occurring during the time period, regardless
of whether they occur early or late in the time period.
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Figure 6.2 Measurement of cumulative incidence
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By comparison, the incidence rate, by incorporating the time
at risk, accounts for a potential difference in the time to
occurrence of the infection event. In considering the two
examples in Figure 6.3, one will note that despite the fact
that the cumulative incidence of disease at four years is the
same for the two groups, subjects in the second group clearly
acquire disease earlier. This information is reflected in the
different incidence rates.

Since the incidence rate counts time at risk in the denomi-
nator, the implicit assumption is that all time at risk is equal
(e.g., the likelihood of developing a nosocomial infection in the
first 5 days after hospital admission is the same as the like-
lihood of developing an infection during days 6–10 of hospi-
talization). If all time periods are not equivalent, the incidence
rate may be misleading, depending on when in the course of
their time at risk patients are observed for the outcome.

Study Design
One of the critical components of the field of epidemiology is
identifying the determinants of disease (i.e., risk factors for
a particular outcome of interest). This aspect of the field
focuses on formulating and testing hypotheses with regard to
the possible risk factors for disease. A number of study designs
are available to the hospital epidemiologist when attempting to
test a hypothesis to determine the causes of a disease. These
study designs, in order of increasing methodological rigor,
include the following types: case report, case series, ecologic
study, cross-sectional study, case-control study, cohort study,
and randomized controlled trial. Randomized controlled trials,
case-control studies, and cohort studies are considered analytic
studies, as opposed to the other study designs, which are
considered descriptive studies. Analytic studies are most useful
in identifying the determinants of disease. In determining the
correct study design to use, the hospital epidemiologist must

first carefully consider “What is the question?” Once this
critical question has been clearly formulated, the optimal
study design will likely also become evident. Other considera-
tions (e.g., available time, data sources, access to financial
support, and/or ethical considerations) may also influence
the decision as to the type of study that should be undertaken.

Case Report or Case Series
A case report is the clinical description of a single patient (e.g.,
a single patient with a case of bloodstream infection due to
vancomycin-resistant enterococcus [VRE]). A case series is sim-
ply a report of more than one patient with the disease of interest
(e.g., several patients with VRE bloodstream infections in
a single center over time). One advantage of a case report or
case series is its relative ease of preparation. In addition, a case
report or case series may serve as a clinical or therapeutic
example for other healthcare epidemiologists who may be
faced with similar cases. Perhaps most important, a case report
or case series can serve to generate hypotheses that may then be
tested in future analytic studies. For example, if a case report
notes that a patient had been exposed to several courses of
vancomycin therapy in the month prior to the onset of VRE
infection, one hypothesis might be that vancomycin use is asso-
ciated with VRE infection. The primary limitation of a case
report or case series is that it describes relatively few patients
and may not be generalizable. In addition, since a case report or
case series does not include a comparison group, one cannot
determine which characteristics in the description of the cases
are unique to the illness. While case reports are thus usually of
limited interest, there are exceptions, particularly when they
identify a new disease or describe the index case of an important
outbreak (e.g., the first report of clinical VRE infection).

Ecologic Study
In an ecologic study, one compares geographic and/or
time trends of an illness with trends in risk factors (i.e.,
a comparison of the annual amount of vancomycin used
hospital-wide with the annual prevalence of VRE among
enterococcal isolates from cases of nosocomial infection).
Ecologic studies most often use aggregate data that are rou-
tinely collected for other purposes (e.g., antimicrobial sus-
ceptibility patterns from a hospital’s clinical microbiology
laboratory, or antimicrobial drug-dispensing data from the
inpatient pharmacy). This ready availability of data provides
one advantage to the ecologic study, in that such studies are
often relatively quick and easy to do. Thus, such a study may
provide early support for or against a hypothesis. However,
one cannot distinguish between various hypotheses that
might be consistent with the data. Perhaps most important,
ecologic studies do not incorporate patient-level data. For
example, although both the annual hospital-wide use of
vancomycin and the yearly prevalence of VRE among enter-
ococcal isolates from cases of nosocomial infection might
have increased significantly over a five-year period, one
cannot tell from these data whether the actual patients who
were infected with VRE received vancomycin.
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Cross-Sectional Study
A cross-sectional study is a survey of a sample of the popula-
tion in which the status of subjects with regard to the risk factor
and disease is assessed at the same point in time. For example,
a cross-sectional study to assess VRE infection might involve
identifying all patients currently hospitalized and assessing
each patient with regard to whether he or she has a VRE
infection, as well as whether he or she is receiving vancomycin.
One advantage of a cross-sectional study is it is relatively easy
to carry out, given that all subjects are simply assessed at one
point in time. Accordingly, this type of studymay provide early
evidence for or against a hypothesis. A major disadvantage of
a cross-sectional study is that this study design does not cap-
ture information about temporal sequence (i.e., it is not possi-
ble to determine which came first, the proposed risk factor or
the outcome). Furthermore, a cross-sectional study does not
provide information about the transition between health states
(e.g., development of new VRE infection or resolution of VRE
infection).

Case-Control Study
In distinguishing between the various types of analytic studies
(i.e., case-control, cohort, and experimental) it is useful to
consider the traditional 2 × 2 table (Figure 6.4). While all 3
study designs seek to investigate the potential association
between a risk factor (or exposure) and an outcome of interest,
they differ fundamentally in the way that patients are chosen.
In a case-control study, patients are entered into the study
based on the presence or absence of the outcome (or disease)
of interest. The 2 groups (i.e., the case patients with the disease
and the control patients without the disease) are then com-
pared to determine if they differ with regard to the presence of
risk factors of interest. Case-control studies are retrospective.

A case-control study design is particularly attractive when
the outcome being studied is rare, because one may enroll into
the study all patients with the outcome of interest. Accordingly,
this study design is much more efficient and economical than
the comparable cohort study, in which a group of patients with
and without an exposure of interest would need to undergo
follow-up for a period of time to determine who develops the
outcome of interest. Even if a large cohort is available, it may be
more economical to conduct a small case-control study within

the cohort. Such a “nested” case-control study may produce the
same information as would the larger cohort study, at a fraction
of the cost (if cost is high for data acquisition). Another advan-
tage of the case-control study is that one may study any number
of risk factors (exposures) for the outcome of interest. One
disadvantage of a case-control study is that only one outcome
may be studied. Another disadvantage of this approach is that
one cannot directly calculate the incidence or relative risk from
a case-control study, because the investigator fixes the number
of case and control patients to be studied.

Thoughtful consideration must be taken when selecting
case and control patients in a case-control study. Cases may
be restricted to any group of diseased individuals. However,
they must derive from a theoretical source population such
that a diseased person not selected is presumed to have derived
from a different source population. For example, in studying
risk factors for nosocomial VRE infection, the theoretical
source population could be considered to be the population
of patients hospitalized at one institution. Thus, if any patient
at that institution were to have a clinical isolate that repre-
sented VRE infection, they would be included as a case.
However, a patient with VRE infection at a different hospital
would not be included. Finally, cases must be chosen in
a manner independent of the patient’s status with regard to
an exposure of interest.

The proper selection control patients for a case-control
study is paramount. Controls should be representative of the
theoretical source population from which the cases were
derived. Thus, if a control patient were to have developed the
disease of interest, they would have been selected as a case.
In the example above, control patients may be randomly
selected from among all patients in the hospital not infected
with VRE. In investigating the possible association between
prior vancomycin use and VRE infection, these 2 groups (i.e.,
patients with VRE infection and a random sample of all other
hospitalized patients) could be compared to determine what
proportion of patients in each group had experienced recent
vancomycin exposure. Finally, like cases, controls must be cho-
sen in a manner independent of the patient’s status with regard
to an exposure of interest and should not be selected because
they have characteristics similar to those of case patients.

Cohort Study
Unlike a case-control study, in which study subjects are
selected based on the presence or absence of an outcome or
disease of interest, a cohort study selects subjects on the basis of
the presence or absence of an exposure (or risk factor) of
interest (Figure 6.4). The 2 groups (i.e., the subjects with the
exposure and the subjects without the exposure) are then
compared to determine if they differ with regard to whether
they develop the outcome of interest. The investigator may
select subjects randomly or according to exposure.

A cohort study may be either prospective or retrospective.
Whether a cohort study is prospective or retrospective depends
on when it is conducted with regard to when the outcome of
interest occurs. If patients are identified as exposed or unex-
posed and then follow-up is conducted forward in time to
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determine whether the patients develop the disease, it is
a prospective cohort study. If the study is conducted after the
time the outcome has already occurred, it is a retrospective
cohort study. In either case, subjects are entered into the study
on the basis of their exposure status, and these groups are then
compared on the basis of the outcome of interest. For example,
one might identify all patients who receive vancomycin in
a hospital (i.e., the exposed group) and compare them to
a randomly selected group of patients who do not receive
vancomycin (i.e., the unexposed group). These groups could
then be followed-up forward in time to determine what pro-
portion of patients in each group develops the outcome of
interest (e.g., VRE infection).

One advantage of a cohort study is that one may study
multiple outcomes of a single risk factor or exposure.
In addition, a cohort study allows the investigator to calculate
both an incidence and a relative risk in comparing the 2
groups. Potential disadvantages of a cohort study include
heavy cost and time requirements, because patients must be
followed-up forward in time until a sufficient number develop
the outcome of interest. Depending on the course of the dis-
ease, this may be a lengthy period. In addition, if the outcome is
rare, a great many subjects will need to be followed-up until the
necessary number develop the disease. Finally, the longer the
study duration, the more likely that subjects will be lost to
follow-up, potentially biasing the results of the study. Some
of these limitations are lessened in a retrospective cohort study,
since outcomes have already occurred and patients do not need
to be followed-up prospectively.

Randomized Controlled Trial
In clinical investigation, the gold standard for establishing an
association between an exposure and an outcome is the rando-
mized controlled trial. In comparing the randomized con-
trolled trial to other analytic study designs (Figure 6.4), it is
very similar to the cohort study. However, in a cohort study,
when patients are enrolled, they already either have or do not
have the exposure of interest. In a randomized controlled trial,
the investigator assigns the exposure according to some
scheme, such as randomization. This study design provides
the most convincing demonstration of causality, because
patients in both groups should (provided randomization has
worked appropriately) be equal with respect to all important
variables except the one variable (exposure) manipulated by
the investigator. While randomized controlled trials may pro-
vide the strongest support for or against an association of
interest, they are costly studies, and there may be ethical issues
which preclude conducting one. For example, in elucidating
the association between vancomycin use and VRE infection, it
would be unethical to randomly assign patients to receive
vancomycin if they did not require the drug.

Bias and Confounding
Two common issues which arise when designing a study are
the potentials for bias and confounding. Bias is the systematic
error in the collection or interpretation of data. Types of bias

include information bias (i.e., distortion in the estimate of
effect because of measurement error or misclassification of
subjects with respect to one or more variables) and selection
bias (i.e., distortion in the estimate of effect resulting from the
manner in which subjects are selected for the study).
The potential for bias must be addressed at the time the
study is designed, since it cannot be corrected during the
analysis of the study. In randomized controlled trials, blinding
is a commonly used method to minimize the potential for bias
in such studies. In addition to evaluating whether bias may
exist, one much also consider the likely impact of the bias on
the study results. Bias may be nondifferential (i.e., biasing
toward the null hypothesis and making the 2 groups being
compared look artificially similar), or differential (i.e., biasing
away from the null hypothesis and making the 2 groups being
compared look artificially dissimilar).

Confounding occurs when the estimate of the effect of the
exposure is distorted because it is mixed with the effect of an
extraneous factor. To be a confounder, a variable must be
associated with both the exposure and the outcome of inter-
est, but it cannot be a result of the exposure. Unlike bias,
a confounding variable may be controlled for in the study
analysis. However, to do this, (1) the confounder must be
recognized, and (2) data regarding the presence or absence of
the confounder must be collected during the study. Thus, it is
also important to consider the potential for confounding
variables in the design of the study.

Measures of Effect

Risk Versus Odds
Depending on which type of study one conducts, one will
generally calculate either a relative risk (i.e., in a cohort study
or a randomized controlled trial) or an odds ratio (i.e., in
a case-control study) to characterize the strength of an associa-
tion between an exposure and an outcome. Before describing
these statistical measures in greater detail, it is useful to briefly
compare the concepts of risk and odds. For a risk (also referred
to as a probability), the numerator contains the event of inter-
est, while the denominator contains all possible events. For
example, in throwing a die, the risk of throwing a 3 is 1 divided
by 6 (since there are 6 possible events when throwing a die).
Thus, the risk of throwing a 3 is 0.167, or 16.7 percent. In an
odds, the numerator again contains the event of interest, while
the denominator contains all possible events minus the event
of interest. Using again the example of throwing a die, the odds
of throwing a 3 is 1 divided by 5 (i.e., 6 minus 1). Thus, the odds
of throwing a 3 is 0.2, or 20 percent. Since the denominator for
an odds is always smaller, the value for the odds is always
somewhat greater than the comparable risk, though this
diminishes with small proportions.

Relative Risk
The relative risk (also called the risk ratio) is the ratio of 2
probabilities: the probability of the outcome among the
exposed subjects divided by the probability of the outcome in
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the unexposed subjects (Figure 6.5). A relative risk can be
calculated from a cohort study or a randomized controlled
trial, because one can derive population-based rates or propor-
tions from these study designs. A relative risk of 1.0 is called the
value of no effect or the null value. A relative risk equal to 2.0
means the exposed subjects were twice as likely to have the
outcome of interest as were the unexposed subjects. On the
other hand, a relative risk of 0.5 means that the exposed sub-
jects were half as likely to experience the outcome as the
unexposed subjects, indicating that the exposure had
a protective effect (if the outcome is perceived to be negative).

Odds Ratio
As noted previously, in a case-control study, subjects are
enrolled into the study on the basis of the outcome of interest.
One then compares the 2 groups (i.e., the subjects with the
outcome and the subjects without the outcome) to determine
what proportion of subjects in each group have a risk factor of
interest. In this type of study, without additional information,
one cannot determine how common the outcomes or the
exposures are in the entire study population. Thus, unlike in
a cohort study, one cannot directly calculate a relative risk.
What one can calculate in a case-control study is the odds ratio.
The odds ratio is defined as the odds of exposure in subjects
with the outcome divided by the odds of exposure in subjects
without the outcome (Figure 6.5). An odds ratio of 1.0 is called
the value of no effect or the null value.

As noted above, one cannot calculate a relative risk from
a case-control study because the case-control study offers no
insights into the absolute rates or proportions of disease

among subjects. However, in situations in which the disease
under study is rare (i.e., a prevalence of less than 10 percent in
the study population), the odds ratio derived from a case-
control study closely approximates the relative risk that
would have been derived from the comparable cohort study.
Figures 6.4–6.5 show how the case-control formula approaches
the formula for relative risk when outcomes are rare.

Measures of Strength of Association

P Value
The most common method of measuring the strength of
association in a 2 × 2 table is to use the chi-squared (χ2) test
for the comparison of 2 binomial proportions. This calcula-
tion is identical for all 2 × 2 tables, whether or not the data
were derived from a cohort study or case-control study.
When one has calculated the value for the χ2test, one can
identify the associated probability that the observed differ-
ence between binomial proportions could have arisen by
chance alone. The conventional interpretation of these
probabilities is that a P value of less than.05 indicates that
an effect at least as extreme as that observed in the study is
unlikely to have occurred by chance alone. Although this is
the conventional interpretation, there is nothing magical
about the.05 cutoff for statistical significance. One limita-
tion of the P value is that it reflects both the magnitude of
the difference between the groups being compared as well
as the sample size. Consequently, with a large sample size,
even a small difference between groups (if the sample size is
large enough) may be statistically significant, even if it is
not clinically important. Conversely, a larger effect that
would be clinically important may not achieve statistical
significance if the sample size is insufficient. Thus, report-
ing both the magnitude of the effect and the confidence
interval is important.

95 percent Confidence Interval
With the limitations of the P value, it is generally preferable
to report the 95 percent confidence interval (95 percent CI)
for a given point estimate. The 95 percent CI provides
a range within which the true magnitude of the effect (i.e.,
either the relative risk or the odds ratio) lies with a certain
degree of assurance. Observing whether the 95 percent CI
crosses 1.0 (i.e., the value of null effect), provides the same
information as the P value. If the 95 percent CI crosses 1.0,
the P value will almost never be less than.05. In addition, the
effect of the sample size can be ascertained from the width
of the confidence interval. The narrower the confidence
interval, the less variability was present in the estimate of
the effect, reflecting a larger sample size. The wider the
confidence interval, the greater the variability in the estimate
of the effect and the smaller the sample size. When inter-
preting results that are not significant, the width of the
confidence interval may be very helpful. A narrow confi-
dence interval implies that there is most likely no real effect
or exposure, whereas a wide interval suggests that the data
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are also potentially compatible with a true effect and that the
sample size was simply not adequate.

Special Issues in Healthcare Epidemiology
Methods

Quasi-Experimental Study Design
In addition to the study designs reviewed previously, the
quasi-experimental study is a design frequently employed in
healthcare epidemiology investigations.17 This design is also
frequently referred to as a “before-after” or “pre-post inter-
vention” study.18,19 The goal of a quasi-experimental study
is to evaluate an intervention without using randomization.
The most basic type of quasi-experimental study involves
the collection of baseline data, the implementation of an
intervention, and the collection of the same data after the
intervention. For example, the baseline prevalence of VRE
infection in a hospital would be calculated, an intervention
to limit use of vancomycin would then be instituted, and,
after some prespecified time period, the prevalence of VRE
infection would again measured. Numerous variations of
quasi-experimental studies exist and can include the follow-
ing features: (1) use of multiple pretests (i.e., collection of
baseline data on more than one occasion), (2) use of
repeated interventions (i.e., instituting and removing the
intervention multiple times in sequence), and (3) inclusion
of a control group (i.e., a group from whom baseline data
and subsequent data are collected but for whom no inter-
vention is implemented).

While often employed in evaluations of interventions in
hospital infections, a thorough understanding of the advantages
and disadvantages of quasi-experimental studies is critical.
Greater attention has recently been focused on increasing the
quality of the design and performance of quasi-experimental
studies to enhance the validity of the conclusions drawn regard-
ing the effectiveness of interventions in the areas of infection
control and antibiotic resistance.17,20,21

The quasi-experimental study design offers several
advantages. Few study designs are available when one wishes
to study the impact of an intervention. In general, a well-
designed and adequately powered randomized controlled
trial provides the strongest evidence for or against the effi-
cacy of an intervention. However, there are several reasons
why a randomized controlled trial may not be feasible in the
study of infection control interventions. Randomizing indi-
vidual patients to receive an infection control intervention is
often not a reasonable approach, given the structure of
healthcare delivery (e.g., doctors and nurses taking care of
multiple patients at a time). One might consider randomiz-
ing specific units or floors within one institution to receive
the intervention. However, these units are not self-contained,
and patients and healthcare workers frequently move from
unit to unit. Thus, any reduction noted in the number of
transmissions or acquisitions of new drug-resistant infections
in the intervention units is likely to also result in some
reduction in the number of drug-resistant infections in

nonintervention areas (i.e., because of contamination). This
would bias the results toward the null hypothesis (i.e., the
intervention had no effect). In such a situation, a well-
designed quasi-experimental study offers a compelling alter-
native approach. In addition, this study design is frequently
used when it is not ethical to conduct a randomized con-
trolled trial. Finally, when an intervention must be instituted
rapidly in response to an emerging issue (e.g., an outbreak),
the first priority is to address and resolve the issue. In this
case, it would be infeasible and unethical to randomize patient
groups to receive an intervention.

Potential limitations of quasi-experimental studies
include regression to the mean, uncontrolled confounding,
and maturation effects. Implementation of an intervention is
often triggered in response to a rise in the rate of the out-
come of interest above the norm.20 The principle of regres-
sion to the mean predicts that such an elevated rate will tend
to decline, even without intervention. This may serve to bias
the results of a quasi-experimental study, as it may be falsely
concluded that an effect is due to the intervention.18,19

Several approaches may be employed to address this poten-
tial limitation. First, incorporating a prolonged baseline per-
iod prior to implementation of an intervention permits an
evaluation of the natural fluctuation in the rate of the out-
come of interest over time and a more comprehensive assess-
ment of possible regression to the mean. Second, changes in
the rate of the outcome of interest may be measured at
a control site (e.g., another institution that has not imple-
mented the intervention) during the same time period.
Finally, the use of segmented regression analysis may assist
in addressing possible regression to the mean, in that it will
assess both the immediate change in prevalence coincident
with the intervention and also the change in slope over
time.22–25

Another potential limitation in quasi-experimental studies is
uncontrolled confounding, which is most likely to occur when
variables other than the intervention change over time or differ
between the preintervention and postintervention periods.18,19

This limitation can be addressed bymeasuring known confoun-
ders (e.g., hospital census or number of admissions) and con-
trolling for them in analyses. However, not all confounders are
known or easily measured (e.g., the quality of medical and
nursing care). To address this, one may assess a nonequivalent
dependent variable to evaluate the possibility that factors
other than the intervention influenced the outcome.17,20

A nonequivalent dependent variable should have similar poten-
tial causal and confounding variables as the primary dependent
variable, except for the effect of the intervention. For example,
in assessing the impact of an intervention to limit fluoroqui-
nolone use on the prevalence of fluoroquinolone-resistant
Escherichia coli infection, one might consider the incidence of
catheter-associated bloodstream infection as a nonequivalent
dependent variable. Although the prevalence of fluoroquino-
lone-resistant Escherichia coli infection and the incidence of
catheter-associated bloodstream infection might both be
affected by such factors as the patient census, it is unlikely
that fluoroquinolone use specifically would affect the incidence
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of catheter-associated bloodstream infection. Nonequivalent
dependent variables are often difficult to identity and measure,
but are quite useful when they can be incorporated into the
quasi-experimental study.

The quasi-experimental study design has been used widely
for evaluating infection control initiatives targeting hand
hygiene,2 central-line associated bloodstream infections,27

and catheter-associated urinary tract infections.28 Measuring
the impact of antimicrobial stewardship programs, often led by
hospital epidemiologists, is also best accomplished through
quasi-experimental study design.29-31 Thus, understanding
the methods, limitations, and interpretation of the quasi-
experimental design and analysis is central to the role of the
hospital epidemiologist.32

Control Group Selection in Studies of Antimicrobial
Resistance
Many studies have focused on identifying risk factors for infec-
tion or colonization with an antimicrobial-resistant organism.
The majority of these studies have had a case-control design.
As noted previously, how controls are selected in case-control
studies is critical to ensure the validity of study results. Recent
work has highlighted this issue of control group selection spe-
cifically for studies of antimicrobial-resistant pathogens.5,33–36

Two types of control groups have historically been used in
studies of antimicrobial-resistant organisms.5 The first type of
control group is selected from patients who do not harbor the
resistant pathogen. The second type of control group is
selected from subjects infected with a susceptible strain of the
organism of interest. For example, in a study of risk factors for
infection with VRE in hospitalized patients, the first type of
control group would be selected from among the general
hospitalized patient population, whereas the second control
group would be selected from among those patients infected
with vancomycin-susceptible enterococci. As always, the
choice of control group should be based primarily on the
clinical question being asked. Although use of this second
type of control group (e.g., patients infected with the suscep-
tible form of the organism) has historically been a more com-
mon approach, it has recently been demonstrated that it may
result in an overestimate of the association between antimicro-
bial exposure and infection with a resistant strain.36,38 For our
example of VRE infection, the postulated explanation for this
finding is as follows: if the control patients are infected with
vancomycin-susceptible enterococci, it is very unlikely that
these patients would have recently received vancomycin (i.e.,
the risk factor of interest), since exposure to vancomycin may
have eradicated colonization with vancomycin-susceptible
enterococci. Thus, the association between vancomycin use
and VRE infection would be overestimated.28 A limitation of
using the first type of approach (i.e., using patients without
infection as controls) is that, in addition to identifying risk
factors for infection with a resistant strain of the organism, this
approach also identifies risk factors for infection with that
organism in general (regardless of whether the strain is resis-
tant or susceptible). Thus, there is no formal way to distinguish

between the degree to which a risk factor is associated with
being infected with the resistance phenotype and the degree to
which it is associated with being infected with the organism in
general.36

One concern with using the first type of control group
(i.e., selected from the group of all hospitalized patients) is the
potential for misclassification bias. Specifically, subjects
selected as controls based on not having a resistance who
have never had a clinical culture performed may in fact be
colonized with the resistant organism under study.35 Thus, if
patients colonized with the resistant organism truly had
greater prior exposure to antimicrobials than did subjects
not colonized but were not identified as such, this misclassi-
fication would likely result in a bias toward the null (i.e., the
case and control subjects would appear falsely similar with
regard to prior antimicrobial use). Another concern with
using the first type of control group (i.e., identifying as con-
trols those patients who have never had a clinical culture
performed) is that differences between the case and control
groups may reflect the fact that clinical cultures were per-
formed for case patients but not for control subjects. Since
procurement of samples for culture is not a random process
but based on the clinical characteristics of patients, it is
possible that the severity of illness or the level of antibiotic
exposure may be greater among cases, regardless of the pre-
sence of infection with the antibiotic resistant organism.5 One
potential approach would be to limit eligible controls to those
patients for whom at least 1 clinical culture has been per-
formed and has not revealed the resistant organism of inter-
est. Such a negative culture result would suggest that the
patient is likely not colonized with the resistant organism.
However, recent work has demonstrated that using clinical
cultures to identify eligible controls leads to the selection of
a control group with a higher comorbidity score and greater
exposure to antibiotics, compared with a control group for
whom clinical cultures were not performed.24

One proposed approach to addressing the difficulties in
control-group selection in studies of infection with antimi-
crobial-resistant organisms is to use the case-control study
design.34,38–40 In this design, 2 distinct but related case-
control studies are performed. In the first, cases are defined
as those patients who harbor the resistant organism, and
controls are defined as those patients who do not harbor the
pathogen of interest. In the second, cases are instead defined
as those patients harboring a susceptible strain of the patho-
gen of interest, and controls, as in the first approach, are
defined as those patients who do not harbor the pathogen of
interest.34 These two separate studies are then carried out
with risk factors from the two studies compared qualita-
tively. This approach allows for the comparison of risk
factors identified from the 2 studies to indicate the relative
contribution of the resistant infection, over and above sim-
ply having the susceptible infection. A potential limitation
in this approach is the difficulty of matching for potential
confounders because of the use of only 1 control group.
Since there are 2 different case groups, variables relevant to
the case group (e.g., the duration of hospitalization and
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patient location) cannot be used for matching. In addition,
the qualitative comparison of results from the 2 studies in
this design leaves open the question of how much of
a difference in results in meaningful.

Definitions of Antibiotic Exposure
Many studies have sought to uncover risk factors for infection
or colonization with antimicrobial-resistant organisms.8,41

Elucidating such risk factors is essential to inform interven-
tions designed to curb the emergence of resistance. Past studies
have particularly focused on antimicrobial use as a risk factor,
as it can often be safely modified in the clinical setting.42,43

However, because antibiotic exposure is not typically a simple
binary event, the approaches used to define prior antibiotic
exposure have varied considerably across studies.5 Only
recently have attempts been made to identify the impact of
differences in these approaches on study conclusions.

A study by Hyle et al.44 investigated methods used in past
studies to describe the extent of prior antibiotic use (e.g., presence
or absence of exposure versus duration of exposure), as well
as the impact of different methods on study conclusions.
A systematic review of all studies investigating risk factors for
harboring extended-spectrumb-lactamase–producingE. coli and
Klebsiella species (ESBL-EK) was conducted. Of the 25 studies
included, 18 defined prior antibiotic use as a categorical variable,
4 studies defined prior antibiotic exposure as a continuous vari-
able, and 3 studies included both a categorical and a continuous
variable to describe prior antibiotic exposure. Only 1 study pro-
vided an explicit justification for its choice of variable to describe
prior antibiotic exposure. Hyle et al.44 then reanalyzed a data set
from a prior study of risk factors associated with ESBLEK
infection36 and developed 2 separate multivariable models, one
in which prior antibiotic use was described as a categorical vari-
able (i.e., exposure present or absent) and one in which antibiotic
use was described as a continuous variable (i.e., number of anti-
biotic-days of exposure). Results of the 2 multivariable models
differed substantially: specifically, third-generation cephalos-
porin use was a risk factor for ESBL-EK infectionwhen antibiotic
use was described as a continuous variable but not when anti-
biotic use was described as a categorical variable.35

These results suggest that describing prior antibiotic use as
a categorical variable may mask significant associations
between prior antibiotic use and infection with a resistant
organism. For example, when the categorical variable is used,
a subject who received an antibiotic for only 1 day would be
considered identical to a subject who received the same anti-
biotic for 30 days. However, the risk of infection with
a resistant organism is almost certainly not the same in these
2 individuals. Describing prior antibiotic use as a continuous
variable allows for a more detailed characterization of the
association between length of exposure and presence of
a resistant pathogen. Recent work in the medical statistics
literature emphasizes that the use of cut-off values can result
in misinterpretation and that dichotomizing continuous vari-
ables reduces analytic power and makes it impossible to detect
nonlinear relationships.37 Indeed, the relationship between
prior antimicrobial use and infection with a resistant organism

may not be linear (i.e., the risk of such infection may not
increase at a constant rate with increasing antimicrobial expo-
sure). It is possible that the risk of infection with a resistant
organism does not increase substantially until a certain
amount of antimicrobial exposure has been attained (e.g.,
a “lower threshold”). A more precise characterization of this
“lower threshold” would serve to better inform antibiotic use
strategies.

Another issue regarding defining prior antimicrobial use
centers around how specific antimicrobial agents are grouped.
For example, antibiotic use could be classified by agent (e.g.,
cefazolin), class (e.g., cephalosporins) or spectrum of activity
(e.g., activity against gram-negative organisms). Antibiotics
are frequently grouped together in classes, even though indi-
vidual agents within the class may differ significantly,47 and
such categorizations may mask important associations. It is
unknown whether using different categorization schemes
results in different conclusions regarding the association
between antibiotic use and infection with a resistant organ-
ism. A recent study explored these issues, focusing on ESBL-
EK infection as a model.48 In a systematic review, 20 studies of
risk factors for ESBL-EK infection that met the inclusion
criteria revealed tremendous variability in how prior antibio-
tic use was categorized. Categorization of prior antibiotic use
was defined in terms of the specific agents, drug class, and
often a combination of both. No study justified its choice of
categorization method. There was also marked variability
across studies with regard to which specific antibiotics or
antibiotic classes were assessed. As expected, a majority (16
studies) specifically investigated the use of b-lactam antibio-
tics as risk factors for ESBL-EK infection. A variable number
of studies also examined the association between use of other
antibiotics and ESBL-EK infection: aminoglycosides (9 stu-
dies), fluoroquinolones (10 studies), and trimethoprim sulfa-
methoxazole (7 studies). In a reanalysis of data from a prior
study of risk factors for ESBL-EK infection,45 2 separate mul-
tivariable models of risk factors were constructed: one with
prior antibiotic use categorized by class and the other with
prior antibiotic use categorized by spectrum of activity.48

The results of these multivariable models differed substan-
tially. Recent work has reported similar findings when focus-
ing on risk factors for infection with carbapenem-resistant
Pseudomonas aeruginosa.49

Another important issue is timing of exposure. The previously
mentioned systematic review of studies investigating risk factors
for ESBL-EK infection44 found that the time window during
which antibiotic use was reviewed ranged from 48 hours to
1 year prior to the onset of the drug-resistant infection.
Furthermore, studies often did not explicitly state how far back
in time prior antibiotic use was assessed.44

Conclusion
A basic understanding of epidemiologic principles and study
design approaches is essential for the healthcare epidemiologist.
The ability to computemeasures of disease occurrence, to design
and conduct appropriate studies to characterize the factors
associated with disease, and to rigorously evaluate the results
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of such studies are increasingly vital functions of someone in
this position. To build on the foundation provided in this
chapter, the healthcare epidemiologist is encouraged to refer to
more comprehensive texts and to consult with other profes-
sionals (e.g., epidemiologists and biostatisticians) as needed.
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Chapter

7
Isolation
Daniel J. Morgan and Gonzalo M. L. Bearman

Patients potentially infected or colonized with certain micro-
organisms must be placed in isolation while in a healthcare
facility to prevent healthcare transmission of these pathogens.
Isolation systems enable healthcare workers to more readily
identify patients who need to be isolated and to institute the
appropriate precautions. This chapter presents an overview of
isolation precautions, emphasizing the recommendations of the
isolation guidelines from the Centers for Disease Control and
Prevention (CDC).1 Resources listed at the end of this chapter
should be consulted on specific issues related to isolation.

The goal of isolation is to prevent transmission of micro-
organisms from infected or colonized patients to other patients,
hospital visitors, and healthcare workers. Use of personal pro-
tective equipment (e.g., masks, eye wear, gloves, and gowns) and
specific room requirements are the tools for such precautions.

The importance of appropriate isolation cannot be overstated.
The medical literature is replete with examples of healthcare out-
breaks of influenza, tuberculosis, varicella, severe acute respira-
tory syndrome (SARS), and evenhepatitisA infection, all ofwhich
might have been prevented if isolation practices had been optimal.
Isolation efforts incur costs, but the direct and indirect costs of
healthcare-associated outbreaks are substantial. Hand hygiene
and appropriate isolation remain the cornerstones of infection
prevention and are assuming greater importance as the preva-
lence of multidrug-resistant organisms (MDROs) increases.

The ideal isolation system is described in Table 7.1.While no
system meets all of these characteristics, infection prevention

personnel should consider these ideals when designing and
implementing a system.

In assessing appropriate infection control for any infectious
disease, one needs to know the mode of transmission (via small
droplets in the air, large droplets, contact, blood and body fluids,
or a combination of any of these). Moreover, it is necessary to
also know the times of onset and termination of infectivity, since
the patient may be infectious before and after the symptomatic
period. The emergence of SARS and Middle East Respiratory
Syndrome (MERS) demonstrate the difficulties of implement-
ing appropriate infection control measures when the mode of
transmission and infective period are unclear.

The CDC has led the effort to formalize guidelines for
isolation, with the first such guidance published in 1970.
Subsequently, the CDC has modified and simplified these
guidelines several times to address emerging problems in infec-
tious diseases, such as multidrug-resistant Mycobacterium
tuberculosis infection, pandemic influenza, and vancomycin-
resistant enterococcal infection, to incorporate an increased
understanding about mechanisms of transmission for other
diseases and realization of the importance of simple, easy to
follow isolation practices.

The CDC and the Hospital Infection Control Practices
Advisory Committee (HICPAC) issued a guideline in 1996 for
a new system of isolation. This system replaced the previous
complicated category-specific and disease-specific systems and
integrated universal precautions and body substance isolation.
It remains the basis for typical practices in United States hospi-
tals. The guideline was updated in 2007.1 Recommendations
relating to use of Contact Precautions included carbapenem-
resistant Enterobacteriaceae in 20122 and enhanced precautions
for unique pathogens such as Ebola in 2014.3 Still, individual
healthcare institutions may find it necessary to adapt basic
guidelines to their needs.

This chapter presents an overview of isolation so that
infection prevention personnel can implement an appropriate
system. Infection prevention personnel should also consult the
detailed guidelines for implementing isolation precautions that
are referenced at the end of this chapter.

Current CDC Guidelines
The CDC and HICPAC developed a system for isolation that
has 2 levels of precautions: standard precautions, which apply
to all patients, and transmission-based precautions, employed
for patients with documented or suspected colonization or
infection with certain microorganisms.1

Table 7.1 Characteristics of the ideal isolation system

Utilizes current understanding of the mechanisms of transmis-
sion of infectious pathogens

Requires isolation precautions for all patients with infectious
diseases that may be transmitted in the healthcare setting
(i.e., eliminates transmission of infection in the hospital)

Avoids isolation of patients who do not require it (“over-isolation”);
is easily understood by all members of the healthcare team

Is easily implemented; encourages compliance

Is environmentally friendly (avoids unnecessary use of disposable
products)

Is inexpensive

Interferes minimally with patient care

Poses no detrimental impact on patient safety Minimizes patient
discomfort
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Standard Precautions
Standard precautions, previously known as universal precau-
tions, apply to blood, all body fluid secretions and excretions,
except sweat, nonintact skin and to mucous membranes.
The intent of standard precautions is primarily to protect the
healthcare worker from pathogens transmitted via blood and
body fluids. Requirements for standard precautions are out-
lined in Table 7.2.

Transmission-Based Precautions
Whereas standard precautions apply to all patients, transmis-
sion-based precautions apply to selected patients on the basis
of either a clinical syndrome or a suspected or confirmed
specific diagnosis.1 Transmission-based precautions are used
primarily in the acute-care setting and not other healthcare
settings. Transmission-based precautions are divided into 3
categories that reflect the major modes of transmission of
infectious agents in the healthcare setting: airborne transmis-
sion precautions (hereafter, “airborne precautions”), droplet
precautions, and contact precautions (Tables 7.3 and 7.4).
Some diseases require more than 1 isolation category.

Airborne Precautions
Airborne precautions prevent diseases transmitted by aerosols
containing droplet nuclei or contaminated dust particles.1

Droplet nuclei are less than 5 mm in size and may remain
suspended in air, allowing them to migrate for long periods of
time. Aerosol transmission of pathogens may be obligate, pre-
ferential, or opportunistic.4 M. tuberculosis is probably the only
pathogen that is transmitted exclusively via aerosol and is thus an
example of obligate aerosol transmission. Pathogens that are
preferentially but not exclusively transmitted via aerosols include
rubeola (measles) virus and varicella virus. Opportunistic patho-
gens typically are transmitted by other routes but under special
circumstances may be transmitted by the airborne route; exam-
ples include smallpox virus, SARS-associated coronavirus, influ-
enza virus, and noroviruses.

Patients with suspected or confirmed tuberculosis (pul-
monary or laryngeal), measles, varicella, or disseminated zos-
ter should be placed under airborne precautions. In addition,
empirical use of airborne precautions should be strongly con-
sidered for human immunodeficiency virus–infected patients
with cough, fever, and unexplained pulmonary infiltrates in
any location until tuberculosis can be ruled out. Appropriate
isolation requires an airborne infection isolation room (AIIR):
a private room with negative air-pressure and 12 air exchanges
per hour. Air from the room should be exhausted directly to
the outside or through a high-efficiency particulate air (HEPA)
filter. The door to the room must be kept closed at all times.

If the patient must be transported from the isolation
room to another area of the hospital, the patient should put
on a standard surgical mask before leaving the isolation
room. All persons entering the room should wear respirators
(either masks or powered air-purifying respirators (PAPRs)).
In the United States, the Occupational Safety and Health

Table 7.2 Requirements for standard precautions

Hand hygiene

After touching blood, body fluids, secretions, excretions,
and/or contaminated items or inanimate objects in the
immediate vicinity of the patient

Immediately after removing gloves

Before and after patient contact

Gloves

For touching blood, body fluids, secretions, excretions, and/or
contaminated items

For touching mucous membranes and/or nonintact skin

Mask, eye protection, face shield

To protect mucous membranes of the eyes, nose, and mouth
during procedures and patient-care activities likely to generate
splashes or sprays of blood, body fluids, secretions, and/or
excretions

Gown

To protect skin and prevent soiling of clothing during procedures
and patient-care activities likely to generate splashes or sprays of
blood, body fluids, secretions, and/or excretions

Patient-care equipment

Soiled patient-care equipment should be handled in a manner to
prevent skin and mucous membrane exposures, contamination
of clothing, and transfer of microorganisms to other patients and
environments

Reusable equipment must be cleaned and reprocessed before
being used in the care of another patient

Environmental control

Requires procedures for routine care, cleaning, and disinfection
of patient furniture and the environment

Linen

Soiled linen should be handled in a manner to prevent skin and
mucous membrane exposures, contamination of clothing, and
transfer of microorganisms to other patients and environments

Sharp devices

Avoid recapping used needles

Avoid removing used needles from disposable syringes by hand

Avoid bending, breaking, or manipulating used needles by hand;
place used sharp devices in puncture-resistant containers

Patient resuscitation

Use mouthpieces, resuscitation bags, or other ventilation devices
to avoid mouth-to-mouth resuscitation

Patient placement

Patients who contaminate the environment or cannot maintain
appropriate hygiene should be placed in a private room

NOTE: Modified from Siegel et al.1

Isolation

53

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107153165.008
https://www.cambridge.org/core


Table 7.3 Summary of transmission-based precautions

Variable Airborne precautions Droplet precautions Contact precautions

Room Negative air-pressure, single-patient
room required with air exhausted to
outside or through HEPA filters; door
must be closed

Single-patient room preferred;
door may remain open

Single-patient room preferred; door
may remain open; use disposable
noncritical patient-care equipment or
dedicate equipment to a single
patient

Masks N-95 or portable respirator (PAPR) for
those entering room; place surgical
mask on patient if transport out of
room is required

Surgical or isolation mask for those
entering room; place surgical or
isolation mask on patient if trans-
port out of room is required

NA

Gowns NA NA When entering room

Gloves NA NA When entering room

NOTE: Modified from Siegel et al.1 HEPA, high-efficiency particulate air filter; PAPR, powered air–purifying respirators; NA, not applicable.

Table 7.4 Isolation precautions required for various diseases and pathogens

Airborne precautions
Measles
Monkeypoxa

Tuberculosis, pulmonary or laryngeal; draining lesiona

SARSa

Smallpoxa

Varicellaa

Zoster, disseminated or in an immunocompromised patient
until dissemination ruled outa

Droplet precautions
Adenovirus pneumoniaa

Diphtheria, pharyngeal
Haemophilus influenzae meningitis, epiglottitis; pneumonia
(in an infant or child)
Influenza
Meningococcal infections
Mumps
Mycoplasma pneumonia
Parvovirus B19 infection
Pertussis
Plague, pneumonic
Rhinovirus infectiona

Rubella
MERS
SARSa

Group A streptococcal pneumonia; serious invasive disease;
major skin, wound, or burn infection;a pharyngitis, scarlet
fever (in an infant or young child)
Viral hemorrhagic fevera

Contact precautions
Adenovirus conjunctivitis
Adenovirus pneumoniaa

Burkholderia cepacia pneumonia in cystic fibrosis

Article I. Clostridium difficile diarrhea
Article II. Conjunctivitis, acute viral
Decubitus ulcer, infected and drainage not contained
Diarrhea, infectious (in a diapered or incontinent patient)
Diphtheria, cutaneous
Enterovirus infection (in an infant or young child)
Furunculosis (in an infant or young child)
Hepatitis A, hepatitis E (in a diapered or incontinent patient)
HSV infection, neonatal or disseminated or severe primary mucocutaneous
Human metapneumovirus infection
Impetigo
Lice
Infection or colonization with MDR bacteria (e.g., MRSA, VRE, VISA, VRSA,
ESBL producers, CRE, drug-resistant Streptococcus pneumoniae)
Monkeypoxa

Parainfluenza infection (in an infant or child)
Rhinovirus infectiona

Rotavirus infection
RSV infection (in an infant, child, or immunocompromised patient)
Rubella, congenital
SARSa

Scabies
Smallpoxa

Staphylococcus aureus major skin, wound or burn infection
Group A streptococcal major skin, burn or wound infectiona

Tuberculous draining lesion
Vaccinia, fetal, generalized, progressive, or eczema vaccinatum
Varicellaa

Viral hemorrhagic fevera

Zoster, disseminated or in an immunocompromised patienta

Enhanced Precautionsa

Ebola

NOTE:Modified from Siegel et al.1 ESBL, extended-spectrum β-lactamases; HSV, herpes simplex virus; CRE, carbapenem-resistant Enterobacteriaceae;
MDR, multidrug-resistant; MERS, Middle East Respiratory Syndrome; MRSA, methicillin-resistant S. aureus; RSV, respiratory syncytial virus; SARS,
severe acute respiratory syndrome; VISA, vancomycin-intermediate S. aureus; VRE, vancomycin-resistant enterococci; VRSA, vancomycin-resistant
S. aureus.
a Condition requires 2 types of precautions.
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Administration (OSHA) requires mask respirators to meet
the following 4 performance criteria:5

1. Filter 1-mm particles with an efficiency of at least 95%.
2. Fit different facial sizes and characteristics.
3. Can be fit-tested to obtain a leakage rate of less than 10%, at

least annually.
4. Can be checked for fit each time the healthcare worker puts

on the mask.

There are numerous products available that are certified by
the National Institute for Occupational Safety and Health
(NIOSH) as meeting the N-95 standard (i.e., filters 95% of
airborne particles). Mask respirators are generally superior to
PAPRs due to ease of use.

The standard for individuals not able to use a mask respira-
tor due to facial hair, inability to do fit testing, or claustropho-
bia with masks is a PAPR. A PAPR program requires training,
supply, and upkeep of hoods, pumps, and batteries.

Patients with suspected or confirmed tuberculosis should be
instructed to cover their mouth and nose with a tissue when
coughing or sneezing. Those with suspected tuberculosis
should remain in isolation until tuberculosis can be ruled out.
Patients with confirmed tuberculosis who are receiving effective
antituberculous treatment can be moved out of the negative air-
pressure rooms when they are improving clinically and when 3
consecutive sputum smears of samples collected at least 8 hours
apart have no detectable acid-fast bacilli. Patients with multi-
drug-resistant tuberculosis may need to be isolated for longer.

If the patient has suspected or confirmed measles, varicella,
or disseminated zoster, nonimmune individuals should not
enter the room. If a nonimmune healthcare worker must
enter the room, he or she should wear a respirator mask (as
described above). For immune healthcare workers, there are no
clear guidelines. Some facilities require respirators for all
healthcare workers entering any airborne isolation rooms, for
the sake of consistency. Other facilities do not require respira-
tors for immune healthcare workers to enter the room of
a patient with measles or varicella.

Droplet Precautions
Droplet precautions prevent the transmission ofmicro-organisms
by particles larger than 5 mm. These droplets are produced when
the patient talks, coughs, or sneezes. Droplets also may be pro-
duced during some medical procedures. Some illnesses that
require droplet precautions include bacterial diseases, such as
invasiveHaemophilus influenzae typeB infections,meningococcal
infections, multidrug-resistant pneumococcal disease, pharyngeal
diphtheria, Mycoplasma pneumonia, and pertussis. Some viral
diseases, including seasonal influenza, mumps, rubella, and par-
vovirus infection, also require these precautions.

Droplet precautions require patients to be placed in
a private room or cohorted with another patient who is
infected with the same organism. The door to the room may
remain open. Those entering the room should wear standard
surgical or isolation masks. When transported out of the

isolation room, the patient should wear a mask; however,
a mask is not required for those transporting the patient.

Contact Precautions
Contact precautions prevent transmission of epidemiologically
important organisms from an infected or colonized patient
through direct contact (touching the patient) or indirect contact
(touching surfaces or objects in the patient’s environment).1

Contact precautions require patients to be placed in a private
room or cohorted with another patient who is infected with the
same organism. Healthcare workers should wear a gown and
gloves when entering the room. They should change the gloves
while caring for the patient if they touchmaterials that have high
concentrations of microorganisms. While still in the isolation
room, healthcare workers should remove their gown and gloves,
taking care to not contaminate clothing or skin, and perform
hand hygiene. They must take care not to contaminate their
hands before leaving the room. Noncritical patient care items
(e.g., stethoscopes and bedside commodes) that are used for the
patients who are in contact isolation should not be used for
other patients. If such items must be shared, they should be
cleaned and disinfected before reuse. Patients should leave iso-
lation rooms infrequently.

Contact isolation is recommended by the CDC for
patients infected or colonized with multidrug-resistant bac-
teria (e.g., methicillin-resistant Staphylococcus aureus or van-
comycin-resistant enterococci). It is also indicated for
patients with active Clostridium difficile or rotavirus enteritis
and for diapered or incontinent patients who are infected or
colonized with other agents transmitted by the oral-fecal
route (e.g., Escherichia coli O157:H7, Shigella species, rota-
virus, or hepatitis A virus). Infants and young children with
respiratory syncytial virus, parainfluenza, or enteroviral
infection also require contact isolation, as do patients with
severe herpes simplex virus infection (i.e., neonatal, dissemi-
nated, or severe primary mucocutaneous disease), impetigo,
scabies, or pediculosis. Patients with varicella or dissemi-
nated zoster infection require both contact and airborne
precautions.

Enhanced Precautions for Special Pathogens
The emergence of Ebola led the CDC to develop more aggres-
sive isolation practices for rare circumstances where this or
other emerging pathogens are possible. Precautions involve
a more aggressive version of contact isolation with imperme-
able gowns and airborne isolation if a patient is particularly
infectious along with standardized methods for donning and
doffing gowns and gloves. CDC guidance should be consulted
for further details.

Instituting Isolation Precautions Empirically
Frequently, patients are admitted to the hospital without
a definitive diagnosis. However, they may have an infec-
tious process that may place other patients and healthcare

Isolation
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workers at risk. Therefore, patients with certain clinical
syndromes should be placed in isolation while a definitive
diagnosis is confirmed. Table 7.5 delineates appropriate
empirical isolation precautions for various clinical syn-
dromes on the basis of the potential mechanisms of
transmission.

Unintended Effects of Isolation Precautions
Isolation precautions require specific behaviors by all
healthcare personnel (HCP) and therefore affect how care
is provided. All forms of isolation precautions have the
potential to impact care, but contact isolation is the only
form studied extensively. Contact isolation appears to
decrease frequency of HCP visits and improve hand hygiene
after glove removal.6–7

Contact isolation has been hypothesized to lead to
greater patient depression and anxiety, worse patient satis-
faction, and more adverse events.6 The literature on these

effects is mixed, and the impact likely depends on the way
isolation is implemented and the degree of HCP and
patient education.

Discontinuing Isolation Precautions
The discontinuation of isolation precautions is pathogen-
specific and based on the duration of infectivity. For some
types of infection (e.g., acute bacterial infection), the dura-
tion of infectivity is shortened by the initiation of effective
antimicrobial therapy. For other infections (e.g., viral infec-
tions) or colonization with multidrug-resistant pathogens,
therapy has less impact on the duration of infectivity.
The CDC isolation guideline1 should be consulted for patho-
gen-specific recommendations on the duration of isolation
precautions.

Foregoing Isolation Precautions for MRSA
or VRE
Citing a lack of definitive evidence of benefit and potential
harms, including HCP burden, contact isolation is not
used by a small minority of US hospitals for MRSA or
VRE. Full discussion of such an approach can be found
elsewhere.7

Visitor Use of Isolation Precautions
Visitors to patients may be at risk of contracting infections.
Most are not at risk for transmitting organisms to other
patients. Visitors cohabitating with patients outside the hospi-
tal are likely at similar risk at home as in the hospital (for
example, from M. tuberculosis). Hand hygiene remains the
cornerstone of infection prevention and should be encouraged
in visitors. Visitors particularly susceptible to infection or
complications of infection are recommended against visiting
patients on isolation.

Recent expert guidance makes the following recommenda-
tions for visitors and isolation:8

1) Airborne isolation: visitors are not trained on PAPRs or fit
tested for N95s, and their use is inappropriate. Visitors may
use surgical masks. If they cohabitate with the patient
outside of the hospital, theymay visit them. If they have low
risk exposure outside of the hospital, they should be asked
not to visit.

2) Contact isolation: Outside of outbreaks, visitors are not
recommended to use contact isolation for MRSA or VRE,
as colonization is prevalent in the community and limiting
contact is likely not an effective intervention. Contact
isolation has been shown to potentially protect against
enteric pathogens and is often used with visitors of patients
with enteric disease. Furthermore, it is recommended for
CRE given the relative rarity of colonization and severity of
infection.

3) Droplet isolation: Visitors are recommended to use surgical
masks to protect themselves from exposure.

Table 7.5 Appropriate empirical isolation precautions for specific clinical
syndromes

Airborne precautions

Vesicular rasha

Maculopapular rash with cough, coryza, and fever
Cough, fever, and upper lobe pulmonary infiltrate

Cough, fever, any pulmonary infiltrate in a patient infected
with HIV (or at high risk for HIV infection)

Cough, fever, any pulmonary infiltrate, and recent travel
to countries with outbreaks of SARS or avian influenzaa

Droplet precautions

Meningitis

Petechial or ecchymotic rash with fever

Paroxysmal or severe persistent cough during periods
of pertussis activity

Contact precautions

Acute diarrhea with likely infectious etiology in incontinent
or diapered patient

Vesicular rasha

Respiratory infections in infants and young children
History of infection or colonization with MDR organisms

Skin, wound, or urinary tract infection in a patient with
a recent hospital or nursing home stay in a facility
where MDR organisms are prevalent

Abscess or draining wound that cannot be covered

Cough, fever, any pulmonary infiltrate, and recent travel
to countries with outbreaks of SARS or avian influenza

NOTE: Modified from Siegel et al.1 HIV, human immunodeficiency
virus; MDR, multidrug-resistant; SARS, severe acute respiratory syndrome.
a Condition requires 2 types of precautions.
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Chapter

8
Disinfection and Sterilization in Healthcare Facilities
William A. Rutala MS, MPH, PhD, and David J. Weber MD, MPH

Introduction
In the United States in 2010, approximately 51.4 million inpa-
tient surgical procedures and an even larger number of invasive
medical procedures were performed.1 In 2009, there were over
6.9 million upper gastrointestinal (GI), 11.5 million lower GI,
and 228,000 biliary endoscopies performed.2 Each of these pro-
cedures involves contact by a medical device or surgical instru-
ment with a patient’s sterile tissue or mucous membranes. A
major risk of all such procedures is the introduction of patho-
genic microbes, which can lead to infection. Failure to properly
disinfect or sterilize equipment may lead to transmission via
contaminated medical and surgical devices (e.g., endoscopes
contaminated with carbapenem-resistant Enterobacteriaceae
[CRE]).3,4

Achieving disinfection and sterilization through the use of
disinfectants and sterilization practices is essential for ensuring
that medical and surgical instruments do not transmit infec-
tious pathogens to patients. Since it is not necessary to sterilize
all patient-care items, healthcare policies must identify
whether cleaning, disinfection, or sterilization is indicated,
based primarily on each item’s intended use.

Multiple studies in many countries have documented lack
of compliance with established guidelines for disinfection
and sterilization.5 Failure to comply with scientifically based
guidelines has led to numerous outbreaks and patient
exposures.6–8 Due to noncompliance with recommended
reprocessing procedures, the Centers for Disease Control and
Prevention (CDC) and the Food and Drug Administration
(FDA) issued a health advisory alerting healthcare providers
and facilities about the public health need to properly main-
tain, clean, and disinfect and sterilize reusable medical devices
in September 2015.9 In this chapter, which is an updated and
modified version of earlier chapters,10–13 a pragmatic approach
to the judicious selection and proper use of disinfection and
sterilization processes is presented, based on well-designed
studies assessing the efficacy (via laboratory investigations)
and effectiveness (via clinical studies) of disinfection and ster-
ilization procedures.

A Rational Approach to Disinfection and
Sterilization
Almost 50 years ago, Earle H. Spaulding14 devised a rational
approach to disinfection and sterilization of patient-care items
or equipment. This classification scheme is so clear and logical
that it has been retained, refined, and successfully used by

infection prevention professionals and others when planning
methods for disinfection or sterilization.10–13 Spaulding
believed that the nature of disinfection could be understood
more readily if instruments and items for patient care were
divided into three categories based on the degree of risk of
infection involved in the use of the items. The three categories
he described were critical, semicritical, and noncritical. This
terminology is employed by the CDC’s “Guidelines for
Environmental Infection Control in Healthcare Facilities”15

and the CDC’s “Guideline for Disinfection and Sterilization
in Healthcare Facilities.”13 These categories and the methods
to achieve sterilization, high-level disinfection, and low-level
disinfection are summarized in Table 8.1. Although the scheme
remains valid, there are some examples of disinfection studies
with prions, viruses, mycobacteria, and protozoa that challenge
the current definitions and expectations of high- and low-level
disinfection.16

In May 2015, the FDA convened a panel to discuss recent
reports and epidemiologic investigations of the transmission of
infections associated with the use of duodenoscopes in endo-
scopic retrograde cholangiopancreatography (ERCP)
procedures.17 After presentations from industry, professional
societies, and invited speakers, the panel made several recom-
mendations to include reclassifying duodenoscopes based on
the Spaulding classification from semicritical to critical to
support the shift from high-level disinfection to sterilization.18

This could be accomplished by shifting from high-level disin-
fection for duodenoscopes to sterilization and modifying the
Spaulding definition of critical items from “objects which enter
sterile tissue or the vascular system or through which blood
flows should be sterile” to “objects which directly or seconda-
rily (i.e., via a mucous membrane such as duodenoscope) enter
normally sterile tissue of the vascular system of through which
blood flows should be sterile.”18,19 Implementation of this
recommendation requires sterilization technology that
achieves a sterility assurance level of 10–6 of complex medical
instruments such as duodenoscopes. Ideally, this shift would
eventually involve not only endoscopes that secondarily enter
normally sterile tissue (e.g., duodenoscopes, bronchoscopes)
but also other semicritical devices (e.g., gastrointestinal
endoscopes).18,19

Critical Items
Critical items are so called because of the high risk of infection
if such an item is contaminated with any microorganism,
including bacterial spores. Thus, it is critical that objects that
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enter sterile tissue or the vascular system be sterile because any
microbial contamination could result in disease transmission.
This category includes surgical instruments, cardiac and urin-
ary catheters, and implants used in sterile body cavities. The
items in this category should be purchased as sterile or be
sterilized by steam sterilization if possible. If heat-sensitive,
the object may be treated with ethylene oxide (ETO), hydrogen

peroxide gas plasma, vaporized hydrogen peroxide, hydrogen
peroxide vapor plus ozone or by liquid chemical sterilants/
high-level disinfectants if other methods are unsuitable.
Tables 8.1–3 summarize sterilization processes and liquid che-
mical sterilants and the advantages and disadvantages of each.
With the exception of 0.2 percent peracetic acid (12 minutes at
50–56°C), the indicated exposure times for liquid chemical

Table 8.1 Methods for disinfection and sterilization of patient-care items and environmental surfacesa

Process Level of
microbial
inactivation

Method Examples (with processing times) Healthcare application
(examples)

Sterilizationb Destroys all
microorgan-
isms, including
bacterial spores

High
temperature
Low temperature
Liquid immersion

Steam (~40 min), dry heat (1–6 hr
depending on temperature)
Ethylene oxide gas (~15 hr), hydrogen
peroxide gas plasma (28–52 min),
hydrogen peroxide and ozone (46
min), hydrogen peroxide vapor (55
min)
Chemical sterilantsc: >2% glut (~10
hr); 1.12% glut with 1.93% phenol (12
hr); 7.35% HP with 0.23% PA (3 hr);
8.3% HP with 7.0% PA (5 hr); 7.5% HP
(6 hr); 1.0% HP with 0.08% PA (8 hr);
≥0.2% PA (12 min at 50–56°C)

Heat-tolerant critical (surgical
instruments) and semicritical
patient-care items
Heat-sensitive critical and
semicritical patient-care
items
Heat-sensitive critical and
semicritical patient-care
items that can be immersed

High-level
disinfection
(HLD)

Destroys all
micro-
organisms
except some
bacterial spores

Heat-automated
Liquid immersion

Pasteurization (65–77°C, 30 min)
Chemical Sterilants/HLDsc: >2% glut
(20–90 min at 20–25°C); >2% glut (5
min at 35–37.8°C); 0.55% OPA (12 min
at 20°C); 1.12% glut with 1.93% phe-
nol (20 min at 25°C); 7.35% HP with
0.23% PA (15min at 20°C); 7.5% HP (30
min at 20°C); 1.0% HP with 0.08% PA
(25 min); 400–450 ppm chlorine (10
min at 20°C); 2.0% HP (8 min at 20°C);
3.4% glut with 26% isopropanol (10
min at 20°C)

Heat-sensitive semicritical
items (e.g., respiratory
therapy equipment)
Heat-sensitive semicritical
items (e.g., GI endoscopes,
bronchoscopes, endocavi-
tary probes)

Low-level
disinfection

Destroys vege-
tative bacteria,
some fungi and
viruses but not
mycobacteria
or spores

Liquid contact EPA-registered hospital disinfectant
with no tuberculocidal claim (e.g.,
chlorine-based products, phenolics,
improved hydrogen peroxide, hydro-
gen peroxide plus peracetic acid,
quaternary ammonium compounds-
exposure times at least 1 min) or 70–
90 percent alcohol.

Noncritical patient care item
(blood pressure cuff) or
surface (bedside table) with
no visible blood

a Modified from Rutala and Weber,11–13 and Kohn et al.186 Abbreviations: glut-glutaraldehyde; HP-hydrogen peroxide; PA-peracetic acid; OPA-ortho-
phthalaldehyde; ppm-parts per million; EPA-Environmental Protection Agency; FDA-Food and Drug Administration; GI-gastrointestinal.

b Prions (such as Creutzfeldt-Jakob disease) exhibit an unusual resistance to conventional chemical and physical decontamination methods and are not readily
inactivated by conventional sterilization procedures.187

c Consult the FDA cleared package insert for information about the cleared contact time and temperature, and see reference25 for discussion why >2%
glutaraldehyde products are used at a reduced exposure time (2% glutaraldehyde at 20 min, 20°C). Increasing the temperature using an automated endoscope
reprocess (AER) will reduce the contact time (e.g., OPA 12 min at 20°C but 5 min at 25°C in AER). Exposure temperatures for some high-level disinfectants above
vary from 20°C to 25°C; check FDA-cleared temperature conditions.20 Tubing must be completely filled for high-level disinfection and liquid chemical
sterilization. Material compatibility should be investigated when appropriate (e.g., HP and HP with PA will cause functional damage to endoscopes).
Intermediate-level disinfectants destroy vegetative bacteria, mycobacteria, most viruses, most fungi but not spores and may include chlorine-based products,
phenolics, and improved hydrogen peroxide). Intermediate-level disinfectants are not included in Table 8.1 as there is no device or surface for which
intermediate-level disinfection is specifically recommended over low-level disinfection
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Table 8.2 Summary of advantages and disadvantages of chemical agents used as chemical sterilants1 or as high-level disinfectants (HLD)

Sterilization
method

Advantages Disadvantages

Peracetic acid/
hydrogen
peroxide

• No activation required

• Odor or irritation not significant

• Material compatibility concerns (lead, brass,
copper, zinc) both cosmetic and functional

• Limited clinical experience

• Potential for eye and skin damage

Glutaraldehyde • Numerous use studies published

• Relatively inexpensive

• Excellent material compatibility

• Respiratory irritation from glutaraldehyde vapor

• Pungent and irritating odor

• Relatively slow mycobactericidal activity (unless
other disinfectants added such as phenolic,
alcohol)

• Coagulates blood and fixes tissue to surfaces

• Allergic contact dermatitis

Hydrogen
peroxide

• No activation required

• May enhance removal of organic matter and organisms

• No disposal issues

• No odor or irritation issues

• Does not coagulate blood or fix tissues to surfaces

• Inactivates Cryptosporidium

• Use studies published

• Material compatibility concerns (brass, zinc,
copper, and nickel/silver plating) both cosmetic
and functional

• Serious eye damage with contact

Ortho-
phthalaldehyde
(OPA)

• Fast acting high–level disinfectant

• No activation required

• Odor not significant

• Excellent materials compatibility claimed

• Does not coagulate blood or fix tissues to surfaces
claimed

• Stains protein gray (e.g., skin, mucous
membranes, clothing, and environmental
surfaces)

• Limited clinical experience

• More expensive than glutaraldehyde

• Eye irritation with contact

• Slow sporicidal activity

• Anaphylactic reactions to OPA in bladder cancer
patients with repeated exposure to OPA through
cystoscopy

Peracetic acid • Standardized cycle (e.g., Liquid Chemical Sterilant
Processing System using peracetic acid, rinsed with
extensively treated potable water)

• Low temperature (50–55°C) liquid immersion
sterilization

• Environmental-friendly by-products (acetic acid, O2,
H20)

• Fully automated

• Single-use system eliminates need for concentration
testing

• May enhance removal of organic material and
endotoxin

• No adverse health effects to operators under normal
operating conditions

• Compatible with many materials and instruments

• Does not coagulate blood or fix tissues to surfaces

• Sterilant flows through scope facilitating salt, protein,
and microbe removal

• Rapidly sporicidal

• Provides procedure standardization (constant dilution,
perfusion of channel, temperatures, exposure)

• Potential material incompatibility (e.g.,
aluminum anodized coating becomes dull)

• Used for immersible instruments only

• Biological indicator may not be suitable for
routine monitoring

• One scope or a small number of instruments can
be processed in a cycle

• More expensive (endoscope repairs, operating
costs, purchase costs) than high-level
disinfection

• Serious eye and skin damage (concentrated
solution) with contact

• Point-of-use system, no sterile storage

• An AER using 0.2% peracetic acid not FDA-
cleared as sterilization process but HLD

Improved
hydrogen

• No activation required

• No odor

• Material compatibility concerns due to limited
clinical experience

William A. Rutala and David J. Weber
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sterilants range from 3 to 12 hours.20 Liquid chemical sterilants
can be relied upon to produce sterility only if cleaning, which
eliminates organic and inorganic material, precedes treatment
and if proper guidelines as to concentration, contact time,
temperature, and pH are met. Another limitation to steriliza-
tion of devices with liquid chemical sterilants is that the devices
cannot be wrapped during processing in a liquid chemical
sterilant; thus it is impossible to maintain sterility following
processing and during storage. Furthermore, devices may
require rinsing following exposure to the liquid chemical ster-
ilant with water that, in general, is not sterile. Therefore, due to
the inherent limitations of using liquid chemical sterilants in a
nonautomated (or automated) reprocessor, their use should be
restricted to reprocessing critical devices that are heat-sensitive
and incompatible with other sterilization methods.

In contrast to semicritical items that have been associated
with >100 outbreaks of infection,6 critical items have rarely,21

if ever, been associated with disease transmission. For example,
any deviation from proper reprocessing (such as crevices asso-
ciated with the elevator channel) of an endoscope could lead to
failure to eliminate contamination with a possibility of subse-
quent patient-to-patient transmission due to a low or nonexis-
tent margin of safety. This low (or nonexistent) margin of
safety associated with endoscope reprocessing compares to
the 17-log10 margin of safety associated with cleaning and
sterilization of surgical instruments. (i.e., 12-log10 reduction
via sterilization and at least a net 5-log10 reduction based on the
microbial load on surgical instruments [2-logs]22 and micro-
bial reduction via a washer disinfector[7-logs]).23

Semicritical Items
Semicritical items are those that come in contact with mucous
membranes or nonintact skin. Respiratory therapy and
anesthesia equipment, gastrointestinal endoscopes, broncho-
scopes, laryngoscopes, endocavitary probes, prostate biopsy
probes,24 cystoscopes, hysteroscopes, infrared coagulation
devices, and diaphragm fitting rings are included in this cate-
gory. These medical devices should be free of all microorgan-
isms (i.e., mycobacteria, fungi, viruses, bacteria), although
small numbers of bacterial spores may be present. Intact

mucous membranes, such as those of the lungs or the gastro-
intestinal tract, generally are resistant to infection by common
bacterial spores but susceptible to other organisms such as
bacteria, mycobacteria, and viruses. Semicritical items
minimally require high-level disinfection using chemical
disinfectants. Glutaraldehyde, hydrogen peroxide, ortho-
phthalaldehyde (OPA), and peracetic acid with hydrogen per-
oxide, and chlorine are cleared by the Food and Drug
Administration20 and are dependable high-level disinfectants,
provided the factors influencing germicidal procedures are met
(Tables 8.1 and 8.2). The exposure time for most high-level
disinfectants varies from 8 to 45 minutes at 20–25°C.20

Since semicritical equipment has been associated with
reprocessing errors that result in patient lookback investiga-
tions and patient notifications, it is essential that control mea-
sures be instituted to prevent patient exposures.7 Before new
equipment (especially semicritical equipment, as the margin of
safety is less than that for sterilization)19 is used for patient care
on more than one patient, reprocessing procedures for that
equipment should be developed. Staff should receive training
on the safe use and reprocessing of the equipment and be
competency tested. For example, at the University of North
Carolina Hospitals, to ensure patient-safe instruments, all staff
that reprocess semicritical instruments (e.g., instruments that
contact a mucous membrane such as vaginal probes, endo-
scopes, prostate probes) are required to attend a three-hour
class on high-level disinfection of semicritical instruments.
The class includes the rationale for and importance of high-
level disinfection, discussion of high-level disinfectants and
exposure times, reprocessing steps, monitoring minimum
effective concentration, personal protective equipment, and
the reprocessing environment (establishing “dirty-to-clean”
flow). Infection prevention rounds or audits should be con-
ducted annually in all clinical areas that reprocess critical and
semicritical devices in order to ensure adherence to the repro-
cessing standards and policies. Results of infection prevention
rounds should be provided to the unit managers, and deficien-
cies in reprocessing should be corrected and the corrective
measures documented to infection prevention within two
weeks.

Table 8.2 (cont.)

Sterilization
method

Advantages Disadvantages

peroxide (2.0%);
high-level
disinfectant

• Nonstaining

• No special venting requirements

• Manual or automated applications

• 12-month shelf life, 14-day reuse

• 8 min at 20°C high-level disinfectant claim

• Antimicrobial claims not independently verified

• Organic material resistance concerns due to
limited data

Modified from Rutala and Weber,10–13 Abbreviations: AER-automated endoscope reprocessor; FDA-Food and Drug Administration.
1 All products effective in presence of organic soil, relatively easy to use, and have a broad spectrum of antimicrobial activity (bacteria, fungi, viruses, bacterial

spores, and mycobacteria). The above characteristics are documented in the literature; contact the manufacturer of the instrument and sterilant for additional
information. All products listed above are FDA-cleared as chemical sterilants except OPA, which is an FDA-cleared high-level disinfectant.
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Table 8.3 Summary of advantages and disadvantages of commonly used sterilization technologies

Sterilization method Advantages Disadvantages

Steam • Nontoxic to patient, staff, environment

• Cycle easy to control and monitor

• Rapidly microbicidal

• Least affected by organic/inorganic soils among
sterilization processes listed

• Rapid cycle time

• Penetrates medical packing, device lumens

• Deleterious for heat-sensitive instruments

• Microsurgical instruments damaged by repeated
exposure

• May leave instruments wet, causing them to rust

• Potential for burns

Hydrogen peroxide gas
plasma

• Safe for the environment and healthcare
personnel

• Leaves no toxic residuals

• Cycle time is ≥28 minutes and no aeration
necessary

• Used for heat- and moisture-sensitive items
since process temperature <50°C

• Simple to operate, install (208 V outlet), and
monitor

• Compatible with most medical devices

• Only requires electrical outlet

• Cellulose (paper), linens, and liquids cannot be
processed

• Endoscope or medical device restrictions based
on lumen internal diameter and length (see
manufacturer’s recommendations)

• Requires synthetic packaging (polypropylene
wraps, polyolefin pouches) and special container
tray

• Hydrogen peroxide may be toxic at levels
greater than 1 ppm TWA

100% ethylene oxide
(ETO)

• Penetrates packaging materials, device lumens

• Single-dose cartridge and negative-pressure
chamber minimizes the potential for gas leak
and ETO exposure

• Simple to operate and monitor

• Compatible with most medical materials

• Requires aeration time to remove ETO residue

• ETO is toxic, a carcinogen, and flammable

• ETO emission regulated by states, but catalytic
cell removes 99.9% of ETO and converts it to CO2

and H2O

• ETO cartridges should be stored in flammable
liquid storage cabinet

• Lengthy cycle/aeration time

Vaporized hydrogen
peroxide; sterilization
process

• Safe for the environment and healthcare
personnel

• It leaves no toxic residue; no aeration necessary

• Cycle time, 55 min

• Used for heat and moisture-sensitive items
(metal and nonmetal devices)

• Medical devices restrictions based on lumen
internal diameter and length-see manufacturer’s
recommendations, e.g., stainless steel lumen 1
mm diameter, 125 mm length

• Not used for liquid, linens, powders, or any
cellulose materials

• Requires synthetic packaging (polypropylene)

• Limited materials compatibility data

• Limited clinical use and comparative
microbicidal efficacy data

Hydrogen peroxide
and ozone; sterilization
process

• Safe for the environment and healthcare
personnel

• Uses dual sterilants, hydrogen peroxide and
ozone

• No aeration needed due to no toxic by-products

• Compatible with common medical devices

• Cycle time, 46 min

• FDA-cleared for general instruments, single
channel flexible endoscopes, and rigid and
semirigid channeled devices

• Endoscope or medical device restrictions based
on lumen internal diameter and length (see
manufacturer’s recommendations)

• Limited clinical use (no published data on
material compatibility/penetrability/organic
material resistance) and limited microbicidal
efficacy data

• Requires synthetic packaging (polypropylene
wraps, polyolefin pouches) and special container
tray

Modified from Rutala and Weber.10–13

Abbreviations: ETO-ethylene oxide; CFC-chlorofluorocarbon, HCFC-hydrochlorofluorocarbon; FDA-Food and Drug Administration; TWA-time-weighted average.
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Table 8.4 Summary of advantages and disadvantages of disinfectants used as low-level disinfectants

Disinfectant active Advantages Disadvantages

Alcohol • Bactericidal, tuberculocidal, fungicidal, virucidal

• Fast acting

• Noncorrosive

• Nonstaining

• Used to disinfect small surfaces such as rubber
stoppers on medication vials

• No toxic residue

• Not sporicidal

• Affected by organic matter

• Slow acting against non-enveloped viruses (e.g.,
norovirus)

• No detergent or cleaning properties

• Not EPA registered

• Damages some instruments (e.g., hardened
rubber, deteriorates glue)

• Flammable (large amounts require special
storage)

• Evaporates rapidly making contact time
compliance difficult

• Not recommended for use on large surfaces

• Outbreaks ascribed to contaminated alcohol188

Sodium hypochlorite • Bactericidal, tuberculocidal, fungicidal, virucidal

• Sporicidal

• Fast acting

• Inexpensive (in dilutable form)

• Not flammable

• Unaffected by water hardness

• Reduces biofilms on surfaces

• Relatively stable (e.g., 50% reduction in chlorine
concentration in 30 days)189

• Used as the disinfectant in water treatment

• EPA registered

• Reaction hazard with acids and ammonias

• Leaves salt residue

• Corrosive tometals (some ready-to-use products
may be formulated with corrosion inhibitors)

• Unstable active (some ready-to-use products
may be formulated with stabilizers to achieve
longer shelf life)

• Affected by organic matter

• Discolors/stains fabrics

• Potential hazard is production of trihalomethane

• Odor (some ready-to-use products may be
formulated with odor inhibitors); irritating at
high concentrations

Improved hydrogen
peroxide

• Bactericidal, tuberculocidal, fungicidal, virucidal

• Fast efficacy

• Easy compliance with wet-contact times

• Safe for workers (lowest EPA toxicity category, IV)

• Benign for the environment

• Surface compatible

• Non-staining

• EPA registered

• Not flammable

• More expensive than most other disinfecting
actives

• Not sporicidal at low concentrations

Iodophors • Bactericidal, mycobactericidal, virucidal

• Not flammable

• Used for disinfecting blood culture bottles

• Not sporicidal

• Shown to degrade silicone catheters

• Requires prolonged contact to kill fungi

• Stains surfaces

• Used mainly as an antiseptic rather than
disinfectant

Phenolics • Bactericidal, tuberculocidal, fungicidal, virucidal

• Inexpensive (in dilutable form)

• Nonstaining

• Not flammable

• EPA registered

• Not sporicidal

• Absorbed by porous materials and irritated
tissue

• Depigmentation of skin caused by certain
phenolics

• Hyperbilirubinemia in infants when phenolic not
prepared as recommended
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Although the most common method of performing high-
level disinfection of contaminated endocavitary probes is by
immersion in an FDA-cleared high-level disinfectant (e.g., glu-
taraldehyde), an alternative procedure for disinfecting the endo-
cavitary and surface probes is a proprietary hydrogen peroxide
mist system, which uses 35 percent hydrogen peroxide at 56°C
with the probe reaching nomore than 40°C (i.e., Trophon®). The
effectiveness of this technology, which has been cleared by the
FDA for high-level disinfection, has recently been published.
The results demonstrated complete inactivation (>6-log10
reduction) of vancomycin-resistant Enterococcus (VRE) and a
carbapenem-resistant Klebsiella pneumoniae strain, both in the
presence and absence of 5 percent fetal calf serum (FCS). The
Trophon® EPR system showed good, but not complete, inactiva-
tion of Mycobacterium terrae (5.2-log10 reduction for M. terrae
with FCS, a 4.6-log10 reduction for M. terrae without FCS) and
Clostridium difficile spores.25

Noncritical Items
Noncritical items are those that come in contact with intact
skin but not mucous membranes. Intact skin acts as an effec-
tive barrier to most microorganisms; therefore, the sterility of
items coming in contact with intact skin is “not critical.”
Examples of noncritical items are bedpans, blood pressure
cuffs, crutches, bed rails, linens, bedside tables, patient furni-
ture, and floors. In contrast to critical and some semicritical
items, most noncritical reusable items may be decontaminated
where they are used and do not need to be transported to a
central processing area. There is virtually no documented risk
of transmitting infectious agents to patients via noncritical

items26 when they are used as noncritical items and do not
contact nonintact skin and/or mucous membranes. However,
these items (e.g., bedside tables, bed rails) could potentially
contribute to secondary transmission by contaminating hands
of healthcare personnel or by contact with medical equipment
that will subsequently come in contact with patients.27

Tables 8.1 and 4 list several low-level disinfectants that may
be used for noncritical items. Table 8.4 lists the advantages and
disadvantages of the low-level disinfectants that are used on
noncritical patient care items (e.g., blood pressure cuffs) and
noncritical environmental surfaces. The exposure time for low-
level disinfection of noncritical items is at least 1 minute.

Current Issues in Disinfection and
Sterilization

Reprocessing of Endoscopes
Physicians use endoscopes to diagnose and treat numerous
medical disorders. While endoscopes represent a valuable diag-
nostic and therapeutic tool in modern medicine and the inci-
dence of infection associated with use has been reported as very
low (about 1 in 1.8 million procedures),28 more healthcare-
associated outbreaks have been linked to contaminated endo-
scopes than to any other reusable medical device.6,8

Additionally, endemic transmission of infections associated
with GI endoscopes may go unrecognized for several reasons,
including: inadequate surveillance of outpatient procedures;
long lag time between colonization and infection; low frequency
of infection; and pathogens are the “usual” enteric flora. In
addition, the risk of some proceduresmight be lower than others

Table 8.4 (cont.)

Disinfectant active Advantages Disadvantages

Quaternary ammo-
nium compounds (e.g.,
didecyl dimethyl
ammonium bromide,
dioctyl dimethyl
ammonium bromide)

• Bactericidal, fungicidal, virucidal against
enveloped viruses (e.g., HIV)

• Good cleaning agents

• EPA registered

• Surface compatible

• Persistent antimicrobial activity when
undisturbed

• Inexpensive (in dilutable form)

• Not sporicidal

• In general, not tuberculocidal and virucidal
against non-enveloped viruses

• High water hardness and cotton/gauze can
make less microbicidal

• A few reports documented asthma as result of
exposure to benzalkonium chloride

• Affected by organic matter

• Multiple outbreaks ascribed to contaminated
benzalkonium chloride188

Peracetic acid/hydro-
gen peroxide

• Bactericidal, fungicidal, virucidal, and sporicidal
(e.g., C. difficile)

• Active in the presence of organic material

• Environmental friendly by-products (acetic acid,
O2, H20)

• EPA registered

• Surface compatible

• Lack of stability

• Potential for material incompatibility (e.g., brass,
copper)

• More expensive than most other disinfecting
actives

• Odor may be irritating

Modified from Rutala andWeber.55 Abbreviations: EPA, Environmental Protection Agency; HIV, human immunodeficiency virus; m, minutes; s, seconds; if low-level
disinfectant is prepared on-site (not ready-to-use), document correct concentration at a routine frequency
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(e.g., colonoscopy versus ERCP)where normally sterile areas are
contaminated in the latter. In order to prevent the spread of
healthcare-associated infections, all heat-sensitive endoscopes
(e.g., GI endoscopes, bronchoscopes, nasopharyngoscopes)
must be properly cleaned and, at a minimum, subjected to
high-level disinfection following each use. High-level disinfec-
tion can be expected to destroy all microorganisms, although,
when high numbers of bacterial spores are present, a few spores
may survive.

Recommendations for the cleaning and disinfection of endo-
scopic equipment have been published and should be strictly
followed.13,29,30 Unfortunately, audits have shown that person-
nel often do not adhere to guidelines on reprocessing,5 and
outbreaks of infection continue to occur.3,6,8,31 Additionally,
recent studies have suggested that current reprocessing guide-
lines are not sufficient to ensure successful decontamination.32

In order to minimize patient risks and ensure that reprocessing
personnel are properly trained, there should be initial and
annual competency testing for each individual who is involved
in reprocessing endoscopic instruments.13,29,30

In general, endoscope disinfection or sterilization with a
liquid chemical sterilant or high-level disinfectant involves five
steps after leak testing: 1) clean – mechanically clean internal
and external surfaces, including brushing internal channels
and flushing each internal channel with water and an enzy-
matic cleaner or detergent; 2) disinfect – immerse endoscope
in high-level disinfectant (or chemical sterilant) and perfuse
disinfectant (which eliminates air pockets and ensures contact
of the germicide with the internal channels) into all accessible
channels such as the suction/biopsy channel and the air/water
channel; ensure exposure for the time recommended for the
specific product; 3) rinse – rinse the endoscope and all chan-
nels with sterile water, filtered water (commonly used with
automated endoscope reprocessors), or tap water; 4) dry –
rinse the insertion tube and inner channels with alcohol and
dry with forced air after disinfection and before storage; and 5)
store – store the endoscope in a way that prevents recontami-
nation and promotes drying (e.g., hung vertically).

Occasionally, there are instances where the scientific litera-
ture and recommendations from professional organizations
regarding the use of disinfectants and sterilants may differ
from the manufacturer’s label claim. One example is the con-
tact time used to achieve high-level disinfection with 2 percent
glutaraldehyde. Based on requirements by the FDA (which
regulates liquid sterilants and high-level disinfectants used on
critical and semicritical medical devices), manufacturers test
the efficacy of their germicide formulations under worst-case
conditions (i.e., using the minimum recommended concentra-
tion of the active ingredient) and in the presence of organic soil
(typically 5 percent serum). The soil is used to represent the
organic load to which the device is exposed during actual use
and that would remain on the device in the absence of cleaning.
These stringent test conditions are designed to provide a mar-
gin of safety by ensuring that the contact conditions for the
germicide provide complete elimination of the test bacteria
(e.g., 105 to 106 M. tuberculosis organisms in organic soil and
dried on an endoscope) inoculated into the most difficult areas

for the disinfectant to penetrate and in the absence of cleaning.
However, the scientific data demonstrate that M. tuberculosis
levels can be reduced by at least 8-log10 with cleaning (4-log10)
followed by chemical disinfection for 20 minutes at 20°C (4 to
6-log10).

13,20,29,33 Because of these data, professional organiza-
tions (at least 14 worldwide) that have endorsed an endoscope
reprocessing guideline recommend contact conditions of 20
minutes at 20°C (or less than 20 minutes outside the United
States) with 2 percent glutaraldehyde to achieve high-level
disinfection that differs from that of themanufacturer’s label.29

It is important to emphasize that the FDA tests do not include
cleaning, a critical component of the disinfection process.
When cleaning has been included in the test methodology,
use of 2 percent glutaraldehyde for 20 minutes has been
demonstrated to be effective in eliminating all vegetative bac-
teria. Other high-level disinfectants commonly used for repro-
cessing endoscopes and other semicritical items include ortho-
phthalaldehyde, accelerated hydrogen peroxide and peracetic
acid.

Outbreaks of Carbapenem-Resistant Enterobacteriaceae Infection
Associated with Duodenoscopes: What Can We Do to Prevent
Infections?
In the past three years, multiple reports of outbreaks have led the
FDA, the CDC, and national news organizations to raise aware-
ness among the public and healthcare professionals that the
complex design of duodenoscopes (used primarily for ERCP)
may impede effective reprocessing. Several recent publications
have associated multidrug-resistant (MDR) bacterial infections,
especially due to carbapenem-resistant Enterobacteriaceae
(CRE), in patients who have undergone ERCP with reprocessed
duodenoscopes.3,4,19,31,34 Unlike other endoscope outbreaks,6

these recent outbreaks occurred even when the manufacturer’s
instructions and professional guidelines were followed
correctly.3,4

The key concern raised by these outbreaks is that current
reprocessing guidelines are not adequate to ensure a patient-
safe GI endoscope (one devoid of potential pathogens) as the
margin of safety associated with reprocessing endoscopes ismini-
mal or non-existent. There are at least two (and maybe three)
reasons for this reprocessing failure and why outbreaks continue
to occur. First, studies have shown that the internal channel of GI
endoscopes, including duodenoscopes, may contain 107–10 (7–
10-log10) enteric microorganisms.35,36 Investigations have
demonstrated that the cleaning step in endoscope reprocessing
results in a 2–6-log10 reduction of microbes and the high-level
disinfection step results in another 4–6-log10 reduction of myco-
bacteria for a total 6–12-log10 reduction of microbes.33,35,36 Thus,
the margin of safety associated with cleaning and high-level
disinfection of GI endoscopes is minimal or non-existent (level
of contamination: 4-log10 [maximum contamination, minimal
cleaning/HLD] to -5-log10 [minimum contamination, maximum
cleaning/HLD]). Therefore, any deviation from proper reproces-
sing (such as crevices associated with the elevator channel) could
lead to failure to eliminate contamination with a possibility of
subsequent patient-to-patient transmission. This low (or non-
existent) margin of safety associated with endoscope reprocessing
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compares to the 17-log10 margin of safety associated with clean-
ing and sterilization of surgical instruments.19

Second, GI endoscopes not only have heavy microbial
contamination (107–1010 bacteria) but they are complex with
long, narrow channels; right-angle turns; difficult to clean and
disinfect components (e.g., elevator channel). The elevator
channel in duodenoscopes is unique to side-viewing endo-
scopes. It has a separate channel and provides orientation of
catheters, guide wires, and accessories into the endoscopic
visual field.19 This channel is complex in design and has cre-
vices that are difficult to access with a cleaning brush and may
impede effective reprocessing.37 Based on this and other recent
studies, it is likely that MDR pathogens are acting as a “mar-
ker” or “indicator” organism for ineffective reprocessing of the
complex design of duodenoscopes, which is an infectious risk
to patients.

Third, biofilms could impact endoscope reprocessing fail-
ure and continued endoscope-related outbreaks.38 Biofilms are
multilayered bacteria plus exopolysaccharides that cement
cells to surfaces. They develop in a wet environment. If repro-
cessing is performed promptly after use and the endoscope is
dry, the opportunity for biofilm formation is minimal.39,40

However, the formation of endoscopic biofilm during clinical
practice may be related to reuse of reprocessing methods such
as reuse of detergent, manual cleaning, and incomplete
drying.41 Ideally, reprocessing should be initiated within an
hour of use; however, there are no evidence-based guidelines
on delayed endoscope reprocessing.42 It is unclear if biofilms
contribute to failure of endoscope reprocessing.

What should we do now? Unfortunately, there is currently
no single, simple and proven technology or prevention strategy
that hospitals can use to guarantee patient safety. Of course, we
must continue to emphasize the enforcement of evidenced-
based practices, including equipmentmaintenance and routine
audits with at least yearly competency testing of reprocessing
staff.13,29,30 All reprocessing personnel must be knowledgeable
and thoroughly trained on the reprocessing instructions for
duodenoscopes. This includes the new recommendations to
use a small bristle cleaning brush and for additional flushing
and cleaning steps of the elevator channel (http://medical.olym
pusamerica.com/sites/default/files/pdf/150326_TJF-Q180 V
_Customer_letter.pdf). Although these steps were described
as “validated,” no public data are available on the ability of
these new cleaning recommendations to yield an ERCP scope
devoid of bacteria. However, we must do more; otherwise,
additional outbreaks will likely continue. For example, all
hospitals that reprocess duodenoscopes should select one of
the enhanced methods for reprocessing duodenoscopes. These
enhanced methods have been priority ranked, with the first
providing the greatest margin of safety.19 They include: 1)
ethylene oxide (ETO) sterilization after high-level disinfection
with periodic microbiologic surveillance; 2) double high-level
disinfection with periodic microbiologic surveillance; 3) high-
level disinfection with endoscope quarantine until negative
culture results are returned; 4) liquid chemical sterilant proces-
sing system using peracetic acid (rinsed with extensively trea-
ted potable water) with periodic microbiologic surveillance; 5)

other FDA-cleared low-temperature sterilization technology
(provided material compatibility and sterilization validation
testing has been performed using the sterilizer and endoscope)
after high-level disinfection, with periodic microbiologic sur-
veillance; and 6) high-level disinfection with periodic micro-
biologic surveillance. These supplemental measures to enhance
duodenoscope reprocessing made in May–June 201519 were
reinforced by the FDA in August 2015.37 UNC Hospitals has
chosen ETO sterilization after high-level disinfection with
periodic microbiologic surveillance as its primary reprocessing
method for duodenoscopes; if the ETO sterilizer is not avail-
able, then double high-level disinfection with periodic micro-
biologic surveillance is used.43

Role of the Environment in Disease Transmission
There is excellent evidence in the scientific literature that
environmental contamination plays an important role in the
transmission of several key healthcare-associated pathogens
including methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant Enterococcus (VRE),
Acinetobacter spp, norovirus, and Clostridium difficile.44–47

All these pathogens have been demonstrated to persist in the
environment for days (in some cases months), frequently con-
taminate the environmental surfaces in rooms of colonized or
infected patients, transiently colonize the hands of healthcare
personnel, be transmitted by healthcare personnel, and cause
outbreaks in which environmental transmission was deemed
to play a role. Importantly, a study by Stiefel et al. demon-
strated that contact with the environment was just as likely to
contaminate the hands of healthcare personnel as was direct
contact with the patient.48 Further, admission to a room in
which the previous patient had been colonized or infected with
MRSA, VRE, Acinetobacter or C. difficile, has been shown to be
a risk factor for the newly admitted patient to develop coloni-
zation or infection.49–51

Monitoring and Improving the Thoroughness of Cleaning/
Disinfection
The cleaning and disinfection of noncritical surfaces in hospi-
tals is essential for reducing microbial contamination and
healthcare-associated infections.52–55 A recent Agency for
Healthcare Research and Quality (AHRQ) systematic review
offers an overview of monitoring modalities.52,53 These
include: visual inspection; microbiologic methods; fluorescent
markers; and adenosine triphosphate (ATP) assays. At present,
polymerase chain reaction–based technology has a limited role
for assessing environmental contamination, is investigational,
and does not differentiate between the presence of viable and
nonviable microorganisms.53

Hospital cleanliness continues to attract patient attention and
in the United States it is still primarily assessed via visual cleanli-
ness (e.g., dust, organic debris) of surfaces, which is not a reliable
indicator of microbial contamination.56,57 ATP bioluminescence
measures organic debris (each unit has its own reading scale,
<250–500 relative light units-RLU) but is not a reliable indicator
ofmicrobial contamination.53 A validation study of ATP, used to
audit cleaning of flexible endoscope channels, demonstrated that
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an endoscope assessed as clean by ATP (<250 RLU) could be
contaminated with a million (106) microorganisms.58

Fluorescent marking is done with a transparent, easily cleaned,
environmentally stable marking solution that fluoresces when
exposed to an ultraviolet (UV) light. It is applied by the infection
preventionist or environmental service manager after the patient
is discharged. Its application is unknown to the environmental
service staff. After environmental service cleaning, the markings
are reassessed by the infection preventionist or environmental
service manager and the thoroughness of cleaning monitored is
provided via immediate feedback to the person(s) cleaning/dis-
infecting the room (e.g., 4 of 10 marker surfaces wiped, 40%
compliance with thoroughness of cleaning/disinfection).
Microbiologicmethods have also been used to evaluatemicrobial
contamination of surfaces and can quantify microbial burden or
be pathogen-specific. Thesemethods however can be costly, have
significant turnaround times for results, and require substantial
microbiology laboratory resources and personnel. While there
are no accepted criteria for defining a surface as “clean” using
microbiologic methods, some investigators have suggested that
microbial contamination should be 2.5 CFU/cm2 to <5 CFU/
cm2.59,60 Studies have shown that this level of contaminationmay
be easily achievable, as the microbial burden of room surfaces in
one hospital went from 57 CFU/Rodac (2.3 CFU/cm2) to 8 CFU/
Rodac (0.3 CFU/cm2) prior to and after cleaning.61 Based upon
surface cleaning/disinfection practices that are used in the
United States, a revised stricter pass benchmark may need to be
considered (<1 CFU/cm2).

Studies have demonstrated suboptimal cleaning as mea-
sured by aerobic colony counts or by use of ATP biolumines-
cence and fluorescent markers.49,57 For example, Carling and
colleagues assessed the thoroughness of terminal cleaning in
the patient’s immediate environment in 23 acute-care hospitals
(1,119 patient rooms) by using UV light–visible fluorescent
markers.62 The overall thoroughness of cleaning, expressed as
a percent of surfaces evaluated, was 49 percent (range for all
hospitals, 35 percent to 81 percent). Using a similar design,
Carling and associates assessed the environmental cleaning in
intensive care unit rooms in 16 hospitals (2,320 objects) and
demonstrated that only 57.1 percent of sites were cleaned
following discharge of the room’s occupant.63 A study using
ATP bioluminescence assays and aerobic cultures demon-
strated that medical equipment frequently had not been disin-
fected as per protocol.64

ATP bioluminescence and fluorescent markers are pre-
ferred to aerobic plate counts since they provide an immediate
assessment of cleaning effectiveness. Two recent reviews
reported ATP as a quick and objective monitoring method;
however, it was poorly standardized with low specificity and
sensitivity in detecting bacteria.53,65 In a comparison study of
the three methods to assess cleaning, we found that the fluor-
escent marker was the most useful tool in determining how
thoroughly a surface was cleaned, as it demonstrated better
correlation with microbiological data compared to ATP. For
example, compared to microbiological data (62.5 CFU/Rodac),
72 percent of surfaces were classified as clean with fluorescent
markers. In contrast, compared to ATP, 27 percent of surfaces

were classified as clean with fluorescent markers (Rutala,
Gergen, Sickbert-Bennett, Kanamori, Huslage, Weber, unpub-
lished results, 2015).

Improving Room Cleaning and Disinfection, and Demonstrating
the Effectiveness of Surface Decontamination in Reducing
Healthcare-Associated Infections
Investigators have reported that interventions aimed at
improving surface cleaning and disinfection reduced
healthcare-associated infections.54 Such interventions have
generally included multiple components: disinfectant pro-
duct substitutions; and interventions to improve the effec-
tiveness of cleaning and disinfection (e.g., improved
housekeeper education, monitoring the thoroughness of
cleaning [e.g., by use of ATP assays or fluorescent markers]
with feedback of performance to environmental service
staff, and/or use of cleaning checklists).54,66–68 Healthcare
facilities must also allow adequate time for room cleaning
and disinfection to ensure adherence to all steps recom-
mended by institutional policies and professional organiza-
tion guidelines. We have found that collaboration between
infection prevention and environmental services staff, nur-
sing, and management is critical to an effective environ-
mental cleaning program. This includes ensuring that
environmental services staff recognize the significance and
relationship of adhering to proper work procedures to
reduction of microbial contamination. The assignment of
cleaning responsibility (e.g., medical equipment to be
cleaned by nursing; environmental surfaces to be cleaned
by environmental service) is also important to ensure all
objects and surfaces in a patient room are decontaminated,
especially the surfaces of medical equipment (e.g., cardiac
monitors). Improved environmental cleaning has been
demonstrated to reduce environmental contamination
with VRE,68 MRSA,69 and C. difficile.70 Further, all studies
have only focused improvement on a limited number of
“high-risk” objects. Thus, a concern of published studies is
that they have only demonstrated improved cleaning of a
limited number of “high-risk” objects (or, as commonly
referred to in the literature, “high-touch objects”) not an
improvement in the overall thoroughness of room decon-
tamination, which is the objective.

To our knowledge, only one study has objectively evaluated
what constitutes a “high-touch object” in a patient room, and
no study has demonstrated epidemiologically what constitutes
a “high-risk object.” Examples of high-touch objects include
bed rails, intravenous (IV) poles, call buttons, door knobs,
floors, and bathroom facilities;53 however, a study demon-
strated that “high-touch objects” in an ICU were the bed rail,
bed surface, and supply cart, while the “high-touch surfaces” in
a patient ward were the bed rail, over-bed-table, IV pump, and
bed surface.71 Importantly, the level of microbial contamina-
tion of room surfaces was statistically similar regardless of how
often they were touched before and after cleaning. Until
research identifies which objects and surfaces pose the greatest
risk of pathogen transmission, all noncritical surfaces that are
touched must be cleaned/disinfected.61
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“No-touch” (or Automated) Methods for Room Decontamination
As noted above, multiple studies have demonstrated that
environmental surfaces and objects in rooms are frequently
not properly cleaned and these surfaces may be important in
transmission of healthcare-associated pathogens. Further,
while interventions aimed at improving cleaning thoroughness
have been demonstrated to be effective, many surfaces remain
inadequately cleaned and therefore, potentially contaminated.
For this reason, several manufacturers have developed room
disinfection units that can decontaminate environmental sur-
faces and objects. These “no-touch” systems generally use one
of two methods; either UV light or hydrogen peroxide vapor/
mist.47 These technologies supplement, but do not replace,
standard cleaning and disinfection because surfaces must be
physically cleaned of dirt and debris.

Ultraviolet Light for Room Decontamination
UV radiation has been used for the control of pathogenic
microorganisms in a variety of applications, such as control
of legionellosis, as well as disinfection of air, surfaces, and
instruments.47,72 At certain wavelengths, UV light will break
themolecular bonds inDNA, thereby destroying the organism.
UV radiation has peak germicidal effectiveness in the wave-
length range of 240–280 nm. Mercury gas bulbs emit UV-C at
254 nm, whereas xenon gas bulbs produce a broad spectrum of
radiation that encompasses the UV (100–280 nm) and the
visible (380–700 nm) electromagnetic spectra.73 The efficacy
of UV radiation is a function of many different parameters
such as dose, distance, direct or shaded exposure, exposure
time, lamp placement, pathogen, carrier or surface tested,
inoculum method, organic load, and orientation of carriers
(e.g., parallel vs perpendicular). Data demonstrate that several
UV systems have effectiveness (e.g., eliminate >3-log10 vegeta-
tive bacteria [MRSA, VRE, Acinetobacter baumannii] and
>2.4-log10 C. difficile) at relatively short exposure times (e.g.,
5–25 minutes for bacteria, 10–60 minutes for C. difficile
spores).73–75 The studies also demonstrated reduced effective-
ness when surfaces were not in direct line-of-sight.73–77

Hydrogen Peroxide (HP) Systems for Room Decontamination
Several systems that produce hydrogen peroxide (e.g., HP
vapor, aerosolized dry mist HP) have been studied for their
ability to decontaminate environmental surfaces and objects in
hospital rooms. Hydrogen peroxide vapor (HPV) has been
used increasingly for the decontamination of rooms in
healthcare.78–88 Studies have demonstrated that HP systems
are a highly effective method for eradicating various pathogens
(e.g., MRSA, M. tuberculosis, Serratia, C. difficile spores, C.
botulinum spores) from rooms, furniture, and equipment.

Comparison of UV Irradiation versus Hydrogen Peroxide for Room
Decontamination
UV devices and hydrogen peroxide systems have their own
advantages and disadvantages47 and there is now ample evi-
dence that these “no-touch” systems can reduce environmental
contamination with healthcare-associated pathogens and
reduce HAIs (see Table 8.6).89 However, each specific system

should be studied and its efficacy demonstrated before being
introduced into healthcare facilities. The main advantage of
both types of units is their ability to achieve substantial reduc-
tions in vegetative bacteria. Another advantage is their ability
to substantially reduce C. difficile spores as low-level disinfec-
tants (such as quaternary ammonium compounds) have only
limited or no measurable activity against spore-forming
bacteria.55 Both systems are residual-free, and they deconta-
minate all exposed surfaces and equipment in the room.

The major disadvantages of both decontamination systems
are the substantial capital equipment costs, the need to remove
personnel and patients from the room, thus limiting their use
to terminal room disinfection (must prevent/minimize expo-
sure to UV and HP), the staff time needed to transport the
system to rooms to be decontaminated andmonitor its use, the
need to physically clean the room of dust and debris, and the
sensitivity to use parameters. There are several important
differences between the two systems. The UV-C systems offer
faster decontamination, which reduces the down time of the
room before another patient can be admitted. The HP systems
have been demonstrated to be more effective in eliminating
spore-forming organisms. Whether this improved sporicidal
activity is clinically important is unclear, as studies have
demonstrated that although environmental contamination is
common in the rooms of patients with C. difficile infection, the
level of contamination is relatively low (also true for MRSA,
VRE). Importantly, the UV and HP systems were demon-
strated to reduce the incidence of healthcare-associated
infections.78,90–92 Based on data that demonstrated a reduction
in colonization and/or infection with healthcare-associated
pathogens with these technologies, we recommend that they
should be used for terminal room decontamination of rooms
of patients on contact precautions. Since different UV and
hydrogen peroxide systems vary substantially, infection pre-
ventionists should review the peer-reviewed literature and
choose only devices with demonstrated bactericidal capability
as assessed by carrier tests and/or the ability to disinfect actual
patient rooms. Ultimately, one would select a device that also
has demonstrated the ability to reduce HAIs.89

Other Disinfection and Sterilization Issues
Assessing Risk to Patients from Disinfection and Sterilization
Failures
Disinfection and sterilization are critical components of infec-
tion control. Unfortunately, breaches of disinfection and ster-
ilization guidelines are not uncommon. Patient notifications
due to improper reprocessing of semicritical (e.g., endoscopes)
and critical medical instruments have occurred regularly.7 This
referenced article also provides a method for assessing patient
risk for adverse events, especially infection. Use of a 14-step
algorithm (Table 8.5) can guide an institution in managing
potential disinfection and sterilization failures.7

Human Papilloma Virus
Human papilloma virus (HPV) is an extremely common sexu-
ally acquired pathogen and is considered the cause of cervical
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cancer. A 2014 paper demonstrated that the FDA-cleared high-
level disinfectants (i.e., glutaraldehyde, OPA) tested did not
inactivate HPV, a non-enveloped virus.93 These findings are
inconsistent with many papers in the peer-reviewed literature,
which demonstrates that HLD such as OPA and glutaralde-
hyde inactivate non-enveloped viruses such as HAV, polio,
adenovirus, and norovirus. Since the HLD are commonly
used to disinfect endocavitary probes (e.g., vaginal probes,
rectal probes), there is an urgency to corroborating these
data. In a conversation with CDC staff regarding this issue, it
was determined that hospitals should continue to use the FDA-
cleared high-level disinfectants consistent with the manufac-
turers’ instructions until the data can be corroborated. Data
have demonstrated the activity of a hydrogen peroxide mist
device to inactivate HPV.94

Do Not Reuse Single-Use Devices
The Department of Justice and the FDA have joined forces in
prosecuting healthcare providers that reuse single-use devices.
For example, one physician was criminally prosecuted for
reusing needle guides meant for single use during prostate
procedures. These prosecutions are based on conspiracy to
commit adulteration and Medicare fraud. Third-party repro-
cessing is allowed by the FDA as the reprocessor is considered
the device manufacturer as defined under 21 CFR Part 820.

Storage of Semicritical Items
In 2011, The Joint Commission recommended that laryngo-
scope blades be packaged in a way that prevents recontamina-
tion. Examples of compliant storage include, but are not
limited to, a peel pouch or a closed plastic bag. Examples of
noncompliant storage include unwrapped blades in an

anesthesia drawer as well as an unwrapped blade on top of or
within a code cart. The packaging not only prevents reconta-
mination but also distinguishes a processed from a nonpro-
cessed semicritical item such as a speculum laryngoscope
blade, or endoscope. The use of a tagging system, in both
inpatient and outpatient facilities,95 that separates processed
from nonprocessed items minimizes the risk that a nondisin-
fected, semicritical device would be used and potentially lead to
cross-transmission of a pathogen.7 This could involve a tag
(e.g., green tag-patient ready, red tag-requires reprocessing)
for GI endoscopes or a plastic sheath or plastic-paper peel
pouch (e.g., endocavitary probes). Ideally, hospitals and ambu-
latory care facilities (as appropriate) should develop a strategy
(e.g., tagging, storage covers for patient-ready devices) that
prevents patient exposures to contaminated devices.

Immersion vs. Perfusion of Channel Scopes such as Cystoscopes
In the United States, it is estimated that over 4 million cystos-
copies are performed each year. Cystoscopy is a diagnostic
procedure that uses an endoscope especially designed to exam-
ine the bladder, lower urinary tract, and prostate gland or is
used to collect urine samples, perform biopsies, and remove
small stones. A flexible or rigid scope can be used to carry out
the procedure. Since the procedure, and other channeled
scopes (e.g., hysteroscopes, some nasopharyngoscopes)
involves a medical device in contact with the patient’s mucous
membranes, it is considered a semicritical device that must
minimally be high-level disinfected.

We recently evaluated the disinfection of cystoscopes, and
our results demonstrated that disinfection (i.e., a reduction in
bacterial load of greater than 7-log10 CFU) did not occur unless
the channel was actively perfused with the glutaraldehyde

Table 8.5 Protocol for exposure investigation after failure to follow disinfection and sterilization principles

1. Confirm disinfection or sterilization reprocessing failure

2. Embargo any improperly disinfected or sterilized items

3. Do not use the questionable disinfection or sterilization unit (e.g., sterilizer, automated endoscope reprocessor)

4. Inform key stakeholders

5. Conduct a complete and thorough evaluation of the cause of the disinfection/sterilization failure

6. Prepare a line list of potentially exposed patients

7. Assess whether disinfection or sterilization failure increases patient risk for infection

8. Inform expanded list of stakeholders of the reprocessing issue

9. Develop a hypothesis for the disinfection or sterilization failure and initiate corrective action

10. Develop a method to assess potential adverse patient events

11. Consider notification of state and federal authorities

12. Consider patient notification

13. Develop long-term follow-up plan

14. Perform after-action report

Modified from Rutala.7
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disinfectant. In fact, failure to perfuse the channel led to only
minimal, if any, reduction in bacterial contamination.
However, complete inactivation of 108 CFU of both VRE and
CRE was achieved when the channel was actively perfused. It
appears that no high-level disinfectant entered the channel
unless it was actively perfused, as the level of microbial con-
tamination was not reduced by immersion.96 This occurs
because the air pressure in the channel is stronger than the
fluid pressure at the fluid-air interface. Recommendations are
provided for cystoscope high-level disinfection and include
actively perfusing the device while immersed in the high-level
disinfectant.96 Unfortunately, some cystoscope reprocessing
recommendations published in the literature are incorrect.
For example, authors have recommended complete immersion
of the cystoscope into the high-level disinfectant but did not
mention perfusion of the high-level disinfectant into the
channel.97

Clostridium difficile: Role of the Environment and
Prevention Strategies
C. difficile is an enteric bacterial pathogen that may cause an
infection ranging from mild diarrhea to life-threatening pseu-
domembraneous colitis. Although C. difficile infection (CDI)
has been frequently encountered in hospitals and long-term
care facilities for many years, rates in the United States have
doubled between 2000 and 2009,98 and now it is the leading
cause of HAIs.99 This trend has been associated with the
emergence of a highly virulent strain of C. difficile that pro-
duces greater quantities of toxins A and B, and a separate
binary toxin. To effectively manage this disease and keep
informed of its changing epidemiology, optimal strategies in
CDI surveillance, diagnosis, treatment, antibiotic stewardship,
and effective infection prevention are warranted.98,100,101

C. difficile shares common epidemiologic characteristics
with other epidemiologically important pathogens such as
MRSA and VRE. Both the skin and environment become
contaminated with C. difficile, and healthcare personnel
hands become contaminated by touching the environment
around the patient or the patient directly.102,103 Since C. diffi-
cile spores are less susceptible to commonly used disinfectants
and antiseptics, there are special prevention strategies
employed, such as enhanced environmental cleaning/disinfec-
tion of the rooms housing CDI patients (e.g., at least daily
disinfection of environmental surfaces).103,104

Several factors facilitate the environmental route of trans-
mission of C. difficile.46 First, the organism contaminates the
environment of patients colonized or infected with C. difficile.
Second, the C. difficile spore can survive in the hospital envir-
onment for up to 5 months.105 On dry surfaces, vegetative C.
difficile bacteria die rapidly (within 15 minutes of exposure to
room air), due to desiccation, whereas they can remain viable
for up to 6 hours on moist surfaces in room air.106 These data
suggest that moist surfaces in hospitals (e.g., toilets, sinks,
moist dressings) may provide a suitable environment for vege-
tativeC. difficile to persist for several hours.106 The spore is also
more resistant to the effect of the gastric acids in the

stomach.107 Thus, the spore is the bacterial form more likely
important in disease transmission and that must be inactivated
and/or removed by surface disinfection. SinceC. difficile spores
are more likely involved in disease transmission than are vege-
tative bacteria, a claim based only on the vegetative bacteria
would likely be potentially misleading and be incompletely
effective in preventing disease transmission. Thus, the
Environmental Protection Agency (EPA) letter preventing
claims based on the inactivation of vegetative bacteria is both
soundly based in science and judicious public health policy (F.
Sanders, EPA, written communication, September 2008).
Third, since spores are relatively resistant to inactivation by
low-level disinfectants, a higher level of disinfection is needed
to prevent environmental spread. At present, there are 34
products registered by the EPA (www.epa.gov/oppad001/list
_k_clostridium.pdf) to kill C. difficile spores. Most are
chlorine-based disinfectants, but some include hydrogen per-
oxide plus peracetic acid, or peracetic acid with silver.

Role of the Environment. Healthcare personnel are the most
likelymode of transmission ofC. difficile to patients; healthcare
personnel’s hands may become contaminated by either direct
patient contact or contact with a contaminated environment.
Additionally, a patient can unintentionally self-inoculate by
touching a contaminated surface and bringing their hand to
their mouth. C. difficile contamination has been found in
rooms of patients that are colonized or infected with C. difficile
at a frequency of 10 to approximately 50 percent but the level of
contamination is usually low.104 For example, C. difficile con-
tamination has been found on 49 percent of sites in rooms
occupied by patients with C. difficile infection and 29 percent
of sites in rooms occupied by asymptomatic carriers.108

Greater hospital room square footage is a significant risk factor
for nosocomial CDI, which highlights the importance of the
hospital environment in CDI transmission and the need for
improved environmental cleaning interventions.109

Contamination of the environment and patient care equip-
ment occurs through fecal shedding or through the contami-
nated hands of the patient or healthcare personnel.107 There
are several observations that demonstrate that contaminated
environmental surfaces are important in the acquisition of C.
difficile, including the fact that the incidence of CDI is signifi-
cantly associated with the proportion of culture-positive envir-
onmental sites, and that there is epidemiological evidence that
the use of sodium hypochlorite for environmental cleaning
may significantly reduce the incidence of CDI.54 Data also
demonstrate that the proportion of positive personnel hand-
specimen cultures was strongly correlated with the density of
environmental contamination.110 For example, the proportion
of positive hand-specimen cultures was 0 percent when the
environmental contamination rate was 0–25 percent, 8 percent
when environmental contamination was 25–50 percent, and
36 percent when environmental contamination was >50
percent.111 Additionally, the use of an effective antimicrobial
(e.g., sodium hypochlorite) significantly decreased environ-
mental contamination rates in rooms of patients with C.
difficile.54 For example, Eckstein observed 9 of 10 (90 percent)
rooms of patients with CDI had one or more positive cultures
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prior to cleaning with a 1:10 dilution of bleach versus 2 (20
percent) of the rooms after cleaning.70 Sitzlar et al. evaluated
the impact of sequential cleaning and disinfection interven-
tions that included formation of a dedicated daily disinfection
team and implementation of a standardized process for clean-
ing CDI rooms and showed that they achieved consistent room
disinfection.112 Not only is the product important, but it is
essential that the practice of thoroughly cleaning contaminated
surfaces be monitored and improved.49

Prevention Strategies.With increasing CDI rates, clearly there
is a need for more effective infection prevention strategies.
Strategies to prevent patient ingestion of spores consist of
traditional infection prevention strategies that target the envir-
onment, hand hygiene (with soap and water), and barrier
precautions, such as contact precautions.98,113 Two strategies
have been shown to be effective at interrupting disease trans-
mission during CDI clusters or epidemic periods: effective
room decontamination by surface disinfection with sodium
hypochlorite to minimize environmental contamination; and
the use of effective barrier precautions (especially gloves) by
healthcare personnel during patient contact to prevent
transmission.98,113 More recently, “no-touch” room deconta-
mination systems (both hydrogen peroxide vapor and UV)
have also been shown to reduce HAIs in 11 studies.89

Studies have shown that admission to a room previously
occupied by a patient with C. difficile51 significantly increases
the odds of acquiring CDI. These studies demonstrate the
importance of effective room disinfection for eliminating the
pathogen from the environment. Rutala et al. have shown that
wiping with a sporicidal agent provides excellent removal and
inactivation of C. difficile spores (e.g., 3.90 log10 reduction).

114

Pathogen survival on environmental surfaces or patient care
equipment may be attributable to ineffective products (i.e.,
disinfectants that don’t kill the pathogen) or poor practices
(i.e., all surfaces are not wiped or a poor technique that does
not remove/inactivate the pathogen).49 For this reason, the
practice of thoroughly cleaning contaminated surfaces should
be monitored and improved.

SinceC. difficile is shed in the feces, any surface or device that
becomes contaminated by feces or hands can serve as a reservoir
forC. difficile spores. The frequency ofC. difficile contamination
in patients’ rooms may vary from approximately 10 percent to
greater than 50 percent.70,78,104,105,110,111,115–122 The C. difficile
spore load on environmental surfaces in healthcare facilities is
generally low. Several studies have assessed themicrobial load of
C. difficile on environmental surfaces, and most usually found
less than 10 colonies of C. difficile on sampled surfaces found to
be contaminated.70,78,105,111,115,117,122 Two studies reported
more than 100 colonies; one reported a range of “1 to >200”
colonies, and one study that sampled several sites with a sponge
found 1,300 colonies. The heaviest contamination is found on
floors, but other sites frequently found to be contaminated are
windowsills, commodes, toilets, call buttons, scales, blood pres-
sure cuffs, toys, bathtubs, tables, light switches, phones, door
handles, mops, electronic thermometers, and feeding tube
equipment. These spores will remain in the environment for
months unless physically removed or inactivated by

disinfectants. Most low-level disinfectants used in healthcare
(e.g., alcohol, quaternary ammonium compounds, phenolics)
are not effective against C. difficile spores, although higher-
level disinfectants do kill the spores (e.g., glutaraldehyde [not
for surface disinfection], chlorine at a concentration of 5,000
ppm)(Unpublished data, WA Rutala, December 2008).123,124

The importance of environmental contamination in dis-
ease transmission is emphasized by the epidemiological find-
ings that disinfection with sodium hypochlorite (i.e., bleach)
has been shown to be effective in reducing environmental
contamination in patient rooms and in reducing CDI rates in
hospital units where the rate of CDI is high in at least 5
studies.54 For this reason, the use of bleach (1:10 dilution of
concentrated bleach) is recommended by the CDC during
outbreaks of CDI and in hyperendemic settings.13,98 One
application of bleach covering all surfaces to allow a sufficient
wetness for ≥1 minute contact time is recommended. A dilu-
tion of bleach with water normally takes 1 to 3 minutes to dry.
At UNC Hospitals, we use bleach and UV disinfection in all
rooms of patients with CDI.89

In summary, environmental interventions are an impor-
tant part of a comprehensive strategy in preventing transmis-
sion of C. difficile in the healthcare setting. The use of chlorine
during hyperendemic and epidemic periods has been shown to
reduce environmental contamination with C. difficile and to
reduce the incidence of C. difficile infection. Interventions,
such as chlorine, aimed at optimizing environmental disinfec-
tion are an important component of our infection prevention
strategies.

Inactivation of Creutzfeldt-Jakob Disease
Creutzfeldt-Jakob disease (CJD) is a degenerative neurologic
disorder of humans with an incidence in the United States of
approximately 1 case per 1 million population.125–127 CJD is
caused by a proteinaceous infectious agent or prion. Prion
diseases do not elicit an immune response, result in a nonin-
flammatory pathologic process confined to the central nervous
system, have an incubation period of years, and usually are
fatal within 1 year of diagnosis.

CJD occurs as both a sporadic disease (approximately 85
percent of cases) and as a familial or inherited disease (approxi-
mately 15 percent of cases). Fewer than 1 percent of CJD
episodes have resulted from healthcare-associated transmis-
sion; the majority result from use of contaminated tissues or
grafts.128 Iatrogenic CJD has been described in humans in
three circumstances: after use of contaminated medical equip-
ment on patients undergoing intracranial placement of con-
taminated EEG electrodes (2 cases in Switzerland) and
neurosurgical procedures (4 suspected cases; 3 cases in
United Kingdom and 1 case in France); in patients who
received cadaveric hormone therapy; and in patients who
received an implant of contaminated grafts from humans
(cornea-2 cases, dura mater >190 cases).128–131 All known
instances of iatrogenic CJD have resulted from exposure to
infectious brain, pituitary, or eye tissue. Tissue infectivity stu-
dies in experimental animals have determined the infectious-
ness of different body tissues.131,132
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The agents of CJD and other transmissible spongiform
encephalopathies (TSEs) exhibit an unusual resistance to con-
ventional chemical and physical decontamination methods. In
order for a surgical instrument to act as a vehicle of prion
transmission, it must come into contact with infective tissue
(e.g., brain) during surgery on the infected patient, it must
maintain any adhered infectivity after being decontaminated
and sterilized, and must have contact with the receptive tissue
in the recipient.133 For a comprehensive review of disinfection
and sterilization recommendations for CJD, the reader is
referred to the SHEA guideline134 and a paper by Belay et al.135

The three parameters integrated into disinfection and ster-
ilization processing for prion-contaminated medical instru-
ments are as follows: the risk that the patient has a prion
disease; the comparative infectivity of different body tissues;
and the intended use of the medical device136–138 (LM
Sehulster, written communication, 2000). High-risk patients
include: those with known prion disease; rapidly progressive
dementia consistent with possible prion disease; familial his-
tory of CJD, Gerstmann-Straussler-Scheinker, fatal familial
insomnia; patients know to carry a mutation in the PrP gene
involved in familial TSEs; a history of dura mater transplanta-
tion; EEG findings or laboratory evidence suggestive of a TSE
(e.g., real-time quaking-induced conversion [RT-QuIC] assay
of cerebral-spinal fluid or markers of neuronal injury such as
14-3-3 protein); or a known history of cadaver-derived pitui-
tary hormone injection. High-risk tissues include brain, spinal
cord, pituitary tissue, and posterior eye (that involves the retina
or optic nerve). All other tissues are considered low or no risk.
Critical devices are defined as devices that enter sterile tissue or
the vascular system (e.g., surgical instruments). Semicritical
devices are defined as devices that contact nonintact skin or
mucous membranes (e.g., GI endoscopes).

Recommendations for disinfection and sterilization of
prion-contaminated medical devices are as follows.139–151

Instruments should be kept wet (e.g., immersed in water or a
prionicidal detergent) or damp after use and until they are
decontaminated. They should be decontaminated (e.g., in an
automated washer-disinfector) as soon as possible after use.
Dried films of tissue are more resistant to prion inactivation by
steam sterilization compared to tissues that are kept moist.
This may relate to the rapid heating that occurs in the film of
dried material compared to the bulk of the sample, and the
rapid fixation or dehydration of the prion protein in the dried
film.152 It appears that prions in the dried portions of the brain
macerates are less efficiently inactivated than undisturbed tis-
sue. In addition, certain disinfectants (e.g., glutaraldehyde,
formaldehyde, ethanol) can fix or dehydrate the protein and
make it more difficult to inactivate.153–156 A formalin-formic
acid procedure has been recommended for inactivation of
prion infectivity in tissue samples obtained from patients
with CJD.155

The high resistance of prions to standard sterilization
methods warrants special procedures in the reprocessing of
surgical instruments. Special prion reprocessing is necessary
when reprocessing critical or semicritical medical devices that
have had contact with high-risk tissues from high-risk patients.

After the device has been cleaned, it should be sterilized by
either autoclaving (i.e., steam sterilization) or using a combi-
nation of sodium hydroxide and autoclaving,129,135 using one
of the four options below:

Option 1 – autoclave at 134°C for 18 minutes in a preva-
cuum sterilizer;143,146,147,151,154,157–161 or

Option 2 – autoclave at 132°C for 1 hour in a gravity
displacement sterilizer;155,162–165 or

Option 3 – immerse in 1 N NaOH (1 N NaOH is a solution
of 40 g NaOH in 1 liter of water) for 1 hour; remove and rinse
in water, then transfer to an open pan and autoclave (121°C
gravity displacement or 134°C porous or prevacuum sterilizer)
for 1 hour;146,157,163,164,166 or

Option 4 – immerse instruments in 1 N NaOH for 1 hour
and heat in a gravity displacement sterilizer at 121°C for 30
minutes.167

The Association of peri-Operative Nurses and the
Association for the Advancement of Medical Instrumentation
recommended practices for reprocessing surgical instruments
exposed to CJD are consistent with the above
recommendations.136,168,169

It is essential with any sterilization process, and especially
prion-contaminated devices, that the instrument be fully
accessible to the sterilant (e.g., steam).147 Prion-contaminated
medical devices that are impossible to clean or fully expose to
steam and other sterilants should be discarded. Flash steriliza-
tion should not be used for reprocessing. Always discard
single-use devices. To minimize environmental contamina-
tion, noncritical environmental surfaces should be covered
with plastic-backed paper and when contaminated with high-
risk tissues the paper should be properly discarded. There are
no antimicrobial products registered by the EPA specifically
for inactivation of prions on environmental surfaces and no
sterilization processes cleared by the FDA for sterilization of
reusable surgical instruments. However, the EPA has issued
quarantine exemptions to several states permitting the tem-
porary use of a phenolic (containing 6.4 percent o-benzyl-p-
chlorophenol, 3.0 percent p-tertiary-amylphenol, 0.5 percent
o-phenyl phenol, 4.9 percent hexylene glycol, 12.6 percent
glycoloic acid, 8 percent isopropanol)170 for inactivation of
prions on hard, nonporous surfaces in laboratories that handle
contaminated or potentially contaminated animal tissues and
wastes. If no EPA-registered or exempted products are avail-
able, then noncritical environmental surfaces (e.g., laboratory
surfaces) contaminated with high-risk tissues (e.g., brain tis-
sue) should be cleaned and then spot decontaminated with a
1:5 to 1:10 dilution of hypochlorite solutions, ideally, for a
contact time of at least 15 minutes.158,162,165,171–174

To minimize the possibility of use of neurosurgical instru-
ments that have been potentially contaminated during proce-
dures performed on patients in whom CJD is later diagnosed,
healthcare facilities should consider using the sterilization
guidelines outlined above for neurosurgical instruments used
during brain biopsy done on patients in whom a specific lesion
has not been demonstrated (e.g., by magnetic resonance ima-
ging or computerized tomography scans). Alternatively, neu-
rosurgical instruments used in such patients could be
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disposable,136 or instruments could be quarantined until the
pathology of the brain biopsy is reviewed and CJD excluded. If
disposable instruments are used, they should be of the same
quality as reusable devices. Some countries (e.g., France,
Switzerland) have implemented enhanced sterilization rules
to prevent transmission of CJD via surgical instruments by
requiring steam sterilization at 134°C for 18 minutes of all
surgical instruments. Other countries (e.g., United Kingdom)
discard all surgical instruments used on high-risk tissues from
patients known to have CJD.151,175

When strictly followed, these recommendations should
eliminate the risk of transmitting infection via prion-
contaminated medical and surgical instruments. Belay et al.,
from the CDC, offered alternative options, which involve
combining chemicals and sterilization to include: 1) immerse
in 1 N NaOH and heat in gravity at ≥121°C for 30 minutes in
an appropriate container; 2) immerse in 1 N NaOH or NaOCl
20,000ppm for 1 hour and then transfer into water and auto-
clave at ≥121°C for 1 hour; 3) immerse in 1 N NaOH or NaOCl
20,000ppm for 1 hour, rinse with water, transfer to pan and
autoclave at 121°C (gravity) or 134°C (porous) for 1 hour.135

Emerging Pathogens, Antibiotic-Resistant Bacteria,
and Bioterrorism Agents
Emerging pathogens are of growing concern to the general
public and infection prevention professionals. Relevant patho-
gens include Ebola virus,176 multidrug-resistant bacteria such as
CRE, Enterovirus D68, Middle East Respiratory Syndrome-
Coronavirus (MERS-CoV), multidrug-resistantM. tuberculosis,
human papilloma virus, norovirus, and nontuberculous myco-
bacteria (e.g., M. chelonae). The susceptibility of each of these
pathogens to chemical disinfectants and/or sterilants has been
studied and all of these pathogens (or surrogate microbes such
as feline-calicivirus for Norwalk virus, vaccinia for variola,177

and B. atrophaeus [formerly B. subtilis] for B. anthracis), are
susceptible to currently available chemical disinfectants and/or
sterilants.20,178 Standard sterilization and disinfection proce-
dures for patient-care equipment (as recommended in this
chapter) are adequate to sterilize or disinfect instruments or
devices contaminated with blood or other body fluids from
persons infected with bloodborne pathogens, emerging patho-
gens, and bioterrorism agents, with the exception of prions,
HPV, and C. difficile spores (see above). No changes in proce-
dures for cleaning, disinfecting, or sterilizing need to be made.13

Due to the constant evolution of pathogens causing infec-
tions (e.g., MERS-CoV), a new or emerging pathogen will
likely not have an EPA-registered disinfectant on the market
to kill it. Manufacturers may not make claims about any
emerging pathogen without EPA approval, and it can take 18

to 24 months for a manufacturer to obtain label claims for new
pathogens (see wwwepa.gov/oppad001/disinfection_hier.ht
m). Until an EPA-approved claim is available, users may
need to refer to the hierarchy of microbial susceptibility to
select the appropriate disinfectant for the emerging pathogen.-
13 If the microbiologic class of a newmicrobe is established, the
class-specific test organism(s) would serve as a surrogate for
evaluating disinfectant efficacy. The label claim (i.e., registra-
tion) would be based on the use of a validated EPA-approved
test that assessed the efficacy of disinfectants against the class-
specific test organism. For example, an EPA-claim against
poliovirus or hepatitis A would be used for MERS-CoV as
well as data in the peer-reviewed literature that demonstrated
the inactivation of coronavirus.179–181 Until a new or emerging
microbe could be placed in amicrobiologic class, it is suggested
that only disinfectants with a mycobactericidal claim be
allowed by the EPA.180 For example, the Severe Acute
Respiratory Syndrome (SARS) agent, prior to isolation and
characterization as a coronavirus, would necessitate the use
of a disinfectant with a mycobactericidal label claim for surface
disinfection. Once the agent is characterized and placed into a
microbial class (as a coronavirus or virus) all EPA-products
with a label claim against viruses (e.g., test agent, poliovirus)
would be acceptable. In the event that there is not a validated
test organism in a class, the next-most-resistant class should be
used for purposes of registering disinfectants. For example, if a
surrogate for an enveloped virus is not validated, then a non-
enveloped virus (e.g., poliovirus) could be used instead. Using
this accumulated knowledge onmicrobial susceptibility should
discourage unnecessary testing, listing irrelevant organisms on
labels, and “bug-of-the-month” testing.180,182

In addition, there are no data to show that antibiotic-
resistant bacteria (MRSA, VRE, multidrug-resistant M. tuber-
culosis) are less sensitive to the liquid chemical germicides than
antibiotic-sensitive bacteria at currently used germicide con-
tact conditions and concentrations.183–185

Conclusion
When properly used, disinfection and sterilization can ensure
the safe use of invasive and noninvasive medical devices. The
method of disinfection and sterilization depends on the
intended use of the medical device: critical items (those that
contact sterile tissue) must be sterilized prior to use; semicri-
tical items (those that contact mucous membranes or nonin-
tact skin) must be high-level disinfected; and noncritical items
(those that contact intact skin) should receive low-level disin-
fection. Cleaning should always precede high-level disinfection
and sterilization. Current disinfection and sterilization guide-
lines must be strictly followed.
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Chapter

9
Improving Hand Hygiene in Healthcare Settings
Katherine D. Ellingson, PhD, and Janet P. Haas, RN, PhD

Introduction
The association between Healthcare workers, (HCW) hand
hygiene and prevention of healthcare-associated infections
(HAI) was established over 150 years ago and continues to be
reinforced by scientific studies around the world.1–5 Because
HAI are multifactorial, some studies fail to show an association
between adherence and decreased HAI. However, there is
evidence to support the link between hand hygiene and infec-
tion outcome from studies across a wide spectrum of care.
In recent history, hand hygiene has become a foundational
component of HAI prevention and has been promoted
through local initiatives, accrediting bodies, professional socie-
ties, and global campaigns. In particular, the proliferation and
widespread use of alcohol-based hand sanitizers has improved
HCW’s ability to conveniently sanitize hands at frequent
intervals.6,7 The importance of hand hygiene in healthcare is
especially critical in today’s healthcare environment, where the
spread of multidrug-resistant organisms is an increasing threat
to patient safety.

Despite enhanced awareness and technological advance-
ments, hand hygiene practices among HCW remain subopti-
mal; a recent systematic review of hand hygiene studies in
industrialized nations revealed an overall adherence rate of
less than 50 percent.8 An arbitrary goal of 90 percent had
been set by some facilities and accrediting agencies; however,
Pittet and colleagues realized a decrease in MRSA in their
three-year study, which culminated with a final hand hygiene
adherence of 66 percent.4 Current guidance is to assess weak
points in individual units or facilities and focus on targeted
improvements. Healthcare workers report myriad reasons for
lack of adherence, including: lack of access to sinks or hand
hygiene product, understaffing or busy work setting, and skin
irritation, as well as cultural issues such as lack of role models
and inattention to guidelines.9–11 In this chapter, we review
existing guidelines for hand hygiene in healthcare settings,
highlight current issues inmeasurement and product selection,
and summarize recommendations for effective implementa-
tion of hand hygiene programs.

Guidelines
The Centers for Disease Control and Prevention (CDC), the
World Health Organization (WHO), and the Society for
Healthcare Epidemiology of America (SHEA) have published
broadly distributed evidence-based recommendations and gui-
dance for implementation of HCW hand hygiene programs in
2002, 2009, and 2014, respectively.12–14 The WHO guidelines

are rooted in a global perspective and address unique aspects of
hand hygiene, including religious and cultural issues, promo-
tion on a national scale, social marketing, safety issues, infra-
structure required for hand hygiene, and implementation of
programs in under-resourced settings. The 2014 SHEA com-
pendium on hand hygiene highlights practical guidance for
hand hygiene program implementation and updated recom-
mendations based on studies published since the release of the
CDC and WHO guidelines.

When to Perform Hand Hygiene
The most commonly recognized framework for characteriz-
ing hand hygiene opportunities is the WHO’s “My 5
moments for hand hygiene” (Figure 9.1), which is featured
in the 2009 guideline and accompanying implementation
guide.15 The 5 moments include: 1) before touching the
patient; 2) before a clean/aseptic procedure; 3) after body
fluid exposure; 4) after touching the patient; and 5) after
touching patient surroundings. Indications for hand hygiene
that are not encompassed explicitly by the “5 Moments”
include: before handling medication; before or after hand-
ling respiratory devices, urinary catheters, and intravascular
catheters; after removing gloves; and when moving from
a contaminated body site to a clean body site regardless of
body fluid exposure.14 It is not uncommon for institutions to
teach the concepts of the 5 moments but simplify measure-
ment by observing hand hygiene before entering and upon

Figure 9.1 My 5 Moments for Hand Hygiene, reproduced with permission
from www.who.int/gpsc/5may/background/5moments/en/ (accessed
21 June 2017)
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exiting a patient care area; some measure adherence upon
exit only.16 It is important to note that clinical role, increased
activity and poor role modeling are some of the factors
associated with decreased rates of compliance.1–3 During
physician rounds or other busy times, facilities may wish to
target interventions to improve adherence.

Methods for Hand Hygiene Measurement
Monitoring hand hygiene performance is an essential element
of hand hygiene promotion. However, there is no standard
method for measuring hand hygiene performance, in part
because the optimalmethods formeasurement are still evolving.
Further, many technological innovations to facilitate and stan-
dardize hand hygiene adherence monitoring are still under
evaluation in terms of validity and acceptability.17 Wide varia-
tion in hand hygiene observation methods makes it difficult to
compare adherence rates across organizations. The main hand
hygiene measurement methods are direct observation, indirect
volume or event count measurement, and advanced technolo-
gies for automated adherence monitoring. Each method has
strengths and weaknesses (Table 9.1).18 Using multiple methods
to measure hand hygiene is a way to address the strengths and
limitations associated with a single measurement approach.19,20

Direct observation, which has long been considered the
gold standard of hand hygiene adherence monitoring, involves
in-person monitoring of hand hygiene behavior. To enhance
validity and reliability of direct observation, it is crucial that
observers be trained, and their observations validated initially
and at intervals to assure accuracy; a suite of tools was devel-
oped by the WHO to help standardize the observation
process.21 The “Hawthorne effect,” or behavior change based
on the awareness of subjects that they are being observed, is
a well described effect of direct observation. When the desired
outcome is improved adherence, with less focus on the true
rate of hand hygiene, having known observers may be a potent
intervention. However, for more accurate measurement of
hand hygiene, some facilities have used covert observers, or
“secret shoppers.”22 Although use of covert observers may
improve the validity of the measurement and be appropriate
for quality improvement initiatives, some experts have raised
ethical concerns about avoiding informed consent of those
being observed, and it is unlikely that the covert nature of the
observations can be sustained.23 Two studies have found that
limiting observation periods to 15 minutes in one location can
both minimize the Hawthorne effect and maximize the num-
ber and diversity of HCW observed.24,25

Technology-assisted direct observation includes use of
mobile devices or video monitoring to document hand
hygiene monitoring. In-person, direct observation can be
streamlined using a mobile hand-held device rather than
paper and pen to capture adherence data.26,27 Another varia-
tion on technology-assisted direct observation is video mon-
itoring, in which recording equipment is covertly aimed at
a sink or alcohol-based hand rub (ABHR) dispenser and
continuously records opportunities for hand hygiene across
all shifts and classes of healthcare workers.28 The video is later
reviewed by trained auditors to assess hand hygiene in the

same manner as in-person directly observed hand hygiene
surveillance. A third-party remote video auditing service can
utilize web-based applications to provide adherence feedback,
although there is no opportunity for immediate feedback
when the review takes place remotely, and patient privacy
can be impacted by these systems even with narrow-focus
cameras trained on sinks.29

Measurement of hand hygiene product (soap, ABHR) con-
sumption or dispenser activation frequency can be used to
indirectly assess hand hygiene adherence. This form of mea-
surement can be used to monitor trends over time or by type of
care unit.30 Volume of product used can be compared with the
industry-average volume of a single dose of product to approx-
imate hand hygiene adherence rates at a low cost.31 However,
product measurement can be hampered by unreliable usage
data from distribution or materials management, or inten-
tional tampering with dispensers or deliberate waste of pro-
duct. A more reliable, but more expensive mechanism for
indirect measurement is the use of dispenser-based counters
that create a date and time stamp each time the dispenser is
used.32 Whether these forms of indirect measurement are
adequate proxies for hand hygiene adherence (as measured
by direct observation) remains unresolved.33

“Intelligent” hand hygiene systems are being developed
with the idea that the system should use advanced automated
technologies to record all hand hygiene opportunities, pro-
vide a feedback or reminder system, and, ideally, respond to
healthcare workers’ behavior and actions.34 Sensor networks
are designed to sense when healthcare workers enter a patient
care area such as a room or bedside, detect when hand
hygiene is performed, and, if hand hygiene is not performed,
remind the healthcare worker to do so.35,36 Newer systems use
personal wearable electronic monitors that communicate
with ceiling-mounted infrared emitters, or use WIFI or
radio frequency signals to establish defined zones around
patient beds or at the threshold of patient rooms. These
systems usually capture entry and exit into a patient zone,
comparable to WHOmoments 1 and 4, but are less successful
at capturing WHO moments 2 and 3 within the patient care
episode. They cannot distinguish whether the healthcare pro-
vider touched the patient or only touched the environment
(WHO moment 5).37 Since the late 2000s, many studies have
been published on the introduction and pilot testing of new
technologies, but no single system has been endorsed due to
cost, complications in implementation, and lack of rigorous
evaluation methods.17,38

Hand Hygiene Technique
Most studies on hand hygiene adherence assume that health-
care workers adhere to appropriate technique, and studies
are lacking on adequacy of hand hygiene technique in gen-
eral. The minimum time required per most hand hygiene
product manufacturers is generally 15–20 seconds, with the
volume required changing based on the size of the hands to
meet the time requirement. Recent studies suggest that 15
seconds is insufficient for meeting standards for high-quality
hand disinfection (EN 1500)39 and that physical coverage of
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hands with hand hygiene product in clinical settings is often
substandard.40

In 2009, the WHO published guidance on a standardized
multistep technique to promote coverage of all surfaces of the
hands with hand hygiene product, estimating 20–30 seconds
for handrubbing (www.who.int/gpsc/5may/How_To_HandR
ub_Poster.pdf, Figure 9.2) and 40–60 seconds for hand wash-
ing with soap and water (www.who.int/gpsc/5may/How_To
_HandWash_Poster.pdf). A 2015 study in a hospital with
extremely high adherence (>90 percent) found that only
8.5 percent of hand hygiene events complied with the six key
steps in the WHO-recommended technique.41 Assuring that
providers are using appropriate technique to reduce microbial
burden through hand hygiene is critical; this can be achieved
through training staff on standardized technique, or by

instructing providers simply to cover their hands with enough
hand hygiene product (i.e., the “reasonable application”
approach) regardless of technique used. Importantly, the stu-
dies finding “reasonable application” equivalent to
a standardized technique had protocols using 3 mL of product,
and it is unclear how often this volume is used in clinical
practice42 (due to longer drying times associated with use of
higher volumes). The standard dispenser actuation for alcohol-
based handrubs is 1.1 mL, although recent studies showed
variability from 0.6 mL to 1.3 mL of product dispensed with
each actuation,25 and that the 1.1 mL amount is less effective
than higher volumes across a range of products.43 Because
technique is an important but often neglected component of
hand hygiene programs, assessing and providing feedback on
technique is critical.

Table 9.1 Summary of observations for hand hygiene adherence measurement, including strengths and weaknesses. Reproduced with permission from (14).

Observation method Strengths Weaknesses

Direct observation • Gold standard for hand hygiene adherence

• Only method that can discern all
opportunities for hand hygienewithin patient
care encounter, and assess hand hygiene
technique

• Allows for immediate corrective feedback.

• Labor intensive and costly

• Observers must be trained and validated

• Subject to Hawthorne effect

• Subject to selection and observer bias

Direct observation with
technology assistance

• Use of technology (e.g., tablet) to save data
entry step, or to assist observer in
standardizing measurement (i.e., removing
subjectivity)

• Video-assisted observations can provide
assessment of all or most opportunities
to be analyzed at remote location

• Less time-consuming and costly than direct
observation

• Requires investment and maintenance
of infrastructure.

• Video monitoring requires trained observers
and has limited opportunity for immediate
feedback, and has potential to impact on
patient privacy

Product volume or event
count measurement

• Not subject to Hawthorne effect, selection
or observer bias

• Unobtrusive, and encompasses all
opportunities

• Counters can detect changes in frequency
of use according to time of day or patterns
of use in a hospital unit

• May assist in optimal location of dispensers

• Relies on accurate usage data, which may be
compromised by system gaps or intentional
tampering

• Cannot distinguish hand hygiene
opportunities (no denominator), or who used
the product

• Cannot assess adequacy of technique

• There are significant costs associated with
event-counting systems, and there is
ongoing maintenance required

Automated monitoring
systems

• Systems with wearable components can
provide positive feedback or just-in-time
reminders to perform hand hygiene, and
individual level monitoring

• Captures all episodes entering and leaving
a patient zone (eliminating selection and
observer bias) and associated adherence

• Expensive to implement and requires
ongoing maintenance (e.g., battery
replacement or recharging) for all devices

• Difficult to detect opportunities within the
patient encounter, or assess technique

• Concerns about healthcare worker privacy

• Limited data outside of research settings

Self report • Can raise individuals’ awareness
of their practice.

• Unreliable as healthcare workers overestimate
their performance, and should not be used for
hand hygiene monitoring data
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Selecting Hand Hygiene Products
Four key factors that are relevant to the selection of hand
hygiene products for use in healthcare include: efficacy,
tolerability, acceptance, and cost. Infection prevention

teams must assess efficacy of various products to start the
selection process. Alcohol-based handrubs (ABHR) with
alcohol concentrations between 62 and 95 percent perform
better than either antimicrobial or plain soaps against bac-
teria over a broad range of testing conditions.44–46 Alcohol-

RUB HANDS FOR HAND HYGIENE! WASH HANDS WHEN VISIBLY SOILED

Apply a palmful of the product in a cupped hand, covering all surfaces; Rub hands palm to palm;

Right palm over left dorsum with 
interlaced fingers and vice versa;

Palm to palm with fingers interlaced; Backs of fingers to opposing palms 
with fingers interlocked;

Rotational rubbing of left thumb 
clasped in right palm and vice versa;

Rotational rubbing, backwards and 
forwards with clasped fingers of right 
hand in left palm and vice versa;

Once dry, your hands are safe. 

How to Handrub?

Duration of the entire procedure: 20–30 seconds

1a 1b 2

3 4 5

6 7 8

All reasonable precautions have been taken by the World Health Organization to verify the information contained in this document. However, the published material is being distributed without warranty of any kind, 
either expressed or implied. The responsibility for the interpretation and use of the material lies with the reader. In no event shall the World Health Organization be liable for damages arising from its use.

WHO acknowledges the Hôpitaux Universitaires de Genève (HUG), in particular the members of the Infection Control Programme, for their active participation in developing this material.

World Health
Organization

Patient Safety
A World Alliance for Safer Health Care

SAVE LIVES
Clean Your Hands

May 2009

Figure 9.2 WHO Six Steps for Hand Rubbing. Reproduced with permission fromwww.who.int/gpsc/5may/How_To_HandRub_Poster.pdf (accessed June 21, 2017)
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based hand rubs also have good activity against viruses; in
most cases they perform better than both plain and anti-
microbial soaps and water.47–49

There is some concern, however, about the efficacy of
ABHR against non-enveloped viruses such as norovirus,50

and against spore-forming organisms like C. difficile.51

Conflicting studies regarding the efficacy of ABHR against
norovirus have led the CDC to recommend use of soap and
water for the care of patients with known, suspected, or proven
norovirus infection during outbreaks, although this is based on
“very low-quality evidence.”52 Regarding C. difficile, recent
evidence suggests that, while ABHR may not effectively
remove spores from hands, soap and water is also not optimal
and does not achieve the log reductions seen with other bac-
teria and viruses.53 The 2009 WHO guidelines recommend
preferential use of soap and water in settings with outbreak
or hyperendemic C. difficile infection. A recent CDC report
and the 2014 SHEA hand hygiene compendium recommend
consideration of preferential soap and water use in C. difficile
outbreak settings, but emphasize shifting the focus to appro-
priate use of gloves to reduce C. difficile transmission rather
than focusing on use of a particular hand hygiene product.14,54

Requirements for surgical hand preparations include rapid
action to kill microorganisms as well as persistence for hours.
Alcohol-based surgical hand preparations, which are often
combined with another agent with persistent action, provide
superior reductions in microorganisms compared to tradi-
tional scrub products.55 Alcohol-based preparations are less
damaging to skin, and are at least equivalent in preventing
surgical site infections.56,57 Surgical healthcare workers should
apply ABHR for surgical skin prep in accordance with the
manufacturer’s instructions, since misapplication of product
can increase the risk of surgical site infection.58 Traditional
hand scrubbing for surgical procedures is typically performed
with either chlorhexidine gluconate or povidone iodine on
a sponge or brush. Traditional surgical scrubs also require
clean water, which may not be available in some settings.
Surgical personnel who opt for scrubbing should use the
sponge side of the applicator rather than the brush, since the
brush is damaging to skin and may promote skin shedding.59

Once a range of products with appropriate efficacy have
been selected, clinical staff should be involved in the evalua-
tion of products for use. Acceptance and tolerability of hand
hygiene products are key to a successful hand hygiene pro-
gram. Product acceptance is affected by personal preferences
for scent, appearance, and texture. In addition, dispensing
modality (foam vs. gel vs. rub or wipe) for ABHR may impact
acceptance by staff, and this may vary by healthcare setting.60

Environmental impact and effects of long-term exposure to
hand hygiene products are also important considerations.
Triclosan, an antiseptic agent used widely in commercial
soaps and body washes as well as healthcare soap products,
has undergone increasing scrutiny. Concerns persist about
triclosan exposure levels and potential health effects in
humans. Triclosan was detected in 75 percent of urine sam-
ples from US adults and children involved in the 2003–2004
CDC National Health and Nutrition Examination Survey

(NHANES); this survey also revealed positive associations
between triclosan levels in individuals and poor health
indicators such as altered thyroid hormone levels, elevated
body mass index, and allergies.61–63 Given that there is no
evidence of the superiority of triclosan as a hand hygiene
agent,64 combined with growing health and environmental
concerns,65 this product is likely to be a less acceptable
option for hand hygiene.

Tolerability is an important aspect of product selection.
Since the expectation is that staff will perform hand hygiene
many times each day they work, it is important to ensure that
the product is mild or has sufficient emollients to reduce the
risk of dermatitis. Irritant contact dermatitis is the most fre-
quently occurring adverse reaction to hand hygiene products.
Symptoms include dryness, irritation, itching, cracking, and
bleeding of the skin, and most nurses have reported experien-
cing this condition at some time in their careers.66 It can be
exacerbated by seasonal dryness in winter and by product
formulation. Risk reduction strategies include promoting use
of ABHR over soap and water unless hands are visibly soiled.67

When soap and water are indicated, hot water should be
avoided.68 Healthcare workers should be encouraged to use
gloves, for extensive patient care or tasks that involve contact
with liquids, such as bathing patients.69 Finally, healthcare
facilities should provide lotion for use in the workplace and
encourage its use.70

Institutions should involve a group of healthcare workers
to try hand hygiene products before committing to their use.
In addition, employee health services should keep track of the
number of healthcare workers who report for evaluation of
contact dermatitis, and the severity of their skin condition.
Products found to be particularly irritating should be replaced
with less irritating alternatives. Although cost is an issue for all
healthcare facilities, cost alone should not determine selection
of hand hygiene products. Tolerability and acceptance should
primarily determine which products staff will use daily in their
work environment.

Once the products have been selected, care must be taken to
place dispensers in locations convenient to healthcare workers.
Soaps should obviously be located at sinks, but ABHR can be
located throughout healthcare facilities. There are several con-
siderations in placement of ABHR dispensers. Dispensers must
be installed and product must be stored in accordance with local
fire regulations; ABHRs are widely used, and can be used with
minimal fire risk if these regulations and guidelines are
followed.71 Toxicity from ingestion is a concern when ABHR
are used in settings that serve cognitively impaired, behavioral
health and substance abuse patients. A local risk assessment can
guide placement of dispensers in these settings. The WHO
recommends placing dispensers at the point of care, and dispen-
sing pocket containers to be carried by healthcare workers, to
maximize adherence to hand hygiene practices in healthcare.21

Implementation
Although most studies evaluating the impact of implement-
ing hand hygiene programs are not of rigorous scientific
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quality,72 two recent meta-analyses include collated results
from multiple studies to enhance power and generalizability
of the results.73,74 A 2014 meta-analysis evaluated several
bundle combinations and found that hand hygiene improve-
ment bundles that included enhanced access to ABHR, educa-
tion, reminders, feedback, and administrative support had
a significant collective impact on hand hygiene adherence; of
note, these are the same key elements included in the WHO’s
implementation guide.73 A 2015 meta-analysis concluded that
the WHO bundle was effective in improving hand hygiene
adherence, but that rates were even further improved with
addition of goal setting, incentives, and accountability.74

Recent studies have reinforced the importance of sustained
feedback of hand hygiene rates for sustained improvement,
linking incentives with unit-specific goals, and feedback deliv-
ered both verbally and in writing.75,76 Feedback should be
used to engage HCW in identifying problems at the individual
hospital or unit level, and to tailor ongoing interventions.73,74

There are free materials available such as WHO observa-
tion forms at www.who.int/entity/gpsc/5may/Observation
_Form.doc.27 2, and in The Joint Commission’s hand
hygiene monograph at www.jointcommission.org/topics/hai
_hand_hygiene.aspx.17. The Joint Commission Center for
Transforming Healthcare’s targeted solutions tool for hand
hygiene (www.centerfortransforminghealthcare.org/tst_hh
.aspx) is available for free to organizations accredited by
The Joint Commission.

In today’s dynamic healthcare environment, where the
composition of healthcare workers, procedures performed,
and products used constantly evolves, the importance of con-
tinuing hand hygiene education cannot be overemphasized.
Healthcare workers should be educated on indications for
hand hygiene, and on hand hygiene technique, with specific
attention to the products available at a particular institution.
Interactive methods, such as using ink, fluorescent gels or
powders, and UV light boxes can enhance staff engagement
in hand hygiene education. Targeting education to specific
groups based on their care activities or knowledge gaps or
misconceptions (e.g., as determined by surveys) can address
local issues in a tailored fashion. Education of healthcare work-
ers upon hire and at least annually is critical for maintaining
and documenting competency. Competency can be assessed
with tests of didactic knowledge, demonstration of adherence
to recommended practices through audits, and demonstration
of proper hand hygiene technique.

Recommended Hand Hygiene Improvement
Strategies
The following recommendations are adapted from the SHEA/
IDSA compendium of strategies to decrease infections:

Recommendations below are categorized as either basic
practices that should be adopted by all acute care settings,
practices that should not be adopted, and unresolved issues.
Each recommendation is given a quality of evidence ranking
based on the GRADE system and the Canadian Task Force
on Preventive Healthcare. None of the hand hygiene

recommendations listed below achieve a category I ranking,
which is defined as having high degree of evidence. This
requires a wide range of studies demonstrating a similar size
and direction of effect with narrow confidence intervals.
Grade II recommendations are considered to have moderate
evidence to support them. The true effect is likely to be close
to the estimated size and direction of the effect, but there is
a possibility that it is substantially different. Evidence is
rated as moderate quality when there are only a few studies
and some have limitations but not major flaws, there is some
variation between studies, or the confidence interval of the
summary estimate is wide. Level III recommendations have
a low level of evidence. The true effect may be substantially
different from the estimated size and direction of the effect.
Evidence is rated as low quality when supporting studies
have major flaws, there is important variation between stu-
dies, the confidence interval of the summary estimate is very
wide, or there are no rigorous studies, only expert consen-
sus. The lack of randomized trials to test recommendations
for hand hygiene indications that have become standard of
care is likely to persist, largely due to ethical concerns.
However, optimizing methods for hand hygiene measure-
ment, multisite studies on implementation of hand hygiene
programs, and studies of hand hygiene in non–acute care
settings are needed. Establishing consistent methods for
assessing the efficacy of various products relative to volume
and technique used in clinical settings is critical.

A. Recommended for all acute hospitals
1. Select appropriate products (II).

a. For routine hand hygiene choose alcohol-based hand
rub with at least 62 percent alcohol.

b. Antimicrobial or non-antimicrobial soap should be
available and accessible for routine hand hygiene in all
patient care areas.

c. For surgical antisepsis, use an ABHR that is specially
formulated for surgical use containing alcohol for rapid
action against microorganisms, and another
antimicrobial for persistence or use an antimicrobial
soap and water; scrub brushes should be avoided
because they damage skin.

2. Provide convenient access to hand hygiene equipment
and products by placing them strategically and assuring
that they are refilled routinely as often as required (III).

a. Sinks should be located conveniently and in accordance
with the local applicable guidelines.

b. Dispenser location may be determined by assessing staff
work flow patterns or use of a more formal framework
such as the Toyota Production Systems shop floor
management; counters in product dispensers can show
which dispensers are frequently used, and those that are
rarely used.

i. It is important to place hand hygiene products in the
flow of work to promote adherence.
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ii. Location of dispensers and storage of ABHR should
be in compliance with fire codes.

3. Involve healthcare workers in choosing products (III).

Various components of hand hygiene products can cause
irritation, and products that are not well accepted by
healthcare workers can negatively impact hand hygiene
adherence.

4. Perform hand hygiene with an alcohol-based hand rub
or, alternatively, an antimicrobial or nonantimicrobial
soap, for the following indications (II).

a. Before direct patient contact.
b. Before preparing or handling medication in anticipation

of patient care (e.g. in medication room or at medication
cart before patient encounter).

c. Before inserting an invasive device.
d. Before and after handling an invasive device, including

before accessing intravenous devices for medication
administration.

e. Before moving from a contaminated body site to a clean
body site on the same patient.

f. After direct patient contact.
g. After removing gloves.
h. After contact with blood or bodily fluids.
i. After contact with the patient environment.

5. Perform hand hygiene with antimicrobial or
nonantimicrobial soap when hands are visibly soiled (II).

6. Assess unit or institution-specific barriers to hand hygiene
with front-line healthcare workers for the purpose of
identifying interventions that will be locally relevant (III).

7. Implement a multimodal strategy (or “bundle”) for
improving hand hygiene adherence to directly address
the organization’s most significant barriers (II).

a. Use a bundled approach including enhanced access to
ABHR, education, reminders, feedback, and
administrative support; this combination of
interventions had a significant collective impact on hand
hygiene adherence.

b. At a minimum, use a bundled approach including
education, reminders, and feedback.

8. Educate, motivate, and assure competency of healthcare
workers (anyone caring for the patient on the
institution’s behalf) about proper hand hygiene (III).

a. Educate healthcare workers through regular sessions at
hire, when job functions change, and at least annually.

i. When possible, use interactive means such as
fluorescing indicators to simulate hand
contamination and subsequent removal, visual
reminders such as culture plates of hands or audience
response systems to keep the audience engaged.

b. Assure competency of healthcare workers by testing
knowledge of the indications for hand hygiene and

requiring demonstration of appropriate hand hygiene
technique.

c. Educate patients and families about hand hygiene on
admission to healthcare facilities and when changes in
circumstances warrant; encourage patients and families
to remind healthcare workers to clean their hands before
care episodes.

d. Motivate healthcare workers to perform hand hygiene
using positive message framing for hand hygiene
messaging and posters.

e. Use behavioral frameworks and recognized behavioral
techniques to plan and execute interventions.

9.Measure HH adherence via direct observation (human
observers), product volume measurement, or automated
monitoring (II).

a. Decide upon type of measurement system based on
resources available and commitment to using the data
collected productively; consider advantages and
limitations of each type of monitoring.

i. Use direct observation to elucidate
contextual barriers and facilitators to hand
hygiene, and to provide corrective feedback to
individuals.

ii. Use product volume measurement for large-scale
benchmarking but complement with direct
observation when possible.

iii. Use automated systems to provide real-time
reminders, and generate feedback for quality
improvement; be aware that such systems have been
mainly used in research settings; they may be
limited in their capacity to accurately measure
opportunities within each patient care encounter;
these systems can, however, measure a large sample
of hand hygiene opportunities and can be useful for
measuring trends over time and generating real-
time displays for feedback.

10. Provide feedback to healthcare workers on hand hygiene
performance (III).

a. Provide feedback in multiple formats and on more than
one occasion.

b. Provide meaningful data with clear targets and an action
plan in place for improving adherence.

i. Meaningful data may include unit- or role-based
adherence data rather than overall performance.

ii. Real-time displays of hand hygiene adherence may
provide some incentive for improvement on a shift-
by-shift basis.

B. Approaches that should not be considered
part of routine hand hygiene

1. Do not use hot water for hand washing because it can
irritate the skin.
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2. Do not use ABHR hand rub when hands are visibly soiled.
3. Do not use triclosan-containing soaps: given concerns

about the potential human and environmental impacts of
this chemical combined with its potential to promote
resistance, triclosan-containing soaps should be avoided
until the benefits versus risks can be adequately
characterized.

4. Do not use self-report as the primary method of hand
hygiene adherence measurement.

C. Unresolved Issues
1. There is no national standard for measuring hand hygiene

adherence: this includes the optimal number of
observations, which indications should be monitored,
whether technique should be considered and the best
method to assess adherence.

2. There is conflicting evidence as to whether soap and water
should be used preferentially to ABHR during care for
patients with known or suspected norovirus or C. difficile
infection: current guidelines recommend preferential use
of soap and water in outbreak settings, but these
recommendations are based on conflicting studies and low-
quality evidence in general.

3. Prohibition or allowance of shellac (gel) nails and nail
enhancements on healthcare workers: if institutions
consider these nail adherents artificial, then they should be
prohibited among healthcare workers caring for high-risk
patients per existing CDC and WHO guidance. Whether
shellac (gel) nails are “artificial,” however, is controversial.

4. More research is needed to assess whether donning
nonsterile gloves without prior hand hygiene is safe for
patient care and whether it leads to significant increases in
contamination of unused gloves in glove boxes.
Additionally engineering solutions that could reduce
potential contamination of unused gloves during removal
from the box should be pursued.

5. Policies requiring hand washing or scrubbing upon entry to
high-risk areas, such as neonatal intensive care units or
burn units, are common, but there are no data to support or
refute these practices. Hand hygiene before patient contact
in these settings is recommended, but it is unclear whether
additional benefit is conferred by washing or scrubbing
upon entry and before reaching the patient care area.

6. Although many manufacturers of surgical hand preparation
products stipulate use of picks and brushes, two recent
studies show no benefit when using picks or brushes.
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Chapter

10
Surveillance: An Overview
Trish M. Perl, MD, MSc, and Kathleen A. Gase, MPH, CIC, FAPIC

A good surveillance system does not guarantee that you make the
right decisions but it reduces the chance of making the wrong
ones.
–Alexander Langmuir1

Introduction
The cornerstone of any clinical outcomes program, including
one responsible for healthcare epidemiology (HE) and infec-
tion prevention (IP) and antimicrobial stewardship (ASP), is
surveillance for complications of medical care. Because of the
changing paradigm of healthcare, infections that have been
labeled “nosocomial” in the past are now called “healthcare-
associated.” The term “healthcare-associated infection” (HAI)
describes an infection that is neither present nor incubating at
the time the patient is admitted to the healthcare institution.
We refer to surveillance systems that collect information about
HAIs, colonization or infection with epidemiologically signifi-
cant organisms, antimicrobial use, and the related processes of
care. For simplicity, we use the term “HAI” to encompass areas
of interest to the healthcare epidemiologist. Although we focus
on surveillance as it applies to HAIs, the methods we discuss in
this chapter are well established and can also be applied to
noninfectious complications. Surveillance in ASP overlaps
with surveillance for HAIs. When tracking multidrug-
resistant organisms (MDROs), some of which are HAIs, resis-
tance patterns are important. In some areas, the surveillance
for ASP is being developed, and the discussion may not apply.

This chapter reviews basic principles of surveillance for
HAIs and colonization or infection with epidemiologically
important organisms. Additionally, with IP, ASP, and other
elements of patient safety being elevated from the dark corners
of hospitals into the public, regulatory, and legislative realms,
we will also briefly discuss surveillance in the current era of
emphasis on patient safety. The focus has now expanded to
health systems and the population served by the larger medical
community including nonacute healthcare settings (e.g., .long-
term care facilities, rehabilitation units, and home healthcare).

In this chapter we describe the components of a surveillance
system, methods for surveillance, methods for finding HAI
events of interest and of public health importance, use of anti-
microbial agents and data sources.We describe methods used to
stratify patients by their risk of developing an HAI or acquiring
an epidemiologically significant organism and methods to risk-
adjust use of antimicrobials in hospitals and other healthcare
settings. We also discuss the importance of calculating rates
or ratios of infection, colonization, antimicrobial resistance,

antimicrobial use, and other outcomes in a standardized fashion
to ensure that appropriate comparisons can be made.

Finally, we review the importance of using computers and
information technology, which are becoming integral to effi-
cient and effective surveillance.We encourage HE, IP, and ASP
teams to use this information as they design surveillance sys-
tems or integrate informatics systems into their daily activities
so that they meet the goals of their program. The information
in this chapter should be supplemented with the training and
resources needed to provide healthcare institutions with accu-
rate collection and analysis of these complex data.

Background
In 1847, Ignaz Semmelweis reported on an unusual difference in
mortality rates among mothers delivering babies at the
Allgemeines Krankenhaus der Stadt Wien, in Austria (the
Vienna Lying-In Hospital). Semmelweis had made the general
observation that mothers delivering in the hospital’s First
Obstetrical Clinic were more likely to develop puerperal fever
than were those delivering in the SecondObstetrical Clinic. This
difference was so pronounced that it was common knowledge
on the streets, and women admitted to the hospital would plead
for admission to the “Second Clinic,” believing they would die if
they gave birth in the “First Clinic.” Troubled by this seemingly
inexplicable disparity, Semmelweis documented the mortality
rates from puerperal fever in the two clinics and began to collect
data on the differences in patients and practices. He examined
numerous variables without identifying a possible cause, until
he noted that women in the First Clinic were treated by interns,
who began the morning examining cadavers. Midwives, who
were not involved in cadaver dissections, treated women in
the Second Clinic. Hypothesizing that some element transferred
from cadavers to the interns’ hands and then to the pregnant
women was responsible for the puerperal fever, Semmelweis
instituted the practice of having all interns wash their hands
with a chlorinated lime solution after dissection and prior to
examining patients. With this single intervention, rates of
puerperal fever in the First Clinic declined dramatically, until
they generally equaled those in the Second Clinic.

Semmelweis’s observation of the difference in rates of death
due to puerperal fever was a basic form of surveillance.
Surveillance can be described as the process of identifying
rates of complications and ultimately intervening to reduce
those rates. Surveillance is a dynamic process for collecting,
concatenating, analyzing, and disseminating data concerning
specific healthcare events that occur in a specific population.2
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Findings from surveillance are commonly linked to or should
result in actions or decisions, often at the level of hospital
policy. As the cornerstone of HE and IP programs, surveillance
provides data that are used to determine baseline rates of
HAIs, and to detect changes in previously measured rates or
distributions of events. The changes that have been found may
lead to investigations of each case, including the determination
of whether such events or significantly increased rates were
clustered in time and/or space, the generation of hypotheses
about risk factors, the institution of prevention and control
measures, and, ultimately, the determination of whether the
interventions instituted were effective. Appropriately per-
formed surveillance requires defined events and systematic
case-finding, and appropriate risk stratification to identify
trends and to evaluate the impact of interventions over time.
Surveillance data should also be used to determine the risk
factors for the outcome of interest, to monitor compliance
with established hospital policies and practices, to evaluate
changes in practice, and to identify topics for further study.
Importantly, such processes are critical to ensure that appro-
priate data are generated for interhospital comparisons.

Historically, in the United States, it was accepted by the
Centers for Disease Control and Prevention (CDC), accrediting
agencies, and hospital administrators that surveillance for noso-
comial infections (now called healthcare-associated infections)
was an important element of an infection prevention and con-
trol program. In 1974, the CDC initiated the Study on the
Efficacy of Nosocomial Infection Control (SENIC) to determine
the magnitude of the problem with HAIs, to evaluate the extent
to which hospitals had adopted surveillance and control pro-
grams, and to examine whether infection prevention and con-
trol programs reduced rates of surgical site infection (SSI),
ventilator-associated pneumonia (VAP), urinary tract infection
(UTI), and bloodstream infection (BSI).3 The SENIC investiga-
tors found that different combinations of infection control
practices helped reduce the incidence of each of these types of
infections.3 However, surveillance was the only component
found essential to reduce all four types of infection. Of note,
this study examined the rates of the four most common infec-
tions, and these data suggest that the incidences of other types
of HAIs are also reduced with comprehensive surveillance
activities.3–5 In addition, the SENIC project concluded that
effective programs included surveillance for HAIs, adequate
numbers of infection control practitioners or infection preven-
tionist’s, feedback of data to healthcare providers, and a trained
hospital epidemiologist (a physician trained in epidemiologic
methods and infection control and prevention strategies).

Since the SENIC study was published, surveillance for
HAIs, including those resistant to antimicrobial agents, has
taken on even greater importance in facilitating the prevention
of transmission among an increasingly ill population of
patients. Although much of the experience with surveillance
for HAIs has taken place in North America, European and
other international groups have recently developed large sur-
veillance programs for HAIs and antimicrobial-resistant
organisms that have supported the fundamental findings of
the SENIC project and have enhanced our understanding of

the expanding roles of surveillance.6–10 Such sophisticated
surveillance programs that involve large numbers of hospitals
have proven extremely effective in identifying new trends in
the spread of antimicrobial-resistant organisms and inmeasur-
ing the impact of interventions.

Several other new trends in surveillance should be men-
tioned. “Syndromic surveillance” uses health-related data to
track events of potential public health significance, such as
infection with an agent of bioterrorism or newly emerging
diseases (e.g., severe acute respiratory syndrome [SARS], Ebola
[EBV]).11 Data that can be captured in these systems include
admission diagnoses, emergency department chief complaints,
prescriptions written or filled, and test utilization patterns.
Such data, once concatenated, are processed using sophisti-
cated algorithms to identify syndromes (e.g., respiratory syn-
dromes, rash-associated illness, febrile influenza-like illness, or
gastroenteritis) that mimic significant infectious and nonin-
fectious diseases. Such data would be routinely transmitted to
the public health authorities, as an “early warning” system for
a bioterrorism event or to alert clinicians and, over time, assess
the effectiveness of interventions. These efforts have been most
studied with influenza using social media and publically avail-
able data and appear to be valid and effective. Several recent
examples of these strategies have been important in early
identification of patients with “high-impact” pathogens such
as Ebola andMiddle East Respiratory Syndrome (MERS-CoV).
However, the integration of social media is associated with
cautionary notes of “overcalling” potential infectious events.
The utility of this type of surveillance is that it detects out-
breaks early and tracks disease trends and patterns. Hence, its
potential application in HE and IP programs is being investi-
gated, and it is being incorporated more frequently.12

Because of the impact and importance of HAIs and
MDROs, transparency about frequency and trends is being
called for increasingly in the United States and other developed
nations. Furthermore, France, the United Kingdom, and many
states in the United States and Canadian provinces have passed
legislation requiring healthcare facilities to report HAIs, detec-
tion of MDROs, and/or process-of-care measures to public
health authorities for review and verification. Data are then
made available by the agencies to the public and may affect
reimbursement for acute care and other healthcare facilities.
The intended goal of this new regulatory role is to release these
data to the public and encourage improvements in the quality
of healthcare and patient safety.13–15 With increasing require-
ments for public reporting of HAIs, the importance of using
standardized definitions, identifying cases systematically, and
appropriately assigning risk factors is paramount.16

What Does Surveillance Entail?
Surveillance requires that relevant information be collected
systematically. This includes the careful collection and valida-
tion of both numerator and denominator data regardless if this
is for HAIs or antimicrobial use. The purpose of, and time
frame for, data collection should be specific. Data need to be
analyzed and displayed to enhance interpretation and facilitate
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any necessary interventions. This chapter focuses on surveil-
lance for HAIs, MDROs, and relevant processes of care.
We also consider some unique aspects of ASP, commonly
linked with HAI and MDRO surveillance although with some
unique features. These principles can also be applied to non-
infectious adverse outcomes of medical care, such as falls and
medication errors. This process and its epidemiologic aspects
are important to maintain given the increasing pressure to
publicly report these data and to reimburse healthcare
providers for their ability to provide safe care. Additionally,
although we recognize that an increasing number of patients
receive medical care and surgical procedures in the outpatient
setting, this chapter primarily describes surveillance in acute
care hospitals. The principles set out here, however, can be
used in any healthcare setting.

Why Conduct Surveillance?
Surveillance is conducted for a myriad of reasons. Some are
more important than others. Conducting surveillance or estab-
lishing a surveillance program allows an IP program to achieve
multiple goals:

• To establish baseline rates for comparison;
• To detect clustering in time and space of infections or

healthcare-related events (e.g., outbreaks);
• To convince clinicians and administrators that there is

a potential problem (that may require additional resources
to address);

• To generate hypotheses concerning risk factors for
infection;

• To identify a source of cases with which to test hypotheses
concerning risk factors;

• To assess the impact of prevention and control measures
(e.g., interventions);

• To guide treatment (e.g., the choice of antimicrobial
agents) and/or prevention strategies (e.g., administration of
vaccine or chemoprophylaxis);

• To reinforce practices and procedures;
• To satisfy patient-care standards, guidelines, and/or

regulatory requirements;
• To defend lawsuits;
• To conduct research;
• To reduce the incidence of HAIs;
• To make comparisons within and between hospitals or

healthcare systems; and
• To drive interventions that will improve patient safety.

What Is Necessary to Plan for, and Conduct,
Surveillance for HAIs, MDROs, and ASP?
Many IP programs establish surveillance systems based on
recommendations from the CDC or another federal agency,
legislative directives, regulatory agency requirements, or
other external pressure, such as competition from hospitals
in the community that have already established programs.
Commonly the surveillance systems for HAIs and MDROs

house data needed for ASP programs, and the surveillance
activities are linked. Hospitals and health systems that have
established programs under such circumstances may not
have established their own goals and priorities prior to
undertaking surveillance. Consequently, data collection
becomes an end unto itself.

Unfortunately, in these instances, the surveillance data
have little influence on the infection rates because clarity as
to their purpose and practical application is lacking. On the
other hand, HE and IP programs with defined objectives and
goals can effectively use data to motivate clinicians and
enhance quality improvement efforts.

There are a number of requirements for successful surveil-
lance programs that are generally multidisciplinary efforts with
physician, HE, IP, pharmacy, laboratory, and other stakeholder
involvement (Table 10.1). Chief among them is a set of clear and
specific primary objectives.When developing a new surveillance
system or revising an existing system, the staff must first define
the priorities of the IP/ASP program(s). By outlining program
priorities, staff can clarify both the type of surveillance they
should conduct and the types of data they should collect. After
the HE, IP, and ASP staff have analyzed preliminary data from
their own institution (i.e., data obtained either through the
previous surveillance system or through a hospital-wide/health
system–wide prevalence survey), they can custom design
a surveillance system specific for their own facility. National

Table 10.1 System requirements for surveillance programs

Programmatic

Leadership support

Access to data

Multidisciplinary approach

Human resources

• Trained personnel

• Infection prevention

• Hospital epidemiology

• Data management

Financial resources

• Equipment

• Computer hardware and software

• Supplies for interventions

Components

Statement of primary objective(s) and goal(s)

Standardized application of case definitions and collection
methods

Measurable metrics of success

Numerator and denominator data

Data to stratify by risk

Mechanism to report results broadly and efficiently
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and state (or provincial) regulatory issues, national guidelines,
and local patient care standards that may dictate special surveil-
lance needs must be considered. For example, some states
require environmental surveillance for Legionella species, while
others require reporting of specific organisms and or HAI rates.

When developing a surveillance program, HE, IP, and ASP
personnel should consider characteristics of the institution,
including the size, hospital type (e.g., private, university, or
federal, and teaching or nonteaching), patient populations
served, procedures and treatments offered, and proportion of
inpatient care and outpatient care provided at that facility. These
staff also should consider the resources available to the IP pro-
gram, including the budget, the number of personnel and their
level of training and experience, and the available technology
resources that can be used by the staff. A surveillance system
should be designed in amanner that supports accomplishing the
stated objectiveswith themost efficient use of resources, keeping
in mind that additional resources must remain available to
appropriately utilize the surveillance data gathered (e.g., for
analysis, reporting, developing interventions, and monitoring
efficacy). Because of the trend toward increasing transparency
and public reporting of these data, verification of numerators
anddenominators has become increasingly important to admin-
istrators, which requires additional resources.

As the surveillance system is designed, the staff should
consider the advantages and disadvantages of different surveil-
lance methods (Table 10.2) and the sensitivity of different
case- finding methods or surveillance strategies (Table 10.3).
Identifying which events to study and the data sources avail-
able in their hospital when they choose the case-finding meth-
ods is crucial. Definitions must be standard and applied in the
same fashion using appropriate numerators and denomina-
tors. In general, in the United States, definitions promoted by
the CDC are used.17 These definitions, although not perfect,
have been used for years, and their utility is well understood by
the healthcare epidemiology community. They are discussed in
more detail below (in the discussion of how to target outcomes
and populations).

Similarly for ASP, identifying conditions to monitor in
a standard fashion facilitates interventions. However, definitions
may be less clear as commonly infections and syndromes
are targeted for surveillance activities including community-
acquired pneumonia, urinary tract infections, skin and soft tissue
infections. Basic information should be collected on all patients
with HAIs and MDROs or who are receiving antimicrobials
(Table 10.4). For some infections, one may want to collect addi-
tional data (e.g., on central venous catheter–associated BSIs,
specific antimicrobials, doses, duration) or collect information
during certain time periods (e.g., when conducting a study to
evaluate the prevalence of certain infections and to identify risk
factors for those infections). Additionally, for surveillance for
ASP, data may be collected on antimicrobial choices for certain
types of infections such as perioperative prophylaxis for cardiac
surgery or treatment of Staphylococcus aureus bacteremia.

Ideally, IP and ASP staff should focus on infections or
transmission of organisms that can be prevented, occur fre-
quently, cause serious morbidity, increased mortality, are

costly to treat, or are caused by organisms resistant to multiple
antimicrobial agents. For example, because infections asso-
ciated withmedical devices are preventable, consider surveying
those UTIs associated with indwelling catheters or those infec-
tions caused by antimicrobial-resistant organisms. Another
strategy would be to limit this type of surveillance to device-
related infections in intensive care units or limit it to step-
down units where such devices are commonly used. HAIs
caused by Legionella species or Aspergillus species occur infre-
quently, but cause substantial morbidity and mortality, and
most can be prevented with environmental controls. Similarly,
for ASP efforts, staff may focus on areas where antimicrobials
are commonly misused such as in the perioperative setting or
the treatment of asymptomatic bacteruria. Therefore, IP and
ASP staff may want to use available data sources to identify all
of these cases.

Vancomycin-resistant enterococci (VRE), methicillin-
resistant Staphylococcus aureus (MRSA), Clostridium difficile
(CDI), multidrug-resistant Pseudomonas aeruginosa or
Acinetobacter species, carbapenem-resistant enterobactera-
ciae (CRE) and other organisms resistant to multiple antimi-
crobials can spread rapidly within healthcare settings.
Colonization or infection caused by these organisms can be
very costly to treat or may not be treatable. Therefore, micro-
biology laboratory data can be used to perform surveillance
for patients who are infected or colonized with MDROs. IP
personnel may choose to study infections that are relatively
minor but occur frequently, because these infections will
increase the total cost to the healthcare system substantially.
For example, saphenous vein harvest site infections are less
severe than sternal wound infections after coronary artery
bypass graft procedures. However, at least two-thirds of SSIs
that occur after coronary artery bypass graft are harvest site
infections, with an attributable cost of nearly $7,000 per
infection.18 Because harvest site infections occur much more
frequently than do serious sternal wound infections, the total
cost to a healthcare system of the former approximates that of
the latter. Furthermore, harvest site infections may be caused
by problems with surgical technique and thus could be pre-
vented if surgical technique was improved. Therefore, IP
personnel might want to develop a surveillance system that
is able to detect harvest site infections instead of focusing on
the more serious but less common sternal wound infections.

Strategies that are similar can be used for ASP programs.
While infections after colorectal surgery may not be the most
common, if expensive antimicrobials such as ertapenem or
meropenem are used, a targeted intervention by the ASP staff
may improve treatment and save costs. On the other hand, if
aminoglycosides are being used inappropriately, an ASP inter-
vention to appropriately monitor the agents or switch to a less
toxic agent may enhance patient safety. The challenge, there-
fore, is to determine how a program can get the most from the
resources that it has to use – that is, should the surveillance
focus on serious infections that are rare or more common
infections that are less serious? Or the focus could be to
appropriately use expensive antibiotics and minimize the use
of agents associated with expensive toxicities.
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As medical care moves from the hospital to outpatient
and alternative care settings, healthcare practitioners will
be challenged with how to identify HAIs that develop in
the ambulatory care or nontraditional setting.19,20 Unless
HE and IP teams expand their boundaries and develop
innovative surveillance strategies, they will underestimate
the frequency of infections associated with medical care.
At present some IP programs that monitor patients who
develop SSI after ambulatory operative procedures remain

in a quandary about how to best find them.20 These
efforts are equally challenging for ASP programs that are
working to improve the appropriateness of use of anti-
microbial agents and minimize adverse events in these
alternate settings. In addition, IP and ASP staff might
consider using surveillance to identify patients who
acquire infections associated with outpatient treatments,
such as dialysis, chemotherapy, and intravenous therapy
(e.g., antimicrobial or antiviral therapy, or parenteral

Table 10.2 Advantages and disadvantages of basic surveillance strategies

Strategy Advantages Disadvantages

Health system or hospital-wide
surveillance

Provides data on all organisms and
infection types

Expensive and labor intensive

Identifies clusters, recognizes outbreaks
early

Time dedicated to data collection decreases
the amount of time for analysis

Establishes accurate baseline
rates

No defined prevention objectives making
it difficult to develop interventions

Identifies risk factors Identifies infections that may not be preventable

Prevalence survey Inexpensive Overestimates rates

Time-efficient; can be completed
periodically

Does not capture important differences
in infections

Provides snapshot of rates in a
population

Does not provide information about variation
within rates

Targeted surveillance (i.e., site or
unit specific; rotating)

Flexible, easy to combine with other
strategies

May miss clusters

Can include postdischarge
component

Denominator may be inadequate to make
comparisons

Identifies risk factors Risk stratification may be difficult
Easily adaptable to interventions

Rates may be unreliable or not generalizable
Allows focus on patients at greater risk
Requires fewer resources and simplifies
surveillance effort
Cost effective

Objective/priority based Adaptable to specific patient populations and
interventions

May miss clusters

Can be tailored based on
resources

Unable to provide baseline or comparison data
for other infections

Focus on specific problems

Identifies risk factors

Can include a postdischarge component

Threshold (outbreak or periodic) Increases efficiency of surveillance, allowing IP
to perform other activities

Does not provide ongoing surveillance
data

Institution specific; valuable as long as rates are
below national benchmarks at baseline

Institution specific; will not identify rates that are
above national benchmarks at baseline

Decreases possibility of missing a significant
problem

May miss clusters
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nutrition) or associated with programs such as hospital-
based home care. These latter areas of treatment remain
of interest not only because increasingly-ill patients are
receiving care in these areas but also because recently
there have been incidents of use of contaminated products
or poor IP practices at home that have put patients
at risk.

How Do You Assess the Surveillance System
and Develop Priorities?
At a minimum, an HE and IP program should include an
annual evaluation of its surveillance system to determine if it
provided meaningful and actionable data. The staff should ask
themselves a series of questions:

Table 10.3 Sensitivities and time demands of various case finding methods used for healthcare-associated Infection surveillance

Method Estimated time required for surveillance

Sensitivity (hours)/500 beds/wk*

Physician self-report forms 0.14–0.34 3

Fever 0.47–0.56** 8

Antibiotic use 0.48–0.81** 13.8

Fever and antibiotic use 0.70** 13.4

Microbiology reports 0.33–0.84** 23.2

Gold Standard 0.94–1.00 35.7–45

Selective chart review using “Kardex clues” 0.82–0.94** 35.7

Chart review

Prospective 0.76–0.94 53.6

Retrospective (Univ. of Virginia) 0.79 35.7

Retrospective (SENIC) 0.74–0.96 not specified

Infection Control Sentinel Sheet Survey 0.73–0.87 1 minute/chart

(For ICUs or unit-based surveillance)

Ward liaison surveillance 0.62 17.6

Laboratory-based ward liaison 0.76–0.89 32.0

Risk factor-based surveillance 0.50–0.89 32.4

Selective surveillance based on 0.74 not specified

physician reports

Automated computer algothrithm review of 0.88–0.91 not specified

antibiotic exposure and ICD-9 codes for

surgical site infection

Administrative Coding Data*** 0.02–0.89 not specified

Clostridium difficile infection overall 0.76 not specified

Surgical site infection 0.81 not specified

Ventilator associated pneumonia 0.42–0.72 not specified

Catheter associated urinary tract infection 0.50–0.52 not specified

Methicillin-resistant Staphylococcus aureus 0.24–0.59 not specified

* Time required for an infection control practitioner to perform surveillance in a 500-bed, acute care hospital
** The Gold Standard for healthcare-associated infection surveillance was determined by a trained physician who examined each patient, each medical record,

all “Kardexes” and who verified microbiologic data.
*** Sensitivity of administrative coding data improves with algorithms that use data from electronic health records (Goto et al. Clin Infect Dis 2014;58 688–96).
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Table 10.4 Information to collect about patients who have a healthcare-associated infection or colonization with an epidemiologically significant organism, and
or process of care or disease syndrome

General information for all sites of infection, infections with epidemiologically important organisms

Patient name

Patient identification number

Patient age

Patient gender

Nursing unit

Service

Bed trace

Admission date

Date of infection onset and/or date specimen for culture was obtained

Site of infection

Organism(s) isolated

Antimicrobial susceptibility pattern of isolates

Admitted from (home, long-term care . . .)

Additional information

Presence of a risk factor (e.g., CVC, urinary catheter, or endotracheal tube, dialysis catheter)

Date of exposure or risk factora

Primary diagnosisa

Comorbidities present, if any

Medications received (antibiotics, steroids, immunosuppressive agents, and/or

chemotherapeutic agents)a

Exposure or risk factor (e.g., immunosuppression, instrumentation, and/or procedure[s])a

Antimicrobial therapy (agents and dose) and duration of antimicrobial therapy

History of colonization with another multidrug resistant organism (MDRO)

Travel

Comments

General information for infection with resistant or epidemiologically important organisms

Date culture specimen was obtained

Site from which culture specimen was obtained

Current and/or previous roommates

Previous rooms during current hospitalization

Previous hospitalization(s) in this hospital

Intensive care unit stay

Additional information

Underlying disease(s) or condition(s)

History of antimicrobial use

Previous hospitalization(s) in another hospital/institution
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Table 10.4 (cont.)

Previous stay in a long-term care facility

Previous vaccinations or history of infectious disease(s)a

Results of molecular typing of isolate(s) including next generation sequencing

General information for syndromic surveillance and some process measures

Patient name

Patient identification number Patient age

Service date

Chief complaint (with or without ICD-/10 code[s])

Laboratory and radiologic tests ordered and their results and findings

Prescriptions/vaccinations

Compliance with process measures including hand hygiene, isolation precautions, cleaning protocols

Other

General information for infection site–specific surveillance and some process measures

Surgical site infection

Operation and operation CPT or other code

Operation date

Surgeons (attending and resident) and other relevant personnel

Patient’s ASA score

Wound classification

Time of incision

Time procedure finished

Antibiotic(s) administered peri-operatively including dose, redosing, timinga

Intraoperative oxygenation and/or glucose administered; patient lowest temperature

Operating room number

Bloodstream infection

Intravascular catheters present (yes or no)

Number of catheters, placement circumstances, and time in place

Compliance with insertion and maintenance care bundles

Type of intravascular catheter (central placement, PICC vs. peripheral)

Location of intravascular catheter insertion site

Number of days catheter in place

Person(s) who inserted catheters

Any secondary source of infection

Checklist completed (yes or no)

Infection-related ventilator-associated complication or possible ventilator-associated pneumonia

Positive cultured respiratory specimen or other diagnostic criterion such as test for legionella, influenza, etc.

Endotracheal intubation (yes or no)

Ventilation (yes or no)
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• Did the surveillance systemmeasure meaningful outcomes or
proxies of best practice? Are these outcomes relevant to the
hospital/health system population and infectious diseases or
MDROs that are prevalent or emerging in the community?

• Did the surveillance system detect clusters or outbreaks?
• How successful was the system in identifying events of

interest (i.e., the sensitivity, specificity, and/or positive and
negative predictive values)?

• How representative was the system, if it was not
100 percent sensitive? Could the findings be generalized to
other patient populations or institutions?

• Were patient-care practices changed on the basis of the
surveillance data?

• Were data used to develop and implement interventions to
decrease the endemic rate of infection or inappropriate
antibiotic use?

Table 10.4 (cont.)

Number of ventilator days

Date patient intubated

FIO2

PEEP

Checklist completed (yes or no)

Urinary tract infection

Urethral catheter present (yes or no)

External catheter present (yes or no)

Number of days catheter in place

Person(s) who inserted cathetera

Other urinary tract instrumentationa

Checklist completed (yes or no)

General information for processes of care

Process was performed (yes or no)

There was an opportunity to perform the process (yes or no) Aspects of or steps in process being surveyed

General information for antimicrobial stewardship

Appropriate selection of empiric antimicrobials

Timing for initiation of antimicrobial agents

Descalation appropriately

Dosing and interval for “targeted antimicrobials”

Antimicrobial-related adverse events (e.g., renal dysfunction, hematologic abnormalities, prolonged Q-T intervals)

Prevalence of antimicrobial-resistant pathogens

Incidence of C. difficile infection

Costs of antimicrobials (to pharmacy)

Additional information

Compliance with antimicrobial stewardship recommendations

Rate of de-escalation

NOTE: ASA, American Society of Anesthesiologists; CVC, central venous catheter; ICD-9, International Classification of Diseases, Ninth Revision; PICC, peripherally
inserted central catheter.
a Information to be collected under particular circumstances, such as during an outbreak.
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• Were surveillance results communicated and distributed to
the administrative and clinical staff? Were data made
available in a timely fashion?

• Were data used to encourage interventions or to assess
their efficacy?

• Were data used to ensure that rates of infection or
colonization did not increase when procedures were
changed, new products were introduced, etc.?

• What was the burden of data collection (i.e., the time
required to collect valid data, given the importance of the
outcome)? Are appropriate resources (IP and other groups
within the institution) allocated to perform the necessary
data collection?

• How flexible was the surveillance system?
• Does the system provide data to meet regulatory needs?
• Can the system transfer information electronically to

public health authorities?

If no one, including the IP or ASP staff, uses the data to alter
practice, one must conclude that the current system is ineffec-
tive. At this point, it may be more fruitful to abandon the
surveillance system and devise a new strategic approach with
surveillance goals and objectives in mind. This plan should
clearly identify HE and IP objectives, outline the surveillance
data needed to address those objectives, and include specific
actions that use the collected data to achieve those goals.
The goals should focus on infections that are truly preventable
and cause harm, antimicrobials that are being used inappro-
priately, or those HAIs and MDROs for which surveillance is
required because of legislative mandates. If appropriate, one
could develop interventions on the basis of currently available
data. The staff could then plan how they will use the revised
surveillance system to monitor the efficacy of the proposed
interventions.

To determine the surveillance needs, strategic thinking is
necessary. The IP/ASP teams shouldmeet off-site for a day and
discuss issues and priorities and should use documents to
accomplish the goals. As part of this, each institution should
assess their “risk.” This process should occur annually and
allows the HE and IP team to think critically about where
problems and vulnerabilities lie, what regulatory requirements
they must fulfill, and which areas have the greatest chance of
being improved (Figure 10.1). The institution’s risk can
include the frequency of healthcare-related events of interest
and the risk of patient harm and/or its severity. Also included
in the risk assessment is an evaluation of the institution’s
response to a situation. For example, the IP/ASP team may
consider a problem differently if the hospital leadership and
hospital units are engaged in solving the problem than if they
deny a problem exists.

Validation of data enhances the credibility of the IP/ASP
team. Periodically, the team must verify that the surveillance
system is actually capturing the data the staff believe they are
receiving. Hospital departments that provide data for the sur-
veillance program may change their procedures and thereby
cause what appears to be a change in rates. Surveillance sys-
tems that use data from information systems are particularly

vulnerable to this. This issue is becoming an increasingly
important problem for systems in which both numerator and
denominator data are generated by computer queries from
administrative data systems. If the departments that provide
data notify IP/ASP staff about procedural changes, system
upgrades, or coding changes, the staff must validate the new
data and modify surveillance appropriately. However, depart-
ments often change important procedures without informing
staff in other departments. These changes could affect relevant
rates of infection or antimicrobial use substantially. Other
changes do not affect the infection rates or drug use directly
but alter the surveillance system’s ability to obtain the neces-
sary data. Because changes in procedures instituted by other
departments can be invisible and can affect rates of infection or
colonization substantially, IP/ASP personnel must investigate
and verify changes in the rates or other important results
before assuming that there is an outbreak or that an interven-
tion has been very successful (Table 10.5).

For example, you calculate the proportion of S. aureus
isolates that are resistant to methicillin and find that it has
dropped precipitously from 34 percent to 0 percent. However,
you suspect that the decrease is not real. Historically, most of
the MRSA isolates were recovered from surgical wounds, so
you check to see whether the surgeons had changed their
management of infected wounds. You discover that the sur-
geons are now treating SSI empirically without first sending
a wound specimen to be cultured. Upon further investigation,
you find that the laboratory has changed the criteria for cultur-
ing wound specimens: laboratory personnel no longer plate the
specimen if the Gram stain does not show any white blood
cells. The two unrelated changes artificially reduced the pro-
portion of S. aureus isolates that are resistant to methicillin.

Another example: the overall infection rate (or drug utili-
zation) in another hospital suddenly decreases (Table 10.5).
Ever skeptical of numbers that seem too good to be true, the
HE team searches for a possible artificial cause for this rapid
decline. They eventually discover that the fiscal department
had changed the bed-count procedure so that an admission
was counted each time a patient was transferred to another
unit. Thus, the denominator was inflated, and the resulting
infection rate (or drug utilization) appeared low.

How Should the Outcomes of Interest and
Targeted Populations Be Determined?
Infection prevention and ASP programs that have bountiful
resources may want to continue doing hospital-wide or even
health system–wide surveillance so they can detect HAIs/
MDROs in all patient populations. In some cases they may
adopt electronic surveillance strategies to facilitate this activity.
However, programs that find themselves in this enviable
position should develop innovative methods for conducting
hospital-wide surveillance and not just use the traditional
labor-intensive method of total chart review. The more likely
scenario is one of IP and ASP programs having severely limited
budgets; thus the staff must prioritize how to use these precious
resources to their greatest possible advantage. We believe that
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Risk Assessment Level of Preparedness *

Hazard Identification Probability Outcome Severity Needed* Achieved
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Surgical site infection
examples**

Your Medical Center Review Date:  

Reviewed By:  XXX Committee

*Level of Preparedness Needed: Based on the Assessment Score determine the level of preparedness needed 
utilizing the following guidelines: 

Score Rating

<2

3 to 5 Med

>6 High

Note:  All HCA infections are scored a minimum of 2 on Level of Preparedness Needed
I: Infection Control Plan Risk assessment template 2 8 08

Low

Figure 10.1 Example of an Infection Prevention Risk Assessment 20xx
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most IP and ASP programs should not conduct hospital-wide
surveillance. Instead, they should limit their surveillance to
specific infections, pathogens, patient populations, or
medications.

To begin collecting surveillance data, the HE and IP/ASP
staff first must identify the outcomes and the population they
will study. An outcome of interest should be identified on the
basis of the impact of the event on patients (i.e., the associated
morbidity and/or mortality), its frequency, its impact on the
institution (financial and other resource burden), and any
regulatory requirements. For example, healthcare facilities
with only oncology, pediatric, ophthalmology, or trauma
patients may prioritize outcomes of interest differently than
general hospitals.

Next, the staff should develop written definitions that are
precise, concise, and unambiguous. For example, the IP may be
faced with cultured blood growing coagulase negative staphy-
lococci and must be able to differentiate between a potential
contaminant and infection. This requires evaluating risk factors
(premature or with a catheter, etc.) and other factors. Because
of these clinically real situations, the CDC developed defini-
tions for HAIs that were introduced in 1988 and revised more
recently and are used widely and accepted as a standard.21,22

The National Healthcare Safety Network (NHSN; formerly the
National Nosocomial Infection Survey [NNIS]), supported by
the CDC, maintains a database that accepts surveillance data on
HAIs, infection and colonization with multidrug-resistant
organisms, infections in healthcare workers, and antimicrobial
use and resistance (AUR) data that are collected in a systematic
fashion from hospitals and other healthcare facilities.23 Having
a large repository of data that have been collected in a similar

fashion allows for comparisons of some rates between institu-
tions (“benchmarking”), so that IP and ASP programs can
determine whether their rates are similar to those at other
institutions with similar patient mixes, bed size, and missions,
and can evaluate the success of IP or ASP interventions.

The NHSN recently updated the previously proposed defi-
nitions for HAIs, and these definitions should be used if IP or
administrative personnel wish to compare their institution’s
infection rates to those published by the NHSN.21,22 It is also of
note that although these definitions are currently being used
for reimbursement in some settings, they have not been vali-
dated for this purpose. More recently, with the interest in
multidrug-resistant and epidemiologically significant organ-
isms, such as MRSA, VRE, CRE, and CDI, refined definitions
have been proposed to stratify according to the place of acqui-
sition, as community-acquired, healthcare-associated, or
healthcare-acquired.24–27 For some events, such as SSI in
a solid transplant recipient or BSI in a hematopoietic trans-
plant recipient, the NHSN definitions need to be studied and
may need to be further modified.22

In other cases, hospitals may need to slightly modify or
develop their own definitions. Some larger institutions, or
those with large volumes, can use control charts or 95 percent
confidence intervals to compare rates.28 The advantage of
using internal rates for comparison over time is that the patient
population is likely similarly heterogeneous with respect to
underlying illnesses. The major disadvantage is that one can-
not discern whether the rates (e.g., rates of HAI or infection
with multidrug-resistant organisms) are higher or lower than
they should be, in comparison with other institutions, because
of the differences in definitions.

Based on the risk assessment, XXX institution has identified those items scoring 6 or greater in Preparedness Score in the risk  
assessment as priority focus areas for IP. They are prioritized below in descending order.
Priority Risk
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Figure 10.1 (cont.)
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To collect meaningful data, IP and ASP personnel not only
must use clear definitions but also must apply the definitions
consistently. Training HE and IP personnel enhances their
ability to identify infections appropriately and consistently, as
has been shown by Cardo and colleagues.29,30 These investiga-
tors demonstrated that, with training, the sensitivity and spe-
cificity of surveillance for SSI increased from approximately
84 percent to greater than 93 percent. This training is critical to
ensure that appropriate definitions, sources of information,
and case-finding strategies are used.

Infections should be considered healthcare-associated if
they are related to procedures, treatments, or other events
that occur immediately after the patient is admitted to the
hospital or if they are related to the same in an alternative
healthcare setting, such as a surgical center. In general, infec-
tions with onset that occurs more than 48–72 hours after
admission and within 7–30 days after hospital discharge are
defined as healthcare associated. The time frame is modified

for infections that have incubation periods of less than 48–72
hours (e.g., gastroenteritis caused by norovirus) or more than
10 days (e.g., hepatitis A or hepatitis C). An SSI is considered
healthcare associated if the onset of infection occurs within 30
days after the operative procedure, or within 90 days after the
procedure if a device or foreign material is implanted.

Additionally, within the term “HAI,” IP professionals can
include infections or pathogen transmission resulting from
a surgical or medical procedure that did not require hospita-
lization. For example, if a patient has a surgical procedure in
the outpatient surgical suite and develops an SSI, it is con-
sidered healthcare-associated. Or, for another example,
because bone marrow transplantation, chemotherapy, and
other procedures are now being performed in the outpatient
setting, high-risk patients treated in such alternative settings
develop BSIs; these infections are almost always related to
indwelling intravenous catheters and are therefore consid-
ered HAIs.

Table 10.5 Examples of practices that affect observed rates of infection

Changes in practice Apparent effect on infection rate

Locus of treatment is shifted from the hospital to the outpatient
setting

Decrease in the overall infection rate, because surveillance rarely is
performed in the outpatient setting

Patients are discharged earlier, and the length of stay in the hospital
decreases

Decrease in the overall infection rate

Patients are discharged earlier after operative procedures, and the
length of stay in the hospital decreases

Decrease in the rate of surgical site infection, because surveillance is
rarely performed in the outpatient setting

Low-risk operative procedures are performed in a separate ambu-
latory surgery facility rather than the hospital

Increase in the rate of surgical site infection, because patients who
have a higher risk of infection have operative procedures per-
formed in the hospital

Patients residing on a boarding unit are not counted toward the
hospital’s denominator (i.e., the number of patients hospitalized)

Increased infection rate, if surveillance is performed on these
admitted patients, because the denominator appears to decrease

The accounting department changes procedure and counts an
admission each time a patient is transferred to another unit

Decreased rate of central line–associated infection, because the
denominator (i.e., the number of CVCs inserted) appears to increase

The business office assigns each surgical procedure to the admit-
ting physician, regardless of that physician’s specialty, rather than to
the surgeon who performs the procedure

Inaccurate surgeon-specific infection rates, because some surgical
site infections will be assigned to the wrong physician

Microbiology laboratory changes screening criteria for processing
specimens

Decreased rates of infection, if case-finding relies solely on micro-
biology laboratory reports

Microbiology laboratory implements PCR-based technology to
identify a laboratory-based healthcare-associated infection

Increased rates of “colonization/infection” due to capture of “live
and dead” organism genetic material

Microbiology laboratory-based surveillance for healthcare-
associated infection

Increased infection rates as laboratory-based surveillance may not
capture present on admission infections

Definitions of infection are used inconsistently and/or written
definitions are absent

Inaccurate infection rates

ICD-9/ICD-10 codes are used to identify patients with healthcare-
associated infections

Inaccurate infection rates

A new electronic medical record counts catheter days Inaccurate infection rates dues to an overestimated or underesti-
mated number of catheter days

NOTE: CVC, central venous catheter; ICD-9, International Classification of Diseases, Ninth Revision.
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On the other hand, if a patient admitted with shortness of
breath and fever has a chest radiograph that reveals consolida-
tion in the left lower lobe of the lung on day 4 after admission
and has a positive result of a test for Legionella antigen on day 6
after admission, the infection is not healthcare-associated,
because it was incubating when the patient was admitted.
Because of these situations, IP will need to refine and validate
definitions in order to accurately capture infectious complica-
tions in new healthcare delivery settings.

Fortunately, Lessler and colleagues have proposed
a systematic method to determine whether an infection was
likely acquired in the hospital or in the community. Using the
incubation period and the incidence rate ratio of infection, one
can obtain a quantitative result that allows for mathematical
estimation of the likelihood that an infection was acquired in
a certain setting.31 One can select disease-specific cut-off values
to distinguish community-acquired from hospital-acquired
infections that perform well for important illnesses. For exam-
ple, patients who develop influenza symptoms in the first 1.5
days of their hospital stay are classified as having acquired
infection in the community. If patients develop symptoms
later in their hospital stay, then the likelihood that the infection
was acquired in the hospital is 87 percent. Methods of this type
will improve the application of HAI definitions.

Antimicrobial use monitoring uses defined measures that
require less interpretation. Days of therapy (DOT) is an aggre-
gate sum of the days a given patient receives a specific anti-
microbial agent. The patient is considered the numerator and
a standardized denominator is used such as patient days or
admissions. The defined daily dose (DDD), on the other hand,
estimates antimicrobial use in healthcare settings by aggregat-
ing the number of grams of each antimicrobial agent pur-
chased, dispensed, or administered divided by time (i.e., the
period of interest).

Collecting Data
One of the first mantras of surveillance is that its purpose is to
determine the burden of disease, to identify trends and poten-
tial problems, and to establish the epidemiologic features of the
illness or event of interest. Hence, only the information needed
to adequately analyze and interpret the data should be col-
lected. If these data suggest a potential problem, the HE and IP
or ASP teams can design a more comprehensive study. Data
can be collected prospectively, retrospectively, or using both
strategies. In prospective or concurrent surveillance, data are
collected at the time the event occurs or shortly thereafter.
Concurrent surveillance requires the IP or ASP staff to review
the medical record or electronic databases, to assess the
patient(s) affected, and to discuss the event with caregivers at
the time of the event. Because the data are obtained close to the
time the event occurs, additional information not normally
a part of the medical record may be available, such as daily
management boards and nursing reports. Lack of availability
of records becomes less of a barrier as electronic medical
record implementation grows. The advantage of this form of
data collection is that clusters of the event of interest can be
identified as they occur. Importantly, providing feedback

about any adverse event as it is occurring helps healthcare
workers appreciate the significance of the event; it becomes
“real” and less theoretical, and helps them identify other poten-
tial prevention strategies. If data are collected after the patient
is discharged or retrospectively, clusters or potential outbreaks
are not identified as promptly. In some cases, the “distance” of
the event in time sometimes impedes interest and interven-
tions. Nonetheless, both methods have similar sensitivities, but
retrospective surveillance depends on the completeness, accu-
racy, and quality of the medical records32 (Table 10.3).
Commonly, programsmix andmatch data collection strategies
to ensure the most complete data collection.

To identify cases, highly sensitive methods for case-finding
are preferred, so that important cases are not missed.
Commonly, infection preventionists employ several case-
finding methods simultaneously. The practice of using infor-
mation collected from different sources has increased with the
shift to early patient discharge and to provision of care in the
outpatient setting. However, with this method, one must iden-
tify strategies to increase the specificity of the surveillance
process and thus reduce the time wasted collecting irrelevant
data. If one uses currently available computer systems that can
identify patients who may have an HAI or may have acquired
an epidemiologically important organism, the time spent in
reviewing charts can be reduced; thus, computer-based sur-
veillance strategies are rapidly emerging as important adjuncts
to surveillance.19,20,33,34 As computer hardware and software
become more sophisticated and as computer-based decision
algorithms are developed and validated, these can be integrated
into surveillance systems to streamline data collection and
improve identification of HAIs.19,20,33,34

Semi-automated surveillance has been well described.
These decision support tools filter data from laboratory, phar-
macy, and admission, discharge, and transfer systems to iden-
tify the surgical procedures that are most likely to have an SSI
as a complication.17,35 Combinations of data such as adminis-
trative codes for SSI, readmission with antibiotic administra-
tion, or extended length of stay are known to improve case
finding for SSI.19–22,36–39 Chart review and user input are still
required, but semiautomated surveillance is valuable in redu-
cing the amount of time IP staff need to spend on surveillance.

Fully automated electronic systems, particularly for SSI
identification, are not yet well developed. A piece of the
surveillance process that can be automated is the acquisi-
tion of denominator data. SSI surveillance requires that
specific data elements be gathered at the individual patient
level for all patients undergoing surgery to allow for risk
adjustment.12,24,40,41

When beginning a new surveillance project, the staff should
periodically look for flaws in the data, the collection tool, the
data sources, and the surveillance process. Validation needs to
be done for numerators and denominators, and is increasingly
important now that many of these data are commonly reported
publicly. Validation is also used to ensure that practitioners
apply the definitions systematically and uniformly.42 In this
manner, problems or errors can be identified and corrected
before reaching the end of the study or providing data to
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stakeholders. The surveillance project’s sensitivity and specifi-
city should be determined by examining a random subset of
medical records for a defined time period and comparing the
number of events identified by this manual review with the
number identified by the usual surveillance system.
In addition, changes in the surveillance system – such as
identifying a new data source or a new item, modifying defini-
tions, or changing the personnel who collect the data – can
impact the integrity of the surveillance process. Such changes
require validation to ensure that the data are high quality.

Managing Data
Managing surveillance data and organizing them in
a meaningful fashion are necessary for identifying patterns
and trends. While much of this discussion relates to IP, the
strategy for ASP is similar. One of the first organizational
processes is for the “cases” identified to be catalogued
systematically on a flow sheet or in a computer spreadsheet.
This is called a line-listing and will include data pertinent to
the problem being examined (see Chapter 11, on outbreak
investigations). For example, a line listing may include, in
a single row, the patient name, hospital or medical record
number, the admission data, type or site of infection, date
of infection onset, organism(s), and surgical procedure, if
relevant. Many of the IP/ASP software vendors provide this
feature. Once the data are in a database, IP/ASP personnel
can easily plot numbers or rates over time so they can
identify possible trends. Queries of these relational data-
bases can be developed to present data to staff and facilitate
workflow.

Programs that are embedded into the electronic medical
record allow more end users access and can integrate informa-
tion from various hospital computer systems. These systems
can provide data that are concatenated and presented in epi-
demiologic terms that facilitate identifying root causes or sys-
tematic issues that require further investigation. These
electronic IP/ASP software programs facilitate obtaining the
information needed for surveillance and can allow electronic
labeling of patients with HAIs or antimicrobial use outside of
institutional guidelines. Queries can automatically examine
specific hospital units or geographic areas, looking for impor-
tant time-and-space relationships or clusters of cases. In some
cases, such as with ASP, they can look at individual cases.
The power of these programs is increasingly being used to
identify cases of interest.

Analyzing Data
If the IP or ASP teams do not analyze their data, they have
wasted the time, money, and effort they spent collecting and
recording the data. The purpose of surveillance is not merely to
count and record infections/antimicrobial use but to identify
problems quickly and to intervene so that the risk of infection
or antimicrobial overuse is reduced. The time factor inherent
in this process requires that the data be analyzed promptly.
The frequency of data analysis is based on the nature and
frequency of the healthcare event of interest and the purpose

of surveillance. The goal is to strike a balance between analyz-
ing the data frequently enough to detect clusters or events of
interest promptly and collecting data for a long enough period
of time to ensure that variations in rates are real. Informatics
facilitates data collection over a long period of time, since
standard analyses can be generated automatically. Queries
can be built to identify singular events such as if a patient is
receiving a restricted antimicrobial agent. In addition, the IP
and in some cases the ASP team must ensure that an adequate
sample of cases is reviewed, so that the data are meaningful.
For example, if three patients had a procedure performed by
a particular surgeon in one month, and one of the patients
develops an SSI, it is difficult to interpret the infection rate
because there are so few cases. In general, data should be
collected for 50 procedures or processes for analysis to be
useful and significant.

Infection prevention and ASP personnel may choose to
report only the number of events that occur in a specified
time period (i.e., the numerator). While there is merit to
providing units or individuals with immediate feedback during
an intervention or outbreak, to compare data over time one
must calculate the incidence, or the proportion of patients
being studied who have a new instance of the event of interest.
This calculation requires both the number of events studied in
the defined population (the numerator) and the number of
patients at risk during the same time period (the denomina-
tor). Consider the following example:

Ten (10) patients in a hospital develop MRSA BSI in May.
If the hospital discharged 1,000 patients that month, the inci-
dence rate of newMRSA BSI acquired in the hospital would be
1 percent. However, if all 10 patients were hospitalized on the
medical service, which discharged 600 patients that month, the
incidence rate of patients with MRSA BSI on the medical
service would be 1.7 percent. If 8 of the 10 patients developed
MRSA BSI while in the medical intensive care unit, which
discharged 90 patients that month, the incidence rate in the
medical intensive care unit would be 9 percent. If, however, the
number of admissions in the medical intensive care unit drops
to 45 patients for the month, the incidence of MRSA BSI is
18 percent. Thus, the true incidence of an event can only be
assessed if the denominator in a defined population accurately
represents the patients who are at risk of experiencing the event
for a defined period of time. Such issues with denominators
when calculating days of therapy or daily drugs delivered are
equally relevant.

Similarly, if only summary reports of microbiology labora-
tory data are evaluated, important trends in specific units may
be missed. Fortunately, in facilities with electronic medical
records obtaining data can enhance surveillance activities.
Still, the summary reports may obscure the fact that 90 percent
of the Pseudomonas aeruginosa isolates recovered from
patients in the medical intensive care unit are resistant to
certain antibiotics. Stratton et al.43,44 demonstrated that yearly
summaries showed little variation in antimicrobial susceptibil-
ity patterns within the whole hospital. Focused microbiologic
surveillance on specific units, in contrast, demonstrated that
the predominant pathogens and their antimicrobial
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susceptibility patterns differed among specialty units and
between those units and the entire hospital. These examples
illustrate the importance of critically examining data and using
summary statistics as a guide to further analyze data whether
for IP or for an ASP team. Srinivasan and colleagues provide an
additional example45 where they would havemissed a doubling
of P. aeruginosa infection among patients undergoing bronch-
oalveolar lavage had they calculated the overall hospital rate
and not procedure-specific rates. In both instances, the safety
and subsequent care of patients is altered by the prompt iden-
tification of changes in the microbiology.

Another important surveillance variable to determine is the
endemic (baseline) rate of all types of healthcare-associated
events of interest, including HAIs. To do so, data must have
been historically collected for a sufficiently long period of time
in a consistent manner. Subsequently, it is easier to determine
whether the current rates are substantially different from the
baseline rate. In addition to calculating overall rates for the
population of patients in the institution, the HE and IP staff
can analyze the data further by calculating attack rates for
specific nursing units, services, and/or procedures. These
rates enable the staff to identify significant changes and impor-
tant trends within subgroups of patients that might be missed
if the entire population were analyzed as a whole. When com-
paring data, either within an institution or with another insti-
tution, comparable surveillance methods, definitions, and time
frames must be used. Statistical tests of differences can then be
used to determine whether the rates have changed significantly
over time.

Finally, the data must be interpreted. If the incidence of
a particular event increases substantially, a more thorough ana-
lysis must be completed to determine if a problem really exists.
The analysis should include assessing whether the increase is
statistically significant. However, even if the increase is not
statistically significant, it may be clinically significant and war-
rant initiation of control measures. Furthermore, the team
should assess whether the incidence of an event is acceptable.
For example, even if the rate of SSI is stable, the incidence may
be higher than that reported by comparable institutions or may
be higher than it would be if the process of care was improved.
A study by Classen et al.46 demonstrated that examining the
process of care can allow the rate of SSI to be decreased sig-
nificantly. In their study, the SSI rate among patients who
received antibiotic prophylaxis within 2 hours before the start
of surgery was significantly lower than it was among patients
who received antibiotic prophylaxis either early (2–24 hours
before the start of surgery) or after the operation was completed
(i.e., more than 3 hours after first incision but less than 24 hours
after the end of surgery). Therefore, an IP team that wants to
decrease SSI rates in their hospital might want to review the time
at which antimicrobial prophylaxis for surgery is given. Such
strategies have been implemented in multiple institutions, with
similar improvements.47,48

Communicating Results
The data must be communicated to the stakeholders, such
as the clinical staff, and those who have the power to

authorize changes. To ensure that regulatory requirements
are met and that results are communicated to the organi-
zation’s leadership, IP should regularly report to the insti-
tution’s healthcare epidemiology and infection prevention
committee and also to the quality or performance improve-
ment committee. Data to be communicated include appro-
priate rates and counts, which should be shared with key
persons on individual nursing units, in each clinical ser-
vice, in the nursing administration, and in the hospital
administration. For example, as part of an intervention to
reduce catheter-related BSI, report BSI data weekly to
intensive care unit personnel.49 In addition, IP personnel
may need to report their data to the education service, the
intensive care unit committee, the safety committee, or an
external agency, such as the local health authority.
Commonly, committee reports should include simple but
well-labeled graphic displays of trends over time. Changes
in rates over months, quarter-years, or years may be
important to display. Comparison with national data is
helpful to promote ongoing process-improvement activ-
ities. When reporting data, in any circumstance, epidemiol-
ogy personnel must maintain the confidentiality of data
related to both patients and employees.

Simple reports that the target audience can understand in
a few seconds (the amount of time usually given to a report at
a busy committee meeting) are most effective. Graphical or
tabular displays of the data can present important trends in
pictures and help clinicians and administrative personnel
grasp key points quickly as shown in the following examples
(www.cdc.gov/healthreport/dashboards/; https://healthcare
quality.mhcc.maryland.gov/Article/View/22b69236-d9b7-41
2e-a500-52820cf6461b). The use of 95 percent confidence
intervals, to help in understanding the significance of
a variation in rates, or comparison with rates such as those
published by the NHSN, can be helpful in comparisons
against other groups. Benchmarking rates against an external
organization has proven useful. While most North American
institutions compare their rates with those published by the
NHSN, other groups are using similar methods in other areas
of the world, including in the developing world.50,51,52,53,54

Moreover, individuals who are unfamiliar with issues in IP
may not understand the importance of a problem if they are
presented only with the data. This is particularly true if the
number of cases is small or the etiologic agent has not been
discussed in the popular press. Thus, the IP team should
include their assessment and conclusions in the report, so
that they can persuade clinicians or hospital administrators
that corrective action is necessary to reduce the number of
cases.

Surveillance for HAIs

Data Sources
Many different sources provide information about patients
with infections (Table 10.6). In addition, infection prevention
and control personnel can obtain data from databases main-
tained by other departments, such as medical records,
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pharmacy, respiratory therapy, admissions, risk, and financial
management. However, it must be remembered that these
databases are not generally designed for collecting data on
infections or multidrug-resistant organisms. Therefore, one
must determine whether those databases include complete
and accurate data needed for surveillance. As vendors are
developing products that collect data for epidemiologic pur-
poses including those that interface with the electronic medical
record, this will become less of an issue. Nonetheless, the
sources of data must be validated. For instance, an IP profes-
sional who conducts surveillance and uses the daily surgery
schedule to obtain the number and classification of operative
procedures, instead of using the list of completed operative
procedures, will not calculate accurate rates, because if sur-
geons add, cancel, and/or change operative procedures during

the day, the denominator for calculating SSI rates will be
inaccurate.

Surveillance Methods
A surveillance method that is best suited to the hospital and
patient population served should be identified. We describe
five surveillance methods here and have summarized their
advantages and disadvantages in Table 10.2.

Health System and Hospital-wide Traditional Surveillance
Hospital-wide surveillance, the most comprehensive method,
requires the HE and IP team to prospectively and continuously
survey all care areas to identify patients who have acquired infec-
tions or epidemiologically significant organisms during
hospitalization.55,56 The infection preventionist gathers informa-
tion from daily microbiology laboratory reports and from the
medical records of patients who have fever or cultures growing
organisms and of patients who are receiving antibiotics or are
placed on isolation precautions. They also garner important
information frequently by talking (daily if possible) with nursing
staff and occasionally by seeing patients. In addition, the infection
preventionist periodically reviews all autopsy reports and
employee health records. The team regularly calculates both the
overall hospital rate of HAI and infection with multidrug-
resistant organisms, as well as the infection rates according to
type or site of infection, nursing unit, physician service, pathogen,
and operative procedure. These can be calculated monthly, quar-
terly, or semiannually, depending on the hospital size andnumber
of HAIs or infections with multidrug-resistant organisms.

Traditional hospital-wide surveillance is comprehensive.
However, this system is very costly, and it identifies many infec-
tions that cannot be prevented. Consequently, many IP programs
have developed other surveillance methods that require fewer
resources. With access to increasingly sophisticated electronic
patient records, it is possible to capture many clinical details that
facilitate and enhance surveillance for HAIs and infections with
multidrug-resistant organisms. With such improved clinical
informatics systems, the time commitment required for surveil-
lance will need to be reevaluated. Importantly, similar strategies
are used to collect antimicrobial use data so that the burden of
certain microbials can be calculated

Prevalence Survey
A prevalence survey can be hospital-wide or can focus on
a specific area of the hospital. In a prevalence survey, the IP
professional counts the number of active infections or cases of
infection with epidemiologically significant organisms during
a specified time period.57 The total number of active infections
is defined as all infections present during the time of the
survey, including those that are newly diagnosed and those
being treated when the survey begins. This total number is
divided by the number of patients present and at risk of the
event of interest during the survey.

Because new and existing infections are counted, the rates
obtained from prevalence surveys are usually higher than inci-
dence rates, which consider only new cases within a given time

Table 10.6 General sources of data for surveillance

PATIENT BASED

• Clinical ward rounds including questioning nurses, review of
temperature curves

• Electronic medical record including review of notes, vital signs,
antimicrobial use, surgical procedure data, radiology and
laboratory reports

• Hospital employees

• Laboratory, radiology, pathology reports

• Pharmacy department

• Admissions department and readmission rates

• Emergency rooms and emergency transfer personnel

• Operating room logs

• Outpatient clinics including surgical centers, infusion centers

• Medical records department

• Employee or occupational health department

• Incident and patient safety reports; sentinel events

• Postdischarge, outpatient antimicrobial clinics, wound clinic
visits

• Local/state/provincial public health officials

• National public health sources

LABORATORY BASED

• Microbiology, virology, and serology reports

• MMWR

• NHSN and other national databases

• Antimicrobial susceptibility patterns; serology patterns,
sequencing data

PHARMACY BASED

• Antimicrobial use including dosing

• Adverse events of interest such as renal injury, hematologic
abnormalities
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period. Prevalence surveys can focus on particular populations,
such as patients with central venous catheters or patients
receiving antimicrobials.58 Prevalence studies also are useful
for monitoring the number of patients colonized or infected
with epidemiologically important organisms such as CDI,
CRE, VRE, or MRSA.

Infection prevention and control programs also can use
prevalence studies to assess the risk factors for infection with
multidrug-resistant organisms in a particular population.
To determine why patients in this population are developing
infections, the epidemiology staff could collect additional data
about potential risk factors from all patients surveyed. Because
prevalence studies assess all patients in the target population,
regardless of whether they have an infection, IP personnel can
compare the prevalence of infection among patients who have
the potential risk factor with the prevalence among patients
who do not have the potential risk factor.

Targeted Surveillance
There are several approaches to targeted surveillance. Many
HE and IP programs focus their efforts on selected areas of
the hospital, such as critical care units, or selected services,
such as the cardiothoracic surgery service. Other programs
focus surveillance on specific populations, such as patients at
high risk of acquiring infection (e.g., patients undergoing
transplant or pediatric patients), patients undergoing specific
medical interventions (e.g., hemodialysis patients), or
patients with specific types or sites of infection (e.g., BSI,
UTI, or SSI). Some target surveillance for infections asso-
ciated with specific devices (e.g., catheter-associated UTI,
central line–associated BSI). By limiting the scope of surveil-
lance, IP can collect data on entire patient populations, which
allows them to accurately assess the incidence of infection in
the surveyed populations.

Some IP and ASP programs use data from the microbiol-
ogy laboratory to limit the scope of surveillance. For exam-
ple, the epidemiology team may focus either on specific
microorganisms, such as CDI, or on organisms with parti-
cular antimicrobial susceptibility patterns, such as VRE or
MRSA. This type of surveillance allows programs to focus on
patients at increased risk, on areas of the hospital with an
elevated rate of infection or MDROs, or on patient popula-
tions or procedures where infection rates can be further
examined or antimicrobial use can be harmonized with
guidelines or identified local problems. Importantly, how-
ever, because targeted surveillance requires fewer resources
than facility-wide surveillance, these resources can be used to
develop interventions to prevent infection or transmission of
multidrug-resistant organisms and can assess the impact of
these interventions.

Outbreak Thresholds
Some investigators have conducted surveillance to assess baseline
infection rates at their institution and, based on their data,
developed threshold rates to identify outbreaks. Subsequently,
they stopped conducting routine surveillance and evaluated pro-
blems only when the number of isolates of a particular species or

the number of cultures positive for a pathogen exceeded those
outbreak thresholds.59,60 For example, McGuckin et al.60 used
a threshold of the 80th percentile above the baseline for each
bacterial species from a particular nursing ward for a specified
time period. Similarly, Schifman et al.54 established a threshold of
double the baseline positive culture rate. Wright et al.61 used
a computer-based program and set a threshold of 3 sigma (i.e.,
standard deviations from the mean). One of the more interesting
applications uses data collected from previous influenza seasons
to set a threshold that identifies the “start” of the respiratory virus
season. Reich et al. used a novel tool and metric to determine
when influenza cases increased over baseline to begin a clinical
trial.62 Automated algorithms that use surveillance data are
increasingly being used as tools to identify increases in rates
that require additional investigation.62

Objective or Priority-Based Surveillance
Objective- or priority-based surveillance is a form of targeted
surveillance that is primarily used in hospitals with special
populations and resources, such as children’s hospitals,
ophthalmologic hospitals, orthopedic institutions, or other
specialty institutions. These facilities can tailor surveillance
programs to assess the problems or events that are specific to
their types of institution. For example, many children’s hospi-
tals have active programs of surveillance for respiratory virus
infections, especially respiratory syncytial virus infection,
which can be particularly devastating in children.5

Case-Finding Methods
IP personnel should collect data only for infections and/or
MDROs that were acquired in their facility or as
a consequence of procedures performed or treatments admi-
nistered in their hospital or clinics. For example, a patient may
become infected with CDI while in Hospital A and then be
transferred to Hospital B while still infected. Hospital
B personnel should not include this infection in their HAI
rate, even though it was acquired in a hospital. If such infec-
tions are included, it will cause the extent of the problem to be
overestimated and the efficacy of the prevention and control
programs to be underestimated. Although not included in HAI
rates, all patients who on admission are colonized or infected
with particular organisms of interest, such as CDI, VRE,
MRSA, and respiratory syncytial virus, should be identified.
Such data allow HE and IP personnel to estimate the entire
population of patients affected by these organisms.
By determining the proportion of patients who acquire the
organism in the hospital, IP can evaluate the efficacy of their
control efforts. However, to improve patient care, notifying an
institution about the infection is helpful and, some argue,
should be required by regulations.

Investigators have described various methods used to iden-
tify patients with HAIs. We review some of these case-finding
methods in this section; their sensitivities and the time they
require are summarized in Table 10.3. Evaluating institutional
resources is a critical first step to determining the optimal case-
finding method for an institution.
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Total Chart Review
In total chart review, the infection preventionist reviews nurses’
and physicians’ notes, medication and treatment records, and
radiologic and laboratory reports for each patient of interest.55,56

This strategy remains the goal standard and is viable but is
extremely time consuming, limiting its utility with the emer-
gence of powerful computer programs. In addition, many
review notes from the specialties of respiratory therapy, physical
and occupational therapy, dietetics, and any other specialty
service caring for the patient. Because the infection prevention-
ist reviews each individual medical record, this method is time-
consuming and costly. As mentioned above, this type of review
likely requires less by way of staff resources if electronic patient
records can be used to display all the information necessary for
surveillance. Clinical information systems typically provide
demographic and administrative information, data from the
microbiology laboratory and the radiology and pharmacy
departments, and, in some instances, physician, physical ther-
apy, respiratory therapy, and nursing notes as well as informa-
tion about use of intravascular lines. Although many institutions
have moved away from using total chart review, new algorithms
that use data captured from electronic medical records may
change that approach in the next few years.34,39,63

Review of Laboratory Reports
Clinical laboratory reports often are a primary source of data for
identifying infections, particularly if the infection preventionist
reviews virologic and serologic testing reports in addition to
bacteriologic test results.55,64,65 The infection preventionist may
directly identify some HAIs from reports that include informa-
tion about culture-yielding pathogens. A laboratory report might
prompt the infection preventionist to review the patient’s med-
ical record. While reviewing the medical record, the infection
preventionist might identify an HAI for which a culture was not
performed. For example, a patient might have a blood culture
from which Klebsiella pneumoniae was isolated. In the medical
record, the infection preventionist might learn that chest radio-
graphs revealed a new pulmonary infiltrate and that Gram stain
of a sputum sample revealed many white blood cells and gram-
negative rods. This information might lead the infection preven-
tionist to conclude that the patient had pneumonia and second-
ary bacteremia caused by K. pneumoniae. Alternatively, a urine
culture result might prompt the infection preventionist to review
a patient’s medical record; while reviewing the record, the infec-
tion preventionist might discover healthcare-associated pneumo-
nia caused by another organism.

Developing a rapport with laboratory staff is key, as they may
note outbreaks that were not identified either by standard sur-
veillance techniques or by outbreak detection algorithms using
newer electronic databases.66–68 Nonetheless, laboratory reports
have some substantial limitations, and the IP program should not
use them as the sole source of data for identifying patients with
HAIs. When a clinician empirically treats a patient who has
evidence of an infection, but forgoes ordering a culture, labora-
tory reports will not capture this infection. This commonly
occurs with SSI or UTI. In addition, cultures of specimens from
some sites of infection may yield negative results. This is

particularly true if the patient is receiving antimicrobial therapy
or if the organism is fastidious or does not grow on routinely
used culture media. Consequently, the sensitivity of laboratory
records is directly affected by the number of infections for which
culture is performed and by the culture methods used by the
laboratory.69 The sensitivity of using microbiology laboratory
reports for case-finding is 33 percent to 84 percent. Of note, with
the advent of PCR, the laboratory tests may be overly sensitive.
Increased rates of C. difficil have been attributed to improved
case identification or false identification of colonization.69

Clinical Ward Rounds
Infection preventionists who regularly visit clinical wards can
gain excellent information about patients, infections, and other
adverse events, because much of this valuable information is
not included in the patients’ records.70,71 This method allows
the infection preventionist to be highly visible in patient-care
areas, to observe infection prevention practices directly, and to
talk with the healthcare workers caring for patients. In this
manner, the infection preventionist not only can collect data
on patients with HAIs but also can assess compliance with
isolation precautions, can answer questions on infection pre-
vention issues, and can conduct informal educational sessions.
One variation of this method is to use trained personnel who
function as liaisons to the HE and IP group. They can notify the
infection preventionist of patients with potential HAIs.

Computer Alerts, Smart Phone/Tablet and Computer-Based
Automated Surveillance
In attempts to expand the reach of surveillance activities and
enhance efficiency, electronically obtained data elements con-
tinue to be tested as surrogates for traditional surveillance
activities. The goals are to increase the sensitivity of surveil-
lance, to decrease the need for chart review, and to reduce
costs. Most of the work has been done with electronic systems
that support large healthcare systems providing integrated
healthcare. Many organizations have home-grown programs
or purchased software in place to facilitate surveillance or
identification of patients colonized or infected with epidemio-
logically important organisms and patterns of antimicrobial
use such as use of antimicrobials that do not cover organisms
identified in culture (bug-drug mismatch). These tools can be
embedded in the electronic medical record, whichmay provide
more powerful approaches to identify infection, MDROs or
patterns of antimicrobial use.

Lin and colleagues reported an elegant surveillance strategy
to identify bloodstream infections in 20 intensive care units in
4 academic centers. These investigators identified a cautionary
note and found significant institutional variability in the appli-
cation of CDC-based definitions for central line–associated
bacteremias and that the correlation between traditional sur-
veillance and algorithm-based surveillance was poor. Although
successful implementation of electronic surveillance has been
reported in the literature, ips need to determine the utility of
these tools specific to their practices. Electronic surveillance
should be considered whenever possible as they are likely to
decrease the time required to perform surveillance, which will
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allow the infection preventionist to spend time with interven-
tions and other activities.

Postdischarge Surveillance
As patients are discharged from hospitals earlier, IP will have
increasing difficulty detecting HAIs. One way of obtaining the
data is to perform surveillance after patients are discharged.
HE and IP teams who do not conduct postdischarge surveil-
lance may report spuriously low HAI rates, because traditional
hospital-based surveillance methods identify only events that
occur while the patient is in the hospital or institution. In fact,
studies have documented that postdischarge surveillance iden-
tifies 13 percent to 70 percent more SSIs than do methods that
survey only inpatients.19,72,73

Most investigators who have studied methods for
postdischarge surveillance have not evaluated all
discharged patients but have focused on specific populations,
such as postoperative patients, postpartum women, or
neonates.19,72,74 Investigators have assessed various methods
for identifying HAIs after such patients are discharged,
including directly assessing patients, reviewing records of
visits to clinics or emergency departments, and contacting
physicians or patients by mail or telephone. Although all
these methods identify patients who develop infections after
discharge, the methods are time consuming and can lack
sensitivity. None of these methods have been accepted widely.
Sands et al.19,72 used administrative billing databases from an
integrated healthcare system to study the best methods to
identify SSIs, 84 percent of which develop after discharge.
Unfortunately, most infection prevention and control pro-
grams do not have access to such resources.

Which Case-Finding Method Is Best?
Each case-finding method has some merit, but each also has
limitations. There is little to no universal agreement about
which case-finding method is best. Some experts consider
total chart review to be the gold standard (criterion standard)
for identifying HAIs. However, in two studies that compared
total chart review with combinations of two or more case-
finding methods, the former identified only 74 percent to
94 percent of the infections that were identified by the com-
bined methods.32,55 Investigators were unable to identify all
HAIs by reviewing only the medical record, for four reasons:

1. Records did not document all data required to determine
whether the patients met the criteria for having specific
infections;

2. Laboratory or radiology department reports were missing;
3. Records were not available for review; and/or
4. The reviewer could not examine the patient.

Nettleman and Nelson conducted surveillance to identify
adverse events among patients hospitalized on general medical
wards.75 They used numerous data sources and found that no
single source identified all adverse occurrences. In fact, the
number of adverse events the investigators identified in each
category was dependent on which data source they used.
Certain data sources efficiently identified specific adverse

occurrences. For example, the investigators identified 77 per-
cent of medication-related errors by reviewing the medication
administration record, but they detected only 10 percent of
these events by reviewing the physicians’ progress notes.
Conversely, they identified 100 percent of procedure-related
adverse occurrences by reviewing the physicians’ progress
notes, but they did not detect any of these events by reviewing
the medication administration record.75

Consequently, it is clear that total chart review is no more
sensitive than other case-finding methods or combinations of
methods. Of note, these issues will change as more sophisticated
and complete electronic medical records become available.
When selecting a surveillance method, IP staff must consider
their objectives and the various sources from which the neces-
sary data may be obtained in order to choose the most effective
and efficient identification of the HAIs they choose to study.

National Healthcare Safety Network
In 1970, the CDC enrolled a sample of hospitals, all of which
voluntarily agreed to collect data on nosocomial infections, into
the NNIS system. Restructured into the NHSN in 2005, it
currently has more than 17,000 participating medical facilities,
and is the only source of national data on HAIs in the United
States.76 NHSN is a secure, Internet-based surveillance system
that integrates patient and healthcare personnel safety surveil-
lance systems. NHSN provides surveillance data on both out-
come measures and process measures known to be associated
with prevention of HAI, and provides facilities with risk-
adjusted data that can be used for interfacility comparisons.
NHSN also provides data that can be used by local IP and quality
improvement programs to develop methods for timely recogni-
tion of patient and healthcare personnel safety problems, and for
prompt intervention with appropriatemeasures. NHSN also has
the capacity to allow healthcare facilities to share data in a timely
manner with public health agencies, as well as with other facil-
ities. Switzerland, Germany, Spain, the Netherlands, and France
have developed remarkable, mostly country-wide surveillance
systems for HAIs that have elements of the NNIS/NHSN
system.10,57,77,78,79

Current participants include acute care hospitals, long-
term acute care hospitals, psychiatric hospitals, rehabilitation
hospitals, outpatient dialysis centers, ambulatory surgery cen-
ters, and nursing homes. Participation is expected to continue
to grow in future years. The NHSN program has several goals:

• To estimate the incidence of HAIs and infections with
multidrug-resistant organisms;

• To identify changes in the pathogens causing HAIs, the
frequency of HAIs of specific types and at specific sites, the
predominant risk factors, and the antimicrobial
susceptibility patterns;

• To provide data onHAIs with which hospitals can compare
their data, including the distribution of HAIs by major
types and sites, device-associated infection rates by type of
unit, and SSI rates by operative procedure; and

• To develop strategies that infection prevention and control
personnel can use for surveillance and assessment of HAIs.
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HAI Rates
Frequency measures of HAIs have myriad names but can be
categorized as incidence measures and prevalence measures.
The merits of these measures and some of the controversies
about them are described in this section. Incidence is the
number of new events divided by the number of patients at
risk during a defined period of interest. Prevalence is the
number of events (new and old) that are present during
a defined period of interest. Prevalence is usually ascertained
by surveys. Typically, prevalence is obtained at a given point in
time. It is calculated as the number of active current infections
divided by the number of patients at risk or studied.
To measure incidence, the most common measures include
the crude cumulative incidence (the number of infections per
100 admissions or discharges), the crude incidence density or
the adjusted infection rate (the number of infections per 1,000
patient-days), the specific cumulative or incidence density
(according to unit, procedure, or provider), and the adjusted
cumulative or incidence density (adjusted for intrinsic host
factors, such as age). Finally, standardized infection ratios
(SIR) are used to compare event frequency;79 this measure is
calculated as the ratio of the observed to the predicted rate of
infection (the predicted rate is derived from data from
a reference population).

Overall Hospital Infection Rates
Infection prevention and control programs that conduct
hospital-wide surveillance sometimes track the overall
infection rate for their facility. This rate is calculated by
dividing the number of HAIs identified in a given month
by the number of patients admitted or discharged during
the same month. The overall HAI rate has several inherent
disadvantages:

• It treats all infections as though they are of equal
importance. Changes in rates of uncommon but
epidemiologically important infections (e.g., bacteremia)
might be hidden in the larger volume of more common but
less important infections (e.g., UTIs).

• It does not distinguish between patients who had a single
infection and those who had numerous infections.

• It may not be accurate andmay underestimate the true rate,
because the infection preventionist often cannot identify all
HAIs.

• It does not account for patients who are at increased risk for
becoming infected because of underlying diseases or
exposure to procedures and medical devices; therefore, it
tends to obscure important trends in intensive care units or
among high-risk patients.

• It does not adjust for length of stay.
• It is not adjusted for risk, and therefore it cannot be

compared with rates from other hospitals.

In short, the accuracy and usefulness of the overall HAI rate is
limited. Therefore, we recommend that infection prevention
and control personnel avoid calculating their overall infection
rate in favor of calculating adjusted infection rates.

Site-Specific Infection Rates
Site-specific infection rates (i.e., rates of infection stratified by
type or body site of infection) are a more appropriate measure,
because they represent a more homogeneous group of infec-
tions. Examples of site-specific infections include BSI, cathe-
ter-associated infection, UTI, and VAP. These rates are
calculated using the number of specific infections as the
numerator and dividing it by an appropriate denominator,
usually the number of device-days (e.g., catheter-days or ven-
tilator-days). The most common measure used is the specific
cumulative incidence or incidence density ratio (see Chapter 6,
on epidemiologic methods).

Adjusting Rates
Hospital epidemiology and IP personnel calculate infection
rates so that they can identify problems and assess the effec-
tiveness of their interventions. In addition, they follow rates
over time to identify meaningful changes from baseline rates
and to assess the efficacy of their program. In addition, to
determine whether they actually have a problem, HE personnel
often compare their rates with those of other institutions.
However, comparisons within a single hospital over time may
not be valid, because the patient population or patient caremay
have changed substantially. Further, comparisons between
hospitals may not be valid, because healthcare facilities are not
standardized.80 Patients in different hospitals have different
underlying diseases and different severities of illness.
In addition, patients who have the same disease and the same
severity of illness but who are in different hospitals could
undergo different diagnostic and therapeutic interventions
and stay in the hospital for different lengths of time. Each
hospital has its own unique environment, patient-care prac-
tices, and healthcare providers. Infection prevention programs
vary substantially in the intensity of surveillance, the methods
used for surveillance, the consistent application of definitions
of infections used, and the methods used for calculating infec-
tion rates. Consequently, IP personnel must use adjusted rates
if they want to assess their rates over time or to compare their
rates with those in other hospitals. In the following paragraphs,
we discuss several methods for adjusting rates.

Adjusting for Length of Stay
Infection rates more accurately reflect the risk of infection
when they are adjusted for length of stay. Infection prevention
staff attempt to control for the length of stay by calculating the
number of HAIs per patient-day. This method uses the total
number of HAIs in a month as the numerator and the
total number of patient-days in that month (i.e., the sum of
the number of days that each patient was on the unit during the
month) as the denominator. For example, an obstetrics ward
admits many patients who stay in the hospital for a very brief
time and whose risk of infection is low, but a rehabilitation
ward admits a few patients who stay for long periods of time
and whose risk of infection is high. If the number of patients
admitted were used as the denominator, the infection rate for
the obstetrics ward probably would underestimate the risk of
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infection, whereas the rate for the rehabilitation ward most
likely would overestimate the risk of infection. By using the
number of patient-days as the denominator, IP staff control for
the effect of length of stay on the infection rate. However, this
method does not control for the effect of other risk factors,
such as use of invasive devices or the severity of the patient’s
underlying illness.

Adjusting for Exposure to Devices
Device-associated infection rates control for the duration of
exposure to an invasive device, which is one of the major risk
factors for these infections. Therefore, device-associated rates
can be compared more reliably over time and between institu-
tions than can overall infection rates. To calculate this rate, the
IP team first specifies the type of device (e.g., indwelling urin-
ary catheter) and the population (e.g., patients in the medical
intensive care unit) to be studied. Next, the team identifies the
cases of device-associated infection (e.g., CAUTI) that occur in
the selected population during a specified time period.
The number of infections is the numerator. To obtain the
denominator, the team sums the number of patients exposed
to the device during each day of the specific period. For
example, if the team surveyed the medical intensive care unit
for 7 days and found that the number of patients who had
a urinary catheter on each of those days was 4, 3, 5, 5, 4, 6, and
4, then the number of urinary catheter days would be 31. If the
team identified 3 cases of CAUTI during the week, the CAUTI
rate would be 3 divided by 31, or 0.097 cases per urinary
catheter day; this can be expressed as 97 cases per 1,000 urinary
catheter days.

Adjusting for Surgical Site Infection Risk
The amount of data that should be collected depends on the
purpose of the surveillance program. Collecting only the
required elements for SSI surveillance in the NHSN is likely
to be adequate for routine surveillance.12 However, if an issue
is identified that requires further assessment, additional
patient and surgical information may be useful. Timing and
choice of preoperative antibiotic administration, type of skin
prep, patient comorbidities, and surgical staff performing the
surgery are a few examples of information that may be useful
for an investigation, but are unlikely to add significant value to
routine surveillance.

SSI surveillance data is not useful unless it is analyzed,
summarized, and reported to key stakeholders, particularly
surgeons and surgical staff. In addition to calculating SSI
rates, IP staff should utilize the SIR obtained via the NHSN.
Stepwise logistic regression was used to develop specific risk
models by procedure category.24 Using these risk models, the
NHSN is able to generate predicted numbers of SSI by pro-
cedure category. The SIR is then calculated by dividing the
number of observed SSI by the calculated number of pre-
dicted SSI. An SIR of greater than 1 indicates that more SSI
are being identified than predicted, while an SIR of less than 1
would indicate that fewer SSI have been identified than
predicted.

IP staff should regularly provide SSI reports to surgeons,
surgical staff, and hospital administration. Providing action-
able data in a transparent manner will help build the relation-
ships required for successful implementation of interventions.
IP staff should engage the surgical team to improve commu-
nication and cooperation, reinforcing the importance of pre-
ventive measures to reduce SSI risk. Helping hospital
administration understand the data may also ensure support
for appropriate IP staffing resources.

Surveillance for Process Measures
Surveillance for outcome measures or infection rates has long
been used in IP programs. However, there are several limita-
tions to outcome-based surveillance. First, the preventable
fraction of HAIs is not known, therefore making it difficult
to evaluate if the infection preventionmeasures are adequate in
a given unit. Second, infection rates do not provide informa-
tion about breaches in infection prevention measures that
contribute to the problem, which should become the focus of
prevention efforts.81

Surveillance for process measures may fill some of the gap.
Warren et al.48 developed a checklist tool as one of several
strategies to decrease catheter-related BSI in the intensive care
unit. The checklist was used to ensure adherence to infection-
control practices and was one component of the intervention to
reduce the infection rate.47,82 This checklist was subsequently
adopted by Pronovost and colleagues82 in a statewide effort to
prevent BSI. Other examples of surveillance based on process
measures are the vaccination rate among healthcare personnel,
the rate of compliance with recommended hand hygiene, the
rate of adherence to administration of surgical antibiotic pro-
phylaxis within 1 hour before the first incision, the rate of
appropriate indwelling urinary catheter use, and the device
utilization ratio (e.g., a central-line utilization ratio).83,84

In contrast to outcome-based surveillance, process measure
surveillance provides performance targets; for example, adher-
ence to infection prevention procedures for catheter insertion
for every single patient. Deviations in adherence are easy to
recognize. Infection prevention interventions, therefore, can
be implemented early, perhaps even prior to an increase in the
infection rate.81 Process measure surveillance data can be used
as performance indicators for adherence to infection preven-
tion guidelines and can be further evaluated for effects on the
outcome or infection rate. Surveillance of process measures is
deemed essential by the NHSN.85

Surveillance in Developing Countries
The rationale for a basic surveillance system for HAIs and
infection or colonization with multidrug-resistant organisms
in developing countries is not different from the rationale for
a surveillance system in developed countries. However, with
limited resources, one has to concentrate efforts on the most
achievable goals (“low- hanging fruit”) and focus on specific
areas of the hospital and specific procedures that have high
rates of HAI and infection with multidrug-resistant
organisms.86 Benchmarking of rates with those in other
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developing countries has been demonstrated by Rosenthal
et al.,51,52,53 who successfully used the NHSN methods in less
developed areas of the world.

Use of Surveillance Data to Meet Regulatory
Requirements
Public reporting of outcome and process measures to state
or national authorities is intended to enable consumers to
make more informed choices for safer care. By promoting
competition, a public reporting system may influence
healthcare facilities to undertake efforts to improve the
quality of care and may result in optimal patient outcomes.
However, unintended consequences, such as the intention
to avoid admission of sicker patients, may occur.
The Healthcare Infection Control Practices Advisory
Committee (HICPAC) found inconclusive evidence for the
effectiveness of public reporting systems in improving
healthcare performance.87 Therefore, HICPAC has not
recommended for or against mandatory public reporting
of HAIs. HICPAC, however, proposed guidance on public
reporting of HAIs in 2005, highlighting the essential ele-
ments for public reporting systems, identifying appropriate
measures of healthcare performance for both process and
outcome measures, and identifying patient populations to
be monitored, as well as making recommendations on case-
finding methods, data validation, resource and infrastruc-
ture requirements, HAI rates and risk adjustment, and
production of useful reports and feedback.14

The Inpatient Prospective Payment System (IPPS) was
enacted as part of the Affordable Care Act (ACA) and includes
several programs that require reporting and use of HAI data
for reimbursement calculations. These programs include the
Inpatient Quality Reporting Program (IQR), the Value-Based
Purchasing Program (VBP), and the Hospital-Acquired
Conditions Program (HAC). These reporting requirements
can be fulfilled by using the NHSN, which then transmits
data to the appropriate authority. Data are exported by the
Centers for Medicare and Medicaid (CMS) for public display
via the Hospital Compare website, and are also used to calcu-
late reimbursement penalties or incentives. The specifics of
these programs are beyond the scope for this chapter.
However, it is critical that HE and IP staff be familiar with
IPPS reporting requirements so that they ensure the appropri-
ate data are collected and submitted.

Moving Forward: Electronic, Automatic, and
Computer-Based Surveillance
An essential part of healthcare surveillance in the twenty-first
century will be the integration of increasingly important and
rapidly developing surveillance technologies. As HE and IP
and ASP have come under increasing pressure from the public,
as well as from legislative, administrative, and regulatory
forces, some of the focus of IP and HE has shifted away from
pure prevention efforts. This translates into a need to be more
efficient and to spend less time on surveillance. While ASP

surveillance is still in its infancy they should be prepared for
similar challenges. Computer-based surveillance systems can
save some of the time spent performing routine surveillance,
facilitate both multicenter comparisons and the exchange of
information between facility sites, notify IPs of potential out-
breaks and clusters of infection before they would be picked up
by manual surveillance, and reduce the occurrence of errors
that commonly result from manual methods of surveillance.

At the time of the first SCENIC investigation in 1976, most
of the infection preventionists surveyed spent 50 percent or
more of their time performing surveillance.88 A survey con-
ducted by the CDC in 2000 found that an infection preven-
tionist spends 35 percent to 40 percent of work time
performing surveillance.89 One early study found that the use
of electronic systems reduced the time spent on surveillance by
65 percent,90 and more recent studies have found similar
results.91 This may help explain the results of a recent study
of over 4,000 infection preventionists that reported about
25 percent of their time being spent on surveillance activities.92

The continued development of standardized, instantly reco-
verable, and easily shared IP data will not only facilitate com-
munication and comparison of infection rates between multiple
facility sites and institutions, but also will allow HE and IP
programs to easily meet the demands of complying with regu-
latory mandates. The ability to immediately access electronic
records of, for example, infection rates or trends in resistance,
for an entire facility greatly eases the process of auditing, accred-
itation, and regulation performed by bodies such as CMS and
the Joint Commission. An effective electronic surveillance pro-
gram can be integrated with infection prevention–related goals,
such asmanaging antibiotic usage, tracking adverse drug events,
and identifying emerging drug-resistant organisms; such inte-
grated systems have already been shown to be cost-effective.93

Both commercially and independently developed computer-
based surveillance systems have the potential to increase effi-
ciency and to reduce economic costs at multiple levels of the
healthcare system. Although more studies aimed specifically at
analyzing cost-effectiveness are needed, the potential for com-
puter-based surveillance to reduce expenses (both worker hours
and infection costs) will be a vital part of its approval and
implementation in any healthcare facility.

The use of electronic surveillance is not without its draw-
backs and limitations. The introduction of any new system in
a hospital is susceptible to a sharp learning curve, but this is
especially the case with the introduction of new and complex
electronic surveillance systems. Although there is some evidence
that investing in an electronic system is ultimately cost-effective,
the obvious challenge of initially funding the purchase of an
expensive new system must be overcome.57 The investment in
implementing a new system is not only financial; although
Wisniewski et al.94 estimated that using an independently-
designed electronic system saved 1,750 worker hours for each
1,500 charts reviewed, they estimated an investment of 4,000
worker-hours to develop such a system. While manual chart
review can be error prone, electronic surveillance often has low
thresholds and may identify false-positive outbreaks or clusters
of infection. Perhaps the most important issue is to recognize
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that while electronic methods of surveillance may reduce the
need for manual review, they are not a substitute for critical
thinking or further analysis. Computer-based surveillance sys-
tems should be seen as a valuable tool for the infection preven-
tionist to obtain, analyze, and communicate relevant
information, without becoming overwhelmed by the informa-
tion or overly reliant solely on an electronic system.

Conclusion
Surveillance for HAIs, MDROs, and AUR is a core component
of both IP and ASP programs. Surveillance data need to be
obtained systematically and should be validated in the current
climate with public reporting and its use as a premier quality
measure. It is essential that surveillance systems be extremely
flexible so that they can be adapted for use with emerging
technology advancements to meet the needs of rapidly chan-
ging healthcare systems. Moreover, effective HE and IP and
now ASP teams will not use a one-size-fits-all approach to
surveillance; rather, these teams must be similarly flexible
and utilize different case-finding and surveillance methods to
create a system that meets the needs not only of their entire
healthcare system but also of the individual components (e.g.,
the intensive care units and the ambulatory-surgery center).

The importance of using standardized definitions and standar-
dized approaches for identifying infections and for calculating
rates or use is paramount. Infection prevention and ASP per-
sonnel must develop or employ the newer electronic surveil-
lance systems that use the computerized databases and the
electronic medical records already present in their institution
(e.g., databases from the laboratory, surgical services, and
financial management). They need to advocate for inclusion
of newer information technology including smart phones and
tablets into their program so that they can enhance the effi-
ciency of surveillance activities and increase interventions to
prevent adverse events. Furthermore, the IP and ASP teams
should collaborate with personnel from the information sys-
tems department to develop algorithms to identify patients
with possible HAIs or excessive or inappropriate antimicrobial
use and to determine the thresholds used to identify likely
outbreaks. The electronic patient record systems should
streamline these processes. Despite these enhancements,
trained IP and ASP personnel must lead the process of obtain-
ing, validating, communicating, and interpreting these data.
Such data should be used to improve performance using evi-
dence-based interventions.
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Chapter

11
Outbreak Investigations
Alison Laufer Halpin, PhD, Alice Y. Guh, MD, MPH, and Alexander J. Kallen, MD, MPH

Introduction
Outbreaks have generally been defined as localized increase in
the incidence of disease.1 In healthcare settings, reported out-
breaks often involve the presence of clusters of patients
infected or colonized with an organism of interest (e.g., carba-
penem-resistant Enterobacteriaceae [CRE]), with similar types
of healthcare-associated infections (HAIs, e.g., surgical site
infections following coronary artery bypass grafting), or with
similar signs or symptoms (e.g., anaphylactic reactions).
Healthcare outbreaks can have infectious or noninfectious
causes. Although outbreaks receive substantial attention, only
the minority of HAIs occur as part of a cluster. One study from
seven community hospitals estimated that about 11 percent of
HAIs occurred as part of a cluster affecting about 0.09 percent
of all discharges.2

Investigating healthcare-associated outbreaks can be a
challenging and stressful experience, but these efforts are cri-
tical in identifying and correcting issues that impact patient
safety. Not all outbreaks require an extensive investigation to
resolve; some healthcare-associated outbreaks have well-
described causes with interventions that have been shown to
be effective. In these instances, interventions might be applied
following only a brief investigation. Many outbreaks resolve
without formal interventions. In one study of statistically sig-
nificant clusters identified by applying an automated cluster
detection method to microbiology data, the majority of
detected clusters appeared to resolve without active
intervention.3

Outbreak investigations can have a number of valuable
outcomes beyond resolving the problem at the institution.
For example, investigations at single healthcare facilities have
identified issues with national and international implications.
In 2008, the Centers for Disease Control and Prevention
(CDC) assisted in an investigation of a cluster of anaphylactic
reactions at a small dialysis center in Missouri. The investiga-
tion identified contaminated heparin from a single manufac-
turer that had been distributed around the world as the likely
cause, leading to an international recall of the product.4

Investigations can also identify important patient safety issues
that require a reconsideration of current practice. In 2013, an
investigation of a cluster of CRE identified properly repro-
cessed duodenoscopes as the likely cause of transmission lead-
ing to a re-evaluation of the design and methods for
reprocessing these devices.5 Outbreak investigations also pro-
vide a valuable training opportunity to teach basic principles of
epidemiology and study design.

Outbreaks in healthcare settings have evolved over time.
Historically, CDC has been primarily asked to assist in inves-
tigating clusters in short-stay acute care hospitals. These inves-
tigations have most often focused on clusters of commonHAIs
(e.g., surgical site infections) or unusual or emerging bacteria.
As healthcare delivery has changed, and hospital and health
department capacity has increased, CDC has increasingly been
asked to assist in investigations in outpatient settings, includ-
ing oncology clinics and dialysis centers. Although HAIs and
multidrug-resistant organisms are a common reason for inves-
tigations in these settings, CDC assistance is often requested in
investigations of injection safety lapses resulting in transmis-
sion of hepatitis B or hepatitis C or in assisting in evaluating
lapses in device reprocessing. Between 2012 and early 2013,
only 47 percent of healthcare investigations CDC participated
in were in acute care hospitals; ambulatory facilities, dialysis
centers, and long-term care facilities each were the setting for
about 10 percent of investigations. During that time, clusters of
multidrug-resistant organisms or of inpatient HAIs were the
most common reasons for an investigation, accounting for
about 30 percent of all investigations. HAIs in outpatient set-
tings were the third most common reason and were the under-
lying problem in 22 percent of investigations.

When a formal investigation is required, the key is to take a
systematic approach to the process. This provides a framework
for investigators to fall back on that ensures all the critical steps
are covered. In this chapter, we will review the steps involved in
identifying, evaluating, and terminating an outbreak.
Throughout the chapter we will also discuss common associa-
tions that should be considered when faced with familiar out-
break scenarios and review strategies for communication with
patients and other stakeholders during outbreaks.

Detecting Outbreaks
Surveillance for healthcare outbreaks can be a challenging,
labor-intensive task. Historically, outbreak detection often
relied on reports from clinicians or laboratorians regarding
an increase in infections or deaths or identification of an
unusual pathogen. These clusters frequently involve an
uncommon anatomic site of infection, an unusual organism,
or infections occurring within a special subpopulation or spe-
cific location in a facility. For example, a national outbreak
caused by a contaminated compounded steroid product was
recognized when a case of an unusual clinical syndrome (i.e.,
fungal meningitis) was reported by an astute clinician to public
health officials.6 Outbreaks may also be detected through the

119



analysis of surveillance data from healthcare-associated infec-
tion reporting systems. These systems are capable of identify-
ing significant increases in specific types of HAIs that might be
indicative of acute or chronic problems. Laboratory data can
also be used to detect outbreaks. This frequently involves the
identification of a particular organism in a number of clinical
isolates that exceeds the expected baseline from a specific
setting or within a specific period of time.

The major drawbacks to these methods for outbreak detec-
tion are the reliance on human judgment to detect abnormal
clusters, the need for clinicians or the laboratory to notify the
appropriate staff, and the potential lack of sensitivity and
specificity of rules used for detection (e.g., more than 2 cases
of a pathogen of interest within a prespecified time). These
approaches may miss true clusters that do not meet the pre-
specified rules and may also identify situations that reflect
random variation rather than true outbreaks.

Automated detection methods have the potential to iden-
tify outbreaks more quickly and consistently.3,7 One study of
an automated system identified clusters that had not been
detected using the previous facility methods and reclassified
some of the clusters that had been detected by facility staff as
random events.3 In addition, the increasing availability of
novel advanced laboratory technologies (i.e., whole-genome
sequencing) have the potential to improve outbreak detection
through more precise identification of genetic relatedness
within a potential cluster.8 Integrating these new technologies
into outbreak surveillance may improve the specificity and
timeliness of outbreak detection.

Investigation Steps
The following sections describe a stepwise approach to these
investigations that can help ensure all aspects of the investiga-
tion are covered. Incomplete investigations can fail to identify
the underlying source of the problem or lead to erroneous
conclusions. The steps are summarized in Table 11.1. While
not all steps will be relevant to all investigations, consideration
should be given to each step. In addition, although this infor-
mation is presented in a stepwise manner, several steps may
take place simultaneously or in a different order.

Immediate First Steps
Once a possible outbreak is identified, the microbiology
laboratory should be asked to save all isolates that might be
part of the outbreak in case these are needed later for further
evaluation. In the absence of detailed information, the initial
request about which isolates to save may be broad and can be
refined as more is known.

The investigation team should take steps to confirm
whether an outbreak is actually occurring and whether or not
it is clinically meaningful. This process often involves initially
confirming the diagnosis. Determining if antimicrobial sus-
ceptibilities or organism identification are correct might be
one approach for outbreaks of specific bacteria; clusters of
specific syndromes might require review of pathology records
or of records of some or all putative “case-patients.” When

available, historical surveillance data (6–12 months before first
case) is useful for establishing an expected baseline rate to
determine if the reported increase is new. Cursory review of
microbiology records to assess approximate numbers of cases
over time also can be helpful in determining if a reported
increase in HAIs might represent an outbreak. Thought should
also be given to the meaningfulness of the cluster before decid-
ing to investigate further. Some clusters might represent an
increase in incidence above baseline but not be clinically

Table 11.1 Steps of an outbreak investigation

Immediate first steps

Request that the laboratory save isolates from affected patients
and any suspected sources or vehicles

Establish the existence of an outbreak (e.g., verify the diagno-
sis, review historical surveillance for expected baseline infec-
tion rate)

Engage appropriate authorities (e.g., state health department)

Institute any necessary immediate control interventions

Definitive investigation

Review published literature

Review existing information

Create a case definition

Find cases

Collect information (e.g., review records of existing case-
patients)

Graph an epidemic curve

Summarize case-patient data in a line list, revise or refine case
definition if needed, propose hypotheses

Infection control observations

Confirming hypotheses

Consider analytic studies (e.g., case-control or cohort)

Consider laboratory testing of isolates or other microbiologic
evaluation

Consider environmental sampling and/or culturing of
personnel

Implementing interventions and follow-up

Develop plan and timeline for implementing control measures

Ensure personnel adherence to control measures

Continue surveillance to determine if outbreak is controlled
and reassess need for ongoing control measures

Communications

Continue updating appropriate authorities of the investigation

Consider need for patient notification

Prepare for media and public inquiries
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meaningful (e.g., an increase in Staphylococcus epidermidis
from nonsterile cultures) and therefore might not warrant
the utilization of additional resources.

Thought should also be given to the possibility that the
cluster represents a pseudo-outbreak, or an increase in inci-
dence that is unrelated to a true increase in disease. Pseudo-
outbreaks can be due to changes in the laboratory method of
detection; for example, switching from enzyme immunoassay
(EIA) to polymerase chain reaction (PCR) for the detection of
C. difficile or changes in case definitions.9 Pseudo-outbreaks
can also be due to contamination of samples from contami-
nated medical equipment10,11 or contamination in the
laboratory.12 Indications of a pseudo-outbreak can be the pre-
sence of multiple case-patients without clear epidemiologic
links or multiple cases lacking symptoms of disease. The line
between pseudo-outbreaks and outbreaks can become blurred
when investigating clusters of multidrug-resistant organisms
that might represent patient colonization rather than true
infection. Finally, pseudo-outbreaks may still be clinically
meaningful, warranting investigation and institution of con-
trol efforts.

Attention should also be given to the need for any immedi-
ate control interventions, for example, cohorting or isolating
patients with multidrug-resistant organisms, including C. dif-
ficile. In addition, facilities should consider a temporary dis-
continuation of new admissions or in performing a procedure
if there are exposures or procedures with high index of suspi-
cion based on initial presentation

The initial steps of an outbreak investigation should
include a review of published literature. There are thousands
of published articles on healthcare-associated outbreaks
available through PubMed (www.ncbi.nlm.nih.gov/sites
/entrez?db=pmc), and the information they provide can
help inform investigation efforts. Another useful resource is
the “Worldwide Database for Nosocomial Outbreaks” (www
.outbreak-database.com/About.aspx), a free database that
contains summary information on >3000 healthcare-asso-
ciated outbreaks, including information on potential sources
of healthcare outbreaks and control measures that were
implemented. Certain procedures, vehicles, and technical
errors are repeatedly associated with healthcare outbreaks.
Infection control personnel will be able to investigate out-
breaks more efficiently if they are aware of these associations.
For example, contamination of environmental surfaces along
with lapses in infection control precautions, like hand
hygiene and contact precautions, have been implicated
repeatedly in outbreaks of vancomycin-resistant enterococci
(VRE), C. difficile, and Acinetobacter species. Some common
outbreak associations are shown in Table 11.2.

When an outbreak is identified, it is important to keep lines
of communication open with managers, frontline healthcare
providers, and other staff who need to be aware of the ongoing
outbreak and any immediate remediation steps or precautions
determined appropriate by the investigators. All states require
that outbreaks be reported to public health officials; infection
control staff should check and know their local and state laws
for reporting requirements. In addition, infection control

personnel should report adverse events that are suspected to
be related to human medical products including medications,
biologics, or medical devices to the U. S. Food and Drug
Administration’s MedWatch Program (www.accessdata.fda
.gov/scripts/medwatch/index.cfm?action=reporting.home).

Case Definition
As part of the investigation, differentiating between what con-
stitutes the outbreak and what does not is important. This
requires development of a case definition. Case definitions
should be narrow enough to focus the effort but broad enough
to capture as many of the affected population as possible;
however, remember the goal of the investigation is to halt the
outbreak, which may not require identifying every case. Using
the information from the initial review, a preliminary case
definition can be generated; this definition might be refined
as more information becomes available. The key components
of a case definition generally include “what” or the required
symptoms or findings (e.g., a positive culture for S. aureus),
“who” or the patient population, “where” or the location asso-
ciated with symptoms or findings (e.g., hospital, ward or unit),
and “when” or the time frame during which the symptoms or
findings occurred. A case definition can be based on clinical,
laboratory, radiologic, pathologic, or other data, if available.
For example, during an outbreak of hepatitis C linked to an
outpatient clinic the investigators defined a case as “acute
hepatitis C or laboratory-confirmed HCV infection occurring
in a susceptible person who had undergone an endoscopy
procedure at the clinic on 25 July 2007 or 21 September
2007.”43 Of note, generally the term “case” refers to the infec-
tion, illness, or laboratory finding, whereas the case-patient
refers to the person experiencing the problem.When including
a specific exposure in a case definition, as in the previous
example (i.e., “undergone an endoscopy procedure at the
clinic”) it is critical that such exposures only be included if
all suspect cases share that common exposure. In this way the
further development and refinement of a case definition may
arise out of a line listing (as discussed below) using a prelimin-
ary, broader case definition.

Case Finding
Once the preliminary case definition is established, efforts can
begin to identify additional cases. If the case definition includes
a laboratory result or finding, laboratory records are a logical
place to start and can facilitate rapid identification of possible
cases. If the outbreak involves a healthcare-associated infec-
tion, adverse event, or a multidrug-resistant pathogen for
which the facility is performing surveillance, then infection
control and surveillance records can be useful for case finding.
Radiology, pathology, and pharmacy records might also be
useful, if the infection has typical radiologic or pathologic
findings or antimicrobial treatments.

Case finding can become problematic when patients harbor
a pathogen and therefore might meet the case definition but
they are not manifesting symptoms and therefore might not be
recognized as a case. In these instances, examining only clinical
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Table 11.2 Commonly identified causes of various types of healthcare-associated outbreaks, 2000–2015

Outbreak Common cause Reference(s)

Group A streptococcal surgical site infection Dissemination by colonized healthcare
personnel or patient

Thigpen et al.,13 Dooling et al.14

Bacterial meningitis (e.g., Streptococcus sali-
varius) in patients following spinal injection
procedures

Transmission from colonized healthcare
personnel via medication preparation
lapse and/or failure to adhere to recom-
mended facemask use

CDC,15 Chitnis et al.,16 CDC website17

Norovirus gastroenteritis Contact with infectious patients or staff or
with contaminated food, water, or aero-
solized particles in healthcare settings

Gaspard et al.,18 Kambhampati et al.,19

Repp et al.20

Carbapenem-resistant Enterobacteriaceae
sterile-site infections and urinary tract
infections

Contact with colonized or infected
patients or with the contaminated hands
of healthcare personnel; contaminated
medical equipment

Epstein et al.,5 Chitnis et al.,21 Munoz-Price
et al.22

Acinetobacter baumannii sterile-site
infections

Contact with contaminated environmen-
tal surfaces or medical equipment or with
the contaminated hands of healthcare
personnel; contact with colonized or
infected patients

Maragakis et al.,23 Simor et al.24

Nontuberculous mycobacterium skin and
soft tissue infections, surgical site infections,
or other sterile site infections

Exposure to environmental surfaces,
medications, or medical equipment con-
taminated by tap water

Astagneau et al.,25 Chroneou et al.,26

Williams et al.,27 Edens et al.72

Burkholderia cepacia complex sterile site
infections among noncystic fibrosis patients

Exposure to intrinsically and extrinsically
contaminated medical products; contact
with contaminated environmental sur-
faces or water

Peterson et al.,28 Kutty et al.,29 Nasser
et al.30

Endophthalmitis outbreak among patients
with retinal disorders

Exposure to bevacizumab that was
extrinsically contaminated during
repackaging for off-label use to treat ret-
inal disorders

Edison et al.,31 Frost et al.32

Healthcare-associated bloodborne patho-
gen infections

Exposure to contaminated parenteral
medications due to failure of healthcare
personnel to follow safe injection or
medication preparation practices, includ-
ing reuse of syringes to access shared
medications and reuse of single-dose vials
onmultiple patients; improper handling of
devices for assisted blood glucose moni-
toring, including reuse of fingerstick
devices between patients

Dobbs et al.,33 Guh et al.,34 Zheteyeva et
al.,35 CDC36

Tightly clustered healthcare-associated
bloodstream infections

Exposure to intrinsically (particularly if
compounded product) or extrinsically
contaminated medical product

Blossom et al.,37 See et al.,38

Healthcare-associated bloodborne patho-
gen infections and other bloodstream
infections in patients prescribed parenteral
narcotics

Exposure to contaminated parenteral nar-
cotics due to drug diversion by an infected
healthcare personnel (e.g., hepatitis C virus
infection)

Hellinger et al.,39 Schaefer40

Postoperative infections after allograft and
organ transplantation

Receipt of contaminated allografts and
organs from donors with unrecognized
infections

Article I. Kainer et al.,41 Iwamoto et al.,42

Basavaraju et al.71
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culture results will underestimate the number of cases and
could compromise control efforts if the colonized patients
continue to serve as a reservoir for transmission. Surveillance
cultures can be used to identify this unrecognized reservoir.
For example, in one outbreak of CRE in a long-term acute care
facility, investigators used serial point prevalence surveys (rec-
tal cultures) to identify cases, the first of which identified 16
additional cases.21

If a medical product or device is suspected as the source of
the outbreak, in addition to contacting the appropriate public
health agencies, facilities might also consider a call for cases
locally or more broadly as part of their case finding efforts.
This can often be accomplished through relevant professional
societies or state-based infection control listservs. In general,
calls for additional cases should be detailed to avoid inclusion
of unrelated reports and are often most useful when the pro-
blem is not common. In an investigation of anaphylactoid
reactions related to use of contaminated heparin, although
the initial cases were reported from one facility, a wider call
for cases identified a large number of reactions at additional
facilities and was critical for identifying heparin as the likely
causative exposure.4

Collecting and Organizing Data
Once cases are identified, data should be collected and orga-
nized to begin the evaluation for common exposures. Data
collected during an outbreak investigation can be organized
several ways, including in a line list, an epidemic curve or “epi
curve,” and, at times, a spot map.

Information on each case-patient should be systematically
assembled into a line list, where each row represents a single
case or case-patient and each column represents a variable of
interest. The line list enumerates and characterizes all affected
patients, allowing investigators to characterize the outbreak and
generate hypotheses. Investigators should also make note of
case-patients that represent outliers, as they can provide insight
toward hypothesis generation. Variables of interest collected
from the medical record might include demographics, date of
onset, symptoms, outcomes, laboratory findings, co-morbid-
ities, patient location information, healthcare staff contact, host
risk factors, and other relevant exposures. As part of data
collection, it is important to collect details including dates,
frequency, duration, and amount. Instruments are available to
help guide data collection (www.cdc.gov/hai/pdfs/outbreaks
/Response_Toolkit_Abstraction_Form-508.pdf; www.cdc.gov
/hai/pdfs/outbreaks/Response_Toolkit_Users_Guide-508.pdf).

The epidemic curve is a graphical depiction, or timeline, of
the onset or detection of illness among case-patients. The
horizontal x-axis is the date/time of onset or detection, and
the vertical y-axis is the number of cases. The epidemic curve
can provide information on outliers, the magnitude of the
outbreak, trends over time, and possible exposure period(s).
The shape of the epidemic curve can provide information on
the possible mode(s) of transmission although transmission in
healthcare can often be multifactorial (e.g., from a contami-
nated device or product and person-to-person transmission).
An example of an epidemic curve is shown in Figure 11.1.

Spot maps depict the locations where patients resided and/
or received care before becoming cases and can also help infer
mode of transmission; if clustering is observed within a facility,
this might suggest person-to-person transmission or a com-
mon source. If cases are scattered throughout the facility, this is
more consistent with a widespread source (e.g., mobile x-ray
machine) or a common source unlinked to where the patients
reside in the facility, for example a dining hall, compounding
pharmacy, or radiology suite. An example of one from a CRE
outbreak in a long-term care facility is shown in Figure 11.2.

Infection Control Observations
In many outbreak investigations, observations of practices
ultimately identify the potential cause. The line list is cri-
tical in identifying common procedures or exposures among
patients to guide both the type and location of observations
needed. For example, exposure to a reusable instrument
should prompt a review of the facility’s reprocessing proce-
dures for that instrument. Infections associated with
indwelling devices, such as central-line–associated blood-
stream infections, will require a review of procedures per-
taining to the access and maintenance of these devices. For
infectious disease outbreaks, the type of pathogen and infec-
tion being investigated are important factors in determining
the types of observations and reviews performed. For exam-
ple, investigations of outbreaks of multidrug-resistant
organisms should include an assessment of staff adherence
to hand hygiene and contact precautions, as well as cleaning
and disinfection of high-touch surfaces and shared medical
equipment.44 Outbreaks of certain environmental organisms
like Aspergillus should include review and observations of
construction activities in or near patient areas.
Investigations of outbreaks associated with waterborne
pathogens, such as nontuberculous mycobacteria and
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Figure 11.1 Example of an epidemic curve of a carbapenem-resistant
Klebsiella pneumoniae outbreak, showing the number of case-patients identified
during January 2009–July 2011, by month of their initial culture positive for
carbapenem-resistant K. pneumoniae and by their K. pneumoniae carbapene-
mase (KPC) status (CDC unpublished data). While this epidemic curve depicts
the distribution of case-patients by monthly intervals, note that the unit of time
of epidemic curves can be smaller, e.g., weekly intervals, depending on the
incubation period of the illness and the time interval of the outbreak.
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Pseudomonas aeruginosa, should prompt an assessment for
potential routes of exposure to tap water; depending on the
site of infection, this might include a review of local wound
care practices, preparation and handling of injectable or
aerosolized medications, and procedures performed in the
vicinity of sinks where patients might be exposed to splash-
back of droplets or aerosols.27 Receipt of similar types of
injectable medications among case-patients should prompt
a review of medication preparation and handling in the
affected unit, central pharmacy, particularly if the medica-
tion was prepared or compounded onsite. Common expo-
sure to injectable narcotics in an outbreak of viral hepatitis
or bacterial bloodstream infections should prompt a careful
review of the facility’s security measures for accessing
injectable controlled substances to exclude narcotics diver-
sion by healthcare personnel as the cause of the outbreak.40

Because impressions and recollections might change dur-
ing the course of the investigation, infection control personnel
should interview staff and review procedures soon after they
recognize a potential outbreak. Interviews should be con-
ducted separately with all relevant staff, including supervisory
staff, and include questions about procedural changes imple-
mented before, during, or after the outbreak. Semistructured
interviews that pose similar questions to all staff members
might be effective in identifying procedures that are being
undertaken in different ways by specific staff members.
Written protocols should also be reviewed to guide infection
control observations and identify areas for improvement.
Ideally, investigators should directly observe the implicated
procedures and have an opportunity to question personnel
about their techniques. If the actual procedure cannot be

observed, investigators should ask personnel to carry out a
mock procedure or to walk the investigators through each
step of the procedure. Observing different personnel on the
same and different shifts as they perform the procedures of
interest might also provide valuable information about poten-
tial deviations from recommended practices.

Initial observations of procedures might be unstructured
(i.e., performed without using a detailed observation form)
and focus on practice patterns and workflow that deviate
from recommended infection control practices and facility
or unit policies. However, more detailed and focused obser-
vation tools can be developed, as needed, and can be
informed by the free-form observations. CDC has an infec-
tion control checklist that investigators can use for observing
certain procedures, such as hand hygiene, personal protective
equipment use, and the preparation and handling of inject-
able medications (www.cdc.gov/HAI/pdfs/guidelines/ambu
latory-care-checklist-07–2011.pdf). Similar tools for acute
care hospitals are available from the Centers for Medicare and
Medicaid Services (www.cms.gov/Medicare/Provider-Enrollme
nt-and-Certification/SurveyCertificationGenInfo/Downloads
/Survey-and-Cert-Letter-15–12-Attachment-1.pdf).

Tools also exist for specifically assessing environmental
cleaning and disinfection, although the exact role each of
these methods plays in assessing the cleanliness of surfaces
remains controversial, and evidence is lacking for any associa-
tions between their use and reduction in transmission. These
include fluorescent markers that can be applied to environ-
mental surfaces prior to cleaning and disinfection and, through
assessing their removal, are intended to provide an indication
of how frequently and thoroughly surfaces are wiped.45–47
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Figure 11.2 Example of a spotmap depicting the locations of case-patients with carbapenem-resistant Enterobacteriaceae (CRE) and control-patients (without CRE)
in a facility ward. In this example, case-patients were distributed throughout the ward, with no clear pattern of clustering to indicate a common source in the ward
(CDC unpublished data).
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Adenosine triphosphate (ATP) bioluminescence assay can also
be used to detect residual organic material after cleaning.48

Confirming Hypotheses
Once hypotheses about the cause of an outbreak have been
generated, targeted interventions should be employed to
address these issues. In addition, consideration should be
given to methods to confirm these hypotheses as possible
causes; the two most common methods for this include analy-
tic studies and laboratory testing.

Analytic Studies
The objective of a formal comparative study is to assess the
presence of associations between potential causal exposures
and illness; these associations present through differences in
frequency between two comparison groups. Because of the
resources required, the investigators should consider whether
a formal study is appropriate and necessary, particularly if the
problem is an acute, self-limited, one-time incident, (e.g., a
recognized contamination event) or if the problem has well-
known causes and corrective interventions. In healthcare out-
breaks, some exposures that might be of interest, like exposure
to specific healthcare workers, might not be readily available
from retrospective review of medical records and therefore a
study evaluating these factors might be difficult to perform.
However, if the initial investigation did not provide a clear
source of the outbreak, new hypotheses are needed, or con-
firmation of hypotheses generated by the initial investigation
are needed, a formal study can be useful. Finally, analytic
studies are powerful teaching tools and might be undertaken
as an educational opportunity for trainees in healthcare epide-
miology, infection control, or public health.

In healthcare outbreaks, case-control and cohort studies are
generally the most frequently employed. Case-control studies
are more common than cohort because they are well-suited for
uncommon events (e.g., when prevalence is less than 10 percent)
and are typically faster to conduct than cohort studies.49,50

However, control selection is challenging, especially as investi-
gators are often limited by a small population from which to
select controls. It is essential to select controls from a population
that shares key characteristics with the cases that would make it
possible for them also to have become a case. Selecting inap-
propriate controls can render the results of a case-control study
invalid. The relative advantages and disadvantages of these study
designs are described in detail in the “EpidemiologicMethods in
Infection Control” chapter (Chapter 6).

The first step in any analytic study is the gathering of
relevant data. Investigators should design a standardized
form for data collection, which includes demographic data,
co-morbidities and information about exposures. Each vari-
able evaluated as a possible risk factor will increase the time
and effort required for the analysis. Furthermore, each addi-
tional variable increases the likelihood that a characteristic
entirely unrelated to the outbreak will appear to be a risk factor
(i.e., statistically significant by chance alone). To avoid these
pitfalls, investigators should include few, if any, characteristics

that are not plausible risk factors. Obviously, a narrow inter-
pretation of biologic plausibility might inappropriately restrict
investigations to only previously suspected or confirmed risk
factors. Such inappropriate restriction can be avoided by
ensuring during the early phase of the studies (particularly
the design of the line list) that a careful review of cases casts a
very wide net for hypothesis generation, but that the data
collected for the comparative study be more limited. Finally,
if multiple individuals are abstracting data, providing training
and initially co-abstracting some charts to ensure data inter-
pretation and abstraction are as uniform as possible is
important.

In addition to deciding which risk factors to analyze, inves-
tigators should consider whether or not to perform a matched
study. Thematch can never be undone, meaning, the data must
be evaluated as a matched study design and the variables on
which case-patients and controls were matched cannot be
evaluated as potential risk factors. Furthermore, matching
can make controls and case-patients so similar that the inves-
tigators would miss all but the most obvious risk factors (i.e.,
overmatching). However, matching increases the efficiency of
the study by ensuring the cases and controls are more similar
with regard to characteristics associated with the epidemic
condition, but are not the real cause(s) (“confounders”).
Matching avoids the loss of precision that occurs when con-
founders are adjusted for during the analysis of the data.
Frequency matching can be performed when there are a
small number of levels in the confounders of interest (e.g.,
sex), while pair matching is more useful if confounders have
many levels. Selecting the number of controls to match with
each patient is often based on the available pool from which
controls can be selected and available resources to perform
chart review; multiple controls will increase precision of esti-
mates of association. A ratio beyond three to four controls per
case will generally increase precision only marginally.

Many investigators choose not to match, but to control for
confounding variables by either stratifying the analysis by
possible confounders or by using multivariable analysis.
Unfortunately, the limited power available in most healthcare
outbreaks, due to the typically small number of cases, often
limits the ability to control for multiple confounders. Another
alternative to matching is restriction. In this situation, cases
and controls are restricted to a specific high-risk subpopula-
tion. For example one might restrict an analytic study during
outbreak of mucormycosis to transplant patients or restrict an
outbreak of certain multidrug-resistant organisms to patients
on specific wards.

Because healthcare outbreaks generally involve a small
number of cases, the causative factormay not achieve statistical
significance. Any factor with an odds ratio or relative risk that
suggests an association should be further investigated, even if
the difference between cases and controls only approaches, but
does not achieve, statistical significance.

Laboratory Evaluation of Isolates
During outbreak investigations that involve common bacteria,
typing is often useful to identify which isolates are part of the
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outbreak and which are not, and to better understand modes of
transmission. Typing can be costly, time consuming, and is not
always readily available at healthcare facilities; for these reasons
it should be used judiciously. Typing might not be necessary for
investigations of rare pathogens with strong epidemiologic
links, as these isolates are more likely to be related. In addition,
the information gained from typingmight not influence the type
of interventions that are implemented.

A number of techniques can be used for typing isolates
during outbreaks; each method has inherent advantages and
disadvantages. Although readily available, using antibiograms
to identify related isolates is not very sensitive or specific, and
is therefore not generally recommended.51 Pulsed-field gel
electrophoresis (PFGE) has historically been considered the
gold standard for healthcare outbreak investigations based on
its discriminatory power.52,53 In addition, the Tenover criteria
allow for standard interpretation of isolate relatedness using
PFGE results. These criteria were the result of a large analysis
of epidemiologic and PFGE data to establish a set of interpre-
tation guidelines across a variety of pathogens.54 An example
of a PFGE gel is shown in Figure 11.3. More recently, whole
genome sequencing (WGS) using next-generation sequencing
platforms has become more readily available, providing
another alternative. WGS has been used in a number of inves-
tigations to assist with identifying related isolates and under-
standing transmission during outbreaks.55,56 Currently, the
use of WGS is limited by a lack of standardized criteria for
identifying single-nucleotide polymorphism differences
between sequences and the need for access to experienced
bioinformaticians to analyze and interpret the data provided
by this technique. Additional information on typing techni-
ques can be found in Chapter 23.

For interpretation of any typing method, evaluating the
laboratory data in the context of the available epidemiologic
data is crucial. Outbreaks of pathogens from environmental
sources such as water or biofilms, can be composed of a diverse
microbial population including not only different bacterial and
fungal species, but also different strains within a single species.
Indistinguishable isolates can point to a single source of
infection;28 however, nonclonal (genetically diverse) isolates
do not rule out the possibility of an outbreak. In addition, some
common multidrug-resistant organisms can appear very simi-
lar with some typing techniques and if interpreted without

epidemiologic information can lead to erroneous conclusions
about relatedness. For example, clones of USA300 community
MRSA from diverse unrelated sources can appear related by
PFGE.57

Performance of Environmental and Personnel
Cultures
Environmental sampling and/or culturing of personnel can be
powerful investigative tools for confirming the source of
healthcare outbreaks. Although this is often one of the first
steps employed in investigations, this approach can often lead
to more questions than answers. Before performing environ-
mental cultures, facilities should consider a number of factors.
First, organisms that cause healthcare outbreaks (e.g., Gram-
negative “water” organisms; fungi) can be isolated frequently
from nonsterile environmental sources. Without sufficient
epidemiologic data to guide environmental and personnel
culturing, isolation of organisms from cultures can be difficult
to interpret and sometimes can even lead to erroneous conclu-
sions. Therefore, sampling should only be conducted after a
hypothesis has been generated and be directed at sources for
which there are epidemiologic data from the line-list, observa-
tions, or analytic studies that link them to the outbreak.
Second, culturing of personnel or environmental sampling
might be more relevant for organisms that have been pre-
viously documented to be transmitted by colonized or infected
HCP (e.g., MRSA)58,59 or for organisms known to colonize the
environment (e.g., Acinetobacter) and result in transmission to
patients.60,61 Third, a number of factors can impact the ability
to recover the outbreak organism from the environment or
healthcare personnel, including the sensitivity of the sampling
technique and whether or not the contamination or coloniza-
tion is occurring intermittently. Thus, negative cultures for the
organism alone should not be used to rule out an environmen-
tal source or personnel as the cause of the outbreak, especially
when strong epidemiologic links suggest otherwise.

To maximize the yield and utility of environmental cul-
tures, surface sampling should focus on high-touch areas and
should not include walls, floors, or other nonsterile areas that
do not have plausible connections to the outbreak. Materials
used for sampling depend on the surface type and area. For
example, culture swabs used in many facilities to sample sur-
faces can only be used on small surface areas (approximately
4 in2). Larger spongesticks should be selected when sampling
larger areas. The yield of surface cultures might also be limited
by residual disinfectants that must be neutralized before the
sample is processed. Sampling of tap water for waterborne
pathogens usually requires large volumes of water (e.g., at
least 1 liter), which should ideally be collected from sink
faucets after several hours of inactivity. However, because the
yield from water samples is often low, direct sampling of sink
aerators and drains often provides useful information about
the organisms that may contaminate the environment from
sinks. Samples of adjacent countertops could also be collected
to evaluate for contamination due to splash from the sink. In
addition, some environmental pathogens, particularly
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Figure 11.3 Example of a pulsed-field gel electrophoresis (PFGE) gel of
isolates collected during an investigation of Mycobacterium chelonae at an
ambulatory surgical center. Four isolates, including three case-patient isolates
and an isolate recovered from water in a humidifier at the facility were indis-
tinguishable by PFGE. The isolate from the fourth case-patient was highly
related (>95% similar). These results, along with the epidemiologic links iden-
tified during the investigation, suggest the humidifier was the source of the
outbreak (CDC Unpublished data).
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waterborne agents, have adapted to survive in very low-nutri-
ent settings and require special low-nutrient media (e.g.,
Reasoner’s 2 agar)62 to grow in the microbiology laboratory.
Given the methodologic challenges in both obtaining and
processing environmental samples, consultation with an
experienced microbiologist before sampling and arrangement
for testing by a specialty laboratory should be considered.

Environmental sampling can also be useful in situations
involving suspected intrinsic contamination of compounded
medications.37 In these investigations, pooling of unopened
vials or containers of medications for sampling and sterility
testing can often increase the yield as all units might not be
contaminated and sampling a small number might miss poten-
tial contamination.

Culturing of healthcare personnel can be useful during
outbreaks of S. aureus infections, in which swabs of nares
from implicated healthcare personnel can be collected to look
for carriage of S. aureus strain that matches the outbreak
strain.63 Cultures of healthcare personnel have also been useful
during investigations outbreaks of bacterial meningitis asso-
ciated with spinal injection procedures and have implicated the
failure of colonized healthcare personnel to wear a mask dur-
ing the procedure.16

Implementing Interventions
Although this section is included at the end of the outbreaks
steps, interventions should be instituted to correct deficiencies
as soon as they are identified. In some situations, interventions
that correct common problems associated with specific out-
breaksmay be employed as an initial step. Interventions should
focus on the immediate cause of an outbreak and use the
simplest measures to correct the problem. The more focused
the control measures, the more feasible their implementation
and the more likely healthcare staff will be to adhere to the
measures. Investigators should develop a plan and timeline for
implementing the control measures. After implementation,
they should continue to work closely with the staff in the
affected area to ensure that they understand and efficiently
implement the recommendations, and that they continue to
comply with the recommendations over time. Continued fol-
low-up through ongoing surveillance should be instituted to
determine whether the measures are effective. Once outbreaks
are controlled, reviewing the control measures that were
implemented is important to determine which measures, if
any, might no longer be necessary.

Additional Considerations during Outbreak
Investigations
Outbreaks are a considerable source of stress for healthcare
providers, administrators, and patients. It is natural for staff to
be defensive and wary of investigations that may be seen as an
attempt to blame them for an outbreak. Healthcare personnel
must understand that the investigation is a collaboration and
not an attempt to affix culpability. Techniques that are seen as
clearly fact-finding and encourage confidentiality are far more
effective than interviews that appear to target specific tasks or

staff members. Particularly effective strategies include ques-
tionnaire surveys of all staff in which open-ended questions are
administered face-to-face by a neutral party. All activities
related to the investigation must be conducted in a neutral
and supportive manner, respecting the right to privacy of staff
members and patients. A culture that focuses on systemic
changes to protect patients and healthcare facility staff is
clearly preferable to a culture that appears to focus primarily
on blame (see Chapter 30 on administering an infection pre-
vention program). Infection control staff must strive to create
this culture of safety in the context of the outbreak investiga-
tion and emphasize that the investigation is designed to
improve the systems that might be the cause. The infection
prevention and control department should be the strongest
advocate for patient safety and work with the facility adminis-
tration in creating an environment that promotes a culture of
safety.

Medico-Legal Concerns
Healthcare facility staff often are concerned about the protec-
tion of the privacy of living case-patients, their families, and
healthcare staff, particularly since the passage of the Health
Insurance Portability and Accountability Act (HIPAA).
However, HIPAA does allow covered entities to share pro-
tected health information with public health officials for public
health purposes. Likewise, facility personnel often are con-
cerned about the legal implications of sharing information on
outbreaks with health departments, providers, and the public.
There is no doubt that healthcare outbreaks have and will
continue to result in litigation. However, facilities that are
proactive in reporting and investigating outbreaks and that
openly share information in a timely manner with public
health often find that they benefit from the assistance that
they receive and that they are in a better position with respect
to lawsuits that might arise. Infection control staff should be
aware of the possibility of litigation and take steps to be pre-
pared for legal action, should it arise. Investigators should
ensure that all appropriate facility staff, including risk man-
agers and facility leadership, are notified and engaged. Record
keeping should be thorough and clearly document the investi-
gation steps and findings. Lawsuits are often filed long after
outbreaks have occurred, and having detailed information
available can be critical in reconstructing past events.

Communications and Patient Notifications
Communication with various stakeholders, including public
health officials, patients, and healthcare personnel is a critical
component of any outbreak investigation. Even in the absence
of specific reporting requirements for healthcare-associated
outbreaks, healthcare facilities should engage health depart-
ment officials when an outbreak is first suspected or detected.
Expertise in investigating healthcare outbreaks has grown dra-
matically in state and local health departments over the last
decade; these skills complement expertise in epidemiology and
infectious diseases that have always been available from health
departments. State and local public health officials can often
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advise on case-finding, assist with infection control observa-
tions, provide epidemiologic and laboratory support, and
engage relevant subject matter experts from CDC, as needed.
Alerting health department officials to an outbreak is also
critical in identifying problems that might extend to multiple
facilities, such as the distribution of a contaminated product or
device.4 Health departments have a central role in promoting
implementation of recommended practices across facilities
within a region, particularly in situations involving emerging
multidrug-resistant organisms. Furthermore, given the sensi-
tivity of healthcare outbreaks, public health officials can often
provide an objective assessment of the situation and advise
healthcare facilities on some of the ethical and logistical con-
siderations for notifying patients.

Previously, most patient notifications related to an infec-
tion control breach were conducted in the context of a viral
hepatitis outbreak resulting from an unsafe injection prac-
tice (e.g., reuse of syringes to access shared injectable
medications).43,64,65 Because of the high risk of bloodborne
pathogen transmission associated with unsafe injection
practices, the discovery of such lapses even in the absence
of a recognized outbreak has prompted notifications of
patients for bloodborne pathogen testing (hepatitis B virus,
hepatitis C virus, human immunodeficiency virus).34,66 For
example, from 2001 through 2011, at least 35 patient noti-
fication events related to unsafe injection practices occurred
in the United States, of which 22 stemmed from outbreak
investigations, whereas 11 were prompted by the recogni-
tion of unsafe injection practices in the absence of docu-
mented disease transmission.34 In addition, widespread
patient notifications have occurred when the risk of blood-
borne pathogen transmission posed by the infection control
breach is uncertain, such as with instrument reprocessing
errors.67–70 More recently, patient notifications have also
resulted from potential exposure to other infectious patho-
gens, such as bacterial and fungal organisms, due to an
unsafe healthcare practice or procedure, including exposure
to a piece of potentially contaminated reusable equipment
or an intrinsically contaminated compounded medication.5,6

While the primary purpose of a notification is to inform
potentially exposed patients of actionable steps that they can
take (e.g., bloodborne pathogen testing, screening for a
multidrug-resistant organism), increasingly, to be transpar-
ent, healthcare facilities are also notifying affected patients
even when no actions are recommended. Given the tremen-
dous stress and emotional anxiety that patients might
experience, the decision for patient notification should
take into consideration its potential benefits and harms
and be made in consultation with public health officials
and relevant facility staff, including involved healthcare
providers, infection control staff, and risk management.

Once a decision to notify patients has been made, several
important steps need to be taken as part of the notification
process, including identifying the potentially exposed patients,
determining the most appropriate method of notification (e.g.,

phone call, letter), developing communication materials, and
arranging logistics for any patient testing and follow up of
results. Ideally, patient notifications should occur in a timely
manner and include a description of the nature and source of
the outbreak (if known), infection control measures imple-
mented to date, and any recommended course of action for
patients. In situations where the number of potentially exposed
patients is exceedingly high, ranging from hundreds to thou-
sands, there is often a greater breach of public trust in the
affected facility, and a more comprehensive communication
strategy might be required. This might consist of having a
dedicated website with regular updates on the outbreak inves-
tigation and/or a call center to address questions from patients
and healthcare personnel. To assist healthcare facilities and
health departments with the notification process, CDC devel-
oped a Patient Notification Toolkit containing resources and
sample patient letters as well as some essential communication
tips and strategies (www.cdc.gov/injectionsafety/pntoolkit/in
dex.html). While the template materials in the toolkit are
largely based on incidents involving bloodborne pathogen
exposure, they can be tailored for incidents involving other
types of exposures or outbreaks.

Outbreaks and the Media
Healthcare outbreaks can sometimes generate significant media
attention, particularly those that involve a large number of
patients or are associated with severe infections or adverse events.
Healthcare facilities should be prepared to address media inqui-
ries about the outbreak and investigation efforts. This might
include developing talking points and press releases in advance
aswell as designating a spokesperson for communicatingwith the
media to ensure consistency in messaging. Media can also be
helpful in rapidly disseminating critical information to patients
who cannot be readily contacted. Facilities should also consider
involving the health department in developing its communica-
tion strategy. The CDC’s Patient Notification Toolkit (www.cdc
.gov/injectionsafety/pntoolkit/index.html) also contains tips and
resources for communicating with the media, including sample
press releases and fact sheets facilities can tailor for their use.

Conclusion
Although the settings and circumstances have changed over
the years, outbreaks in healthcare settings continue to occur.
Infection preventionists and healthcare epidemiologists must
continue to recognize and rapidly respond to these crises as
they arise. Outbreak investigations play an important role in
identifying problems that compromise patient safety at indivi-
dual institutions, but they also have the potential to detect
issues that have impact beyond the involved healthcare facility.
Employing a systematic approach to these investigations helps
to ensure that they are complete and thorough, that the indi-
cated approaches and resources are brought to bear, and pro-
vides the best opportunity that the ultimate cause will be
identified.
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Section 3 Major HAI Categories: Surveillance and Prevention

Chapter

12
Urinary Tract Infection
Emily K. Shuman, MD

Urinary tract infection (UTI) is one of the most common types
of healthcare-associated infection (HAI) reported to the
National Healthcare Safety Network (NHSN).1 Approximately
75 percent of these infections develop in patients with indwel-
ling urinary catheters. Urinary catheters disrupt normal host
defense mechanisms and allow for the formation of biofilm,
thereby affecting the frequency of microbial colonization and
the etiologic organisms found in catheter-associated UTI
(CAUTI).2 These factors have important implications for pre-
vention and treatment of UTI in the catheterized patient.

Pathogenesis
The human urinary tract has multiple natural defense mechan-
isms that prevent attachment of potential pathogens to the
uroepithelium, including the length of the urethra, micturi-
tion, and urine flow.2 The urinary tract mucosa has antibacter-
ial properties and secretes inhibitors of bacterial adhesion (e.g.,
Tamm-Horsfall proteins and bladder mucopolysaccharides)
that prevent attachment of bacteria. Urine osmolality and pH
inhibit growth of most organisms. The use of a urinary catheter
interferes with these normal defenses and allows colonization
and attachment of organisms.

The vast majority of organisms associated with CAUTI
enter the bladder by ascending the urethra from the
perineum.3 Rarely, organisms such as Staphylococcus aureus
cause upper tract infection through hematogenous spread.
In the presence of a urinary catheter, organisms ascend into
the bladder in one of two ways. First, organisms may enter
through extraluminal migration in the mucous film surround-
ing the external aspect of the catheter. Organisms entering by
this route are primarily endogenous organisms, originating
from the rectum and colonizing the patient’s perineum.
Approximately 70 percent of episodes of bacteriuria among
catheterized women are believed to involve an extraluminal
route.2 The second route of entry into the bladder is through
intraluminal reflux or migration, which occurs when organ-
isms gain access to the internal lumen of the catheter through
failure of a closed drainage system.2,3 Most of these organisms
are exogenous and result from cross-transmission via the
hands of healthcare personnel.

Tambyah and colleagues3 performed a prospective study to
determine the probable route by which organisms gained
access to the catheterized bladder. Serial paired quantitative
cultures of the specimen port and the collection bag were
performed. Of 173 CAUTIs, 115 (66 percent) were thought to
be acquired through extraluminal migration of organisms

ascending from the perineum along the external surface of
the catheter. A smaller proportion of infections (34 percent)
was acquired from intraluminal contamination of the collec-
tion system.

While most UTIs due to Enterobacteriaceae are thought to
originate from an endogenous source, organisms causing
healthcare-associated UTI may be transmitted from one
patient to another in an institution. An estimated 15 percent
of episodes of healthcare-associated bacteriuria occur in clus-
ters, often involving highly antibiotic-resistant organisms.2,4

Most hospital-based outbreaks have been associated with lack
of proper hand hygiene by healthcare personnel. Despite these
occasional clusters, most cases of healthcare-associated UTI
are associated with a patient’s own endogenous organisms.

The formation of biofilm on the inner and outer surfaces of
urinary catheters has important implications for prevention
and treatment of CAUTI.2 Adhesion of organisms to catheter
materials is dependent on the hydrophobic nature of organ-
isms and the catheter surface. Once organisms attach to the
catheter and multiply, they secrete an extracellular matrix of
glycocalyces. Organisms in the biofilm multiply more slowly
than planktonic bacteria growing within the urine itself but can
ascend the inner surface of the catheter in 1–3 days. Some
organisms in the biofilm, such as Proteus species,
Pseudomonas aeruginosa, Klebsiella pneumoniae, and
Providencia species, have the ability to hydrolyze urea in the
urine to free ammonia. The resulting increase in pH allows
precipitation of minerals, such as hydroxyapatite or struvite,
which then deposit in the catheter biofilm, causing mineral
encrustations along the catheter. Encrustations are a feature of
biofilms uniquely associated with urinary catheters.

Epidemiology

Descriptive Epidemiology
CAUTI accounts for approximately 12 percent of all health-
care-associated infections in acute care hospitals, but UTIs
make up a smaller proportion of healthcare-associated infec-
tions in intensive care unit (ICU) patients.5,6 The incidence of
UTI varies by ICU type; rates of CAUTI reported to the NHSN
in 2012 ranged from 1.2 infections per 1,000 catheter-days in
small (<15 beds) medical-surgical ICUs to 5.0 infections per
1,000 catheter-days in neurosurgical ICUs.6 CAUTI was
reported at an incidence of 2.7 infections per 1,000 catheter-
days in medical-surgical pediatric ICUs; rates for neonatal
ICUs were not reported, but CAUTI has been identified

133



infrequently in these units previously.7 Rates of CAUTI in
general care and chronic care units were equivalent to or
higher than those in the ICU, ranging from 1.4 infections per
1,000 catheter-days in adult medical-surgical units to 4.8 infec-
tions per 1,000 catheter-days in chronic ventilator units.6

Microbial Etiology
Enterobacteriaceae are the pathogens most commonly asso-
ciated with CAUTI hospital-wide (Table 12.1).5 Other signifi-
cant pathogens include enterococci, P. aeruginosa, and
Candida species, although yeasts are excluded from the most
recent NHSN definition for CAUTI as they rarely cause symp-
tomatic infection.5,8,9 Most infections (80 percent) associated
with short-term indwelling urinary catheters are due to a single
species of organism. Conversely, infections associated with
long-term indwelling catheters are polymicrobial in 77 percent
to 95 percent of cases. This pathogen distribution has not
changed significantly from previous reports between 1986 and
2011.5 However, organisms that cause CAUTI are increasingly
resistant to antibiotics. Among Escherichia coli urinary isolates
reported to NHSN between 2009 and 2010, 31 percent were
resistant to fluoroquinolones, and 12 percent were resistant to
extended-spectrum cephalosporins.10 Among Klebsiella iso-
lates, 27 percent were resistant to extended-spectrum cepha-
losporins, and 12.5 percent were resistant to carbapenems.

Risk Factors
Most studies onCAUTI have focused on bacteriuria, a precursor
of symptomatic infection. The most important, consistently
described risk factor for healthcare-associated bacteriuria is the
duration of catheterization. Bacteriuria develops rapidly and
frequently in catheterized patients, with an average risk of 3 per-
cent to 10 percent per day.2 Among patients with a urinary
catheter in place for 2–10 days, 26 percent will develop

bacteriuria. Nearly all patients catheterized for a month will
have bacteriuria, making this duration the dividing line between
short-term and long-term catheterization.

Females have a higher risk of catheter-associated bacter-
iuria than males (odds ratio [OR], 1.8–3.8).11 Systemic anti-
biotic therapy at the time of urinary catheter insertion has
a protective effect against the development of bacteriuria
(OR, 1.8–3.9). Other risk factors identified in one or more
studies include the following: older age, diabetes, serum crea-
tinine level greater than 2 mg/dL, and nonsurgical disease.
Nonadherence to catheter care recommendations has also
been associated with increased risk of bacteriuria.

CAUTI is the leading cause of secondary healthcare-
associated bloodstream infection (BSI). Although BSI occurs
in only 1–4 percent of cases, approximately 20 percent of
healthcare-associated BSIs arise from the urinary tract, and
mortality rates among patients with urinary tract-related BSI
may be as high as 33 percent.12 In one study, risk factors for
healthcare-associated urinary tract-related BSI included neu-
tropenia (OR, 10.99), renal disease (OR, 2.96), and male sex
(OR, 2.18). Receipt of insulin (OR, 4.82) or immunosuppres-
sive medications (OR, 1.53) was associated with increased risk
for BSI, and receipt of antibacterials (OR, 0.66) was protective.

Diagnosis and Surveillance
The terms “bacteriuria” and “urinary tract infection” are often
used interchangeably in the published literature pertaining to
healthcare-associated UTI and CAUTI. The distinction
between them is important clinically because asymptomatic
catheter-associated bacteriuria is rarely associated with adverse
outcomes and generally does not require treatment with
antibiotics.9 Most studies of CAUTI use bacteriuria as the
primary outcome. In general, bacteriuria in a catheterized
patient is defined as growth in culture of 102 colony-forming
units (cfu) or more of a predominant pathogen per milliliter of
urine collected aseptically from a sampling port.4

The NHSN has developed surveillance definitions for
healthcare-associated UTI that allow for standardization and
interfacility comparison of infection rates.8 The definitions
distinguish between symptomatic UTI and asymptomatic bac-
teriuria. In order to meet criteria for a symptomatic UTI, an
adult patient must have at least one sign or symptom (tem-
perature >38˚C, urinary urgency, urinary frequency, dysuria,
suprapubic tenderness, or costovertebral angle pain or tender-
ness) and a positive urine culture (≥105 cfu/mL with no more
than 2 species of organisms detected). Symptomatic UTI is
considered to be catheter-associated if a urinary catheter has
been in place for more than 2 days and at least one of the above
signs or symptoms is present (with the exception of urgency,
frequency, or dysuria if the catheter is still in place).
Asymptomatic bacteriuria is defined as a positive urine culture
(≥105 cfu/mL with no more than 2 species of organisms
detected) in the absence of signs or symptoms. One change
that was made with the most recent NHSN surveillance defini-
tions is that yeasts are no longer considered urinary pathogens,
and patients with urine cultures growing yeast only are not
considered to have symptomatic UTI.

Table 12.1 Organisms associated with catheter-associated urinary tract
infections (CAUTIs)

Organism Percentage
of CAUTIs

Escherichia coli 27.7

Klebsiella species 23.1

Enterococcus species 16.9

Pseudomonas aeruginosa 10.8

Candida species and unspecified yeast 10.8

Other Enterobacteriaceae (Enterobacter spe-
cies, Citrobacter species, Serratia species)

7.7

Staphylococcus aureus 3.1

Stenotrophomonas maltophilia 3.1

Streptococcus species 3.1

Data are from Magill et al.5
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Clinical diagnosis of CAUTI is quite difficult. Pyuria is not
a reliable indicator of UTI in a patient with a catheter in place.
Musher and colleagues13 found that most catheterized patients
with bacteriuria had pyuria, but 30 percent of patients with
pyuria did not have bacteriuria. Diagnosis of UTI in patients
with long-term urinary catheters is particularly difficult, as
bacteriuria is invariably present. Systemic symptoms of infec-
tion may be the only indications of UTI, especially in patients
who have spinal cord injuries.14

Surveillance for CAUTI had not been a priority for most
hospitals in the past, mostly because of lack of resources
required to perform full hospital surveillance. However,
in January 2012, most acute care facilities began reporting
CAUTIs from adult and pediatric ICUs to the NHSN in
order to meet the requirements of the Centers for Medicare
and Medicaid Services (CMS) Inpatient Prospective Payment
System final rule.15 Beginning in January 2015, acute care
hospitals were also required to report CAUTIs from adult
and pediatric medical and surgical wards. CAUTI rates are
publicly reported on the CMS Hospital Compare website.16

Some states also have requirements for CAUTI reporting.
Surveillance for CAUTI should be performed using NHSN

definitions, and data collection forms utilizing these standar-
dized criteria are available from the NHSN. The incidence of
CAUTI is typically expressed as the number of infections per
1,000 urinary catheter-days.17 However, the use of device-days
as a denominator may mask successful CAUTI prevention
efforts, as an overall reduction in catheter use may paradoxi-
cally lead to higher CAUTI rates. Thus, the standardized infec-
tion ratio (SIR) may be a preferred performance measure.
The SIR is a summary measure that is calculated by dividing
the observed number of infections by the predicted number of
infections. The predicted number of infections is based on
infections reported to NHSN during a baseline period and is
risk-adjusted based on patient care location and hospital char-
acteristics. In addition to performing surveillance for CAUTI,
hospitals maymonitor compliance with process measures such
as documentation of catheter insertion and removal dates and
documentation of indication for catheter placement.

Prevention of CAUTI

General Strategies for Prevention
Compliance with hand hygiene before and after patient care is
recommended for prevention of all healthcare-associated
infections, including UTI.18 The urinary tracts of hospitalized
patients and patients in long-term care facilities represent
a significant reservoir for multidrug-resistant organisms; hos-
pital transmission of these organisms has been reported. Use of
contact precautions with gowns and gloves is currently recom-
mended as part of a multifaceted strategy to prevent transmis-
sion of multidrug-resistant organisms.19 In addition, UTI has
been found to be an important cause of antibiotic use in
hospitalized patients.20 Repeated antibiotic treatment for
infections related to long-term urinary catheterization is an
important risk factor for colonization with multidrug-resistant
organisms, yet much of this use of antibiotics may be

inappropriate. Reduction in use of broad-spectrum antibiotics
is an important strategy to prevent development of antibiotic
resistance associated with urinary catheters. Antibiotic stew-
ardship programs should develop facility-specific clinical prac-
tice guidelines for treatment of UTIs.21

Specific Strategies for Prevention
Multiple guidelines have been developed to outline strategies
for the prevention of CAUTI.17,22 Key strategies for prevention
of CAUTI are summarized in Table 12.2.

Limitation of Use and Early Removal of Urinary
Catheters
The most effective strategy for prevention of CAUTI is avoid-
ance of urinary catheterization.23 The incidence of urinary
catheter placement for an inappropriate indication has been
documented to be 21 percent to 50 percent.24–26 Physician
documentation of the indication for a urinary catheter has
been reported to be present in less than 50 percent of cases.27

Physicians are frequently unaware of the presence of urinary
catheters in their patients, and this lack of awareness has been
correlated with inappropriate catheter use.28

Indwelling urinary catheterization should be limited to
certain indications (Table 12.3).17,22 Catheters should not be
inserted for convenience or for incontinence in the absence of
another compelling indication. Each institution should
develop written guidelines and explicit criteria for indwelling
urinary catheterization based on these widely accepted indica-
tions, although modifications based on local needs may be
appropriate. Regular education of medical and nursing staff
regarding proper indications and supporting rationale should

Table 12.2 Key strategies for prevention of catheter-associated urinary
tract infection

Avoid use of indwelling urinary catheters

• Place only for appropriate indications

• Follow institutional protocols for placement, including
perioperatively

• Use alternatives to indwelling catheterization (intermittent
catheterization, condom catheter, or portable bladder
ultrasound scanner)

Remove indwelling catheters early

• Use nurse-based interventions

• Use electronic reminders

Use proper techniques for insertion and maintenance of
catheters

• Adhere to sterile insertion practices

• Use a closed drainage system

• Avoid routine bladder irrigation
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be undertaken. If appropriate criteria for catheter placement
are not met, nursing staff should be encouraged to discuss
alternatives with the ordering physician. Physician orders
should be required prior to any catheter insertion, and institu-
tions should implement a system for documenting placement
of catheters. Interventions for limiting urinary catheter use
should be targeted at hospital locations where initial placement
often occurs, such as emergency departments and operating
rooms.

A number of nurse-driven interventions have demonstrated
promising effectiveness in reducing the duration of catheteriza-
tion. A nurse-based reminder to physicians to remove unneces-
sary urinary catheters in an adult ICU in a Taiwanese hospital
resulted in a reduction in the incidence of CAUTI from 11.5 to
8.3 cases per 1,000 catheter-days.29 Nurse-initiated reminders to
physicians of the presence of urinary catheters also decrease the
number of catheter-days.30,31 Such interventions are relatively
easy to implement and may consist of either a written or elec-
tronic notice or verbal contact with the physician regarding the
presence of a urinary catheter and alternative options.

The advent of electronic medical records and computer-
ized physician order entry systems allow targeted interven-
tions both to reduce the number of catheters placed and to
reduce the duration of catheterization. Cornia and
colleagues32 found that use of a computerized reminder
reduced the duration of catheterization by 3 days. In some
settings, an infection prevention specialist may have the cap-
ability of working with the information technology depart-
ment to integrate catheter protocols into electronic physician
order entry sets.

Perioperative Management of Urinary Retention
Specific protocols for themanagement of perioperative urinary
retentionmay be beneficial. Although only a limited number of
prospective studies have addressed optimal postoperative blad-
der management strategies, indwelling urinary catheterization
following surgery has become ubiquitous in some centers.
In one large cohort study, the authors demonstrated that

85 percent of patients admitted for major surgical procedures
had perioperative indwelling catheters, and the half of these
patients with duration of catheterization greater than 2 days
were significantly more likely to develop UTI and less likely to
be discharged to home.33 Older surgical patients in particular
are at risk for prolonged catheterization. In another study,
23 percent of surgical patients older than 65 years of age were
discharged to skilled nursing facilities with an indwelling
catheter in place, and these patients were substantially more
likely to be rehospitalized or die within 30 days.34

In a large prospective clinical trial involving orthopedic
patients, incorporation of a multifaceted protocol for perio-
perative catheter management resulted in a two-thirds reduc-
tion in the incidence of UTI.35 The intervention consisted of
limiting catheterization to patients who underwent surgery
with a duration of more than 5 hours or who underwent total
hip or knee replacement if the patient met one of several
conditions. Urinary catheters were removed on
postoperative day 1 after total knee arthroplasty and on
postoperative day 2 after total hip arthroplasty. Although this
protocol was effective at this particular hospital, each institu-
tion should develop protocols written by a local, multidisci-
plinary group.

Alternatives to Indwelling Urinary Catheters
Intermittent urinary catheterization may reduce the risk of
UTI compared with indwelling urinary catheterization.
In particular, patients with neurogenic bladder and long-
term urinary catheters may benefit from intermittent catheter-
ization. One meta-analysis demonstrated reduced risk of
asymptomatic bacteriuria and symptomatic UTI in postopera-
tive patients following hip or knee surgery with intermittent
catheterization compared with indwelling catheterization
(relative risk, 2.90) but included only 2 studies with a total of
194 patients.36 Several studies of intermittent catheterization
in postoperative patients have demonstrated increased risk of
urinary retention and bladder distention.37,38 Incorporating
use of a portable bladder ultrasound scanner with intermittent
catheterization may attenuate this risk.39,40

External catheters, or condom catheters, should be consid-
ered as an alternative to indwelling catheters in appropriately
selected male patients without urinary retention or bladder
outlet obstruction. A randomized trial demonstrated
a decrease in the composite outcome of bacteriuria, sympto-
matic UTI, and death in patients with condom catheters com-
pared with patients with indwelling catheters, although the
benefit was limited to those men without dementia.41

Condom catheters may also be more comfortable than indwel-
ling catheters.42

Proper Techniques for Insertion and Maintenance
of Urinary Catheters
Once a decision has been made to proceed with urinary cathe-
terization, proper catheter insertion and maintenance are
essential for prevention of CAUTI. Urinary catheters should
be inserted using sterile equipment and aseptic technique by

Table 12.3 Appropriate indications for placement of a urinary catheter

Accurate monitoring of urine output in a critically ill patient

Acute anatomical or functional urinary retention or obstruction

Perioperative use for selected surgical procedures

• For surgical procedures of anticipated long duration

• For urologic procedures

• For procedures in patients with urinary incontinence

• For procedures requiring intraoperative urinary monitoring
or expected large volume of intravenous infusions

Urinary incontinence in patients with open perineal or sacral
wounds

Improved comfort for end-of-life care, if desired

Emily K. Shuman

136



a trained healthcare practitioner.17,22 Cleaning of the meatal
area should be undertaken prior to catheter insertion, but there
is currently no consensus regarding the use of sterile water,
compared with use of an antiseptic preparation. A randomized
study comparing sterile water with 0.1 percent chlorhexidine
for cleaning of the meatal area prior to insertion demonstrated
no difference in the development of bacteriuria.44 Ongoing
catheter maintenance with daily meatal cleaning using an
antiseptic has also not shown clear benefit, and it may actually
increase rates of bacteriuria compared with routine care with
soap and water.45,46 A single-use packet of sterile lubricant jelly
should be used for insertion to reduce urethral trauma, but it
does not need to possess antiseptic properties.22 Urinary
catheters should not be routinely exchanged, except for
mechanical reasons, because any reduction in the rate of bac-
teriuria with routine changing is generally only transient.47

Use of closed urinary catheter systems with sealed cathe-
ter-tubing junctions reduces the risk of CAUTI.17,22 Breaches
of the closed system should be avoided, and urine should be
sampled only from a port after cleaning with an antiseptic
solution or from the drainage bag using sterile technique if
a large sample is required. Breach of the closed system to
instill antibiotics is associated with increased rates of infec-
tion, and irrigation of the bladder with antibiotics can cause
the organisms colonizing the catheter biofilm to flow into the
bladder.48

Anti-Infective Catheters
Use of antiseptic and antibiotic-impregnated urinary catheters
may have an impact on the rates of catheter-associated
bacteriuria.49 Antiseptic catheters currently available are
coated with silver alloy. Earlier catheters coated with silver
oxide lacked efficacy compared with silver alloy–coated cathe-
ters and are no longer available. Other antibiotic-impregnated
catheters have utilized various types of antibiotics, including
nitrofurazone, minocycline, and rifampin.

In a large meta-analysis, use of silver alloy–coated catheters
significantly reduced the incidence of asymptomatic

bacteriuria (RR, 0.54) among adult patients catheterized for
less than 7 days compared with use of latex catheters.49 Among
patients catheterized for more than 7 days, a reduction in
asymptomatic bacteriuria was less pronounced (RR, 0.64).
In the same meta-analysis, antibiotic-impregnated catheters
were compared with standard catheters and were found to
decrease the rate of asymptomatic bacteriuria (RR, 0.52) for
duration of catheterization less than 7 days but demonstrated
no benefit for duration of catheterization of more than 7 days.
Another meta-analysis demonstrated similar reductions in
asymptomatic bacteriuria in patients with short-term
catheterization.50 There are few trials assessing antiseptic-
and antibiotic-coated catheters in patients with long-term
urinary catheterization, and no conclusions can be drawn
regarding such patients.51

Use of anti-infective urinary catheters appears to be one
option to reduce the incidence of bacteriuria in patients with
short-term urinary catheterization (for less than 7 days), but
the effect on the more important outcomes of symptomatic
CAUTI and urinary catheter-associated bloodstream infection
are not clear from the current literature. The current consensus
is that anti-infective urinary catheters should not be used
routinely to prevent CAUTI.17

Summary
UTI remains one of the most common types of healthcare-
associated infection, and attention to these infections has
increased in recent years due to public reporting and financial
consequences for healthcare facilities. Because urinary cathe-
ters account for the majority of healthcare-associated UTIs, the
most important interventions are directed at avoiding place-
ment of urinary catheters and promoting early removal when
appropriate. Alternatives to use of indwelling catheters, such as
intermittent catheterization and use of condom catheters,
should be considered. If indwelling catheterization is appro-
priate, use of proper aseptic practices for catheter insertion and
maintenance and use of closed urinary-catheter collection sys-
tems are essential for prevention of CAUTI.
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Chapter

13
Ventilator-Associated Events
Michael Klompas

Introduction
The U.S. Centers for Disease Control and Prevention (CDC)
introduced a new paradigm for safety surveillance in ventilated
patients in early 2013. The new paradigm, called “ventilator-
associated events” (VAE), was designed to overcome many of
the limitations associated with traditional ventilator-associated
pneumonia (VAP) surveillance.1 VAE definitions shift the
focus of surveillance from pneumonia alone to complications
of mechanical ventilation in general. The proposed advantages
of this shift include broadening the focus of prevention to
encompass multiple potential causes of deterioration in venti-
lated patients and facilitating objective surveillance definitions
amenable to automation.2

The shift from VAP to VAE introduced new challenges for
infection prevention and control programs. The concept is still
new to both infection preventionists and critical care physi-
cians. Many practitioners do not have an intuitive feel for
VAEs as a clinical entity and hence find it difficult to interpret
VAE rates or to suggest interventions to prevent VAEs.
In addition, VAE surveillance and prevention compels hospital
epidemiologists and infection preventionists to contend with
new data sources (e.g., ventilator settings) and new care pro-
cesses (e.g., ventilator and sedationmanagement) that have not
been part of the traditional purview of infection prevention
and control programs. As such, the shift from VAP to VAE
surveillance asks practitioners to do more than simply learn
a new set of definitions. VAE surveillance invites practitioners
to consider new partnerships with critical care colleagues to
collectively find new ways to improve the total care of venti-
lated patients, not just prevent pneumonia.

In this chapter we will review CDC’s rationale for switching
from VAP to VAE surveillance, key points of VAE epidemiol-
ogy, and emerging approaches to surveillance and prevention.

Limitations of Traditional VAP Surveillance
Definitions
Limitations of traditional VAP definitions include their com-
plexity, subjectivity, lack of specificity, limited capacity for
automation, and inconsistent associations with adverse
outcomes.3–7 These limitations were particularly concerning
to hospitals and quality improvement advocates when some
payors and regulators started to propose using VAP rates for
public reporting, hospital benchmarking, and pay-for-
performance initiatives.8,9 Investigators documented very
high rates of interobserver variability in VAP classifications

amongt infection preventionists both within and between hos-
pitals, calling into question whether VAP rates in one hospital
were at all comparable to VAP rates in another hospital.3–5

Furthermore, the subjectivity of traditional VAP criteria (e.g.,
“increase in secretions,” “worsening oxygenation,” “new or
progressive infiltrate,” etc.) allowed for the possibility that
VAP rates could decrease over time simply by interpreting
subjective criteria more strictly.10

Many institutions noted a growing discrepancy between
surveillance and clinical VAP rates. Observers speculated that
this might have been because of the rising levels of attention
being paid to VAP by regulators, payors, and quality improve-
ment advocates, leading infection preventionists to con-
sciously or subconsciously apply VAP criteria more and
more strictly, which in turn led to fewer and fewer perceived
cases.10,11 Indeed, multiple institutions reported surveillance
VAP rates as much as an order of magnitude lower than their
concurrent clinical rates of VAP diagnosis and treatment.12–14

The median VAP rate in nonteaching medical ICUs participat-
ing in the National Healthcare Safety Network (NHSN) in 2012
was zero. These numbers stirred disbelief and distrust in clin-
icians since they were at odds with clinical diagnosis and
treatment rates for VAP, which remained high.15–17

Finally, the infection prevention community noted the
paucity of VAP prevention initiatives associated with improve-
ments in patient-centered outcomes such as length-of-stay or
mortality.18–20 These observations raised the question whether
focusing on VAP prevention per se was the best strategy to
catalyze better outcomes for all mechanically ventilated
patients. Interventions designed to decrease duration of
mechanical ventilation, prevent delirium, minimize fluid over-
load, and prevent ARDS might ultimately be more impactful
ways to improve outcomes for ventilated populations.21

VAE Definitions
VAE definitions were designed to overcome many of the per-
ceived limitations of traditional VAP definitions. VAE surveil-
lance is predicated upon identifying patients who have
a trajectory change in their respiratory status as marked by
new and sustained increases in their levels of ventilator sup-
port. The advantages of this approach are twofold: 1) it
expands the focus of surveillance and hence prevention to
encompass a broad array of potential sources of harm in
ventilated patients, not just pneumonia; and 2) it allows for
an objective, quantitative surveillance definition based solely
on identifying patients with sustained increases in their
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ventilator settings above specified thresholds. The disadvan-
tage of this approach is that VAEs are not associated with
a single, consistent clinical diagnosis and hence the interpreta-
tion of VAE rates can be opaque to both clinicians and infec-
tion preventionists.

Two ventilator settings in particular are used to measure
the level of ventilator support for the purposes of VAE surveil-
lance: the daily minimum positive end expiratory pressure
(PEEP) and the daily minimum fraction of inspired oxygen
(FiO2). Daily minimum values are used for both these para-
meters in order to capture patients’ “best” values of the day and
to prevent VAEs from being triggered by transient distur-
bances in respiratory function due to mucous plugging, posi-
tion changes, or procedures.

The technical definition of a VAE is as follows:

• ≥2 days of stable or decreasing daily minimum PEEP values
followed by ≥2 days of daily minimum PEEP ≥3 cm H2O
higher than each of the two baseline days or

• ≥2 days of stable or decreasing daily minimum FiO2 values
followed by ≥2 days of daily minimum FiO2 ≥20 percent
points higher than each of the two baseline days

Once a VAE has been detected, there are additional criteria
that one can use to classify a VAE as an infection-related
ventilator-associated complication (IVAC) and/or a possible
ventilator-associated pneumonia (PVAP). IVAC is defined as
a patient with VAE who has concurrent signs of possible
infection, namely an abnormal temperature or white blood
cell count and at least four days of new antibiotics. These
signs need to be present within 2 days before or after the
first day of increased ventilator settings that triggered a VAE,
excluding the first two days on the ventilator. PVAP is defined
as a patient with IVAC who has concurrent evidence of
a possible respiratory infection, namely a bronchoalveolar
lavage or endotracheal aspirate with quantitative or semiquan-
titative growth of a potentially pathogenic organism above
specified thresholds, or ≥25 neutrophils per low power field
along with any amount of growth of a potentially pathogenic
organism. PVAP can also be triggered by positive tests for
respiratory viruses, Legionella spp., positive pleural fluid cul-
tures, or histological evidence of pneumonia.

Epidemiology

Incidence
The incidence of VAE varies by hospital and by intensive care
unit (ICU) type. As of this writing, CDC has not published
national benchmarks for VAE rates, but a number of institu-
tions from around the world have published their local rates.
VAE incidence rates range from 5–10 events per 100 episodes
of mechanical ventilation or 5–15 events per 1000 ventilator-
days.22–25 Rates tend to be higher in medical, surgical, and
thoracic ICUs (8–10 events per 100 episodes of mechanical
ventilation or 12–16 events per 1000 ventilator-days) and
lower in cardiac surgery units (1 event per 100 episodes or 6
events per 1000 ventilator-days).26 VAE rates have tended to be
higher than traditionally-defined VAP rates among units that

have conducted concurrent surveillance using both
definitions.22–25 Most VAEs occur within the first two weeks
of mechanical ventilation; the risk thereafter diminishes but
never disappears.26 About 30 percent to 45 percent of VAEs
qualify as IVACs; the proportion appears to vary by ICU
type.26

Attributable Morbidity and Mortality
Most studies have found that patients with VAEs are approxi-
mately twice as likely to die compared to similar patients with-
out VAEs (Table 13.1).22–24,26–30 VAEs also appear to extend
duration of mechanical ventilation, ICU length-of-stay, and
hospital lengths-of-stay.26,28,31 Four studies have directly com-
pared the attributable mortality of VAE and traditionally-
defined VAP within common populations. Three of the four
studies reported higher attributable mortality rates for VAEs
compared to VAP.23,27,29 The fourth study found the reverse.22

VAEs in general and IVACs in particular have also been found
to correlate closely with antimicrobial utilization.30,31

Surveillance Strategies
VAE definitions were intentionally designed to allow for the
possibility of automated surveillance using electronic clinical
data. A number of facilities have now reported successful imple-
mentation of automated VAE surveillance systems.22,24,32,33

These implementations have been associated with substantial

Table 13.1 Attributable mortality of ventilator-associated events (VAE)
versus ventilator-associated pneumonia (VAP)

Study Measure
of Effect

VAE VAP

Klompas
et al. 2011

Odds ratio
(95% CI)

2.0 (1.3–3.2) 1.1 (0.5–2.4)

Klompas
et al. 2012

Odds ratio
(95% CI)

1.9 (1.5–2.3) –

Hayashi
et al. 2013

Hazard
ratio (95%
CI)

0.9 (0.6–1.4) –

Muscedere
et al. 2013

Hazard
ratio (95%
CI)

2.1 (1.6–2.8) 1.5 (1.1–2.1)

Klein
Klouwenb-
erg et al.
2014

Subdistrib-
ution
hazard ratio
(95% CI)

3.9 (2.9–5.3) 7.2
(5.1–10.3)

Klompas
et al. 2014

Odds ratio
(95% CI)

2.0 (1.6–2.4) –

Lilly et al.
2014

Odds ratio
(95% CI)

1.8 (1.0–3.6) 1.0 (0.6–1.7)

Stevens
et al. 2014

Odds ratio
(95% CI)

1.9 (1.5–2.4) –

Adapted from reference number.53
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time-savings and superior case detection compared to manual
surveillance by infection preventionists.32,33 Indeed, manual
surveillance may be error prone and insensitive compared to
automated surveillance. Mann and colleagues, for example,
compared manual VAE detection by three different individuals
to automated detection using an algorithm.33 The three manual
surveyors all identified different numbers of VAE cases, and all
missed cases accurately identified by the automated algorithm.

Automated VAE detection need not be an all-or-nothing
operation. Daily minimum PEEP and FiO2 settings alone are
all that are needed to detect ventilator-associated conditions
(VACs), the first tier of the VAE definition set. If a hospital
infection prevention program can access these data electroni-
cally and automate VAC detection, this can be a great boon to
efficiency since IVAC and PVAP are subsets of VAC (i.e., only
patients with VACs can possibly meet IVAC and PVAP cri-
teria). Only 5–10 percent of ventilated patients tend to trigger
VAC criteria, hence automated screening for VAC can effec-
tively eliminate the vast majority of ventilated patients from
further consideration for IVAC and PVAP. This can make the
additional work required to gather data for IVAC and PVAP
evaluations considerably more tolerable, even if it has to be
done manually, since it need only be done for a very small
number of patients.

Likewise, hospitals that are unable to obtain ventilator
settings electronically can consider partnering with nursing
and/or respiratory therapy colleagues to collect these data
manually on their behalf. Partnering with these departments
makes sense both in terms of surveillance efficiency and in
terms of team building when it comes to implementing strate-
gies to prevent VAEs. Colleagues from these departments
might view requests to participate in data collection more
favorably if they can believe it will ultimately contribute to
their ongoing efforts to improve the care that they provide and
outcomes for their patients. Moreover, the request is small –
literally two pieces of data per patient per day (daily minimum
PEEP and daily minimum FiO2). Once these data are in hand,
they should be arrayed into a line list organized by patient with
one row per patient per day. Organizing the data in this fashion
can simplify VAE detection since one need only run one’s eye
down the list of daily minimum PEEPs and daily minimum
FiO2s to identify patients with ≥2 days of stable or decreasing
settings followed by ≥2 days of higher settings.

Of note, CDC has developed electronic tools to assist facil-
ities with VAE detection.34 The first tool is an online VAE
calculator. Infection preventionists can use the calculator to
enter data about a case and then receive an annotated explana-
tion of whether and why the patient does or does not meet VAE
criteria. This is useful both as a reference and teaching tool for
infection preventionists working to familiarize themselves with
VAE surveillance. The limitation of the online calculator, how-
ever, is that it can only be used for one patient at a time. CDC is
therefore developing two additional tools. One is a synthetic
data set for a hypothetical population of ventilated patients.
Software developers can use this dataset as a foil for creating
electronic algorithms and as a validation tool once they have
developed candidate code for VAE detection. The second is

a web-service that hospitals or EHR vendors can use to auto-
mate VAE detection. Participants upload a de-identified data
set with daily ventilator settings, temperatures, white blood cell
counts, and antibiotic exposures from an entire population of
patients. The web service then analyzes these data, identifies
patients with VAEs, and returns details about these VAEs to
the submitter.

VAE in Children and Neonates
As of this writing, VAE definitions are only intended for use
with adults. CDC has convened a working group of stake-
holders, however, to explore whether and how to adapt VAE
definitions for children and neonates. In the interim, research-
ers at Texas Children’s Hospital went ahead and applied adult
VAE definitions to patients in their pediatric intensive care
unit.35 They found that 14.5 percent of ventilated children in
their unit met criteria for VAC and 8.1 percent for IVAC. As in
adults, VACs were associated with longer ventilator time, ICU,
and hospital stays as well as significantly higher mortality rates.
Risk factors for VACs included immunocompromised state,
tracheostomy dependence, and chronic respiratory disease.
Most VACs were attributable to pneumonias, atelectasis, pul-
monary edema, and shock.

Other pediatric specialists have proposed modifications to
adult VAE criteria to make them more suitable for younger
populations, particularly neonates. A multicenter collaborative
proposed substituting surveillance for increases in daily mini-
mum PEEP with surveillance for increases in daily minimum
mean airway pressure (MAP) of ≥4 cm H2O.

36 They also
proposed increasing the threshold for significant changes in
FiO2 from 20 points to 25 points. They reasoned that MAP is
a better reflection of pulmonary function than PEEP and that
some modes of mechanical ventilation frequently used in neo-
nates (such as high frequency oscillatory ventilation) only
include MAPs, not PEEPs. In an exploratory regression analy-
sis using retrospective data from five US hospitals, they
affirmed that this variant definition remained significantly
associated with increased mortality compared to matched
controls.

VAE Prevention
VAE definitions were purposefully created to broaden the
scope of surveillance beyond pneumonia to encompass addi-
tional morbid complications of mechanical ventilation. VAE
prevention is therefore necessarily broader than VAP preven-
tion alone. In addition, a number of investigations over the
past few years have raised questions about what constitutes
best practices to prevent VAP. The switch from VAP to VAE
definitions invites quality improvement advocates to re-
evaluate and redesign traditional ventilator bundles to better
reflect current understanding of best practices for ventilated
patients.

Indeed, some components of traditional ventilator bundles
may be harmful for ventilated patients. For example, stress
ulcer prophylaxis may increase pneumonia risk.37 Oral care
with chlorhexidine may increase mortality risk.38,39 Other
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interventions have been associated with lower VAP rates but
not with improvements in concrete patient outcomes such as
length of stay or mortality. This may be because of circularity
between VAP definitions and VAP prevention strategies.20

Interventions that decrease microbial colonization of the oro-
pharynx (e.g., oral antiseptics) or decrease the volume of secre-
tions (e.g., subglottic secretion drainage) may lead to fewer
observed VAPs because endotracheal cultures and secretion
characteristics are common diagnostic criteria for VAP.38,40

It is unclear, however, if these decreases are attributable to true
decreases in invasive pneumonias or cosmetic decreases in
nonspecific clinical signs alone. It is therefore critical to assess
the impact of prevention strategies on concrete outcomes such
as VAEs, duration of mechanical ventilation, ICU length of
stay, mortality, and antimicrobial dispensing.18,19,41

A logical approach to VAE prevention is to try to decrease
exposure and duration of mechanical ventilation, and to adopt
practices that target the most common conditions that trigger
VAEs.42 Potential strategies include avoiding intubation, mini-
mizing sedation and avoiding benzodiazepines, performing
paired daily spontaneous awakening and breathing trials, early
mobility, elevating the head of the bed, using fluids conserva-
tively, setting low tidal volumes for ventilation, and setting
restrictive blood transfusion thresholds.42–47 Root cause ana-
lyses may reveal additional institution-specific opportunities to
prevent VAEs.

Clinical Correlates
Four studies have characterized the clinical events that most
frequently trigger VAEs: 25–40 percent are caused by VAP,
20–40 percent are caused by fluid overload including pulmon-
ary edema, 10–15 percent are caused by atelectasis, and 10–20
percent are caused by the acute respiratory distress syndrome
(ARDS). Prevention efforts for VAE should therefore include

best practices to prevent these conditions. Figure 13.1 depicts
the interplay between potential VAE prevention strategies and
the conditions most commonly associated with VAEs.42

Risk Factors
There has been relatively little work on modifiable risk factors
for VAEs. A case-control study of 110 patients with VAEs
matched to 110 patients without VAEs found that possible
risk factors included mandatory modes of mechanical ventila-
tion, positive fluid balances, use of benzodiazepines prior to
intubation, opioid exposures, and use of neuromuscular
blockers.48 Other studies have identified spontaneous awaken-
ing trials and spontaneous breathing trials as protective against
VAEs.29,49

A substantial fraction of VAEs may be attributable to iatro-
genic events. A large series from France, for example, attributed
14 percent of VAEs to iatrogenic complications such as pneu-
mothorax, thromboembolism, and failed extubations.30 These
observations suggest the wisdom of conducting root cause ana-
lyses of VAEs to try to discern if there are specific patterns of
practice in a given institution that may predispose to VAEs.
Likewise, the same study reported that 17 percent of VAEs
occurred during or soon after patient transport.30 Root cause
analysesmay shed light on possible reasons for these cases.Were
these VAEs attributable to laying patients supine during trans-
fers, loss of tracheal cuff pressure during movement, failure to
remove subglottic secretions prior to movement, changes in
ventilator mode and settings during surgery, or something else
altogether? Root cause analyses may be able to help providers
hone in on specific opportunities for improvements.

Intervention Trials
The Canadian Critical Care Trials Group retrospectively ana-
lyzed the impact of a 2-year quality improvement program in
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Figure 13.1 Potential strategies to prevent venti-
lator-associated events. These strategies are all asso-
ciated with shortening the duration of mechanical
ventilation and reducing one or more of the clinical
conditions most frequently associated with VAEs.
Reprinted with permission of the American Thoracic
Society. Copyright © 2017 American Thoracic
Society. Klompas M. (2015) Potential Strategies to
Prevent Ventilator-associated Events. Am J Respir Crit
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11 ICUs on VAE rates.29 The investigators organized a series of
educational sessions and intermittent reminders to improve
adherence with evidence-based recommendations for the care
of ventilated patients.50 The recommendations included semi-
recumbent positioning, oral care with chlorhexidine, use of
endotracheal tubes with subglottic secretion drainage, oral
rather than nasal intubation, use of closed endotracheal suc-
tioning systems, changing ventilator circuits only when soiled
or damaged, and changing heat andmoisture exchangers every
5–7 days.

Increases in adherence rates were modest. The only inter-
ventions that significantly improved were use of endotracheal
tubes with subglottic secretion drainage (36 percent adherence
at baseline vs. 58 percent adherence at 24 months), semire-
cumbent positioning (29 percent at baseline vs. 41 percent at 24
months), and oral care with chlorhexidine (16 percent at base-
line vs. 60 percent at 24 months). Despite these modest
improvements, the investigators did note a decrease in VAE
rates from 13.6 to 9.7 cases per 100 patients (p = .05).

The significance of the observed decrease in VAE rates is
unclear given the marginal level of statistical significance and
the modest improvements in process measure adherence.
Furthermore, the intervention bundle did not include some
key interventions such as spontaneous awakening and breath-
ing trials, early physical therapy and mobilization, and con-
servative fluid management. Indeed, the investigators
conducted a post hoc multivariable analysis to identify which
processes might be protective against VAE.29 The only two
measures potentially protective against VAEs were percentage
of ventilator days with spontaneous awakening trials (OR 0.93,
95 percent CI 0.87–1.00, p = .05) and percentage of days with
spontaneous breathing trials (OR 0.97, 95 percent CI
0.94–1.01, P = .10). One is left wondering what effect the
investigators might have seen if their intervention package
had encouraged these processes in addition to or instead of
some of the measures they did include. Nonetheless, this study
was the first to demonstrate that changes in care processes can
potentially lower VAE rates.

The CDC Prevention Epicenters subsequently organized
a multicenter quality improvement collaborative to prevent
VAEs by minimizing sedation and encouraging early
extubation.49 The collaborative pursued these goals by
encouraging paired daily spontaneous awakening and breath-
ing trials in all eligible patients. The study included 3,425
episodes of mechanical ventilation and 22,991 ventilator-
days. Over the 19-month period of the collaborative, the 12
participating ICUs were able to increase the frequency of
spontaneous awakening trials from 14 percent to 77 percent
of days where indicated, the frequency of spontaneous breath-
ing trials from 49 percent to 75 percent of days where indi-
cated, and the frequency of spontaneous breathing trials
performed off sedation from 6.1 percent to 87 percent. These
improvements were accompanied by significant and sustained
decreases in VAEs. The total VAE rate decreased from 9.7 to
5.2 events per 100 episodes of mechanical ventilation (OR 0.63,
95 percent CI 0.42–0.97). The IVAC rate decreased from 3.5 to
0.52 events per 100 patients (OR 0.35, 95 percent CI 0.17–0.71).

There was also nonsignificant decrease in pneumonia rates
from 0.88 to 0.52 events per 100 patients (OR 0.51, 95 percent
CI 0.19–1.3). Decreases in VAEs were paralleled by significant
decreases in mean duration of mechanical ventilation (–2.4
days, 95 percent CI –1.7 to –3.1 days), ICU length-of-stay
(–3.0 days, 95 percent CI 1.6–4.3 days), and hospital length-
of-stay (–6.3 days, 95 percent CI 4.0–8.6 days). There were no
significant changes in mortality rates.

Of note, when the investigators analyzed the change in
VAE rates using ventilator-days as the denominator rather
than episodes of mechanical ventilation, the change in VAEs
was no longer significant.49 This was felt to reflect the impact of
the intervention on decreasing mean duration of mechanical
ventilation. In doing so, the intervention decreased both VAEs
and ventilator-days leading to a net neutral effect on VAE
incidence density when expressed as events per 1000 ventila-
tor-days. This observation, and the increasing emphasis in
critical care on interventions to decrease device days, led
NHSN to start allowing hospitals to report VAEs using epi-
sodes of mechanical ventilation as the denominator in addition
to ventilator-days.

The third intervention trial evaluated the impact of con-
servative fluid management during ventilator weaning on VAE
rates.47,51 Patients were randomized to daily assessments of
brain natriuretic peptide (BNP) levels versus routine care.
Elevated BNP levels were a signal to clinicians that a patient
might be fluid overloaded and hence to try to decrease fluid
inputs and increase diuresis. Patients randomized to daily BNP
levels were more likely to receive diuretics and had signifi-
cantly more negative net daily fluid balances (–640 mL/day vs.
–37 mL/day, P<.0001). This in turn was associated with sig-
nificantly more ventilator-free days and a 50 percent decrease
in VAE rates from 17.8 percent in the usual-care group to
8.6 percent in the interventional group (P = .02). This trial
affirmed the importance of fluid overload as a frequent cause
of VAEs and a prime target for intervention.

The fourth intervention trial published thus far considered
the impact of endotracheal tubes with subglottic secretion
drainage on VAE rates.52 Investigators randomized 352
patients to subglottic secretion drainage versus routine care.
There was a significant decrease in VAP rates (8.8 percent vs.
17.6 percent, P = .02) but no change in VAE rates (22 percent
vs. 23 percent, P = .84). There were also no differences between
groups in median ventilator days, ICU days, or hospital mor-
tality. The mismatch between the significant decrease in VAP
rates arrayed against the lack of change in VAE rates, duration
of mechanical ventilation, ICU length-of-stay or mortality
allowed for the possibility that the decrease in VAP rates may
have been driven by fewer secretions in the subglottic secretion
drainage group rather than fewer pneumonias per se. Indeed,
a recent meta-analysis of subglottic secretion drainage, includ-
ing over 3,300 patients drawn from 17 randomized controlled
trials, also noted a significant decrease in VAPs but no impact
on objective outcomes such as duration of mechanical ventila-
tion or mortality.40 These two studies reaffirm the concern that
the clinical signs used to diagnose VAP are subjective and
nonspecific. Decreases in VAP rates are not reliably paralleled
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by improvements in other, more objective patient
parameters.18 Paradoxically then, this negative study helped
affirm the potential merits of switching the focus of surveil-
lance from VAP to VAE. One positive note in this study is that
patients randomized to subglottic secretion drainage received
7 percent fewer days of antimicrobials compared to control
patients.52 This allows for the possibility that subglottic secre-
tion drainage may be a tool to aid antimicrobial stewardship.

Conclusions
Clinical experience with VAE surveillance and prevention is
still in its infancy. Nonetheless, several themes emerge from the
growing literature on VAEs. Surveillance can be automated.
VAEs are morbid events associated with high hospital mortal-
ity rates. The most common clinical events associated with
VAEs are pneumonia, pulmonary edema, atelectasis, and
ARDS. Positive fluid balance, sedation, and patient transporta-
tion are common risk factors for VAEs. Interventions geared to
target the clinical conditions that commonly trigger VAEs and/
or decrease mean duration of mechanical ventilation can pre-
vent VAEs.

Successful interventions thus far include minimizing
sedation and encouraging early extubation through paired,
daily spontaneous awakening and breathing trials as well as
conservative fluid management, particularly during the
weaning phase of mechanical ventilation. Additional possible
interventions include early physical therapy and mobility to
speed extubation, low tidal volume ventilation to prevent
ARDS, and conservative transfusion thresholds to prevent
fluid overload and ARDS. It remains to be seen whether
bundling all these interventions into a new ventilator bundle
optimized for VAE prevention can have synergistic effects
beyond those seen with these interventions in isolation thus
far.

Finally, it is apparent that many of the interventions most
likely to prevent VAEs are outside the traditional scope of
most infection prevention programs. VAE prevention there-
fore requires an active partnership between infection pre-
vention, critical care, respiratory therapy, pharmacy,
physical therapy, and information systems in order to reach
its full potential to maximize outcomes for ventilated
populations.
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Basics of Surgical Site Infection: Surveillance
and Prevention
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Introduction
During the early years of modern surgery, many patients
died from “wound sepsis.” Despite scientific advances and
improved practices, surgical site infections (SSIs) continue
to cause substantial morbidity and increased cost of health-
care regardless of the type of healthcare system. SSIs are
the most common healthcare-associated infection in the
United States, accounting for approximately 20 percent to
25 percent of all infections.1–3 Approximately 300,000 SSIs
occur annually, accounting for 3.7 million excess hospital
days and over 3.5 billion dollars in excess hospital costs.4,5

Surgical patients who develop an SSI have a risk of death
that is between 2- and 11-fold higher than patients without
an SSI.6–8 These numbers likely underestimate the magni-
tude of the problem, yet they highlight the tremendous
human and financial costs of SSIs and the importance of
SSI surveillance and prevention.

The Centers for Disease Control and Prevention (CDC)
conducted the Study of the Efficacy of Nosocomial
Infection Control (SENIC) in order to investigate and
document the cost-effectiveness of infection prevention
activities, including surveillance.9 These and many subse-
quent investigators concluded that infection surveillance
programs that report SSI rates to surgeons can decrease
overall SSI rates by at least 32–50 percent.9–11 However,
several important questions about surveillance for SSIs
remain.

• Which surveillance methods are best?
• Which surgical patients should we survey for SSI?
• What is the best method to identify SSI after discharge

(postdischarge surveillance)?
• How can we effectively use electronic surveillance systems

to enhance case-finding?
• How can surveillance activities be used to develop and

inform interventions to prevent SSI?
• Does public reporting of SSI rates lead to improved

outcomes?

The purpose of this chapter is to explore some of these
questions and to summarize the basic steps required to imple-
ment a hospital or healthcare system–based SSI surveillance
and prevention program.

I SSI Surveillance: Objectives and
Definitions

A Objectives
The main objective of SSI surveillance and data feedback is
to prevent SSIs, thereby reducing morbidity and improving
patient outcomes. To achieve this goal, infection preven-
tion personnel must first determine the baseline SSI rate in
order to assess the magnitude of the problem for each type
of surgical procedure in an institution. By monitoring SSI
rates over time, infection prevention staff can identify
clusters of infections, discover overall trends, and respond
accordingly. SSI surveillance facilitates comparisons, both
within an institution and with other similar institutions.
The objective of such comparisons is timely recognition of
SSI rates or computed standardized infection ratios (SIR)
that are above the baseline for the institution or above
national benchmarks such as those published by the CDC
National Healthcare Safety Network (NHSN). Analysis of
trends and internal and external comparisons allows facil-
ities to identify potential patient safety problems and to
promptly implement appropriate corrective measures.
Infection prevention personnel should provide surveillance
data to surgeons and other members of the surgical team
as education. This intervention alone can lead to reduc-
tions in rates of SSI. However, rates or SIRs should also be
provided to leaders who can help facilitate change to assure
best and evidence-based practices are in place and that they
are appropriately standardized across the facility or health
system. Finally, the SSI surveillance program is used to
assess the impact of interventions designed and implemen-
ted to prevent harm after surgery, including infections
(e.g., antimicrobial prophylaxis protocols or education to
reinforce aseptic technique).

B Definitions
Before implementing an SSI surveillance system, infection
prevention personnel and surgeons must agree on a precise
definition for SSI. Ideally, the definition should 1) be mean-
ingful clinically and easy to apply; 2) remain unchanged so
that infection prevention and surgical staff can compare
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data over time and evaluate interventions implemented to
reduce rates; and 3) remain consistent with standard defini-
tions to allow for valid external comparisons and bench-
marking. The definition must be simple to use, accepted by
nurses and surgeons, and applied consistently. Standard SSI
definitions devised by the CDC and other experts are used
globally and stratify infection by the depth of tissue
involved (Figure 14.1). These definitions have been used
successfully both in resource rich and poor settings12 and
have been adopted by other groups such as the National
Surgical Quality Improvement Program (NSQIP). Finally, it
is important to note that a surveillance definition may not
identify a clinically defined wound infection and vice versa,
as each of these definitions are used for different purposes.
Importantly, the CDC-based definitions were not designed
for reimbursement as they are commonly used.

We must use objective criteria to identify SSIs and apply
such definitions consistently.13 For example, an infection pre-
ventionist (IP) at a 200-bed general community hospital
reported that a neurosurgeon’s SSI rate was excessive. When
the surgeon proposed terminating his practice, the hospital
administrator asked for an independent investigation.
Ultimately, external consultants determined that the IP had
incorrectly categorized noninfected patients as infected.
The infection control committee was charged with establishing
clear standards for confirmed SSIs and applying them routi-
nely and consistently. Over the next 2 years, none of the
surgeon’s patients was reported to have had SSI.14

According to the CDC NHSN definition, SSIs are categor-
ized as either incisional or organ-space. Incisional SSIs are
classified further as superficial (involving only the skin and
subcutaneous tissue) or deep (involving deep soft tissues of the
incision) (Figure 14.1). The definition of superficial-incisional
SSI requires that at least one of the following occur within 30
days of the operative procedure:

• Purulent drainage from the superficial incision.
• Organisms isolated from an aseptically obtained culture of

fluid or tissue from the superficial incision.
• At least one of the following signs or symptoms of

infection: pain or tenderness, localized swelling, redness, or
heat, and the surgeon deliberately opened the superficial
incision, unless incision is culture negative.

• The surgeon or attending physician diagnosed
a superficial-incisional SSI.

Deep-incisional and organ-space SSI are defined
similarly.12 Deep-incisional SSI can be further categorized as
a deep incision primary (DIP) SSI, when the SSI occurs at the
primary incision, or a deep incision secondary (DIS) SSI, when
the SSI occurs in a secondary incision in a patient who had an
operation with more than one incision. Surveillance is per-
formed for 30 days following the procedure for most proce-
dures. The NHSN has identified several situations (e.g., when
an implant is placed) for which surveillance must continue for
90 days following the procedure. Still as precise as these defini-
tions are, there are many opportunities for varied
interpretation.

II Surveillance Methods
Infection prevention personnel use many different surveillance
methods to identify healthcare-associated infections. Of note,
the gold standard is to use trained personnel (IP) to apply strict
definitions in a standard fashion. Because there is subjectivity,
many programs validate the findings. We will review several
common surveillance methods and discuss whether each
method can be used effectively to survey for SSIs.

A 100 Percent Chart Review and Wound
Examination
After conducting prospective SSI surveillance for 10 years,
Olson and Lee concluded that the combination of daily hospi-
tal chart review and examination of postoperative incisions is
the most sensitive and rigorous way to perform SSI
surveillance.11 This method – while precise – is tedious and
time consuming. Some experts still consider this strategy to be
the gold standard and recommend that SSI surveillance include
daily examination of operative wounds. To facilitate this
method, infection prevention personnel or surgeons can train
staff nurses who see the wounds during routine care to recog-
nize signs of infection and report all clinically suspicious signs
and symptoms to the IP. The IP, then, examines all such
wounds and determines which meet the criteria for
infection.15 Clearly, this comprehensive approach is not feasi-
ble in large hospitals with many surgical patients, especially if
most SSIs occur after discharge from the initial hospitalization.
It also would make intrahospital comparisons of SSI rates
difficult due to the inherent subjectivity of the process.

B 100 Percent Chart Review
Haley et al. validated the importance of surveillance that used
systematic processes to review medical records and identify

Skin

Subcutaneous
Tissue

Deep Soft Tissue
(fascia & muscle)

Organ/Space
Organ/Space

SSI

Superficial
Incisional

SSI

Deep Incisional
SSI

Figure 14.1 Schematic of surgical site infection (SSI) anatomy and appro-
priate classification. This figure depicts the cross-sectional anatomy of a surgical
incision upon which is superimposed the most recent classification for SSI and
the definition of an infection at each site. From Horan et al. 199212 © The Society
for Healthcare Epidemiology of America.
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infections.16 Many institutions utilize this strategy and review
100 percent of surgical patients’ medical records for surveil-
lance. Given the proliferation of electronic systems, the process
of chart review is simplified. Cardo et al. compared surveil-
lance performed by an IP who reviewed surgical patients’
medical records and discussed each patient’s progress with
nurses and physicians to surveillance performed by a hospital
epidemiologist who reviewed the surgical patients’ medical
records and examined their incisions.17 The IP identified
84 percent of SSIs noted by the hospital epidemiologist.
The authors concluded that accurate data on SSIs can be
collected by persons who do not examine the operative inci-
sions directly.17 Importantly, the quality of the information
gleaned from medical records depends on the completeness of
records and on the reviewer’s experience. The limitation of this
strategy, however, is that it is also resource intensive. Thus,
programs with limited resources must either focus on specific
surgical subpopulations or use other, less time-consuming
surveillance methods.

C Targeted SSI Surveillance: 100 Percent Chart
Review of Selected Procedures
In most hospitals, approximately 70 percent of operative pro-
cedures are categorized as “clean” operations, which have a low
microbial contamination burden and therefore a relatively low
SSI risk (Table 14.1).18 Some hospitals target SSI surveillance to
only these clean operative procedures, on the assumption that
SSIs are rarely preventable in the other wound classification

categories with higher levels of microbial contamination. More
recently, infection prevention program surveillance strategies
have been influenced by Centers for Medicare and Medicaid
Services (CMS), policy makers, insurers, and others who have
recommended that infection rates for certain procedures be
publically reported. Despite the various reasons for targeting
procedures, the SENIC project demonstrated that SSI surveil-
lance and feedback for contaminated or dirty procedures
reduced SSI rates as effectively as did SSI surveillance and
feedback for clean or clean-contaminated cases.19 Therefore,
we advocate for SSI surveillance that includes operative proce-
dures from all wound classification categories. However, this
approach can be resource intensive without using electronic
surveillance strategies, so further prioritization may be
necessary.

A potential strategy that can be used independently or
combined with targeting clean operations is to target surveil-
lance to specific operative procedures that are performed fre-
quently at an institution, since high volume procedures pose
SSI risk to a greater number of patients. For example, the vast
majority of hospitals in the United States perform surveillance
on colorectal procedures and abdominal hysterectomies, par-
ticularly in light of reporting requirements from the CMS.
Alternatively, surveillance can be targeted to procedures for
which SSIs cause substantially higher morbidity and mortality
(e.g., SSI after craniotomies, spinal surgery, and coronary
artery bypass procedures generally causes higher morbidity
and mortality than does SSI after a hernia repair). A third
strategy is to target surveillance to operative procedures that

Table 14.1 Wound classification reflects extent of microbial contamination

Classification Criteria

Clean • Elective. not emergent procedure

• No traumatic injury

• Primary closure

• No acute inflammation or break in surgical technique

• No entry of the respiratory, gastrointestinal, biliary, or genitourinary tracts

Clean-contaminated • Urgent or emergent procedure that is otherwise clean

• Elective opening of respiratory, gastrointestinal, biliary, or genitourinary tract with minimal spillage (e.g.,
appendectomy)

• No infected urine or bile encountered

• Minor break in surgical technique during a clean procedure

Contaminated • Nonpurulent inflammation noted at the time of surgery

• Gross spillage from gastrointestinal tract

• Infected urine or bile encountered

• Major break in surgical technique

• Penetrating trauma <4 hours old

• Chronic open wounds to be grafted or covered

Dirty • Purulent inflammation noted at the time of surgery

• Preoperative perforation of respiratory, gastrointestinal, biliary, or genitourinary tract

• Penetrating trauma >4 hours old.

Table 14.1 is adapted from Berard 1964.18
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have been identified to have high infection rates at a given
institution. This approach allows a program to identify poten-
tially modifiable contributing factors where a directed inter-
vention can be applied. Depending on the resources available
for surveillance, combinations of these targeting strategies may
be employed. Regardless of the strategies used, the list of
surveillance activities should be periodically reassessed to
determine appropriate priorities. Such risk assessments and
targeted surveillance assure that infection prevention person-
nel optimize available resources to focus SSI surveillance on
high-volume or high-risk procedures so that they can intervene
immediately if the SSI rates are found to be high or increase
substantially.

SSI surveillance should not be targeted to specific hospital
units because this approach will likely underestimate the SSI
rates for specific procedures andmaymiss problems or clusters
that occur in units not under surveillance. For example, hospi-
tals that limit SSI surveillance to the surgical intensive care unit
(SICU) will miss many infections, because the average SSI
occurs 21 days postoperatively,20,21 while most patients leave
the SICU within a few days of surgery.

D Targeted SSI Surveillance: 100 Percent Chart
Review of High-Risk Patients
Another option for targeted surveillance is to stratify patients
according to their risk of developing an SSI and then perform
surveillance on patients at high risk for an SSI. One strategy to
identify patients at risk for SSI is to develop a risk index.
The ideal risk index is a simple additive scale that can be
calculated at the end of surgery to predict those patients who
are at high risk of developing an SSI. Ideally, the risk index
should be validated prospectively on specific services in indi-
vidual hospitals to document that it predicts a patient’s risk
accurately. Risk indices are also used to risk-adjust SSI surveil-
lance data so that infections are stratified and reported accord-
ing to the relative risk of different patient populations. This is
particularly important when evaluating rates of SSI for specific
surgeons, services, or institutions that care for high-risk groups
of patients.

Used alone, variables such as wound classification18 have
limited ability to stratify patients because infection rates
vary substantially within each group.22 Therefore, investiga-
tors have developed risk indices that include multiple vari-
ables to better predict which patients are at highest risk of
developing SSI. In 1985, Haley et al. published the SENIC
risk index23 which includes four factors; abdominal opera-
tion, duration of surgery more than two hours, wound
classification, and number of discharge diagnoses.
The SENIC risk index predicts the risk of SSI twice as
well as the traditional wound classification, but one of the
index components, discharge diagnoses, must be obtained
retrospectively. Therefore, Culver et al. adapted the SENIC
risk index and assessed underlying severity of illness with
the American Society of Anesthesiologists (ASA) score
rather than with discharge diagnoses. This risk index
(Table 14.2) also includes a component that accounts for

the expected variability in the duration of the operative
procedure.24 Instead of using a constant two-hour cut
point for length of surgery as used by the SENIC index,
the CDC index defines “T time” as the 75th percentile of
the duration for each operative procedure. This risk index is
a simple additive scale with scores that range from 0 to 3,
and the three index variables are usually available in the
anesthesia record at the end of a surgical procedure.

No method for risk adjustment is perfect. For example, the
newer index has rarely been validated in populations other
than those participating in the Centers for Disease Control
and Prevention’s (CDC) National Health Safety Network.
Very few studies have compared the various SSI risk indices.
Some investigators report that the CDC risk index does not
stratify patients accurately by their SSI risk, particularly for
cardiac procedures and Cesarean section. For example, the risk
index had low sensitivity (24 percent) and positive predictive
value (43 percent) for identifying SSI after cardiothoracic
operative procedures in one study.25

Alternative strategies for risk adjustment have been pro-
posed. For example, Nichols et al. published a risk index that
accurately predicted postoperative septic complications in
a subset of patients who underwent operations after penetrat-
ing abdominal trauma.26 Additionally, they showed that the
risk factors included in the index could identify high-risk
patients who benefited from prolonged (5 days) antibiotic
therapy and delayed wound closure, and low-risk patients
who did well with short-term (2 days) antibiotic therapy and
primary wound closure.26 Thus, this risk index not only stra-
tifies patients by their risk of infection but also helps predict
which patients will benefit from specific preventive strategies.
Other surgical databases, such as the American College of
Surgeons’ National Surgical Quality Improvement Program
(NSQIP) and the Society for Thoracic Surgeons’ (STS) national
database, use similar methods for risk adjustment and incor-
porate large numbers of patient-specific preoperative risk fac-
tors in their predictor pools (around 70 and 40 variables,
respectively).18,19 In 2012, NHSN updated their risk adjust-
ment approach by publishing specific models for individual
surgical procedures. Although these models represent an
improvement over the CDC risk index, the improvement was

Table 14.2 The CDC risk index

Risk Factors Scorea

ASAb preoperative assessment score of 3, 4, or 5 1

Operative procedure lasting longer than “T” hoursc 1

Operative procedure classified as either contami-
nated or dirty by the traditional wound classifica-
tion system

1

a To calculate total score, sum factors present. Total score ranges from 0 to
3.

b ASA = American Society of Anesthesiologists.
c ”T” depends on the procedure being performed. (www.cdc.gov/nhsn

/PDFs/pscManual/9pscSSIcurrent.pdf).
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small or modest at best. A “c-index” of 0.5 indicates that
a multivariate prediction model has the predictive ability of
a coin-flip. Using a cutoff c-index of 0.7 as indication of
“adequate” predictive ability, only 16 (41 percent) procedure-
specific models would be considered adequate. Models could
not be created for nine procedures, while five models included
only one risk factor to differentiate risk. Users of these specific
models need to be aware of their limitations and realize that
results are either raw or minimally risk-adjusted when com-
paring outcomes of SSI.

E Selective Chart Review
Wenzel et al. studied the sensitivity of reviewing selected med-
ical records compared with reviewing all medical records to
detect healthcare-associated infections.27 The infection pre-
ventionist scanned the medical record for signs of possible
healthcare-associated infection such as fever or antibiotic use.
If one or more concerning signs were noted, the infection
preventionist evaluated the patient’s medical record more
thoroughly. The infection preventionist correctly identified
82 percent to 94 percent of healthcare-associated infections
using this type of selective review. Selective review saved
many hours of the infection preventionist’s time.27

The success of the selective method depends upon the com-
pleteness and accuracy of the data that is screened to detect
fever and antibiotic utilization. Although the selective method
may be a good source of information about certain healthcare-
associated infections, screening for fever and antibiotic utiliza-
tion is probably not sufficiently sensitive to detect patients with
SSI. Unfortunately, more useful indicators such as the fre-
quency with which wound dressings are changed and descrip-
tions of discharge from the wound are not readily available
without a full review of each medical record. These limitations
may be overcome with the increasing use of electronic medical
records where algorithms and or techniques such as natural
language processing could be used to identify patients at risk of
developing an SSI.

Antimicrobial utilization can be a useful indicator of
healthcare-associated infection. For example, antibiotics
beyond the “expected” number of days postoperatively is
a strong predictor for SSI.27–30 Still, infection prevention pro-
grams should not rely solely upon pharmacy data when con-
ducting SSI surveillance. Some patients may continue to
receive prophylactic antibiotics postoperatively for infections
not related to the surgery, and some patients receive antimi-
crobial agents for infections that were present preoperatively
(e.g., peritonitis caused by a ruptured appendix).
Administrative data may also be used or included in these
strategies to increase the efficiency of surveillance, reporting,
and validation.31,32

Similarly, microbiology data can be a useful component of
SSI surveillance, but these data should not be used as the sole
source of case-finding. Surveillance for healthcare-associated
infections that relies only on microbiology data has
a sensitivity of only 33 percent to 65 percent.27,30 Two-thirds
of inpatient surgical wounds, and even fewer outpatient
wounds, are cultured, despite clinical evidence of SSI.33

Frequently, surgeons do not obtain cultures because they
treat SSI with operative drainage and empiric antibiotics.
Some clinicians feel that it is not necessary to know the etiolo-
gic agent or its antibiotic susceptibility. In contrast, it is also
important to note that a wound culture that grows an organism
does not necessarily mean that the patient has an SSI. Instead,
the organism(s) may be colonizing the wound. This scenario is
particularly relevant in burns or skin that is left to heal by
secondary intention. The opposite is also true; a culture that
does not grow organisms does not eliminate the possibility of
SSI. For example, wound cellulitis, deep wound abscess, or SSI
from organisms that are not detected by routine culture meth-
ods could lead to superficial wound cultures that do not grow.
In addition, atypical pathogens such as Mycobacterium other
than M. tuberculosis and Legionella that have been reported to
cause infection require specialized media and techniques to be
identified. Novel diagnostic procedures and polymerase chain
reaction (PCR)-based technologies with improved efficiency,
accuracy, and speed will enhance surveillance.

Finally, some surveillance approaches utilize random chart
sampling. For example, trained personnel in hospitals that
participate in the American College of Surgeons National
Surgical Quality Improvement Program (ACS NSQIP) ran-
domly sample charts of patients who have undergone specific
surgical procedures (e.g., colectomy). These personnel extract
detailed information on preoperative risk factors, intraopera-
tive variables, and outcomes. SSI is currently defined using the
same definitions from the CDC. These data are then electro-
nically submitted to the central program and a detailed, risk-
adjusted report is generated. Of note, while many institutions
are adopting this strategy for performance improvement, it
may not identify clusters of infections.

F Postdischarge Surveillance
The proportion of surgeries performed in the outpatient set-
ting continues to increase, and postoperative length of stay
following inpatient surgery is decreasing. In addition, the
severity of illness among surgical patients is increasing, and
operative procedures are becomingmore complex.While these
dramatic shifts in patient populations, operative techniques,
and healthcare delivery increase the need for outpatient sur-
veillance, they also increase the complexity of performing
accurate surveillance.

The majority of SSIs occur following discharge, either in
the outpatient setting or in a subsequent readmission. In three
studies, 45 percent to 81 percent of the SSIs were detected after
discharge from the index hospitalization.34–36 Sands found that
84 percent of 132 SSIs among 5,572 nonobstetric operative
procedures in adult patients became apparent after the patients
were discharged.20 According to one study, postdischarge SSI
leads to more outpatient visits, readmissions, emergency room
visits, home health services, and increased costs ($5,155 vs.
$1,773 for the 8 weeks after discharge).37

The cost and time required to perform postdischarge sur-
veillance may discourage many infection prevention and con-
trol programs from instituting such systems. As a result,
programs use inconsistent approaches to perform
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postdischarge surveillance. However, these programs must
acknowledge that inpatient surveillance alone will vastly
underestimate the actual rates of SSI.34,35,38,39 Therefore, stra-
tegies that identify SSIs after discharge are necessary and will
likely become increasingly available as the use of integrated
electronic medical records increase.

The census approach, surveying each patient or physician
for a defined time period, was used in several studies to mea-
sure healthcare-associated infection rates during the post-
discharge period.35,40 Telephone surveys and questionnaires
sent to patients or physicians also have been used.20,41,42

Seaman and Lammers found that patients, despite using verbal
or printed instructions, were unable to recognize infections.41

The authors concluded that “reliance on printed instructions,
telephone interviews, or any other means of patient self-
evaluation may not allow early recognition of infection” and
therefore should not be used for clinical investigations of
wound healing. Similarly, Sands et al. found that question-
naires sent to patients and to surgeons had sensitivities of
28 percent and 15 percent, respectively.20

Sands et al. subsequently identified a method that appears
more reliable. They used automated pharmacy dispensing
information, administrative data, and electronic records to
identify postdischarge SSI.43 In this method, specific codes
for diagnoses, tests, and treatments were evaluated for their
ability to predict postdischarge SSI. They found that an auto-
mated system of surveillance of hospital discharge diagnosis
codes plus pharmacy dispensing data had a sensitivity of
77 percent and specificity of 94 percent, far better than ques-
tionnaires to patients and surgeons.43

Delgado et al. reported that the majority of postdischarge
SSIs occurred following clean surgery (e.g., hernia, breast, or
vascular surgery) and clean contaminated surgery of the biliary
tract.35 These results may give some guidance to infection
prevention personnel when choosing procedures to target for
postdischarge surveillance. Delgado et al. also found that risk
factors for in-hospital SSI were not determinants of post-
discharge SSI, with the exception of body mass index.35

The trend is to develop networks of infection prevention
groups or health system programs that link programs between
hospitals, nursing homes, same-day surgery centers, and home
healthcare. If these are not developed, we suggest that infection
prevention programs link with home healthcare agencies or
other agencies that provide care for outpatients to develop
mechanisms by which SSIs can be identified.

G Electronic Surveillance
Computerization of medical records and technological
advances promise to improve the quality of data and make
surveillance more automated. Infection prevention programs
and private companies are developing new automatedmethods
by which they can identify patients with all healthcare-
associated infections including SSIs, particularly those whose
signs and symptoms occur after discharge. Electronic data are
available from a variety of sources that can enhance SSI sur-
veillance including data on antimicrobial prescribing, hospital
readmissions, additional or repeat surgery, and microbiology

culture results.28,42,44 Sands et al. found that individual com-
ponents of an automated screening system could identify
SSIs.43 They determined that:

• Use of coded diagnoses, tests, and treatments in themedical
record had a sensitivity of 74 percent.

• Specific codes and combinations of codes identified
a subset of 2 percent of all procedures among which
74 percent of SSIs occurred.

• Use of hospital discharge diagnosis codes plus pharmacy
dispensing data had a sensitivity of 77 percent and
specificity of 94 percent.

Several studies confirm that automated claims and phar-
macy data from several health insurance plans can be com-
bined to allow routine monitoring for indicators of
postoperative infection.32,45,46 Bouam et al. demonstrated
how cooperation between infection prevention and medical
informatics can lead to an automated system of
surveillance.47 They compared computerized prospective sur-
veillance of the electronic medical record with standard pro-
spective review of lab data and charts by an infection
preventionist. The automated method required much less
time and performed well with sensitivity and specificity of
91 percent.47 Chalfine et al. found that a combination of
microbiology culture results and surgeon questionnaires was
much less time consuming and had a sensitivity of 84.3 percent
and specificity of 99.9 percent compared with conventional
chart review surveillance of patients who underwent gastro-
intestinal surgery.44 Yokoe et al. found that electronic data on
antimicrobial drug exposure and diagnosis codes enhanced
conventional SSI surveillance and substantially decreased the
number of medical charts that infection preventionists had to
review to determine patients’ SSI status following coronary
artery bypass surgery, Cesarean section procedures, and breast
surgery.28

In a 2003 editorial, Burke suggested that computers can do
more than simply automate traditional surveillance methods.48

Computerized event monitoring can be used to trigger epide-
miologic investigations and data mining can uncover small
outbreaks and trends that might otherwise be missed. Time
saved by automating surveillance liberates infection preven-
tion staff to interpret the new data, answer new questions, and
design new interventions to prevent SSIs.48 Several academic
groups and entrepreneurial companies have developed novel
systems that access administrative and clinical data to facilitate
SSI surveillance. This need is becoming more acute as more
states require institutions to report their SSI rates publically.
This strategy to improve quality of care has also lead to “gam-
ing” of the system. As a result, many experts are calling for
surveillance strategies that are comparable and valid.

H Summary of Surveillance Methods
Surveillance activities are the cornerstones of prevention activ-
ities, as they identify the important events that need tracking.
In the current era of public reporting of infection including SSI
and the trend to decrease reimbursement for what is seen as
a preventable adverse event, the importance of surveillance, its
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accuracy, and its use as a tool to enhance best practice cannot
be highlighted more. That being said, we feel that surveillance
is most effective when coupled with interventions to prevent
SSI. These two competing activities must be balanced, but
more effective and efficient surveillance strategies are needed
to achieve this goal.

When selecting surveillance methods, infection prevention-
ists, hospital epidemiologists, and hospital leaders must consider
their objectives and the various sources fromwhich the necessary
data may be obtained. Although wound examination and chart
review of all surgical patients is considered the gold standard,
most institutions will need to set priorities and perform some
type of targeted SSI surveillance. Surveillance can be targeted to
focus on high-volume procedures, high-risk procedures, high-
risk patients, or procedures of particular interest at a given insti-
tution. Data sources available at one institution may not be
available at others, although ongoing changes in electronic med-
ical records are helping to standardize available information.
Diagnostic procedures, such as computerized tomography or
magnetic resonance imaging, may help to identify deep or organ-
space infections; the operating room schedules and readmission
lists allow epidemiology staff to identify patients who return to
the hospital or the operating room for drainage and debridement.
Review of the pharmacy records or microbiology reports can
enhance case-finding, but in themselves should not be used as
the sole method of identifying patients who have SSIs. Electronic
data from computerized databases can help infection prevention-
ists perform surveillance efficiently, particularly postdischarge
surveillance. The availability of resources will determine, in
part, which surveillance methods are most useful in individual
healthcare facilities. No surveillance method is perfect, and any
chosen strategy must be validated and periodically reassessed.

III Collection, Tabulation, Analysis, and
Reporting of Data

A Data Sources
Data collected during SSI surveillance can be classified into
three categories: host factors, surgical and environmental fac-
tors, and microbial factors (Figure 14.2). Host factors are con-
ditions that reflect the patient’s intrinsic susceptibility to
infection. These conditions usually are present when the
patient is admitted to the hospital. Some of these factors
increase the risk of SSI after many different operative proce-
dures (e.g., remote infection, age, preoperative length of
stay),49,50 while others may increase the risk only after specific
operative procedures.51 Surgical and environmental factors
can increase the probability of bacterial contamination at the
time of the procedure and lead to SSI. For example,
a contaminated wound, a long procedure, and poor surgical
technique are risk factors for SSI.49 Microbial factors, such as
the virulence of the organism or the ability of the organism to
adhere to sutures may alter the risk of SSI. To conduct routine
surveillance for SSI, infection preventionists rarely need to
know whether the patient carries specific organisms.
However, during an outbreak, or when trying to answer spe-
cific research questions, they may need to obtain preoperative
surveillance cultures from specific body sites.

The amount of data that infection preventionists should
collect depends on the purpose of the surveillance program and
on the specific issues identified at a given institution.
In general, the basic data that should be collected include the
following: the patient’s identification, date of admission, date
of surgery, type of procedure, wound classification18 (i.e.,
clean, clean-contaminated, contaminated, and dirty),

Endogenous 
Flora/

Microbial 
Factors

Surgical/
Environmental

Process of Care 
Factors

Host 
Factors

• abdominal site
• wound class
• duration surgery
• type of procedure          
• hair removal with razors
• Intraoperative contamination
• prophylactic antibiotics
• surgeon’s skill/experience
• surgical volume
• multiple or repeat operations
• poor hemostasis
• use of drains
• presence of dead space
• normal body temperature
• tissue oxygenation
• operating theater/room traffic
• operating theater/room noise
• use of bundled prevention 

strategies

••
•
•

• nasal/skin
• carriage (S. aureus)
• organism virulence factors
• presence of microbial factors

skiskikik n

• extremes of age
• morbid obesity
• malnutrition
• prolonged pre-operative 

stay
• infection at distal sites
• cancer
• immunosuppression
• elevated ASA class
• severe underlying 

disease
• diabetes mellitus (DM)
• use of transfusions
• smoking 
• radiation treatment to 

surgical bed

Figure 14.2 Risk factors for surgical site infection. This figure indicates that the patient’s risk of developing a surgical site infection (SSI) varies with numerous host
factors, surgical and environmental factors, and microbial factors. A complex interaction of these factors determines whether the patient will acquire an SSI. ASA =
American Society of Anesthesiologists.

Basics of Surgical Site Infection: Surveillance and Prevention

153



surgeon’s identification code, the date that the SSI was diag-
nosed, and the type of infection (i.e., superficial-incisional,
deep-incisional, or organ space). Other useful data are the
American Society of Anesthesiologists (ASA) score, the proce-
dure’s duration and urgency, the organism identified, and type
and timing of perioperative antibiotics. Data on specific risk
factors and infection prevention process measures may also be
collected, especially to determine the cause of elevated rates
and to monitor the progress of prevention efforts.

Because surgical patients are readily identifiable, the
denominator (patients who undergo a surgical procedure)
is easier to obtain than other healthcare-associated infec-
tions such as pneumonia, urinary tract infection, or bacter-
emia, for which the number of ventilator days, urinary
catheter days, or intravenous-catheter days must be deter-
mined retrospectively. All surgical patients can be included
in a registry at the end of the operative procedure. Indeed,
most hospitals maintain computer databases for financial
management (i.e., procedure or diagnosis codes) that allow
infection prevention staff to identify the appropriate patients
who have undergone operations to be included in the
denominator. Hospitals that have a separate database for
surgical services may collect demographic data and patient,
operative, and environmental data that are useful to the
infection prevention program. In hospitals that do not col-
lect these data, infection prevention personnel must consider
what information they need before they spend time and
resources collecting data. Several investigators have found
that they collected data on variables that ultimately did not
help them determine which patients were at highest risk of
developing an infection or facilitate prevention efforts.25

B Equations
Once data are collected and entered into a computerized data-
base, one can tabulate SSI rates. The following formulas are
used to calculate basic SSI rates. To calculate the rate of the
outcome (e.g., SSI) in a clearly delineated population, for
a given time (e.g., 1 month, 1 quarter, or 1 year), divide the
numerator (the number of patients with SSI following the
procedure of interest during the specified time period) by the
denominator (the total number of patients who had the surgi-
cal procedure of interest during the specified time period), and
then multiply the result by 100 to obtain a percentage.
In general, 50 procedures should be performed before rates
are calculated. Some examples follow.

1. Service-specific rates:
Number of patients with SSI following a neurosurgical
procedure × 100
Number patients who had a neurosurgical procedure

2. Surgeon-specific rates:
Number patients with SSI following an operation by
a particular surgeon × 100
Number of patients operated on by that surgeon

3. Procedure-specific rates:
Number of SSI occurring after a specific procedure (e.g.,
cholecystectomy) × 100

Number of a specific procedure (e.g., cholecystectomies)
performed

4. Risk-specific rates:
Number of SSIs in patients with a risk index score of 2 × 100
Number of patients with a risk index score of 2

5. Standardized Infection Ration (SIR):
Observed number of SSIs/

Expected number of SSIs, based on benchmarks
[Expected number of SSIs are determined by applying

a benchmark rate to the total number of procedures performed.
For example, if 200 procedures were performed and the bench-
mark of interest was 2/100 procedures, the expected number of
SSIs would be 4.]

Once infection prevention staff identify the population to
be surveyed, the proper denominator is determined by
searching the operating room logs or the hospital’s compu-
terized database. All of the patients in the defined population
are followed throughout the time frame designated by the
definition of SSI (i.e., 30 days postoperatively or 90 days
postoperatively if an implant was inserted). For NHSN sur-
veillance, the denominator needs to include the procedures
with the ICD-9/ICD-10 codes specified by the CDC protocol.
Each patient who develops an SSI is included in the numera-
tor. If the denominator is too broad (e.g., all surgical patients
in a large hospital), the group becomes very heterogeneous,
and the calculated infection rate probably will be falsely low.
Consequently, infection prevention personnel might not
identify clusters of SSI or other problems. Surgeon-specific
or procedure-specific rates more closely reflect true SSI rates.
In general, data from at least 50–100 procedures should be
included before calculating overall rates. Similarly, at least 50
procedures per surgeon are ideally included to generate
meaningful surgeon-specific rates.

C Reporting Recommendations
The infection prevention program should stratify SSI rates by
type of procedure or by specific risk indices to allow compar-
isons among surgeons or among hospitals. The traditional
wound classification system14 has served this purpose for
a quarter of a century, but it has some limitations, as men-
tioned earlier. The CDC risk index is used widely today, but it
does not perform well in certain circumstances,19 while newer
models also have limitations.1,25 Despite these limitations, it is
important to stratify the patients’ risk by one of the available
indices, particularly if the patients have numerous co-
morbidities or if the operative procedures performed in the
hospital are quite complex.

The infection prevention program should report SSI rates
to surgeons, operating room staff, and hospital administrators.
The trend toward increasing transparency has provided
employees “in the trenches” with improved perspectives
about the magnitude of the institutional problem. However,
for surgeon-specific SSI rates, confidentiality is of utmost
importance, and codes should be used instead of names if
these rates are calculated and reported. Reporting SSI rates to
practicing surgeons has been shown to reduce rates by the
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Hawthorne effect – the effect due to having one’s performance
observed.9,11,13 Infection prevention personnel should periodi-
cally present the SSI data graphically and meet with surgical
personnel to discuss rates, clusters, and specific cases. These
discussions improve communication and cooperation between
the infection prevention and surgical teams. Infection preven-
tionists may learn ways to make the data more useful to the
surgical team and may also use these feedback sessions as
a means to reinforce the importance of preventive measures
to reduce the SSI risk.

Other forms of reporting infections are promoted in the era
of patient safety. Some providers ask for weekly updates of
infections as they are identified. This allows performance
improvement teams to investigate possible omissions in care
that happened with the individual patients. In essence, teams
can use these cases to do individual root cause or failure mode
analyses. Infection preventionists send a brief summary of each
case as identified. This technique requires prospective surveil-
lance to be effective and efficient, and while attractive in the
immediacy of data, it can lead to an underestimation of the SSI
rate. Finally, report cards that present data in a simple fashion
have become increasingly popular as a mechanism of inform-
ing leadership about patient safety issues.

The infection prevention program should report SSI rates,
costs, lengths of stay associated with SSIs, and the effects of
preventive measures to the hospital’s leaders. Several investi-
gators have demonstrated that SSIs are the primary indepen-
dent determinant of hospital costs and length of stay after
operative procedures.52,53 Moreover, Olson and Lee demon-
strated a $3 million cost savings in a 10-year wound surveil-
lance program.11 If an infection prevention program can
demonstrate that surveillance and interventions reduce SSI
rates, length of stay, and cost, then hospital leaders will be
more willing to provide the program with resources.

Finally, infection prevention and control personnel should
regularly review their data to determine whether they should
adjust their priorities or focus their energy on specific pro-
blems. For example, if a program analyzes its data and finds,
after a few months, that the sensitivity of the case-finding
method used for postdischarge surveillance is very low (e.g.,
only 2 percent of SSIs are identified by this method), the
infection prevention and control staff may change their case-
finding method instead of spending time and energy for a year
or more before realizing that the method was not effective.

IV Implementation of SSI Surveillance
Below we offer a few suggestions that the healthcare epide-
miologist or infection preventionist might find useful when
implementing or improving an SSI surveillance and preven-
tion program. The infection preventionist is a very important
component of any surveillance program and should have per-
sonality traits that facilitate a good working relationship with
surgical personnel. Infection prevention personnel need train-
ing, feedback on performance, and time to attend conferences
on healthcare-associated infections. The hospital epidemiolo-
gist and infection preventionists should be active members of
their institution’s infection control committee. Finally, in

programs that use direct wound examination to identify SSIs,
a surgeon should train infection prevention staff so that they
can evaluate subtle nuances of a wound’s appearance.
In addition, validation of this process is as important as vali-
dating other SSI surveillance methodologies.

Most important, the infection prevention and control pro-
gram must communicate and work closely with the surgical
personnel so that they take the responsibility for SSI preven-
tion. To achieve this goal, infection prevention staff should:

• Review the standard definitions of SSI with the surgical
personnel so they understand the accepted criteria.

• If you have multiple infection preventionists, validate the
case-finding strategies and definition application among
infection preventionists to assure that survey is standard
within the institution.

• Ask for input from the surgical staff about the format of SSI
reports and whether surgeon-specific or procedure-specific
SSI rates are preferred. Risk-stratify rates, whenever
possible.

• Meet with surgeons, surgical nurses, and other personnel
(e.g., NSQIP staff) on a regular basis to build trust and to
discuss issues such as SSI surveillance and prevention
methods.

• Visit the operating room routinely to identify potential
problems and to develop rapport and mutual respect.

• Encourage surgical personnel to join the infection control
committee.

• Join the surgical professional societies and attend its annual
meeting in order to understand the surgical perspective on
SSIs.

• Discuss protocols and goals for studies of SSIs with surgical
staff and encourage them to participate.

• If rates are elevated and not as low as achievable, do further
analysis and examine risk factors that may be modifiable.
Review prevention processes to ensure adequate
compliance.

• Attempt to develop creative strategies for identifying SSIs
as the medical environment changes.

• Publish results of studies in surgical journals.

In addition, the infection prevention program needs ade-
quate resources to conduct effective surveillance. Clerical sup-
port, computerized databases, data analysts, and medical
records personnel contribute significantly to the SSI surveil-
lance program. Specifically, the databases should be relational
to facilitate searches and data presentation. If possible includ-
ing data that may be collected by other services such as
anesthesia will be helpful to ongoing programmatic support.

V Interventions to Prevent SSI
All infection prevention programsmust have specific interven-
tions and processes in place to reduce the risk of SSI. Once data
are collected, tabulated, and analyzed, the infection control
program can develop, implement, or modify interventions to
further prevent SSI and reduce SSI rates. Infection prevention
staff examines factors in the preoperative, intraoperative, and
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postoperative periods for possible factors and interventions to
prevent SSI.54

It is important to become familiar with the guidelines,
recommendations, requirements, and strategies published by
major authorities and agencies regarding SSI surveillance and
prevention. The Hospital Infection Control Practices Advisory
Committee (HICPAC) published guidelines for SSI prevention
in 1999.54 The Surgical Care Improvement Project (SCIP) grew
out of the Surgical Infection Prevention Collaborative, which
was initially created in 2002 by the Centers for Medicare and
Medicaid Services.55 These surgical care improvement projects
identify evidence-based process measures (e.g., antimicrobial
prophylaxis and proper hair removal) that can be monitored
and improved to prevent SSI.55–57 The World Health
Organization (WHO) developed a surgery safety checklist,
toolkit, and implementation guide as part of their Safe
Surgery Saves Lives program. Implementation of the WHO
checklist resulted in significantly decreased complications and
decreased death among surgical patients in eight diverse hos-
pitals worldwide.58–60 The Institute for Healthcare
Improvement incorporates both the SCIP preventionmeasures
and the WHO Surgical Safety Checklist into its “5 Million
Lives” campaign to improve the quality of healthcare for hos-
pitalized patients.61 The Society for Healthcare Epidemiology
of America and the Infectious Diseases Society of America
published an updated “Compendium of Strategies to Prevent
Healthcare-Associated Infections” in 2014 that includes
a practical, concise implementation guide regarding SSI pre-
vention strategies.62–64 All hospitals should implement basic

prevention strategies (Table 14.3), most effectively through
bundled interventions and prevention practices.65

A Preoperative Intervention
Preoperative preparation of the patient is one area for inter-
vention. Some variables cannot be modified (e.g., age, gender),
but others can be modified (e.g., glucose control, hair
removal). Several interventions, such as minimizing the dura-
tion of preoperative hospital stay and eradicating remote infec-
tions, have been shown to reduce SSI rates.49 Infection
prevention personnel need to assure that best practices are
followed for proper hair removal and antiseptic skin prepara-
tion (Table 14.2). The preoperative stay should be as short as
possible. Sometimes it is prudent to send patients home and
readmit them for surgery. Surveillance for such processes has
helped surgical teams drive processes to improve surgical
outcomes.65

Patients who are colonized with S. aureus in the anterior
nares are at increased risk of the development of SSI as well as
other healthcare-associated infections.66–69 A randomized
double-blind clinical trial demonstrated that treatment with
preoperative mupirocin decolonized the nares of patients and
decreased S. aureus healthcare-associated infections in patients
who were colonized.69 Treated patients also had a decrease in
S. aureus SSI rates that was not statistically significant. Another
randomized, double-blind, placebo-controlled study con-
cluded that rapid identification and decolonization of
S. aureus was associated with a 2-fold reduction in the risk of
S. aureus postoperative infection and 5-fold decrease in deep-
incisional SSI.70 Authors of a recent meta-analysis of 17 studies
concluded that decolonization strategies prevent S. aureus and
MRSA SSIs, though there was significant heterogeneity among
the trials evaluated.71 Overall, the intervention seems to be
most valuable in patients undergoing elective high-risk proce-
dures, such as orthopedic or cardiovascular surgeries.72

Currently, the recommendation to provide decolonization for
S. aureus colonization prior to surgery is described as a “special
approach” in the most recent Compendium of strategies for
the prevention of SSI.64 Further study is needed to determine if
this intervention can benefit a targeted subset of surgical
patients. If used, however, the approach may best be delivered
in a bundle of practices, including adjustment of perioperative
prophylaxis.65

The surgical team should perform appropriate antiseptic
scrubs and avoid long or artificial nails and jewelry. Infection
prevention personnel need to assure that policies are in place
(and followed) to restrict patient care of surgical staff with
transmissible infectious diseases.73 If, and only if, an epide-
miologic investigation suggests that the source of the outbreak
might be healthcare workers who carry the organism, infection
prevention personnel should obtain appropriate cultures from
the implicated individuals (e.g., cultures of nares and skin
lesions for S. aureus; cultures of the throat, skin lesions, and
if necessary, the vagina and rectum for Streptococcus pyogenes).

Finally, antimicrobial prophylaxis is crucial to preventing
SSI for some procedures and must be administered according
to published guidelines for each procedure.74 To be effective,

Table 14.3 Standard infection prevention interventions to prevent surgical
site infection

1. Administer antimicrobial prophylaxis according to evidence-
based standards

a. Administer within 60 minutes prior to incision
b. Provide an appropriate agent based on expected flora to

be encountered during the procedure
c. Stop the antibiotic after the incision is closed
d. Adjust dose based on patient weight
e. Re-dose agent for prolonged procedures

2. Do not use razors to remove hair

3. Control blood glucose in postoperative period for all patients

4. Maintain normothermia during and after the procedure

5. Optimize tissue oxygenation by providing supplemental O2

6. Use skin preparatory agent that contains alcohol and a second
disinfectant (e.g., chlorhexidine gluconate)

7. Use a checklist to ensure compliance with best practices

8. Use impervious plastic wound protectors for gastrointestinal
and biliary tract procedures

9. Educate patients and surgeons about importance of SSI
prevention

* Adapted from Anderson et al, ICHE 2014.64
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the appropriate prophylactic antibiotic must be given using
weight-based dosing, during the appropriate time interval and
for the appropriate duration. Several groups of investigators
have successfully utilized automated alerts and decision sup-
port as an intervention to improve administration and redos-
ing of antimicrobial prophylaxis.75–77 While guidelines allow
for a 60-minute window (120 minutes for specific agents such
as fluoroquinolones and vancomycin), it is important to allow
adequate time for the serum and tissue concentrations to
increase prior to incision. Some studies show superior efficacy
when the dose is administered within 30 minutes prior to
incision compared with administration between 30 and 60
minutes prior to incision.78,79 Similarly, doses should be admi-
nistered prior to inflation of tourniquets in procedures using
“bloodless techniques.”80,81

B Intraoperative Intervention
Implementation of best practices during the intraoperative
period can reduce SSI rates. Proper ventilation should be
maintained in all operating rooms, including positive air pres-
sure, appropriate air exchanges, and appropriate air filters.
Traffic through the operating room must be kept to
a minimum. Operating room door openings lead to increased
microbial load.82,83 In fact, limiting the number of door open-
ings during vascular surgical procedures was one of several
components of a bundle that helped to reduce the rate of SSIs
by 36 percent.84 Operating room personnel must regularly
monitor sterilization of surgical instruments and provide the
data to infection prevention personnel to assure that proce-
dures conform to guidelines and review these data with infec-
tion prevention personnel regularly. Immediate use of steam
sterilization, previously known as “flash sterilization,” should
be limited and never used solely for convenience. Infection
prevention personnel can work with surgical staff to assure that
proper surgical attire and drapes are used.

Appropriate skin preparation is important. Alcohol is the
most rapidly bactericidal disinfectant available, but does not
have persistent activity. As a result, most currently available
skin preparation agents combine alcohol with either chlorhex-
idine gluconate or an iodophor. The most effective additional
disinfectant is unclear. A randomized trial of 849 patients
compared rates of SSI after using chlorhexidine gluconate
plus alcohol, or povidone-iodine (without alcohol) for preo-
perative skin preparation; 40 percent fewer SSIs were observed
in the chlorhexidine gluconate plus alcohol group.85

In contrast, a single-center quasi-experimental study com-
pared povidone-iodine plus alcohol versus chlorhexidine glu-
conate plus alcohol and demonstrated that the lowest rates of
SSI occurred when povidone-iodine plus alcohol was used.86

Studies have demonstrated that intraoperative hypother-
mia (even mild decreases in core body temperature) approxi-
mately triples the risk of SSI and leads to many other adverse
events.87–89 Therefore, normothermia, either central or local,
should be maintained during and immediately after surgery.
Themainmethods of warming include passive insulation, fluid
warming, and active warming of the patient with a forced-air
system. Hyperglycemia increases mortality in critically ill

patients and increases the risk of many adverse outcomes
including SSI in diabetic and nondiabetic patients.90–94 For
example, Latham et al. showed that postoperative hyperglyce-
mia and previously undiagnosed diabetes approximately dou-
bles the risk of SSI.92 Interventions include screening for
diabetes and hyperglycemia as well as intravenous insulin
therapy. The risk of SSI is also directly related to tissue
oxygenation.95 Supplemental oxygen (80 percent vs. 30 percent
inspired oxygen) during surgery and the immediate postopera-
tive period has been shown to reduce rates of SSI by approxi-
mately half, particularly when coupled with normothermia and
appropriate volume replacement in patients undergoing post-
operative mechanical ventilation.88,96,97

Hospitals have been largely successful in implementing
many of the above recommendations, particularly those
required for public reporting (e.g., antimicrobial prophylaxis,
avoiding shaving, normothermia, and hyperglycemia).
As a result, CMS and other payors are focusing on other
performance measures and no longer require reporting of
many SSI prevention strategies. While this change is due to
hospitals’ successes, it also represents an opportunity to regress
to pre-SCIP and CMS processes. Infection prevention teams
must remain vigilant about process compliance with these
important surgical prevention strategies despite the fact that
public reporting of them is no longer required.

C Postoperative Intervention
Because most contamination happens during the operation
through contact, droplet, or airborne transmission, events
that occur during the postoperative period (e.g., improper
dressing changes or isolation techniques) are less likely to
contribute to SSIs. If epidemiological data indicate that post-
operative care may be associated with increased SSI rates, the
infection prevention and control staff may need to investigate
practices during this period. For example, red cell transfusion
has been associated with an increased risk of SSI; thus, restric-
tive transfusion strategies lead to lower rates of postoperative
infection.98 Similarly, postoperative wound care is not stan-
dardized. Insufficient evidence exists to guide the type (i.e.,
sterile), duration of use, and content (e.g., antiseptic or anti-
microbial components) of postoperative sterile dressings.

In summary, interventions can be designed based on pro-
blems identified during surveillance and by close observation
of current practices, knowledge of published guidelines for
infection control, and close collaboration with surgeons and
surgical staff. Performing surveillance for both the processes
important in reducing SSI and the rates themselves and pro-
viding the results back to surgeons and to leaders can lower the
rates of SSI.

Conclusion
Surveillance of SSIs and processes that prevent SSI are an
important component of any infection prevention program,
and it is a special form of continuous quality assurance in
which the ultimate benefactors of control efforts are the
patients. Therefore, the infection prevention programs should
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define clear objectives, utilize precise definitions, and meticu-
lously implement a surveillance system and interventions
when needed.

Although methods of case-finding are hard to choose, the
infection prevention team should focus on patients or proce-
dures at high risk of infection if their resources are limited.
Collecting data and calculating rates are useless if epidemiol-
ogy and surgical staff do not use the data to prevent SSIs.
To succeed in such an effort, infection prevention and control
personnel must collaborate closely with surgical teams and
utilize available guidelines and recommendations to imple-
ment, monitor, and improve compliance with SSI prevention

measures. In the age of public reporting and reduced payments
related to rates of SSI, collaboration is key.

As healthcare delivery shifts to the outpatient setting,
numerous aspects of SSI surveillance must change, because
many factors that influence the risk of SSI also will change.
Surveillance methods that worked well in the past and were
supported by well-designed studies may no longer be effica-
cious. We need creative research to determine how to best
perform surveillance for SSI, how to risk-adjust rates of SSI,
to identify which methods we should use for postdischarge
surveillance, and to design and test new SSI prevention strate-
gies. Indeed, exciting opportunities are open to those willing to
accept the challenges.
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Chapter

15
Surveillance and Prevention of Infections
Associated with Vascular Catheters
Walter Zingg, MD, and Jonas Marschall, MD

1 Introduction
Healthcare-associated bloodstream infections are mostly due
to central venous catheters (CVCs) and therefore represent
a typical device-associated infection. Often labeled central line-
associated bloodstream infection (CLABSI), they reflect the
use of vascular catheters in different compartments of the
healthcare system. We now know that the proportion of
patients with CVCs is highest in intensive care units (ICU)
but that the greatest number of CVCs will be encountered
outside the ICU, contributing to the majority of catheter-
days.1 These catheters are used for administering fluids and
medications, for hemodialysis, and to provide parenteral nutri-
tion. A landmark study by Pronovost and colleagues demon-
strated that a large portion of CLABSIs can be prevented
combining a handful of evidence-based measures.2 CLABSI
thus became the first healthcare-associated infection (HAI)
where the goal of “zero tolerance” was discussed. This chapter
will explore the basics on epidemiology, risk factors, and out-
comes, and prepare a hospital epidemiologist or infection pre-
ventionist with the tools to set up CLABSI surveillance, and to
select and implement preventive measures.

Epidemiology
In the United States, approximately 7 million central venous
catheters are used each year, and an estimated 250,000 episodes

of CLABSI are diagnosed, resulting in a rate of infections per
1,000 catheter days that ranges from below 1 to around 10/
1,000 catheter days.3 The most common pathogens involved in
these infections are coagulase-negative staphylococci (CoNS),
Staphylococcus aureus and others such as enterococci, Gram-
negative bacteria, and yeast. Demonstrating an attributable
mortality of 2–25 percent (cf. Table 15.1), CLABSI are asso-
ciated with at least 10,000 deaths annually in the U.S. alone.
The estimated cost per CLABSI ranges from $4,000 to $40,000,
which may significantly contribute to the financial burden of
a healthcare system. Prolonging the length of stay is maybe the
most important contributor to costs. Additional complica-
tions, such as endocarditis or osteomyelitis, may trigger further
expenses.

CLABSI constitute 12–15 percent of all HAI, as demon-
strated by the European EPIC and EPIC2 reports.15,16

In neonatal ICUs, this figure was as high as 37 percent, making
CLABSI the predominant neonatal HAI. The CLABSI epide-
miology not only differs depending on patient age (cf.
Figure 15.1) but also on the type of hospital, the type of ICU,
and the country where the surveillance is conducted. In the
National Healthcare Safety Network (NHSN) publication from
2015, median incidence rates were as follows: 0.8 CLABSI
episodes/1,000 catheter-days for cardiothoracic ICUs; 1.1–1.2
episodes/1,000 formedical ICUs; 1.4 episodes/1,000 for trauma

Table 15.1 Attributable mortality, length of stay, and costs of central line-associated or related bloodstream infections

Author Year of
publication

Reference Attributable
mortality

Attributable
length of stay

Attributable
costs (US$)

Pittet 1994 (4) 25% 24 41,000

Soufir 1999 (5) 25% - -

Digiovine 1999 (6) 4% 7 17,000

Rello 2000 (7) 13% 20 4,000

Pelletier 2000 (8) 14% - -

Renaud 2001 (9) 12% 9.5 -

Rosenthal 2003 (10) 25% 12 4,900

Blot 2005 (11) 2% 12 14,000

Stevens 2014 (12) 19% 30 32,000

Goudie 2014 (13) - 19 55,646

Modified from (14).
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ICUs; 2.9 episodes/1,000 for burn units; and 0.3–1.3 episodes/
1,000 for pediatric ICUs.17 A UK study observed lower infec-
tion rates among nonteaching compared to teaching hospitals
(2.8/1,000 catheter days versus 5.4/1,000 catheter days).18

These data most likely reflect case-mix differences across hos-
pital types. Also, ICUs in lower-income countries have
reported much higher CLABSI rates compared to those in
high-income countries.19 The International Nosocomial
Infection Control Consortium (INICC) report from 2014 iden-
tified an incidence density of 4.8/1,000 catheter days in 465
ICUs from 43 countries by using the NHSN CLABSI
definition.20

Terminology
Different terms are in use for catheter infections. CLABSI is
commonly used for surveillance purposes, whereas catheter-
related bloodstream infection (CRBSI) requires the catheter tip
to be cultured and therefore cannot be established if the cathe-
ter is left in place. CRBSI is therefore largely reserved for
clinical diagnosis. Surveillance diagnosis and clinical diagnosis
should not be confused. Less commonly used descriptors are
intravascular catheter-related infections (IV-CRI) and central
venous catheter associated bloodstream infection (CVC-BSI).
For ease of reading, we will use the acronym CLABSI through-
out the chapter.

In addition to BSI, local exit-site infections may be due to
an intravascular catheter. In terms of pathogenesis, these
derive from pathogens moving into tissues along the outer
surface of the catheter. In BSI, however, the pathogenesis can
either be from pathogen migration along the outside of the
catheter (i.e., mostly earlier BSI) or via the catheter lumen by
means of hub contamination or contaminated fluids (i.e., in
later infections).

History
The first documented central venous line was a catheter to the
right ventricle by Forssmann in 1929. In 1952, the subclavian
vein was first used as an access site, and in 1966 the access to
the internal jugular vein was pioneered. Early on, mechanical

complications, such as fractures and leakage of the catheter, air
embolisms, or hub separation were the predominant concerns.
However, catheter colonization and CRBSI were soon
described and recognized as relevant complications.21

In response to that, new catheter designs, including the Luer-
lock mechanism and catheter cuffs, were developed22 and
catheter materials like silicone and polyurethane were found
to be less thrombogenic and less likely to become colonized
with pathogens.23

In the 1970s, SENIC was the first multicenter observational
study to determine rates of different HAIs.24 The authors
observed a reduction in infection rates simply by establishing
formal infection prevention and control teams and by feeding
back surveillance data. Subsequently, different guidelines on
CLABSI prevention were assembled, among which the first
CDC HICPAC guideline, published in 2002, stands out.25

Also, in 2008, the Society for Healthcare Epidemiology of
America (SHEA) published a “Compendium of strategies to
prevent healthcare-associated infections in acute care hospi-
tals” with the goal to provide a comprehensive set of guidance
papers, supported bymultiple professional societies. This com-
pendium includes a separate CLABSI section and was updated
in 2014.26

More recently, the decision taken by the Centers for
Medicare and Medicaid Services (CMS) in 2008 not to reim-
burse hospitals for CLABSIs has highlighted the growing inter-
est in preventing these infections and the attention HAIs and
infection prevention receive from a healthcare policy perspec-
tive. Outcome surveillance for CLABSI using NHSN defini-
tions with reporting to the CDC has become mandatory in 32
US states as of March 2016.

Catheter Types
The epidemiology of CLABSI varies somewhat with the type of
catheter used, as evidenced in a comprehensive review byMaki
and colleagues.27 The incidence rates for CVC, peripherally
inserted central catheters (PICC), tunneled CVC, peripheral
venous catheters, and implantable port systems were 2.7/1,000
catheter-days, 2.1/1,000, 1.6/1,000, 0.5/1,000, and 0.1/1,000,
respectively. PICC lines are often perceived as a safer alterna-
tive to nontunneled CVCs. However, the performance of such
catheters is not superior to nontunneled CVCs if they are used
for the same purpose, as was further demonstrated in a recent
nonrandomized intervention study where incidence densities
between 638 CVCs and 622 PICC lines were 2.4/1,000 and 2.3/
1,000 device-days, respectively.28

Peripheral venous catheters (PVC), lastly, are the most
frequently used invasive devices in hospitals. Up to 70 percent
of patients receive a peripheral venous line during their hospi-
tal stay, and conservative estimates suggest that PVC-days
account for 15–20 percent of total patient-days in acute
care.29 Only few studies address the problem of PVC-
associated BSI, mostly because the incidence density of PVC-
BSI is low and thrombophlebitis is a more common problem
(cf. Figure 15.2, appendix). Another type of intravascular
catheter, the arterial catheter, is not within the scope of this
chapter.
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Figure 15.1 Distribution of healthcare-associated infections among adults,
children and neonatesin Europe – ECDC point prevalence survey. BSI:
Bloodstream infection; LRTI: Lower respiratory tract infection; GI: Gastrointestinal
infection; EENT; Eye-ear-nose-throat infection; UTI: Urinary tract infection; SSI:
Surgical site infection.
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Risk Factors
To understand how best to address CLABSIs from an infection
prevention perspective, one needs to review the risk factors.
These factors can be divided into modifiable and nonmodifi-
able factors. First and foremost, duration of catheterization
correlates with risk of CLABSI. Some other factors can easily
be influenced, such as catheter site, where the subclavian site is
widely accepted to confer lower risk compared to the jugular or
femoral veins.30,31 Other risk factors are colonization of both
the insertion site and the catheter hub as well as length of
hospital stay prior to catheterization. Nonmodifiable examples
of risk factors are gender (females are at decreased risk) and
premature birth. See below Table 15.2 for a list of risk factors.

2 How to Start a Surveillance Program for
CLABSI

The toolbox for starting a surveillance program includes: 1)
applicable surveillance definition, 2) standardized patient data,
3) standardized microbiology results, 4) denominator data
(i.e., catheter-days, representing time at risk), 5) a method of
calculating infection rates, and 6) a strategy to provide feed-
back to those involved in patient care as well as those accoun-
table for patient safety. Informatics support for these elements
of surveillance is also essential. The main objectives of any
surveillance are fourfold: 1) to provide a benchmark within
one’s own institution over time (i.e., internal benchmarking)
and against competing institutions (i.e., external benchmark-
ing), 2) to allow for measuring the effect of preventive strate-
gies, 3) to detect clusters or outbreaks, and 4) provide data for
risk management. Surveillance, importantly, is an iterative

process that should be simple, feasible, and widely accepted.
Data must be representative and available in due time.

One of the important decisions to be made is in which
area(s) of the hospital to perform CLABSI surveillance. Given
that surveillance is time- and labor-intensive, the most com-
mon choices are ICUs and (if present) bone marrow transplant
units. Both patient populations are vulnerable, and CLABSI
may result in worse outcomes compared to patients in other
specialties, and both units use central vascular access exten-
sively. If a certain ward anecdotally appears to have problems
with catheter infections, directed surveillance generates base-
line data. Hospital-wide CLABSI surveillance is rarely done
due to the considerable effort it requires. However, electronic
surveillance of laboratory-confirmed bacteremia may include
multiple units and floors or even the entire hospital (due to the
fact that data are accrued automatically) and helps to detect
areas where more intensive surveillance is required.56

Traditionally, only inpatients have been subjected to
CLABSI surveillance. However, the growing number of cathe-
ters used in outpatients may make corresponding surveillance
necessary. In particular, peripherally-inserted central catheters
(PICCs) may be left in place for weeks to months to provide
outpatient antimicrobial therapy (OPAT), ambulatory che-
motherapy, or parenteral nutrition. Postdischarge surveillance
is required for adequately monitoring PICC lines in outpatients.
However, the acquisition of clinical data in outpatients is cum-
bersome, and surveillance rarely is performed in such settings.

Defining CLABSI
Most hospitals employ the CDC NHSN definition (www.cdc
.gov/nhsn/acute-care-hospital/clabsi/index.html), which is also

Table 15.2 Modifiable risk factors for catheter-associated bloodstream infections

Risk factor References Study design Quality improvement

Duration of catheterization (32) NCC Catheter removal as soon as possible

Femoral access site (32–34) RCT Femoral access site should be avoided

Guidewire exchange (35, 36) RCT No guidewire exchange if CRBSI is suspected

Multilumen catheters (37) NCC Single-lumen catheters should be preferred

Catheter-related thrombosis (38–40) NCC Prophylactic anticoagulation or heparin-coated catheters

Parenteral nutrition (41–43) NCC Encouraging enteral feeding

Reduced nutritional status (44, 45) RCT, PPS Diminishing nutritional risk; optimizing energy
supplementation

Unfavorable nurse-to-patient
ratio and high workload

(46–50) NCC Improving nurse-to-patient ratio

High proportion of pool or
agency nurses

(46, 51, 52) NCC Reducing employment of agency nurses

Positive organizational culture
and safety climate

(46, 53–55) QRS Improving the organizational culture (leadership, pathways,
work satisfaction)

NCC: Non-controlled cohort; RCT: Randomized-controlled trial; PPS: Point prevalence survey; QRS: qualitative research study.
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the basis for themajority of epidemiological research in the field.
Slightly different definitions are used in Europe, e.g., in
Germany, which has a large surveillance system called
Krankenhaus Infektions-Surveillance System (KISS) (www
.nrz-hygiene.de/surveillance/kiss/) based on the European
Centre for Disease Prevention and Control (ECDC) (http://ecdc
.europa.eu/EN/HEALTHTOPICS/HEALTHCARE-ASSOCIAT
ED_INFECTIONS/Pages/index.aspx). Overall, surveillance
definitions for CLABSI are more straightforward compared to
those for other HAIs such as surgical site infection or ventilator-
associated pneumonia.

The CDC surveillance definition of a laboratory-
confirmed BSI (LCBI) requires a positive blood culture in
a patient where the recovered pathogen cannot be linked to
an infection at another body site. If the patient has a CVC in
place at the time of the BSI or in the 48 hours before the
subsequently positive blood culture was taken, this qualifies
as CLABSI. Importantly, there is no minimum required dura-
tion of catheterization as part of this definition (www.cdc.gov
/nhsn/). Skin contaminants are a diagnostic challenge
because true infection can often neither be confirmed nor
ruled out. The NHSN definition requires the same common
commensal (i.e., diphtheroids [Corynebacterium spp. not
C. diphtheriae], Bacillus spp. [not B. anthracis],
Propionibacterium spp., CoNS [including S. epidermidis], vir-
idans group streptococci, Aerococcus spp., and Micrococcus
spp.) to be cultured from two or more blood cultures drawn
on separate occasions.

From a surveillance perspective, it is important to mention
a new subset of CLABSI that was first established in 2013,
“mucosal barrier injury laboratory-confirmed bloodstream
infection.” This “MBI-LCBI” subset takes into account that
oncology patients can develop BSI from translocation of gut
bacteria (which may be misattributed to the CVC concurrently
in place). What proportion of infections in oncology pre-
viously labeled as CLABSI are actually MBI-LCBI is currently
being debated.57

For diagnosing BSI that is due to a central venous catheter,
a clinician, however, may deem sufficient to find positive blood
cultures in a catheterized patient who has no alternative focus
of infection. Importantly, physical findings, such as redness
around the catheter site, are not reliable in diagnosing BSI
related to a CVC.

Diagnosing CLABSI
After adequate skin disinfection, blood cultures should be
obtained from both the catheter and a peripheral vein prior to
starting antibiotics. Growth of Staphylococcus aureus, yeast, or
coagulase-negative staphylococci (CoNS) in blood cultures
should raise the suspicion of the CVC being the source of the
bacteremia (of note, the latter often are contaminants). Also,
Gram-negative bacteria are not uncommon agents. If the clinical
assessment suggests that the BSI is a consequence of a focus of
infection at another body site, this is called secondary BSI and
does not qualify as CLABSI. In contrast, primary BSI has no
discernible focus or else is considered due to the CVC in place,
with a wider range of possible causative agents. If symptoms

improve after removal of a catheter, even without any microbio-
logical diagnosis, this is also suggestive for CLABSI. For suspected
exit-site infections with drainage, an exit-site culture should be
obtained.

Diagnostic approaches (along with laboratory criteria for
diagnosis) depend on the capacity of the individual lab and can
be classified based on whether the catheter in question is
removed or retained.

One traditional method is the semiquantitative approach
first demonstrated by Maki et al., where the catheter is removed
and its tip (ideally 5 cm) is rolled over an agar plate for culturing
(“roll-plate method”). The cut-off for this method is 15 colony-
forming units (CFU) and requires the same organism to grow in
blood cultures; it exhibits high sensitivity and specificity.
Another method involves luminal flushing or sonication in
order to obtain quantitative data. A cut-off of 1,000 CFU has
been shown to be indicative of infection, particularly in long-
term catheters. As both methods above require catheter removal,
they should only be pursued if the likelihood of CLABSI is high.

Conversely, one method that does not require catheter
removal is to draw blood simultaneously through the catheter
in question as well as peripherally and to compare colony counts
(CFU have to be 3–5 times higher in catheter blood cultures
compared to peripheral blood cultures for a diagnosis of
CLABSI).58 In a meta-analysis, this diagnostic method was
found to be the most reliable approach. Also, quantitative
cultures can be obtained via the catheter (with a 100CFU/mL cut-
off) and, in contrast, they appear to be the most cost-effective
approach.59 An alternative and third approach is the so-called
differential time to positivity, where the CVC can also be left in
place.60 Here, blood is obtained from the catheter and from
a peripheral vein. If the blood sampling from the catheter
shows growth >2 hours earlier than that from the peripheral
vein, the catheter is the most likely source of infection.
Qualitative methods are not recommended in this context.

Analysis and Feedback of Infection Rates
The standard approach of calculating and feeding back rates is to
set the number of infections in relation to the exposure
risk, which – in this case – is catheter dwell time. Thus, the
rate is usually expressed as infections/1,000 catheter-days.
The 95 percent confidence interval provides an estimate of the
variation in event rates and allows comparison to other rates.
The standardized infection ratio, SIR, is an alternative way to
report data. The SIR is a reference value based on the measure-
ment of outcomes in a standard population and adjusted for
a number of risk factors. Outcome measures can be compared
to this reference for external benchmarking purposes.

For better understanding, infection rates are frequently
visualized in the form of curves. These data should be reviewed
at set intervals during infection prevention meetings and then
be communicated along with editorial notes to healthcare
workers (HCWs) on the respective floor or unit. In addition
to this communication channel, what has turned out to be
essential for making improvements and also obtaining
resources to do surveillance, is involving the hospital
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leadership and others accountable for HAIs. Feeding back rates
is crucial for the success of an ICP program.

The manual collection of catheter-days is relatively time con-
suming; therefore, electronic algorithms have been studied with
the goal of facilitating surveillance.61,62 These depend on the
capacity of electronic medical record systems and are still not
widely used.

In addition to measuring infection events and setting them
in relation to the population at risk, process measures can be
very helpful when trying to determine what can be improved in
catheter insertion and care. Process indicators have the advan-
tage of measuring common events (compared to CLABSI being
rare events) and providing information about practice (e.g., the
compliance with daily catheter rounds or the compliance with
disinfection before accessing the catheter hub).

3 Preventive Measures
Before delving into specific measures and their potential effect,
it should be restated that the impact of interventions can only
be determined when dedicated surveillance is in place. Thus,
first of all, the volume of CLABSI should be elicited before
planning preventive measures. Also, measures are listed here

individually; however, these measures were rarely used as
stand-alones but have been grouped into “bundles” and were
implemented using a multimodal strategy. We will start by
briefly reviewing the most promising measures one by one.

Preventive measures can be divided into measures before
insertion, during insertion, and after the catheter has been
inserted, when providing catheter care. Also, basic measures
can be distinguished from additional or special measures that
should only be considered if rates have not dropped when estab-
lishing basic measures.26 An alternative approach is to group
measures into “best practice procedures” and “technology and
material” (cf. Table 15.3). Typically, the former measures include
selection of the access site, hand hygiene, maximal sterile barrier
precautions, using aseptic technique for catheter insertion and
care, and complying with the recommendations for changing
tubes, hubs, and dressings. Typical “technology and material”
measures encompass using impregnated catheters, ready-made
catheter kits and carts, and antimicrobial locks. A good approach
is to first make sure that best practice behavior is in place before
moving to technology solutions. However, material such as ergo-
nomic kits or comprehensive cartsmay help to achieve behavioral
change. If preventive measures cannot be introduced institution-
wide, efforts should focus on the most vulnerable patients,

Table 15.3 Preventive measures grouped by basic vs. special, behavior vs. technology, and split by the time of use (before, during, or after catheter insertion)

Best practice procedures Technology and material

Basic
measures

Before • Correct indication for catheter use

• Correct choice of catheter type

During • Hand hygiene

• Skin antisepsis with alcohol-based CHG

• Maximum sterile barrier precautions

• Use of a checklist

• Subclavian access site (>jugular >> femoral)

• All-inclusive catheter kit/cart

• Ultrasound guidance

After • Remove catheter when no longer needed

• Hand hygiene

• Disinfect catheter hubs before accessing

• Aseptic technique for all catheter handling

• Comply with appropriate changing of tubes and
hubs

• Skin antisepsis with alcohol-based CHG

Special
measures

Before • Choice of impregnated catheters if basic
measures were not successful

During • CHG-impregnated sponges or dressings

After • Provide appropriate staffing level • Antimicrobial locks

• Antimicrobial coated connectors

• CHG-impregnated sponges or dressings

• Daily CHG bathing of the patient

• Antimicrobial ointment at the access site
in hemodialysis patients

Note. CHG = chlorhexidine gluconate.
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including ICU patients, oncology patients, and neonates requir-
ing intensive care (with accompanying unit-based surveillance).
Furthermore, hemodialysis patients depending on the type of
dialysis catheters represent a population at risk for CLABSI.

Preventive Measures: Best Practice Procedures
Before Insertion
Education: Whoever places a catheter should have adequate
training. Ideally, some form of competency assessment and
credentialing process accompanies this. There are many ways
of providing education and training, but the most promising is
the use of simulator training.63

Indication and Choice of the Catheter: Importantly, there
must be an adequate indication for inserting a catheter, and
then a suitable type of catheter must be selected.
Administration of nonirritant drugs for a short period of
time does not require central access. Administration of irritant
drugs for a short duration of time can often be administered via
a midline catheter. Prolonged drug therapy should take into
account the expected duration and whether the patient stays in
the hospital or is treated as an outpatient. In the first case,
a regular nontunneled CVC can be used, in the latter scenario,
the choice includes PICCs, a tunneled CVC, or a port system.

During Insertion
Hand Hygiene: Hand hygiene is the basis of all actions upon
catheter insertion and during catheter care. Surgical hand
hygiene (i.e., surgical “scrub”) has not been formally shown
to be superior to hygienic hand hygiene for catheter insertion.

Skin Antisepsis: Appropriate skin antisepsis is key, both
surrounding catheter insertion and during catheter care.
The most important factor in terms of effective skin antisepsis
is the combination of alcohol (preferably isopropanol) and
a substance with prolonged effectiveness, such as CHG, iodine
or octenidine. Skin antiseptics must therefore be alcohol-based,
except in preterm infants, where alcohol is toxic to the skin.
The most commonly selected preparations are alcohol-based
CHG, povidone-iodine (PI), and octenidine. A recent rando-
mized controlled trial showed superiority of alcohol-based CHG
over alcohol-based PI although the alcohol-composition dif-
fered between the two tested products.64

Maximum Barrier Precautions: Wearing a cap, a mask,
sterile gloves, and a sterile gown together with using a large
sterile drape that covers the entire patient elevates CVC inser-
tion to the level of a surgical procedure. Together, these pre-
cautions provide an additional layer of security for
maintaining a strictly aseptic technique, particularly when
insertion is difficult. Maximum barrier precautions have
become standard for the insertion of central lines.

Use a Checklist: The use of a checklist during the catheter
insertion process has been shown to play a role in CLABSI
prevention. However, it must be emphasized that its use was
also linked to the presence of a second person, usually a nurse,
during the process of CVC insertion. Whether the use of self-

assessment checklists by the healthcare worker who inserts the
catheter produces a similar effect needs to be determined.

Use an All-Inclusive Catheter Kit/Cart: Having all
required material in one place is thought to make the process of
inserting a catheter faster. It certainly simplifies the preparation
of supplies at the patient side and prevents the operator from
moving away from the patient during the procedure.

When Possible, Choose the Subclavian Vein for CVC
Insertion and Avoid Femoral Access: Access to the sub-
clavian vein is preferred over the jugular and femoral veins
in terms of infection risk (31). This is particularly impor-
tant in obese patients, where the femoral site is prone to
CLABSI due to substantial bacterial colonization. Given the
increased use of ultrasound for CVC insertion, the jugular
vein has become the predominant access site due to better
visualization (65).

Ultrasound Guidance: The use of ultrasound has become
standard for CVC insertion in many hospitals and in some
countries even is required. While its use to avoid mechanical
complications is uncontested, the role in CLABSI prevention is
still controversial. This is due to the fact that 1) using ultra-
sound for CVC insertion needs careful training so that no
breach of aseptic technique occurs, and that 2) ultrasound
use favors the jugular access, which has been shown to be
inferior to the subclavian vein in terms of infection risk.

After Insertion
Catheter maintenance was initially overlooked in the first
guidelines as there was little research into optimal mainte-
nance. This topic has since received increasing attention.66

Disinfect Catheter Hubs before Accessing: There is good
evidence that needleless access hubs must be correctly disin-
fected before use.67

Aseptic Technique for All Catheter Handling: This
includes the correct choice of dressing materials and using
a no-touch technique so as not to contaminate the catheter.

Comply with Appropriate Changing of Tubes and Hubs:
Tubes and hubs must be changed no more frequently than 96
hours, except when they are used for blood products and lipid-
containing parenteral nutrition. Semipermeable dressings can
be left in place for up to 7 days.

Nurse-to-Patient Ratio: Although there is no evidence-
based threshold for nurse-to-patient ratios, neither in the ICU
nor in non-ICU wards, unfavorable nurse-to-patient ratios put
patients at risk for HAI.47 Staffing and thus workload of front-
line healthcare workers must be adapted to acuity of care.

The Indication Has to Be Checked Daily: Given that
duration of use is a risk factor for CLABSI, catheters should
only be in place as long as indicated. Leaving CVCs for con-
venience should be avoided.

Preventive Measures: Technology and Materials
There are special measures that should only be considered if
infection rates do not drop despite applying basic measures.
Among them is the use of impregnated catheters, antimicro-
bial-coated connectors, antimicrobial locks, and CHG-
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impregnated sponges and dressings. Some of these measures
are discussed below.

Best Practice Intervention Studies and the Use of
the Bundle Concept
Correct placement of a CVC requires compliance with every
single step of the procedure and experience with the insertion
technique. The concept of “bundles” has been established with
the idea to help the operator remember and comply with
a handful of key actions as a minimal standard. The most
widely known “bundle” has been reported by the Michigan
Keystone project,2 but other CLABSI best practice interven-
tions have used bundles as a promotion strategy as well. Some
best practice intervention studies are listed in Table 15.4.
A helpful evaluation of quality improvement interventions
has been prepared by Blot and colleagues.68

Education and Training
“Team- and task-oriented education and training” and “Use of
guidelines in combination with practical education and train-
ing” were 2 of 10 key components identified in a systematic
review on the organization and management of infection pre-
vention and control (IPC).46 As a guiding principle, education
and training should be hands-on,84 at the bedside,82 and/or use
skills laboratories.63,83,85,86 Multidisciplinary focus groups can
help IPC programs focus on targets of interest and contribute to
improved adherence to hand hygiene protocols and reduced
HAI rates.87,88 Qualitative studies in hand hygiene showed that
although formal training is effective, 89 individual experience is
perceived to be more important for infection prevention.90

Education and training programs should be audited against
predefined checklists revised over time to take into account
local barriers and healthcare worker behavior.46 Similarly,
knowledge tests and competency assessments help to detect
gaps and to adjust education and training activities to local
needs. Guidelines as stand-alone documents do not change
practice,91 and “knowledge” alone does not change behavior.
Physicians showed low adherence to MSB precautions for CVC
insertion at a time when evidence for the effectiveness of MSB
precautions had been available for more than 10 years and use
recommended by several national guidelines.25,92 Attitudes
toward guidelines were more positive among nurses than phy-
sicians, and in pediatric more than in adult ICUs.93 Guidelines
are indispensable documents to set the stage for updating pro-
cedures, but they must be made “living” by being integrated in
practical education and training.46

4 How to Implement Preventive Measures
It is one thing to know from the scientific evidence what
needs to be done to reduce infection rates and another one
to actually implement these measures. Implementation
science is the field that attempts to understand and
improve implementation of measures in general. In recent
years, it has been realized that more focus needs to be
placed on how preventive measures are implemented.

Studies on technology and practice change often report
only the characteristics of the intervention but rarely comment
on implementation. However, even the most effective evi-
dence-based tool or prevention practice may not be applied if
serious barriers prevent its implementation process. Hospitals
often struggle to implement evidence-based recommenda-
tions. IPC programs aiming at changing the behavior of
HCWs depend on various aspects. The more tangible factors
include infrastructure, resources, ward occupancy, staffing,
and available documents. The less tangible factors include
“organizational” culture, which is a concept including struc-
ture, work organization, work satisfaction, and management.
In addition, external factors interfere with decision making
and prioritizing projects in the hospital.94 In this context
implementation takes place.

Damschroder and colleagues developed a conceptual
model, the Consolidated Framework of Implementation
Research (CFIR), which lists95 five major domains interfer-
ing with successful implementation: 1) intervention char-
acteristics, 2) outer setting, 3) inner setting, 4)
characteristics of the individuals involved, and 5) the pro-
cess of implementation. These five domains are neither
static nor independent. Multimodality and multidiscipli-
narity of projects improve the likelihood of implementa-
tion success because they take into account the local
context and the fact that different HCWs adopt an inter-
vention by being involved in the steps of planning and
executing. One of the key aspects of complying with the
idea of multimodality and multidisciplinarity is the active
participation of HCWs in training their peers.83 Before, but
also during the process of implementation, barriers should
be identified, prioritized, and removed.96 Sustainability of
a project can be perceived as an iterative process of imple-
mentation, evaluation, and adaptation. For the purpose of
facilitating the implementation process, the “4E” frame-
work has been proposed: Engage – Educate – Execute –
Evaluate. Resources, personnel, and material, need to be
available at sufficient levels and thus, buy-in from the
hospital leadership is crucial in making any preventive
efforts work. Support is more than lip service.
Inconsistency between the management’s declared commit-
ment compared with its daily support is negatively per-
ceived by HCWs.53 Leaders of hospitals who were
successful in HAI prevention did: 1) cultivate a culture of
clinical excellence and effectively communicated it to staff,
2) focus on overcoming barriers dealing directly with resis-
tant staff or process issues that impeded HAI prevention,
3) inspire their employees, and 4) think strategically while
acting locally.54

5 Controversial issues
Given the overwhelming success of best practice programs
over the past years, the role of technology in the prevention
of CLABSI has diminished. However, some products and tech-
nologies may contribute to CLABSI prevention and thus need
to be discussed.

Walter Zingg and Jonas Marschall

168



Table 15.4 Best practice intervention studies in the prevention of catheter-related or catheter-associated bloodstream infections

Study (authors) Setting Practice interventions Implementation
strategies

Control/intervention
(N/1000 device-days)

Apisarnthanarak
(69)

Hospital-wide,
single center

Hand hygiene; full barrier precautions
at catheter insertion; CHG for skin
antisepsis; avoiding the femoral
insertion site; removal of unnecessary
catheters; optimal catheter care

Lectures; posters;
hand hygiene tests

14.0/1.4 (P < 0.001)

Bion (70) 223 ICUs,
multicenter

Hand washing; MSB at catheter
insertion; checklist during catheter
insertion; CHG for skin antisepsis;
avoiding the femoral insertion site;
CVC maintenance: aseptic access
technique, daily site review, and
removal of CVCs at earliest
opportunity

Training days (data
definitions, technical
and nontechnical
interventions);
teleconference calls
and internet-based
teaching

3.7/1.5 (P < 0.001)

DePalo (71) 23 ICUs,
multicenter

Hand washing; full barrier precautions
at catheter insertion; CHG for skin-
antisepsis; avoiding the femoral
insertion site; removal of unnecessary
catheters

CUSP 3.7/1.0 (P = 0.003)

Eggimann (72) 1 ICU, single
center

Comprehensive intervention
addressing material preparation, line
insertion, dressing (change), CVC
replacement, CVC care, CVC removal,
hand hygiene

Slide-shows; practical
demonstrations;
bedside training

3.1/1.2 (P = 0.04)

Guerin (73) 2 ICUs, single
center

Daily inspection of insertion site; site
care in case of wet or soiled dressing;
documentation of ongoing catheter
need; hand hygiene before handling
the intravenous system; alcohol scrub
of infusion hubs before use

Practice training of
catheter insertion;
practice training of
catheter care

5.7/1.1 (P = 0.004)

Marra (74) 1 ICU, single
center

Hand washing; full barrier precautions
at catheter insertion; central line cart;
CHG for skin antisepsis; avoiding the
femoral insertion site; removal of
unnecessary catheters

Lectures; monthly
feedback of bundle
compliance

6.4/3.2 (P < 0.001)

Miller (75) 29 PICUs,
multicenter

Hand hygiene; CHG for children ≥2
months; insertion cart; insertion
checklist; daily review of line
necessity; optimized catheter-care

Support and
promotion by senior
ICU leader;
involvement of
quality improvement
leaders; workshops;
local practice
adaptation

5.4/3.1 (P < 0.001)

Palomar (76) 192 ICUs,
multicenter

Hand washing; full barrier precautions
at catheter insertion; checklist during
catheter insertion; CHG for skin-
antisepsis; subclavian vein as the
preferred insertion site; removal of
unnecessary catheters

CUSP; principles of
engage, educate,
execute, and evaluate

3.1/1.1 (P < 0.001)

Peredo (77) 2 ICUs, single
center

Checklist for catheter insertion; CHG
for skin antisepsis; avoiding the
femoral insertion site; removal of
unnecessary catheters

Lectures 6.7/2.4 (P = 0.015)
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Table 15.4 (cont.)

Study (authors) Setting Practice interventions Implementation
strategies

Control/intervention
(N/1000 device-days)

Perez (78) 3 ICUs, single
center

Full sterile sheet for catheter insertion;
subclavian vein as preferred insertion
site; needleless catheter connectors;
2% CHG for skin antisepsis; parenteral
nutrition via a multilumen CVC;
optimal catheter care

Lectures; before and
after knowledge tests

4.2/2.9 (P = 0.030)

Pronovost (2) 90 ICUs,
multicenter

Hand washing; full barrier precautions
at catheter insertion; checklist during
catheter insertion; CHG for skin
antisepsis; avoiding the femoral
insertion site; removal of unnecessary
catheters

CUSP 7.7/1.1 (P < 0.001)

Schulman (79) 18 NICUs,
multicenter

Hand hygiene; central line kit or cart
for catheter insertion; MSB; checklist
for catheter insertion; CHG for skin
antisepsis; optimized catheter care;
checklist for catheter care; daily
evaluation of catheter exit site; aseptic
technique for catheter handling;
“scrub the hub”; daily review of line
necessity

State-wide
workshops; periodic
surveys and
conference calls

3.5/2.1 (P < 0.001)

Venkatram (80) 1 ICU, single
center

Hand hygiene; full barrier precautions
at catheter insertion; checklist during
catheter insertion; CHG for skin-
antisepsis; preferring subclavian
access; daily review of line necessity

Lectures 10.7/1.7 (P < 0.001)

Weber (81) 8 ICUs, single
center

Hand washing; full barrier precautions
at catheter insertion; checklist for
catheter insertion; customized CVC
insertion kits; alcohol-based CHG for
skin antisepsis; avoiding the femoral
insertion site; removal of unnecessary
catheters

Lectures; repeated
practice training for
CVC insertion and
care

8.9/2.4 (P < 0.001)

Zingg (82) 5 ICUs Hand hygiene; optimized catheter
dressing; no-touch technique for CVC
manipulation; preparation of
infusates; optimized catheter care

Tool preparation
guided by frontline
healthcare workers’
perceptions bed-side
training; lectures

3.9/1.0 (P < 0.01)

Zingg (83) Hospital-wide,
single center

Comprehensive intervention
addressing CVC insertion, CVC care
(dressing change, preparation of
drugs/infusates), CVC removal, hand
hygiene

Skills laboratories
training for doctors;
modular E-learning
using a train-the-
trainer system for
nurses; optimized
insertion set; trolleys
for CVC insertion

2.3/0.7 (P < 0.001)

CHG: Chlorhexidine gluconate; CLABSI: central line-associated bloodstream infection; CRBSI: catheter-related bloodstream infection; CUSP: comprehensive unit-
based safety program; CVC: central venous catheter; ICU: intensive care unit; MSB: maximum sterile barrier; NICU: neonatal intensive care unit; PICU: pediatric
intensive care unit
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Impregnated Catheters
Despite abundant literature on this topic, impregnated cathe-
ters are not being used consistently.97 Many studies that tested
impregnated catheters were of poor quality and only few
included catheters with dwell-times longer than 12 days.98

This is relevant as the effectiveness of CHG–silver sulfadiazine
(CHG/SS) may not last for longer than one week.99 Antibiotic-
coated catheters (e.g., minocycline-rifampicin) have been
shown to be more effective than CHG/SS CVCs and to sig-
nificantly reduce CRBSI. A meta-analysis of eight randomized
controlled trials on minocycline-rifampicin-impregnated
catheters calculated a CRBSI reduction of more than
75 percent.100 Most of the studies included in the meta-
analysis, however, were sponsored by industry. Most impor-
tantly, the additional benefit of CHG/SS catheters may be
limited once compliance with best practice procedures has
improved.101 Anti-infective catheters should not be recom-
mended for prolonged catheter use and may only have a role
when CLABSI rates continue to be above the institutional
goal despite established best practice procedures.102,103

Chlorhexidine-Impregnated Dressings
Two randomized multicenter trials in France achieved signifi-
cant CRBSI reductions after introducing CHG-impregnated
sponges or CHG dressings.104,105 CHG-impregnated sponges
were also effective in oncology where CVCs remained in
place for prolonged dwell times of >14 days.106 The CRBSI
IDs decreased from 7.2/1,000 device-days down to 3.8/1,000
(P = 0.02).

Antimicrobial Lock Solutions
Lock solutions serve either therapeutic or preventive pur-
poses. For therapeutic use, the most recent clinical practice
guidelines issued by the Infectious Diseases Society of
America (IDSA) recommend antibiotic lock therapy for
catheter salvage in uncomplicated CRBSI due to CoNS and
enterococci.107

Ethanol works well in vitro,108,109 and ethanol locks have
been promoted as a simple means to prevent CLABSI. Some
studies revealed favorable results with high ethanol concen-
trations (70 percent) in patients with long-dwelling
catheters,110,111 but others produced conflicting findings.
A recent systematic review also identified a number of poten-
tial hazards with ethanol locks, such as structural changes of
catheters in vitro, elution of molecules from the catheter
polymers in vitro, systemic toxicity in clinical studies,
increased catheter occlusion in clinical studies, and breaches
in catheter integrity in clinical studies.112 Urokinase was
repeatedly reported to be a successful salvage therapy in
children with tunneled long-dwelling catheters,113,114 and
was recently proposed as CRBSI prevention strategy.115

However, it was only effective for CoNS in adults, and
further studies are required to prove efficacy and safety of

urokinase in this area. Lastly, a novel lock solution using
a combination of 7 percent sodium citrate, 0.15 percent
methylene blue, 0.15 percent methyl-paraben, and 0.015 per-
cent propyl-paraben performed well in patients with hemo-
dialysis catheters;116 the 201 catheters that were locked
with this product were significantly less at risk for
CRBSI compared to the 206 controls that were locked with
unfractionated heparin (0.24 vs. 0.82 per 1,000 catheter days;
P = 0.005).

Bathing Patients with Chlorhexidine-Containing
Solutions
Daily bathing of ICU patients with CHG cloths has reduced
bacteremia due to vancomycin-resistant enterococci in an
ICU117 and a long-term care facility.118 The results were con-
firmed in a cross-over cluster-randomized trial in 9 ICUs,119

although HABSI rates during control and intervention periods
were high (6.6/1,000 vs. 4.8/1,000 catheter-days, respectively).
A cluster-randomized study in 43 hospitals with 74 ICUs tested
three interventions: 1) screening and isolation of MRSA
patients (without further measures); 2) targeted decolonization
of identified MRSA patients; and 3) universal decolonization
with mupirocin and CHG body wash of all ICU patients. BSI
from any pathogen decreased most significantly by using the
above-mentioned third intervention (6.1 vs. 3.6/1,000 catheter-
days, respectively).120 Even in neonates, CHG bathing was
effective.121 CLABSI rates only decreased in the population
eligible for bathing (birth weight >1,000 g and/or age ≥28
days), but not in others. As CHG is used for hand hygiene,
preoperative skin preparation, and now bathing patients in the
ICU,117,122,123 emerging resistance of this substance should be
closely monitored due to extensive use.124

Ultrasound Guidance
Ultrasound-guided catheter insertion has been found to reduce
CRBSI (from 16 percent to 10 percent) compared to the so-
called landmark technique.125 However, ultrasound had no
effect in settings with lower CLABSI rates (incidence density:
2.1/1,000 device-days).65,126 This is most likely due to ultra-
sound competing with best practice procedures.126

6 Conclusions
CLABSI is the most extensively studied device-associated infec-
tion and is largely preventable. It is also one of the four most
frequent healthcare-associated infections and therefore
a frequent target of surveillance programs. Given the fact that
hospitals are no longer being reimbursed for CLABSIs by CMS,
this may be the first surveillance project that was installed at
your hospital (or it may the first you need to tackle). Most CVCs
are placed outside the ICU although the percentage of patients
with vascular access is highest in the ICU. In neonates, of note,
CLABSI is the most common HAI. With bundles of preventive
measures the CLABSI rate can be reduced dramatically.
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Section 4 Antimicrobial-Resistant Organisms

Chapter

16
Control of Gram-Positive Multidrug-Resistant
Pathogens
Trevor C. Van Schooneveld, MD, and Mark E. Rupp, MD

Antibiotic-resistant pathogens are a significant and increas-
ingly important threat to human health with an estimated
2 million infections and 23,000 deaths due to antibiotic-
resistant pathogens per year in the United States.1 Patients
with infections due to antibiotic-resistant pathogens have
healthcare costs that are $6,000–$30,000 higher than those
for patients infected with antibiotic-susceptible organisms.2

Healthcare settings are crucial pivot points in the initial devel-
opment of antibiotic-resistance traits and the clonal expansion
of antibiotic-resistant pathogens via person-to-person trans-
mission. Healthcare epidemiologists are increasingly involved
in programs to reinforce prudent use of antimicrobial agents
and to control epidemic and endemic transmission of multi-
drug-resistant organisms (MDROs). This chapter is intended
as a brief overview of the major issues regarding control of
transmission of Gram-positive MDROs.

Definition
MDROs are often defined as organisms that are resistant to
more than 1 class of antimicrobial agents. Although the names
of the most common MDROs, such as methicillin-resistant
Staphylococcus aureus (MRSA) or vancomycin-resistant enter-
ococci (VRE), imply resistance to only one antibiotic, these
pathogens are often resistant to all but a few available anti-
microbial agents.

Prevalence and Significance
Unfortunately, encountering MDROs such as MRSA and VRE
has become common, particularly in the inpatient setting.
MRSA was first observed in Europe approximately 50 years
ago, concomitant with the introduction of antistaphylococcal
penicillins. During the 1970s and 1980s, outbreaks of MRSA
occurred in hospitals throughout the world. The prevalence of
methicillin resistance among S. aureus isolates steadily
increased in US healthcare facilities during the 1990s and early
2000s.3 The most recent data published by the Centers for
Disease Control and Prevention (CDC) cite S. aureus as the
most common pathogen causing healthcare-associated infec-
tions (HAI) with 48.2 percent of strains methicillin-resistant.4

In the early 2000s, an explosive growth of MRSA infections in
the outpatient setting was described, driven by the rise of what
has been termed community-associated MRSA (CA-MRSA).5

CA-MRSA has become highly prevalent with more invasive
MRSA infections occurring in community-dwelling patients
than in hospitalized patients.6 However, despite the rise of CA-
MRSA, the majority of patients who develop an MRSA

infection outside of the hospital continue to have traditional
risk factors such as a recent hospital stay, receipt of hemodia-
lysis, or residence in a long-term care facility (LTCF).6 While
the prevalence of methicillin resistance remains high in
S. aureus, the actual incidence of MRSA infections has been
in decline for nearly a decade.7 A multicenter US survey of
invasive healthcare-associated MRSA infections found the
incidence of both hospital and community-onset MRSA
declined 9.4 percent and 5.7 percent per year respectively
between 2005 and 2008.8

Enterococci were the second most common pathogens
causing HAI in the US between 2009 and 2010, and resistance
to vancomycin remains highly prevalent in E. faecium.4 While
the number of hospitalizations for treatment of VRE infections
doubled between 2003 and 2006, vancomycin resistance rates
have remained relatively stable with vancomycin resistance
noted in >80 percent of E. faecium but only 8.5 percent in
E. faecalis.4 Although penicillin-resistant pneumococci may be
considered gram-positive MDROs, they rarely result in HAI
and will not be considered further in this chapter.

Antibiotic resistance is associated with less favorable clin-
ical outcomes.10 Kollef et al.10 found that infection-related
mortality was 2.37 times more likely in intensive care unit
(ICU) patients where antimicrobial treatment was inadequate
(not active against the pathogen), and this was most commonly
because the causal pathogen was antibiotic-resistant (P < .001).
With regard to Gram-positive MDROs, numerous investiga-
tors have documented their clinical significance. Compared to
patients with infections due tomethicillin-susceptible S. aureus
(MSSA), patients with infections due to MRSA have signifi-
cantly greater mortality, length of hospital stay, and hospital
costs.11–14 For example, Engemann et al. studied staphylococ-
cal surgical site infections and found that patients infected with
MRSA compared to MSSA were 3.4 times as likely to die, and
excess hospital charges were $13,901 per infection.11 It remains
unclear as to whether these differences are due to intrinsic
differences in the virulence of the microbes, differences in the
underlying host, variation in antimicrobial agent efficacy, or
some combination of these factors. For example, after control-
ling for other prognostic factors such as age, comorbidity, and
severity of illness, Yaw and colleagues found no mortality
difference in patients with MRSA and MSSA bacteremia.15

Although similar observations have been made regarding the
significance of VRE, conclusions drawn from these findings
are even less clear-cut, owing to multiple confounding vari-
ables that often exist among patients infected with VRE.
Edmond et al.16 observed an attributable mortality of
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37 percent and a risk ratio for mortality of 2.3 in a comparison
between patients with VRE bacteremia and matched control
subjects. Bhavnani et al.17 noted that VRE bacteremia, when
compared with vancomycin-susceptible enterococcal bactere-
mia, was associated with an increased clinical failure rate
(60 percent vs. 40 percent of patients; P <.001) and all-cause
mortality (52 percent vs. 27 percent of patients; P <.001).
Finally, in a prospective, multicenter study, vancomycin resis-
tance was an independent predictor of mortality among
patients with enterococcal bacteremia.18 However, investiga-
tors in several similar studies involving various patient cohorts
noted that vancomycin resistance was not associated with
differences in outcomes.19–21 Despite these conflicting find-
ings, there is general agreement that antibiotic-resistant patho-
gens are problematic because they limit the number of
therapeutic choices, require more costly and potentially more
toxic antimicrobial agents, and increase the costs associated
with performance of surveillance cultures and placement of
patients in isolation.

Mechanism of Resistance and Reservoir for
Transmission

MRSA
Methicillin resistance in S. aureus is due to the production of
an alternate penicillin-binding protein, PBP2a, which is the
product of the mecA gene. PBP 2a has a low affinity for beta-
lactam antibiotics and generates stable peptidoglycan products
in the presence of inhibitory concentrations of β-lactam
antibiotics.22 Recently, a divergent mecA homologue, termed
mecC, was described in Europe.23 This mechanism of methi-
cillin resistance was primarily described in livestock strains of
S. aureus, but occasional transmission to humans has been
noted. The genetic elements encoding methicillin resistance
are carried on the staphylococcal chromosome cassette
(SCCmec), which is a large chromosomal element typically
containing the mecA gene, regulators, and usually a variety of
other resistance-conferring genes. Until recently, genetic
transfer of SCCmec from strain to strain had been a very rare
event, and thus the worldwide spread of MRSA was almost
exclusively due to clonal expansion of a few strains with this
genetic background via person- to-person spread.
Transmission of MRSA has traditionally been associated with
the healthcare system, and previously almost all cases of colo-
nization or infection with MRSA could be traced back to the
subject’s treatment at an inpatient care facility, receipt of
hemodialysis, stay at a long-term care facility, or receipt of
home infusion therapy.24

However, in recent years, CA-MRSA strains have been
recovered from persons without risk factors for MRSA acqui-
sition. These strains carry a smaller, more mobile and less
physiologically burdensome chromosomal element (most
often SCCmec type IV). This genetic element usually carries
only the mecA gene with no other resistance determinants,
differentiating it from genetic elements traditionally found in
hospital strains of MRSA, which are usually multidrug

resistant.25,26 More recently, multidrug-resistant CA-MRSA
strains have been described, and the overall prevalence of
drug resistance in CA-MRSA has risen.27 The most prevalent
strain of CA-MRSA is the USA300 strain, and its expansion has
radically altered the epidemiologic characteristics of MRSA.
It has even replaced MSSA as the most common cause of
purulent skin and soft-tissue infections.28 The rapid expansion
of the USA300 strain, its entry into the hospital setting, and its
acquisition of increasing drug resistance has blurred the line
between community and hospital strains, making differentiat-
ing strain types difficult using traditional epidemiologic or
phenotypic methods. In San Francisco, 43.5 percent of hospi-
tal-onset S. aureus infections during 2004 and 2005 were due to
the USA300 strain.29 From 2000 through 2006, investigators at
a large inner-city hospital observed that the percentage of
hospital-onset MRSA bloodstream infections due to genotypic
CA-MRSA increased from 24 percent to 49 percent.30

Despite the emergence of CA-MRSA, the major MRSA
reservoir still consists of patients with significant contact
with the healthcare system, and the organism is usually spread
in healthcare facilities via contact with healthcare workers and,
to a lesser extent, with medical fomites, such as stethoscopes,
blood-pressure cuffs, thermometers, and environmental sur-
faces, such as bed rails and tables. It should be emphasized that
the majority of carriers of MRSA are asymptomatically colo-
nized. The most common site of MRSA colonization is the
anterior nares, but other sites, such as axillae, the rectum, the
throat, wounds, and implanted devices, may also become
colonized.31 There is evidence that transmission of CA-
MRSA strains might be less dependent on nasal colonization
and more dependent on fomite or skin-to-skin contact.

Other concerning developments involving S. aureus are
reported increases in the minimum inhibitory concentration
(MIC) of vancomycin (sometimes referred to as “MIC creep”),
the emergence of vancomycin-intermediate strains (VISA) and
vancomycin-heteroresistant strains (hVISA), and the detection
of vancomycin-resistant S. aureus (VRSA). While some single
center studies have described rising vancomycin MIC values
for MRSA strains, more recent multicenter data have not
confirmed the presence of MIC creep.32–34 The clinical signifi-
cance of vancomycin MICs that are elevated but still suscep-
tible (>1 and ≤2 mg/mL) has been a topic of much
investigation and little consensus. While some studies have
suggested that these MIC values are associated with increased
treatment failure and mortality in both MRSA and MSSA,
a recent large meta-analysis including over 8,000 episodes of
S. aureus bloodstream infection found no association of higher
vancomycin MIC values with an increase in mortality.35–37

Subpopulations of S. aureus with vancomycin susceptibilities
in the intermediate range have also been described. These
strains have been designated as hVISA, and their detection by
standard microbiologic methods is difficult, prompting
changes in the criteria for interpreting the vancomycin
MIC.38,39 The mechanism behind this decreased susceptibility
is a thickening of the bacterial cell wall and biomatrix;40 hVISA
strains may be associated with treatment failure and prolonged
bacteremia. Complete resistance to vancomycin in S. aureus
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Review published guidelines

Determine if MRSA has been effectively controlled

MRSA NOT effectively controlled

Ensure compliance with basic practices

MRSA NOT effectively controlled

MRSA NOT effectively controlled

Determine if MRSA has been effectively controlled

Institute basic practices
•   Conduct an MRSA risk assessment
•   Educate healthcare personnel regarding MRSA
•   Ensure compliance with hand hygiene recommendations
•   Ensure proper cleaning and disinfection of equipment and environment
•   Ensure compliance with contact precautions for MRSA-colonized and -infected patients
•   Implement an MRSA monitoring program

Implement an MRSA line list
Implement a laboratory-based alert system so that healthcare personnel are
immediately notified of new cases of MRSA
Implement an alert system that identifies readmitted or transferred MRSA-colonized
or -infected patients

Continue to monitor MRSA rates
•   Develop a system to regularly report MRSA-related data to relevant stakeholders, physicians,
    nurses, staff, and other hospital leaders
•   Hold appropriate individuals and groups accountable for implementing and complying with
    basic prevention measures

MRSA effectively controlled
•   Continue basic practices
•   Continue to monitor MRSA rates
•   Continue MRSA reporting and
     accountability system

Institute one or more special approaches
•   Conduct active surveillance testing for MRSA colonization among patients

Ensure compliance with active surveillance testing program
•   Implement MRSA decolonization therapy

Targeted therapy (mupirocin +/– CHG) with active surveillance testing
Universal therapy among high-risk patients (CHG +/– mupirocin)

•   Implement universal gowns and gloving
•   Continue to monitor MRSA rates
•   Continue MRSA reporting and accountability system

MRSA effectively controlled
•   Continue special approach(es)

•   Continue to monitor MRSA rates

•   Continue MRSA reporting and
     accountability system

•   Ensure compliance with special approach(es)
•   Assess need to intensify or expand previously implemented special approach(es)
•   Consider additional special approaches
•   Continue to monitor MRSA rates
•   Continue MRSA reporting and accountability system

Figure 16.1 Suggested approach to the control
of methicillin-resistant Staphylococcus aureus.
Reproduced from Calfee et al.45
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isolates occurs via acquisition of the vanA gene from VRE
species. These isolates have been surprisingly rare, and their
transmission to other patients has not been documented; how-
ever, with the continued heavy use of vancomycin, resistance is
expected to increase in all forms.41

VRE
Vancomycin resistance in E. faecalis and E. faecium is primarily
due to the acquisition of vanA or vanB gene clusters, which
encode enzymes responsible for the production of peptidogly-
can precursors with reduced affinity for glycopeptides.
The resistance genes are carried on mobile genetic elements
that are readily transferable between enterococcal strains.

In the United States, VRE is almost always linked to per-
sons with significant contact with the healthcare system.
Transmission of VRE in the US typically occurs via healthcare
workers and medical fomites. In Europe, the prevalence of
VRE varies by country, and the epidemiology of VRE is some-
what different than in the US. Until 1997, avoparcin,
a glycopeptide, was widely used as a growth promoter in
farm animals, and transmission by food products played
a significant role in VRE acquisition. However, this mode of
acquisition appears to have diminished dramatically in
response to the prohibition of avoparcin as a growth promoter,
and VRE transmission in Europe is now similar to transmis-
sion in the US.42,43 The natural ecologic niche of enterococci is
the gut, and VRE can be readily recovered from cultures of
rectal swab specimens or stool specimens from colonized
persons.

Control Measures
Infection control efforts to limit the spread of gram-positive
MDROs must be considered in a larger context and should be
part of a comprehensive, system-wide program directed at
antimicrobial resistance. Such programs should be strongly
supported by hospital administration and should include edu-
cational efforts with facility-wide and unit-specific scopes.
It must also be recognized that the major driving factors in
the emergence of antibiotic resistance are overuse and inap-
propriate use of antimicrobial agents.44 Control of antibiotic
use and antimicrobial stewardship is discussed in detail in
Chapter 19. Efforts to reduce selective pressure through more
prudent use of antimicrobials should be coupled with primary
measures to prevent infection, such as vaccination programs
and campaigns to prevent HAIss. Finally, the rigorous use of
standard infection control precautions to prevent transmission
of resistant pathogens from both identified and unidentified
carriers is essential.

Comprehensive statements from the Society for Healthcare
Epidemiology of America (SHEA) and the CDC regarding con-
trol of gram-positive MDROs have been promulgated.45,46

The CDC Hospital Infection Control Practices Advisory
Committee (HICPAC) document was published in 2006 and
covers infection control considerations in a variety of healthcare
settings for a broad range of potential pathogens, including
gram-positive MDROs.46 The SHEA compendium publication
was updated in 2014 and focuses exclusively on MRSA,

although the principles are generally applicable to other
Gram-positive organisms such as VRE.45 While these pub-
lications differ in a number of areas, both the SHEA MRSA
guidelines and the CDC MDRO guidelines advocate a tiered
approach to Gram-positive MDRO control. They strongly
advocate for the effective implementation of basic practices,
such as hand hygiene, contact isolation, and proper disinfec-
tion of equipment and environmental surfaces, coupled with
monitoring of MDROs and education regarding how to pre-
vent their spread. If vigorous application of basic control
measures is ineffective in decreasing the prevalence of
a target MDRO or an MDRO has been identified in a highly
vulnerable patient population or unit (e.g., neonatal ICU,
burn unit), more intensive interventions should be used.
Additional measures potentially include implementation of
an active surveillance culture program, targeted or universal
decolonization procedures using mupirocin and/or chlorhex-
idine (CHG), and the use of universal contact precautions,
with continual assessment of their effectiveness until control
of the target organism is achieved. Figure 16.145 outlines the
major steps in controlling the transmission of MRSA. Key
issues in a comprehensive program to limit the spread of
Gram-positive MDROs are discussed below.

Basic Practices

Risk Assessment
The SHEA guideline recommends a risk assessment be per-
formed focusing on the opportunity for pathogen transmis-
sion, facility-resistant pathogen burden, and rate of
transmission and/or infection.45 The findings of the risk
assessment should be used to define a control strategy includ-
ing how and where to implement control measures.

Surveillance
Surveillance is critical to the control of MDROs because it
allows for identification of emerging pathogens, monitoring
of epidemiologic trends, and assessment of the effectiveness
of interventions. Creation of facility-wide antimicrobial sus-
ceptibility results such as an antibiogram is a simple way to
monitor MDROs, and these should be both facility- and
unit-specific. A specific program for MRSA monitoring
that includes the ability to rapidly identify and track
patients colonized or infected with MRSA is recommended
in the SHEA guidelines.45 Additionally, it is recommended
that a system be in place to notify infection control person-
nel when a culture positive for MRSA is reported and to
identify patients transferred or admitted who have pre-
viously been colonized or infected with MRSA.45 Starting
in 2015, acute care facilities were required to report all
hospital-onset MRSA bacteremia through NHSH allowing
for comparison to other facilities.47 Reporting of VRE and
non-bacteremia MRSA to NHSN is also available, but not
required. A full description of laboratory methods to detect
Gram-positive MDROs and the role of the clinical micro-
biology laboratory in infection control efforts is beyond the
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scope of this chapter, and the interested reader is referred to
recent reviews.48,49 A variety of molecular-based assays and
more efficient chromogenic agar culture-based methods to
detect MRSA have been introduced to the market. The cost-
effectiveness of these laboratory techniques and their impact
on surveillance and prevention programs is an area of
intense study and is discussed further in the section on
active surveillance.

Isolation Precautions
Standard Precautions
Standard precautions should be used during all encounters
with patients. The CDC HICPAC guidelines recognize that
colonization with MDROs is frequently undetected and
emphasize the role of standard precautions.46 Hand hygiene
is a cornerstone of standard precautions, and its value should
not be underemphasized. Healthcare workers should be
encouraged to use an approved alcohol-based hand rub for
routine hand disinfection and to wash their hands with soap
and water whenever their hands are visibly soiled with blood or
body fluids.50 Numerous tools for improving hand hygiene are
available from the CDC and the World Health Organization
(WHO).51

Contact Isolation Precautions
Both the SHEA and CDC/HICPAC guidelines recommend
that patients known to be or strongly suspected of harboring
a gram-positive MDRO be cared for in contact isolation
precautions.45,46 While this has long been standard practice,
some have begun to question the relative value of contact
isolation, and application of contact isolation will be further
discussed later in this chapter.52 When contact precautions are
utilized, patients should be housed to provide spatial separa-
tion to reduce the risk of transmission. The most effective
means of accomplishing this goal is to mandate use of private
rooms for persons infected or colonized with Gram-positive
MDROs. When this is not practical, patients harboring the
same species of Gram-positive MDRO may be cohorted with
one another to provide a physical barrier between colonized or
infected patients and patients who do not harbor MDROs.
There are conflicting data regarding the detrimental effects of
contact precautions on a patient’s mental and physical well-
being.53,54 While a recent randomized trial found significantly
fewer patient visits by healthcare workers in units using uni-
versal contact precautions compared to those where contact
precautions were only applied when patients were colonized or
infected with resistant pathogens, there was no difference in
adverse events between groups.55 When contact precautions
are used, efforts should be made to monitor for and counteract
potential adverse effects.

Barrier Precautions: Gloves, Gowns, and Masks
Gloves should be worn as part of standard precautions when-
ever it can be reasonably anticipated that contact with blood,
mucous membranes, potentially infectious material, or colo-
nized skin will occur.56 The use of gloves is recommended

when caring for a person infected or colonized with a Gram-
positive MDRO. It should be stressed to healthcare workers
that gloves should be changed between contact with different
patients and, for a single patient, between performance of
a contamination-prone task (e.g., repositioning a patient,
changing diapers, and emptying a bedpan) and a task involving
a clean site (e.g., manipulation of an intravenous catheter and
performance of an intramuscular injection).50 In addition, use
of gloves does not obviate the need for hand hygiene, and
hands should be disinfected following the removal of gloves.50

Gowns should be worn as part of standard precautions
to protect uncovered skin and prevent soiling of clothing
during patient-care activities that are likely to generate
splashes or sprays of blood or body fluids.56 Questions
have been raised regarding the need for gowns in the
routine care of patients asymptomatically colonized with
Gram-positive MDROs. Data to support the use of gowns
include the fact that colonization or infection with Gram-
positive MDROs often results in widespread contamination
of the patient and their environment.57–59 Contact with
either often results in contamination of healthcare workers’
hands and clothing, and gown use has been associated with
both protection from contamination and improved control
of Gram-positive MDROs.57,60–63 Masks are not generally
recommended unless used as part of standard precautions
during any splash-generating procedure, care of an open
tracheostomy, or when transmission from a heavily colo-
nized source (e.g., burn wounds) is likely.46

As MDRO Gram-positive pathogens such as MRSA and
VRE have transitioned from epidemic to endemic pathogens in
both the inpatient and ambulatory arena, there has been
increasing debate regarding the utility of contact
precautions.61 The SHEA guidelines rate the quality of evi-
dence supporting routine use of contact isolation as moderate,
and a recent review evaluating literature published after 2002
concluded that there is a lack of strong evidence to either
support or reject contact precautions for patients colonized
with Gram-positive MDROs.45,51 Studies that have evaluated
the topic are difficult to interpret as they frequently have
combined contact precautions with other control strategy
changes (active surveillance +/– decolonization, etc.), and no
study has directly compared contact precautions with standard
precautions alone. Interestingly, a recent survey of the SHEA
research network found that >90 percent of respondents used
contact precautions for MDRO gram positives, but 30 facilities
were identified that did not employ or had recently discontin-
ued routine contact precaution for these pathogens.51

If contact precautions are discontinued, close monitoring of
the rate of infection due to MDROGram-positive organisms is
warranted.

Equipment
Numerous studies have documented that medical devices
(stethoscopes, thermometers, tourniquets, glucose monitors,
etc.) can become contaminated with Gram-positive MDROs
during patient care activities.64–67 Furthermore, contaminated
equipment has been linked with the transmission of Gram-
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positive MDROs to patients.66,67 Therefore, noncritical patient
care equipment should be dedicated to a single patient. If use of
nondedicated equipment is unavoidable, items should be care-
fully cleaned and disinfected between use involving different
patients.

Environmental Measures
As previously mentioned, patients harboring Gram-positive
MDROs can widely contaminate the patient care environment,
including clothes, linens, bed rails, wheelchairs, bedside tables,
patient care equipment, doorknobs, faucet handles, telephone
handsets, and computer keyboards.45,46,57,59,61,68 In addition,
Gram-positive MDROs are quite hardy, resist desiccation, and
remain viable on inanimate surfaces for days to months, and
their presence in the environment predisposes patients to
colonization.69,70 Therefore, it is important to include the envir-
onmental services department in a comprehensive program to
combat the spread of Gram-positive MDROs. Environmental
services workers should be educated, and procedures should be
implemented to ensure consistent cleaning and disinfection,
particularly of surfaces most likely to be touched, such as bed
rails, doorknobs, and faucet handles.45,46 Lack of adherence to
prescribed facility procedures is associated with continued
environmental contamination, and to combat this, a system
that monitors adherence to protocols is desirable.45,46 The use
of education, feedback, and enforcement of standard cleaning
policies can result in significant reductions in environmental
contamination without significant financial burden.71–73 MRSA
and VRE are rapidly killed by standard, low-level disinfectants,
but cleaning and disinfection must be performed with careful
attention to the adequacy of cleaning, the dilution of the
disinfectant, and the duration of disinfectant contact with envir-
onmental surfaces to be effective.74 Recent literature suggests
that developing systems that provide feedback regarding the
adequacy of cleaning to environmental services workers can
result in marked improvements in the effectiveness of
cleaning.71,73,75

Environmental cleaning, even when aggressively pro-
moted, is unlikely to be 100 percent efficacious as it is difficult
to completely eliminate MDRO pathogens from the environ-
ment. A variety of supplemental methods of environmental
disinfection such as vaporized hydrogen peroxide, ultraviolet
irradiation, and antimicrobial-impregnated surfaces have
shown promise, but data on their effectiveness are very
limited.76–78 As these technologies are expensive and unpro-
ven, they are considered supplemental and should only be
employed when MDRO pathogens continue to spread despite
documentation of compliance with basic control practices
including environmental cleaning. Environmental cultures
are recommended only when there is epidemiologic evidence
suggesting that an environmental source is responsible for
transmission.46

Discontinuation of Contact Isolation Precautions
Indications for the discontinuation of contact isolation are
controversial, and both the CDC guidelines and the SHEA

guidelines consider this an unresolved issue awaiting more
definitive studies.45,46 It is clear that patients may harbor
MDRO Gram-positive pathogens for prolonged periods of
time, and exposure to repeated courses of antimicrobials or
residing in MDRO-rich environments (hospitals, dialysis
units, long-term care facilities) makes those colonized particu-
larly unlikely to rid themselves of MRSA and VRE.
Discontinuation of contact precautions has typically relied
upon having two or more negative screening cultures from
the site of colonization (nares with S. aureus, rectal area with
VRE). Unfortunately, screening may not detect persons with
low-level VRE colonization, cultures may be only intermit-
tently positive, and VRE may reemerge when patients are
exposed to antimicrobials.79–81 Similarly, colonization with
MRSAmay not be detected when screening only one anatomic
site, may be persistent or intermittent, and may be difficult to
detect in persons with low-level colonization or intermittent
shedding.82–84 A common practice is to consider patients colo-
nized with an MDRO until results of 3 surveillance cultures
performed over the 1–2-week period after completion of anti-
microbial therapy are negative.45,46 The use of protocols that
actively screen colonized patients for contact precaution
removal have been associated with earlier discontinuation of
contact precautions, particularly when coupled with polymer-
ase chain reaction (PCR)–based screening.85

Education
Education of healthcare workers is important when imple-
menting control strategies as a method to encourage behavior
change. Healthcare workers should be educated regarding risk
factors, routes of transmission, outcomes associated with
infection, and selected institutional prevention strategies
along with compliance with these strategies.45, 46

Additionally, patients and their families should be educated
as a means of reducing anxiety, improving satisfaction, and
promoting adherence to institutional control policies.46

Intensive Interventions

Active Surveillance
As previously mentioned, the majority of patients harboring
MRSA or VRE are asymptomatically colonized, and case find-
ing based solely on detection of Gram-positive MDROs from
routinely submitted clinical specimens will not detect the
majority of asymptomatic carriers.45,88,89 Active screening
will detect asymptomatically colonized individuals and pre-
sumably allow improved application of various control prac-
tices such as contact isolation or decolonization. Despite this
well-reasoned theory, the application of active surveillance has
produced mixed results, and there is much controversy regard-
ing its effectiveness in controlling Gram-positive MDROs.
Both the SHEA and CDC guidelines recognize the significance
of patients who are asymptomatically colonized with Gram-
positive MDROs and recommend consideration of active sur-
veillance cultures as part of a multifaceted program targeted at
the control of MDROs when adherence to basic practices has
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been unsuccessful at controlling MDRO spread.45,46 The exact
circumstances in which active surveillance cultures should be
used are not well-defined but should be specifically tailored to
individual facilities and/or high-risk populations.

A number of quasi-experimental studies combining active
surveillance with other control measures in high-risk and/or
high-prevalence settings have found the introduction of active
surveillance to be associated with decreased rates of either
MDRO acquisition or clinical infection.87,90–92 For example,
an observational cohort study performed in 3 hospitals found
that use of active surveillance cultures reduced MRSA infec-
tions by nearly 70 percent.87 Similarly, the introduction of
active surveillance in all 153 Veterans Affairs hospitals was
associated with a decrease in healthcare-associated MRSA
infections both in the ICU (62 percent decrease) and outside
the ICU (45 percent decrease).93 Conversely, a single-
institution crossover cohort trial involving surgical patients
found that PCR-based active surveillance did not decrease
the incidence of health care-associated MRSA infections.94

Recently, three randomized trials have evaluated the role of
active surveillance in preventing the spread of Gram- positive
MDROs in the ICU.95–97 A multicenter, cluster-randomized
trial compared universal gloving to active surveillance with
subsequent initiation of contact precautions in those who were
colonized.95 ICU days in contact precautions were significantly
greater with active surveillance (51 percent vs. 38 percent,
P < 0.001), but no difference in acquisition or infection with
either MRSA or VRE was noted.95 Derde and colleagues ran-
domized 13 ICUs to culture or PCR-based screening for
MDROs after an initial program to improve hand hygiene
and implement CHG bathing.96 The addition of active surveil-
lance in an environment where compliance was high with both
of these practices did not decrease acquisition of MDROs.
Finally,97 Huang, et al. randomized 73 ICUs in 43 hospitals
to MRSA screening and isolation; screening, isolation, and
decolonization of MRSA carriers; or universal decolonization
without screening. Both decolonization strategies were more
effective than screening and isolation with universal decoloni-
zation being the most effective strategy for decreasing both
MRSA detection from clinical cultures and bloodstream infec-
tions of any type.97 These studies suggest that active surveil-
lance likely has limited efficacy in nonoutbreak settings,
particularly where there is high compliance with horizontal
infection control measures such as hand hygiene and CHG
bathing.

If active surveillance is felt to be necessary, many factors
must be taken into account when starting a program. The first
consideration is the additional support needed to implement
the program: both personnel to collect samples and to process
them in the microbiology laboratory, and also the means to
communicate the findings and measure compliance with the
screening procedures. Other important considerations are
where to implement the program, which patients to screen
(e.g., patients in the ICU, patients with a high risk of infection
or all patients), when to perform the screening (on admission
to the prescribed unit is considered the minimum), and which
anatomic sites to screen. The anterior nares is the most

frequent culture-positive site for MRSA, but screening only
the nares has been noted to miss up to 27 percent of carriers.98

The anterior nares should always be included in MRSA screen-
ing, and other sites, such as open wounds, perirectal areas,
throat, or foreign bodies, may also be included to increase
yield. VRE screening is typically accomplished using rectal
swabs. It is imperative that a screening program be part of
a multifaceted effort to control the transmission of MDROs.
Simply identifying colonized patients without adherence to
isolation, hand hygiene, and environmental disinfection pro-
cedures is unlikely to be effective.

Multiple laboratory methods are available for screening,
including culture-based techniques and molecular assays.
Traditional culture methods require an interval of at least
48 hours, but newer chromogenic media yield findings in
24 hours.99 Molecular assays offer the advantage of being
very rapid (2 hours or less, if tests are run continuously
and not batched) and highly sensitive and specific, but they
are limited by their cost and the lack of a pathogen that is
available for typing and evaluating epidemiologic associa-
tions. Two randomized trials found that use of PCR com-
pared to culture-based screening significantly shortened
time-to-results reporting and time to isolation, but neither
was able to associate this improvement with a decrease in
MRSA acquisition.100,101 The preferred test for a given
facility should be determined by considering a number of
factors, including the performance characteristics of the
test, the turnaround time, the laboratory’s capabilities, the
number of specimens anticipated, and the cost. How
patients should be managed while they await screening
results should be determined, and it is reasonable to man-
age patients empirically by placing them in contact isola-
tion until negative results of active surveillance cultures are
available. Finally, compliance with screening recommenda-
tions, isolation precautions, and communication of results
should be monitored.

Universal Gown and Glove Use
Another potential strategy for controlling the spread of
Gram-positive MDROs is the use of gowns and gloves for
all patient and patient environmental contact. Small studies
have suggested that this strategy may decrease the transmis-
sion of MDROs, although as previously mentioned, there is
concern for potential patient harm through decreased care-
giver visits, depression, etc. The SHEA guidelines suggest
that universal contact precautions (gown and glove use)
may be considered as a supplemental strategy when ade-
quate control of MDROs is not achieved with basic
interventions.45 The strongest evidence to support this prac-
tice comes from a randomized trial performed in 20 ICUs,
which compared universal gown and glove use for all
patient contact to use only in patients known to be colo-
nized with MRSA or VRE.55 While there was no difference
in the composite outcome of both MRSA and VRE acquisi-
tion, MRSA acquisition was significantly lower in the uni-
versal precautions group as were healthcare personnel visits
in the patient room.
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Decolonization and Chlorhexidine Bathing
Decolonization is an important part of efforts to decrease
transmission and infection due to antibiotic-resistant Gram-
positive pathogens, particularly MRSA.45 Recent studies have
begun to discern the relative importance of decolonization
compared to other control measures, as well as appropriate
patient populations in which to utilize decolonization, com-
parative effectiveness of different decolonization regimens,
and cost-effectiveness. Decolonization as a strategy to prevent
surgical site infection is discussed in Chapter 14.

Decolonization is the administration of antimicrobials,
most commonly topical preparations such as CHG or mupir-
ocin with or without systemic agents, in order to suppress or
eliminate microbial carriage. Decolonization can be coupled
with an active surveillance culture program to target only
persons known to harbor pathogens (e.g., patients with posi-
tive MRSA screening cultures), or it can be administered to
defined clinical populations at higher risk of infections (e.g.,
ICU patients or patients with central venous catheters) or to all
patients (e.g., universal decolonization).

Decolonization has long been used to curtail outbreaks and
has been employed both in a targeted or more generalized
fashion.102–104 Recent studies have concentrated on the useful-
ness of decolonization for control of Gram-positive pathogens
in adult ICU patients. Several small or single-center studies
have examined the effect of bathing all ICU patients in CHG
and observed beneficial effects on transmission or infection
due to MRSA and/or VRE.105–108 However, not all institutions
have noted such a beneficial effect.109 In a multicenter before/
after trial and a follow-up multicenter crossover trial, Climo
and colleagues convincingly demonstrated the utility of CHG
bathing with either impregnated washcloths or bed baths
in diminishing the transmission of MRSA and VRE in the
ICU.110,111 Huang and colleagues evaluated whether targeted
or universal decolonization was more effective in ICU patients
in a 43 hospital, cluster-randomized study.97 They noted that
universal application of nasal mupirocin and CHG bathing was
more effective in reducing transmission of MRSA than either
targeted decolonization or screening and isolation.97 However,
the relative importance of mupirocin vs. CHG was not exam-
ined. Using interrupted time-series analysis, Derde and collea-
gues further documented the utility of universal
decolonization of ICU patients using CHG bathing in 13
ICUs, where CHG bathing coupled with improved hand
hygiene significantly reduced the acquisition of antibiotic-
resistant pathogens, particularly MRSA.96 It should be noted
that many of these studies also demonstrated a significant
beneficial impact on the incidence of central line–associated
bloodstream infections.

Less experience with decolonization regimens is available
outside the ICU. CHG bathing, with or without mupirocin, has
been shown to have a beneficial effect on transmission or
infection due to Gram-positive pathogens in the following
patient settings: surgical ward,112 rehabilitation facility,113 gen-
eral medicine ward,114 and whole hospital.115 The role of
decolonization in pediatric patients is less well-studied and
its benefit less clear.116–119

Numerous questions and controversies remain regarding
the role of decolonization in controlling resistant Gram-
positive pathogens. First, the most effective regimen for deco-
lonization is not defined, and the relative benefit of mupirocin,
CHG, and systemic antibiotics is poorly characterized.
Although the nasal application of mupirocin is a widely uti-
lized for preventing MRSA infection, it appears that the USA
300 strain ofMRSA, responsible for numerous community and
hospital outbreaks, frequently colonizes other body sites (skin,
groin, axilla, perirectal region), and therefore nasal mupirocin
would not be expected to be effective in such circumstances.120

Recovery of MRSA from the oropharynx or perirectal region
predicts the failure of topical decolonization regimens.121

However, the use of systemic antibiotics to decolonize the
gastrointestinal tract increases the risk of toxicity. Second,
there is concern that use of decolonization regimens will pro-
mote the emergence of resistance. Mupirocin resistance has
paralleled the increased use of mupirocin in a number of
reports.122 Similarly, CHG resistance has been observed and
has been associated with failure of decolonization.123,124 Third,
the cost-effectiveness of various decolonization regimens
needs to be better studied. Fourth, the use of decolonization
outside the ICU and in pediatric patients should be better
defined. Finally, the value of decolonization in MRSA patient
contacts (e.g., family members) and in healthcare providers
should be ascertained.

Practice Settings
Consensus exists that patients in acute care settings (e.g., ICUs,
burn units, and inpatient wards) are at high risk for the devel-
opment of HAIs and that comprehensive measures should be
implemented to prevent healthcare-associated acquisition and
transmission of Gram-positive MDROs.45,46 However, it is less
clear what measures should be practiced in ambulatory care,
long-term care, or home care settings. While transmission of
Gram-positive MDROs can occur in any healthcare setting,
interventions to control the spread of Gram-positive MDROs
likely have greater effectiveness and long-term impact in high-
risk settings. CDC infection prevention guidelines for the
ambulatory setting emphasize standard precautions as the
foundation for prevention of the spread of resistant
pathogens.125 In long-term care facilities the general principles
for control of Gram-positive MDROs are similar and should
include monitoring and reporting, education, environmental
cleaning, and fastidious standard precautions. CDC and SHEA
guidelines for infection control in long-term care facilities
recommend that contact precautions be modified based upon
the health and functionality of a resident colonized or infected
with a Gram-positive MDRO.46,126 They suggest that contact
precautions be reserved for patients colonized with Gram-
positive MDROs who are totally dependent on healthcare
personnel and that standard precautions are acceptable for
relatively healthy patients unless contact is expected with
uncontrolled respiratory secretions, pressure ulcers, draining
wounds, stool, or ostomy bags.46,126 Similar recommendations
should be followed in the ambulatory care setting, although
this issue is unresolved.
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Conclusion
Antimicrobial resistance among Gram-positive pathogens is
a significant and unresolved problem. The fearful specter of
a “post-antibiotic era” in which drug development does not
keep pace with the emergence of antimicrobial resistance is
a realistic possibility. Therefore, efforts to control the spread of
Gram-positive MDROs are of paramount importance.
Infection control efforts should be part of a comprehensive
program that includes antimicrobial stewardship and primary
infection prevention measures. The foundation of programs
directed at the prevention of transmission of gram-positive
MDROs is the vigorous application of standard precautions
and hand hygiene. When these practices, along with contact
isolation and appropriate environmental disinfection, are
inadequate to control MDROs, more intensive practices
should be implemented. When, how, and which of these prac-
tices to implement remains amuch debated topic with facilities
being able to choose from a menu of options including: active
surveillance using either PCR- or culture-based methods,
decolonization tied to active surveillance or applied to all or
selected patients, or the universal use of contact precautions.
These practices should be tailored to each hospital, unit, and
patient group based on an institutional risk assessment.
Finally, costs and feasibility of each of the measures are impor-
tant to consider. While advanced measures are particularly
important for preventing infections in high-risk populations,
they should be used as broadly as possible and practical.

While many challenges remain regarding control of gram-
positive MDROs, it is encouraging to note that current infec-
tion control efforts appear to have resulted in significant

patient benefit. Despite the continued expansion of CA-
MRSA, healthcare-associated MRSA acquisition and infection
rates appear to be declining. Illustrating this, national CDC
data noted that the prevalence ofMRSA increased from 48 per-
cent in1997 to 65 percent in 2007, but the incidence of MRSA
central-line associated bloodstream infections decreased
almost 50 percent during the same period.7 Additionally, the
incidence of invasive healthcare-associated MRSA infections,
in particular bloodstream infections, has been declining for
a number of years.6,8 Although the reasons for this decrease
were not assessed, it is reasonable to speculate that it was due to
efforts to prevent central line–associated bloodstream infec-
tions, such as implementing use of full sterile barrier precau-
tions, CHG skin disinfection, and a “checklist” approach. This
highlights the continued need for emphasis on the basics of
infection control, such as hand hygiene, environmental disin-
fection, limiting the number of fomites, and infection preven-
tion efforts aimed at preventing device-associated infections
and surgical site infections. These practices will limit transmis-
sion and infection due to a variety of pathogens, whereas
measures that are specific to a single pathogen may detract
from such general efforts.

Despite these advances, there remain major gaps in our
knowledge regarding the pathogenesis of disease, factors that
influence colonization and infection by gram-positive
MDROs, how best to apply new techniques in rapid MDRO
detection, how to interpret new typing technologies such as
whole genome sequencing, and the most effective and cost-
effective means to eliminate or block MDRO colonization and
transmission.
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Chapter

17
Control of Gram-Negative Multidrug-Resistant
Pathogens
Pranita Tamma, MD, MHS, and Anthony D. Harris, MD, MPH

1.0 Introduction
In 2014, the World Health Organization declared antimicro-
bial resistance an international crisis that requires urgent
action.1 During the past decade, the incidence of multidrug-
resistant Gram-negatives (MDRGNs) has reached unprece-
dented levels, affecting the practice of medicine in virtually
all healthcare settings. Their dissemination will likely only
continue with the rise in international migration and medical
tourism. Compounding the problem is the stagnation in the
pharmaceutical industry in developing new antibiotics against
MDRGNs because of significant economic, scientific, and reg-
ulatory barriers. To address these sobering facts, global efforts
to improve the detection and limit the spread of MDRGNs are
needed.

2.0 Defining MDRGNs
Efforts to characterize and enumerate multidrug-resistance
have been hampered in part by the lack of standardized defini-
tions. Promotion of standard MDRGN definitions by public
health agencies and expert societies could enable more accu-
rate prevalence estimates. A cross-sectional survey conducted
in 2012 to 2013 described substantial variation in definitions of
multidrug-resistance for Gram-negative organisms across
healthcare institutions.2 In response to the wide variation in
definitions used to characterize multidrug-resistance in the
medical literature, a group of international experts came
together through a joint initiative by the European Centre for
Disease Prevention and Control and the United States Centers
for Disease Control and Prevention (CDC), to create
a standardized international terminology to describe acquired
resistance profiles in Enterobacteriaceae, Pseudomonas aerugi-
nosa, and Acinetobacter spp.3 These definitions are used in the
European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) publication in 2014 entitled “ESCMID
Guidelines for the Management of the Infection Control
Measures to Reduce Transmission of Multidrug-Resistant
Gram-Negative Bacteria in Hospitalized Patients.”4 More
recently, in 2015, the US CDC’s National Healthcare and
Safety Network (NHSN) published “antimicrobial resistant
phenotypic” definitions for various epidemiologically impor-
tant MDR organisms. These definitions require nonsuscept-
ibility to one or more antimicrobials in three or more
antimicrobial classes, and are used for surveillance purposes
in US healthcare facilities (Table 17.1).5 The Clinical and
Laboratory Standards Institute (CLSI) establishes recommen-
dations followed by most clinical microbiology laboratories in

the US as to what constitutes “susceptibility” and “nonsuscept-
ibility” of specific organisms to specific antibiotics.6

The European Committee on Antimicrobial Susceptibility
Testing (EUCAST) does the same for the European Union.7

Changes in CLSI and EUCAST recommendations should be
reviewed with the clinical microbiology laboratory at least
annually.

3.0 Select Epidemiologically Important
Gram-Negative Pathogens

This section will outline some of the most clinically important
Gram-negative pathogens, including extended-spectrum β-
lactamases (ESBLs), carbapenem-resistant Enterobacteriaceae
(CRE), multidrug-resistant P. aeruginosa, and multidrug-
resistant Acinetobacter baumanii. A report from the CDC’s
NHSN described antimicrobial resistance patterns for health-
care-associated infections across intensive care units (ICUs)
submitted to the NHSN during 2009–2010.8 Pooled data eval-
uating multidrug-resistance from central line–associated
bloodstream infections, catheter-associated urinary tract infec-
tions, and ventilator-associated pneumonia were as follows:
A. baumannii (67 percent), Escherichia coli (2 percent),
Enterobacter spp. (3 percent), Klebsiella spp. (16 percent), and
P. aeruginosa (15 percent).

The clinical microbiology laboratory plays a pivotal role in
generating and disseminating data related to MDRGNs (see
Chapter 23). To ensure that infection prevention teams can act
upon these data in a timely manner, it is important for the
infection prevention team and the clinical microbiology
laboratory director to periodically reviewMDRGN definitions,
surveillance practices, standardized mechanisms of notifica-
tion of results in real time, and practices of units with unac-
ceptable rates of MDRGN colonization or infection.

3.1 Extended-spectrum β-lactamases (ESBLs): Currently,
there are over 1300 β-lactamases present.9 The Ambler classi-
fication system differentiates β-lactamases based on molecular
structure. ESBLs are categorized in Class A of the Ambler
classification scheme. These enzymes are produced exclusively
by Gram-negative organisms, primarily E. coli, K. pneumoniae,
K. oxytoca, and Proteus mirabilis. As these organisms are gen-
erally found in the intestinal tract, common infections caused
by ESBL-producing pathogens include intra-abdominal infec-
tions and urinary tract infections. ESBLs confer resistance to
most β-lactam antibiotics, including penicillins, cephalospor-
ins, and aztreonam. ESBLs are not able to effectively inactivate
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the cephamycins (e.g., cefoxitin and cefotetan) or the carbape-
nems. Their in vitro growth may be inhibited by β-lactamase
inhibitor antibiotics (e.g., -tazobactam, -clavulanate).
The CLSI does not require that diagnostic laboratories perform
confirmatory testing of Gram-negative organisms for ESBLs,
so antibiotic susceptibility patterns are often used as surrogates
to suggest their presence. Without standardized testing, the
actual prevalence of organisms producing ESBLs in the United
States is unknown and likely underestimated. In a sample of
over 5000 E. coli, Klebsiella spp., and P. mirabilis isolates
collected from 72 US hospitals, 12 percent were identified as
ESBL-producing.10 The prevalence by species was as follows:
K. pneumoniae (16 percent), E. coli (12 percent), K. oxytoca
(10 percent), and P. mirabilis (5 percent). The ESBL family is
heterogenous and includes CTX-M type, SHV-type, and TEM-
type ESBLs. CTX-M are the most common ESBLs found in the
United States.10 The successful proliferation of CTX-M ESBLs
is related to the dissemination of CTX-M encoding genes on
mobile genetic elements that have inserted themselves into
highly successful lineages, most notably E. coli sequence type
131 (ST131).11

3.2 Carbapenem-Resistant Enterobacteriaceae (CRE):
The NHSN reported that approximately 12 percent of all
Klebsiella isolates recovered in 2009–20108 were carbapenem
resistant, compared with slightly less than 1 percent in 2000.12

These organisms have become increasingly prevalent in the
US and are endemic in the Northeast.13 In 2013, the CDC
assigned the highest threat level to CRE, declaring that they
require urgent public health attention. CRE infections are
associated with mortality upwards of 60 percent in some
reports.14–18 The most common Enterobacteriaceae exhibiting

carbapenem resistance are K. pneumoniae followed by
Enterobacter spp.8

Resistance to carbapenems develops by one of two general
mechanisms: enzymatic or non-enzymatic mechanisms.
The former involves production of carbapenemases, enzymes
that hydrolyze the β-lactam ring of carbapenem antibiotics.
The latter includes production of ESBLs and/or AmpC cepha-
losporinases in conjunction with decreases in membrane per-
meability. Carbapenemase-producing Enterobacteriaceae have
largely been responsible for the rapid worldwide spread of CRE
owing to easily transferred mobile genetic elements (e.g., plas-
mids, transposons) that encode carbapenemase genes.19,20

Carbapenemase-encoding genes are especially successful
when they become established in organism strains particularly
adept at clonal expansion (e.g. blaKPC gene in sequence type
258 of K. pneumoniae).19,21 These genes can then easily be
passed to neighboring bacterial species (Figure 17.1).

Ambler class A carbapenemases include chromosomally as
well as plasmid-encoded carbapenemases, the most common
of which is K. pneumoniae carbapenemase (KPC). KPC pro-
duction accounts for 80 percent of carbapenem resistance in
the United States and is considered endemic in the northeast-
ern US.13,22 Ambler class B carbapenemases include the
Verona integron–encoded metallo-β-lactamase (VIM), the
imipenemase (IMP) metallo-β-lactamase, and the New Delhi
metallo-beta-lactamases (NDM).23 VIM and IMP have histori-
cally been linked to the Mediterranean region and Asia,
although they have been isolated to a lesser frequency world-
wide, including in the US.20 NDM is endemic to the Indian
subcontinent and accounts for as many as 50 percent of CRE
isolates in this region.20,23

Table 17.1 National Healthcare Safety Network surveillance definitions for antimicrobial resistance1

Pathogen Definition

Carbapenem-resistant
Enterobacteriaceae

Any Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, or Enterobacter spp. that has tested resistant to at
least one of the following: doripenem, ertapenem, imipenem, or meropenem

Multidrug-resistant
Pseudomonas
aeruginosa

Pseudomonas aeruginosa that has tested either intermediate or resistant to at least 1 drug in at least 3 of the
following 5 categories:

1. Extended-spectrum cephalosporins (cefepime, ceftazidime)
2. Fluoroquinolones (ciprofloxacin, levofloxacin)
3. Aminoglycosides (amikacin, gentamicin, tobramycin)
4. Carbapenems (imipenem, meropenem, doripenem)
5. Piperacillin/piperacillin-tazobactam

Multidrug-resistant
Acinetobacter spp.

Any Acinetobacter spp. that has tested either intermediate or resistant to at least 1 drug in at least 3 of the
following 6 categories:

- Extended-spectrum cephalosporins (cefepime, ceftazidime)
- Fluoroquinolones (ciprofloxacin, levofloxacin)
- Aminoglycosides (amikacin, gentamicin, tobramycin)
- Carbapenems (imipenem, meropenem, doripenem)
- Piperacillin/piperacilin-tazobactam
- Ampicillin/sulbactam

1 www.cdc.gov/nhsn/pdfs/ps-analysis-resources/phenotype_definitions.pdf.
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Ambler class D carbapenemases are oxacillinases, notably
OXA-48. Class D carbapenemases are most frequently identi-
fied in A. baumannii. OXA-48 was originally associated with
the Middle East and North Africa, but like other groups of
carbapenemases, have been isolated in several other geo-
graphic regions worldwide, including the United States.24

As these resistance mechanisms continue to spread between
species and regions, it is anticipated that organism and geo-
graphic distinctions for the various carbapenemases will even-
tually disappear.

As of January 2015, the CDC defines CRE as organisms
resistant to any carbapenem25 (Table 17.1). Although specifi-
cally identifying carbapenemases is not mandatory, it is
encouraged when Enterobacteriaceae isolates are suspicious
for carbapenemase production.6 At the present time, most
clinical microbiology laboratories do not distinguish enzy-
matic and non-enzymatic mechanisms of carbapenem resis-
tance. However, determining whether a carbapenem-resistant
organism is carbapenemase-producing has important infec-
tion control implications as these resistance mechanisms can
spread rapidly between patients, leading to devastating con-
sequences. Rapid patient-to-patient spread of noncarbapene-
mase carbapenem-resistant organisms has not been observed.
In addition, without specifically identifying carbapenemase-
producers, approximately 50 percent of patients with carbape-
nem-resistant isolates could unnecessarily be placed on contact
isolation precautions.26

Available phenotypic tests to identify carbapenemases
include the modified Hodge test (Class A and D), metallo-β-
lactamase Etest (Class B), and rapid chromogenic assays such
as the Carba NP test (Class A and B). The modified Hodge test
is a culture-based assay to detect the release of carbapenemases
into agar media. Concerns with this assay include (a) limited
sensitivity and specificity in detecting carbapenemases
(<80 percent for both), (b) low to moderate inter-reader relia-
bility in interpreting results, and (c) turn-around time from
culture collection to detection of carbapenemases of approxi-
mately 72–96 hours.27 The Carba NP test has a sensitivity of
approximately 90 percent, with lower sensitivity attributed to
inconclusive results or false negative results with OXA-type
carbapenemases.28,29 Its specificity approaches 100 percent,
which when coupled with the ease of use and rapid turn-
around time (within 2 hours), makes it an attractive alternative
to the modified Hodge test.27–29

3.3 Multidrug-Resistant Pseudomonas aeruginosa: P. aer-
uginosa can be recovered from all body sites and is
a common cause of healthcare-associated pneumonia.
Although still predominantly implicated in infections in
patients with previous healthcare exposure, extensive anti-
biotic use, indwelling hardware, or immunocompromising
conditions, it is being increasingly recognized as a cause of
community-acquired infections, including folliculitis or oti-
tis externa from swimming pools and hot tubs,30 puncture
wound osteomyelitis,31 and endocarditis in intravenous
drug users.32 P. aeruginosa is intrinsically resistant to
a number of antibiotics and can acquire additional resis-
tance during antibiotic therapy. Acquired resistance can be
mediated by a number of mechanisms, including degrading
enzymes (e.g., AmpC cephalosporinases, carbapenemases),
loss or alteration of outer membrane porins, and upregula-
tion of efflux pumps.33 Aside from evaluating for nonsus-
ceptibility to multiple classes of antibiotics (Table 17.1),
there is no commercially available, rapid diagnostic assay
to detect the most common mechanisms of resistance for
P. aeruginosa.

3.4 Multidrug-Resistant Acinetobacter baumannii: Similar to
P. aeruginosa, A. baumannii is a leading cause of healthcare-
associated pneumonia, particularly in ICU patients.34 It is also
an important cause of skin and soft tissue infections in military
personnel returning from deployment and in victims of natural
disasters (e.g., earthquakes).35 A. baumannii has the ability to
accumulate diverse mechanisms of resistance, leading to the
emergence of isolates nonsusceptible to most or all available
antibiotics. Hospital outbreaks with A. baumannii can be dra-
matic and widespread. For example, an outbreak of OXA-40
carbapenemase-producing A. baumannii in the Chicago area
in 2005 impacted at least seven acute care facilities and two
long-term care facilities, and over 90 patients.36 A. baumannii
outbreaks can occasionally be traced to contaminated respira-
tory and ventilator equipment.37 Prolonged colonization may
contribute to the endemicity of A. baumannii observed after
such outbreaks.37 In a cross-sectional evaluation of the period
prevalence of MDR A. baumanii in mechanically ventilated
patients in the state of Maryland in 2009–2010, 27 percent of
patients were found to be colonized with this pathogen, in
a nonoutbreak setting,38 suggesting its increasing prominence
in chronically ventilated patients and in the ICU setting.

Figure 17.1 Expansion of a Klebsiella pneumoniae clone harboring a plasmid containing a carbapenemase-encoding gene that has successfully integrated into
Enterobacter cloacae.
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4.0 Hospital and Patient-Level Factors
Contributing to the Transmission of
MDRGNs

There is a long list of causal factors that may be driving the
emergence and spread of Gram-negative, antibiotic-resistant
bacteria. Figure 17.2 illustrates the complicated interaction
among many of these factors. The two most important para-
meters for deciding which infection prevention and antibiotic
stewardship options should be implemented for the control of
MDRGNs are 1) the organism-specific proportion of antibiotic
resistance attributable to antibiotic use and 2) the organism-
specific attributable fraction due to lapses in infection control
practices. The ability to quantify both parameters could lead to
answers to the following questions:

1. Should I implement contact precautions for patients
colonized with MDRGNs?

2. Should I obtain active surveillance cultures to detect
patients colonized with MDRGNs?

3. Should I cohort patients colonized with MDRGNs?
4. Should I focus more effort on infection control

interventions aimed at decreasing the amount of patient-
to-patient transmission or on antimicrobial stewardship
interventions aimed at decreasing the emergence of
antibiotic resistance?

5. How aggressively should I initiate targeted interventions
for cleaning and disinfecting the environment?

However, at present, accurate estimates of these parameters
are lacking for many MDRGNs in the nonoutbreak setting for
several reasons.39 First, because transmissions of MDRGNs are
relatively uncommon events, any study designed to demon-
strate efficacy requires sample sizes that are often prohibitively
large to achieve the power needed for definitive
conclusions. Second, many studies implement a number of

interventions in parallel making it difficult to determine the
relative contribution of individual interventions. Third, many
of the available data come from quasi-experimental studies
that have some epidemiological methodological issues often
not accounted for in analyses (see Chapter 6). Fourth, without
genomic data, the relatedness between potentially transmitted
organisms may not be clear. Despite the limitations of the
existing literature, common sense infection control practices
suggest that failure to identify and isolate patients harboring
highly drug resistant organisms can lead to transmission to
other vulnerable patients, potentially leading to significant
morbidity and mortality. This is supported by the high colo-
nization rate of healthcare workers contaminating their hands
and clothing when caring for patients with MDRGNs.43,46

With hand hygiene compliance rates still being nowhere near
100 percent, in our opinion these data support the use of
contact precautions in preventing the spread of MDRGNs in
healthcare facilities.

4.1 Role of the Healthcare Worker in the Transmission of
MDRGNs: The healthcare worker is often believed to be the
predominant mechanism of patient-to-patient transmission of
MDRGNs in the hospital setting. The hands of healthcare
providers, their apparel, and their personal medical equipment
can become contaminated with antibiotic-resistant bacteria
and contribute to the subsequent transfer of organisms
between patients. One study demonstrated that nearly 25 per-
cent of healthcare workers practicing usual care in the ICU
become contaminated with organisms during their shift.40

A number of studies have demonstrated that healthcare work-
ers become colonized on a frequent basis with antibiotic-
resistant bacteria such as methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococcus
(VRE).41,42 Less work has been done to determine the role of
gloves and gowns in protecting healthcare workers caring for
patients harboring MDRGNs from colonization. ICU data

Hospital-level Factors

Hand hygiene Overcrowding

Nurse-patient ratios Glove and gown use

Colonization pressure Environmental contamination

Patients uninfected by 
antibiotic-resistant 

bacteria 

Patients infected by 
antibiotic-resistant 

bacteria

Individual-level Factors  

Antibiotic use Immune System

Severity of illness Age

Comorbid conditions Duration of healthcare-exposure

Figure 17.2 Interaction among causal factors contributing
to antibiotic resistance in gram-negative bacteria.
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indicate that approximately 39 percent of healthcare workers
contaminate their gowns or gloves after contact with patients
colonized with MDR A. baumanii.43 This is in contrast to
approximately an 8 percent gown or glove contamination
rate after caring for patients colonized with MDR
P. aeruginosa.43 These results highlight the potential for con-
tact precautions to reduce transmission of MDRGNs between
patients. They also suggest that differential rates of transmis-
sion across Gram-negative organisms exist.

Available data suggest a large portion of ESBL-producing
Klebsiella spp. and a lesser proportion of ESBL-producing
E. coli are transmitted by patient-to-patient spread. Harris
and colleagues evaluated ESBL-producing E. coli and ESBL-
producing Klebsiella spp. in a large cohort.44,45 These investi-
gators used active surveillance cultures to determine bacterial
acquisition, pulsed-field gel electrophoresis (PFGE) to deter-
mine the genetic relatedness of isolates, and analysis of data
sets that overlapped in time to help determine epidemiologic
relatedness. For ESBL-producing Klebsiella spp., it was deter-
mined that 52 percent of acquisitions in the ICU setting were
due to patient-to-patient transmission.44 In contrast, for ESBL-
producing E. coli, it was determined that 13 percent of acquisi-
tions in the ICU setting were due to patient-to-patient
transmission.45

Although differences in the risk of patient transmission by
organism species exists, it is unclear if there are differences
within the same species depending on the resistance mechan-
isms present. As an example, the healthcare provider contam-
ination rate of Klebsiella species does not differ between
patients colonized with KPC-producing organisms and those
colonized with non-KPC-producing organisms.46

Poor compliance with contact precautions, unrecognized
colonized patients not on contact precautions, and differing
use of contact precautions contributes to ongoing transmission
of MDRGNs.47 Integrating microbiology data, electronic
health record alerts, and automated orders can ensure a rapid
and comprehensive system for isolating patients without over-
sight by infection prevention personnel. One study found that
automated reminders recommending contact precautions for
patients with drug-resistant pathogens improved initiation of
contact precautions from 33 percent to 89 percent for patients
harboring drug-resistant pathogens, with a decreased median
time to contact precautions of almost 17 hours.48

Most studies have evaluated the spread of MDRGNs in the
epidemic setting,49–53 the results of which have highlighted the
importance of bundled strategies in preventing transmission.54

In 2007, the Israel Ministry of Health initiated a nationwide
intervention aimed at containing the spread of CRE, primarily
driven by the rapid dissemination of a single clone of
K. pneumoniae.50,55 During the intervention, healthcare-
associated CRE acquisition declined from a monthly high of
55.5 to 11.7 cases per 100,000 patient-days. The Israeli experi-
ence suggests that MDRGN containment can occur with
a strategy that includes patient isolation, dedicated staffing,
and active surveillance. One of the most important lessons
from this experience is that infection prevention guidelines
are most effective when applied uniformly across healthcare

facilities and developed by a centralized public health authority
with the power to oversee and enforce their implementation.

4.2 Role of the Environment in the Transmission of
MDRGNs: In the last decade, a growing body of research
highlights the importance of the environment in transmission
of MDR organisms. Numerous studies indicate that having
a prior room occupant with MDRGN colonization or infection
increases the risk of transmission to a subsequent patient.56–58

These data suggest that inadequate terminal cleaning of the
room upon discharge of the colonized or infected patient leads
to transmission events to future occupants.

Studies involving patients colonized with MDRGNs have
demonstrated that their immediate environment is frequently
contaminated with the same bacteria.59,60 Althoughmost Gram-
negative organisms remain viable on inanimate surfaces for only
short periods, A. baumannii is relatively resistant to desiccation
and may remain viable for extended periods of time. Under
experimental conditions, A. baumannii was shown to persist
on dry surfaces for up to 33 days in one study and for 4 months
in another study.61 A. baumannii has been isolated from
a variety of environmental surfaces throughout the hospital,
including patient beds, bed rails, bedside tables, curtains, sinks,
counter tops, and floors.62–64 One study demonstrated recovery
of A. baumannii from a bed rail 9 days after a patient infected
with the same strain was discharged from that room.63

Furthermore, several outbreaks due to A. baumannii have
been linked to an environmental reservoir.57,63–65

Nonfermentative bacteria, like P. aeruginosa, have often
been linked to water reservoirs in the hospital.66,67

Pseudomonas spp. can be found in hospital water and are
known to exist in biofilms in faucets and faucet aerators.
Potable water itself may be a source, although P. aeruginosa
isolates recovered from potable water in healthcare settings are
rarely MDR unless faucets or faucet aerators are contaminated.
However, the relative importance of faucets and hospital water
supplies as modes of patient-to-patient transmission in the
endemic setting is still not clear.

In addition to environmental cleaning, the importance of
appropriate cleaning, disinfection, and sterilization of devices
has become increasingly recognized as an important mode of
transmission of drug-resistant pathogens. Reprocessed endo-
scopes contaminated with CRE have been implicated in
a number of CRE transmissions68–70 (see Chapter 8).

4.3 Role of Colonization Pressure in the Transmission of
MDRGNs:An influx of patients colonized withMDRGNs with
a history of exposure to the healthcare system provides sources
for the continued spread of MDRGNs (i.e., increased coloniza-
tion pressure).39 Moreover, inpatients exposed to these uni-
dentified carriers can asymptomatically acquire these strains
and became a secondary source of transmission. Using CRE as
a case study, only a minority of patients colonized with CRE
will have positive clinical cultures.71 A study at a US hospital
found that approximately one-third of all positive CRE
patients were first identified by screening cultures.71

An outbreak of carbapenem-resistant K. pneumoniae at the
National Institutes of Health Clinical Center that led to 18
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affected patients and 6 deaths demonstrated that active sur-
veillance was critical in identifying previously unrecognized
patients colonized with CRE in the outbreak setting.49 Whole-
genome-sequencing of isolates in this outbreak revealed that
the most important transmitters of CRE were asymptomatic
carriers and not clinically infected patients.72 As there is no
currently available assay that screens for all epidemiologically
relevant MDRGNs, the decision on which organisms to target
should be based on local epidemiology.

4.4 Role of Antibiotic Use in the Emergence of MDRGNs.
Since the time of penicillin, the introduction of each new
antibiotic class has been followed by the emergence of resis-
tance both to that class and often simultaneously to other
antibiotic classes. For example, routine fluoroquinolone pro-
phylaxis in patients undergoing urologic procedures is an
important driver of not only fluoroquinolone resistance but
also of ESBL-producing Enterobacteriaceae.73 The emergence
of broad-spectrum resistance among Gram-negative organ-
isms is particularly concerning since therapeutic options are
scarce, and for some infections no effective antibiotic agents
are available.74,75

An estimated 50 percent of antibiotic use in healthcare
facilities is estimated to be unnecessary.76 The goal of antimi-
crobial stewardship programs is to ensure that all patients with
appropriate indications for antibiotics receive the right drug, at
the right dose, for the right duration of time.77 Antimicrobial
stewardship programs can ensure judicious and optimal anti-
biotic use through both restrictive (i.e., formulary restriction,
prior-approval authorization) and persuasive (i.e., institu-
tional guidelines, postprescription review with feedback)
techniques77 (see Chapter 19). Data suggest that decreased
rates of antibiotic resistance to specific antibiotics correlates
with decreased use of those agents, providing support for the
notion that interventions to optimize antibiotic use are neces-
sary for the control of antibiotic resistance.78–83 This associa-
tion was confirmed in a Cochrane Database systematic review,
which demonstrated that reductions in excessive antibiotic
prescribing to hospitalized patients through antimicrobial
stewardship programs reduced subsequent antimicrobial
resistance.84

5.0 Decolonization of Patients Harboring
MDRGNs

Compared to decolonization regimens established for MRSA,
decolonization practices and benefits for MDRGNs are less
clear. Decontamination of the upper respiratory and digestive
tracts attempts to reduce infection in critically ill patients by
decreasing organism burden at these sites. Methods include
oropharyngeal decontamination with antiseptics (e.g., chlor-
hexidine gluconate [CHG]) and selective decontamination of
the oropharyngeal and digestive tracts with nonabsorbable
antibiotics. A number of studies have indicated that selective
oral and digestive tract decontamination reduces rates of bac-
teremia and mortality in ICU patients, although the overall
benefit appears modest.85–88 Concern about the long-term
effects of prophylactic antibiotics on antimicrobial resistance

has precluded widespread acceptance of these practices, parti-
cularly in North America. Selective decontamination has not
been adopted in most US institutions. Low rates of antibiotic
resistance in the Netherlands, where the largest trials were
conducted, limit the generalizability of findings to areas more
endemic for MDRGNs.

CHG is an antiseptic with broad-spectrum activity against
a host of organisms, including highly drug-resistant Gram-
negative organisms. Daily CHG bathing has been shown to
decrease CRE skin colonization.89 Large studies have shown
a benefit of CHG bathing in reducing the risk of hospital-
acquired bloodstream infections and colonization with
MRSA and/or VRE, although the effects differed from study
to study with a predominant effect being on skin
contaminants.90–93 Although studies specifically focusing on
the role of CHG bathing in preventing MDRGN transmission
have not been conducted, various bundles that have been
successful in reducing MDRGN transmission have included
daily CHG bathing.53,94 However, the concern for develop-
ment of CHG resistance by Gram-negative organisms has
tempered some of the enthusiasm for the potential role of
daily CHG bathing.95–98

6.0 Important Healthcare Facility
Reservoirs of MDRGNs beyond the
Acute Care Setting

The community has been shown to be an important setting for
the spread of ESBL-producing organisms. A study from a Swiss
healthcare facility found that transmission rates of ESBL E. coli
and K. pneumoniae were approximately 5 percent and 8 per-
cent, respectively.99 These same investigators found that trans-
mission rates in households were approximately 25 percent for
both organisms.99 Transmission of ESBLs appears more effi-
cient among household contacts. One report describes two
young children from the same household who presented to
medical care for the treatment of ESBL infections. On further
evaluation, all 6 household members were identified as carry-
ing the same E. coli ST131 strain.100 A substantial proportion of
community-onset ESBL E. coli infections have been identified
in patients with no discernable healthcareexposures.101

Post–acute care facilities, including long-term acute care
hospitals (LTACHs), long-term care facilities (LTCFs), and
nursing homes are playing an increasingly important role in
the healthcare continuum. LTACHs provide care for “medi-
cally complex” patients with acute medical needs and are
characterized by high rates of both indwelling device and
antibiotic utilization. In a study of 45 LTACHs, carbapenem
and vancomycin use were higher than the 50th percentile for
acute care hospital ICU use.102 The multimorbidity of the
population, prolonged durations of stay, and significant rates
of device and antibiotic use establishes the perfect milieu for
antibiotic resistance in the post–acute care setting. This is
exacerbated by the convergence of high-risk patients from
many different healthcare facilities and seems to be particularly
concerning for MDRGNs. In an LTCF in the Boston region
evaluating over 1600 clinical isolates, MDRGNs were
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recovered from 11 percent of patients, compared toMRSA and
VRE in 6 percent and 1 percent of residents, respectively.103

In one freestanding LTACH, approximately 50 percent of
K. pneumoniae isolates were identified as carbapenem-
resistant, with solid organ or stem-cell transplantation,
mechanical ventilation, fecal incontinence, and recent
antibiotic exposure identified as independent risk factors for
colonization or infection with carbapenem-resistant K.
pneumoniae.104 LTACH residence has been well-established
as a risk factor for CRE, with 30 percent of residents demon-
strating colonization with CRE in a point prevalence study of
Chicago-area LTACHs.105 Furthermore, colonization may
persist for prolonged periods. In a study evaluating 33 patients
in an LTACH colonized with MDRGNs, the median duration
of colonization was 144 days.106 As patients are frequently
transferred between LTACHs and acute care facilities, they
increase the MDRGN colonization pressure in the respective
facilities. Without interventions aimed at controlling the
MDRGN reservoir at LTACHs, containment efforts in the
acute care setting may be undermined. A standardized, rigor-
ous method of reviewing current and past history of MDR
organism colonization or infection when care is transferred
between post–acute care and acute care facilities is essential to
limiting dissemination of these organisms.

7.0 Current Infection Control Practices and
Guidelines Relative to MDRGNs

In the past several years, there have been a number of compre-
hensive documents advising healthcare facilities on best prac-
tices to control the spread of MDRGNs.4,107–109 The
Healthcare Infection Control Practices Advisory Committee
(HICPAC) published a guideline in 2007 on the use of isolation
precautions to prevent transmission of infectious agents in
healthcare settings.108 There are also recommendations pub-
lished by HICPAC on the management of MDR organisms in
healthcare settings.107 These publications provide guidance
regarding the following: (a) education of healthcare workers;
(b) surveillance for targetedMDR organisms; (c) application of
infection control precautions during patient care; (d) environ-
mental cleaning and disinfection measures; (e) decolonization
practices; and (f) the judicious use of antibiotics.

The CDC recently published a document entitled “Guidance
for Control of Carbapenem-Resistant Enterobacteriaceae
(CRE),” which recommends certain core measures for all acute
and long-term care facilities to decrease the transmission of
CRE.109 These core measures address (1) hand hygiene; (2)

contact precautions; (3) patient and staff cohorting; (4) use of
invasive devices; (5) antimicrobial stewardship; and (6) active
surveillance. To highlight a few core measures, active surveil-
lance of patients transferred from facilities known to have out-
breaks of CRE and patients hospitalized within the previous 6
months in countries outside the US where CRE are endemic is
recommended. For patients in these categories, preemptive con-
tact precautions pending the results of screening cultures should
be considered, and all patients colonized or infected with CRE
should be placed on contact precautions. Based on limited data
indicating that the duration of colonization with CRE can be
prolonged for up to several months,110,111 the CDC was unable
to provide recommendations for the timing of contact precau-
tion discontinuation.

The European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) published a document in 2014
entitled “ESCMID Guidelines for the Management of the
Infection Control Measures to Reduce Transmission of
Multidrug-Resistant Gram-Negative Bacteria in Hospitalized
Patients.”4 These evidence-based guidelines were developed
after an extensive review of the published literature on infec-
tion prevention strategies aimed at reducing the transmission
of MDRGNs, and include standard recommendations for all
acute care facilities and enhanced recommendations when
there is evidence of ongoing transmission of MDRGNs.
These guidelines include a discussion of the following topics
with regard to their role in decreasing MDRGN transmission:
(1) hand hygiene; (2) contact precautions; (3) active surveil-
lance; (4) environmental cleaning; and (5) antimicrobial
stewardship.

8.0 Conclusions
The rising prevalence of MDRGNs poses significant challenges
for healthcare facilities worldwide. The uniform use of stan-
dard precautions and hand hygiene remains the cornerstone of
control measures to prevent transmission of organisms
between patients. However, in the case of MDRGNs, we believe
that enhanced infection control efforts, including contact pre-
cautions, are necessary to curb their spread. It is imperative
that surveillance of, and prevention of transmission of drug-
resistant organisms within healthcare facilities be prioritized
by infection prevention teams. Further research studies using
sophisticated study designs such as cluster-randomized trials
and randomized controlled trials are needed to understand the
relative contributions of individual infection prevention stra-
tegies in reducing the transmission of specific MDRGNs.
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Chapter

18
Clostridium Difficile Infection
Jennie Kwon, DO, and Erik R. Dubberke, MD, MSPH

Introduction
Clostridium difficile is a Gram-positive, spore-forming, anae-
robic rod first described in 1935 by Hall and O’Toole while
studying the acquisition of gut bacteria in neonates. The name
“difficile” (originally “difficilis”) was first given because it was
difficult to grow in culture.1,2 Based on their experiments in
animals, they hypothesized C. difficile produced highly lethal
toxins, but was not a human pathogen.

Soon after antimicrobials were introduced into clinical
practice, pseudomembranous colitis was recognized as a not
uncommon complication of antibiotic usage. In the late 1970s,
C. difficile was identified as the causative agent of pseudomem-
branous colitis. Numerous studies were done in the 1980s that
established C. difficile as a healthcare-associated pathogen and
identified metronidazole and oral vancomycin as effective
treatments for C. difficile infection (CDI), but general interest
in C. difficile quickly tapered off.1,2

Interest in CDI remained low until the early 2000s, when
notable increases in CDI incidence and severity associated with
the emergence of the BI/NAP1/027 strain were identified.1,2

In the present day, C. difficile is now the most common infec-
tious cause of healthcare-associated diarrhea, and the most
common healthcare-associated infection (HAI) in the US.3

CDI is associated with significant morbidity and mortality.4,5

Although the incidence of C. difficile remains highest among
people with healthcare exposures, improved population-based
surveillance has identified more community onset CDI than
previously recognized.6 In order to curtail transmission of
C. difficile and prevent CDI, systematic and targeted infection
prevention measures are necessary.

Epidemiology
C. difficile is a ubiquitous organism, and has been found in the
environment, food, and in animals. In a large study in the
United Kingdom, a total of 2,580 samples were taken from
the environment, and 184 (7.1 percent) of isolates were positive
for C. difficile.7 In this study, the highest yield was from river
(87.5 percent) and seawater (44 percent), and also from swim-
ming pools (50 percent).7 C. difficile has also been identified in
retail foods worldwide, including ground meats, poultry and
vegetables.8–10 C. difficile has been found in animals such as
chickens, elephants, dogs and horses, but its pathogenesis has
been poorly understood.11

Although C. difficile is ubiquitous, infection due to
C. difficile has traditionally been associated with the healthcare
setting. This may be because the types of people who are most

prone to CDI are more concentrated within the healthcare
setting (see risk factors).

Since the early 2000s, the incidence and attributable burden
of CDI has been increasing. Due to a lack of surveillance
definitions historically, it is difficult to precisely quantify CDI
incidence rates in acute care hospitals. But CDI incidence has
likely increased approximately three-fold since the early
2000s.12 In addition, the severity of CDI has also increased,
with some outbreaks associated with dramatic increases in
colectomies and deaths. A recent study by the Centers for
Disease Control and Prevention (CDC) estimates there were
453,000 incident cases of CDI in the US in 2011, resulting in
29,300 deaths.13 Further compounding the problem, 10 percent
to 30 percent of people who have an initial episode of CDI will
develop at least one recurrence,4 and based on the number of
incident cases found in 2011, there were likely anywhere from
45,300 to 135,900 people who developed recurrent CDI.4,13

The costs attributable to treating CDI in the hospital is esti-
mated to be $3,427 to $9,960 (in 2012 dollars), and the cost of
treating patients with recurrent CDI is $11,631, for a total cost
of over $2.1 to 6.1 billion per year in the US.4,14 Additionally,
hospital CDI incidence comparisons are now publically avail-
able on the Centers for Medicare & Medicaid Services hospital
compare website and CDI will likely become a value-based
purchasing measure, thereby further increasing the cost of
CDI to hospitals.

The majority of data available on the epidemiology of CDI
is focused in the healthcare setting, but population-based sur-
veillance is identifying more CDI in the community than pre-
viously recognized. In a study conducted by the CDC of 15,461
cases of CDI in 10 geographic areas, 65.8 percent were health-
care-associated, but only 24.2 percent had onset during
hospitalization.13 In this same dataset, 46.2 percent were com-
munity-associated, and by definition had no documented
inpatient exposure.13 In another related study utilizing the
same surveillance program, 82 percent of patients with com-
munity-associated CDI reported they had visited outpatient
healthcare settings in the 12 weeks prior to stool collection.15

The presence of toxigenic C. difficile in stool alone does not
equate the diagnosis of CDI, and asymptomatic C. difficile
carriage is common. One study demonstrated 15 percent of
patients admitted to the hospital without diarrhea had toxi-
genic C. difficile in their stool.16 This is important because
emerging data indicate at least 30 percent of new cases of
hospital onset CDI are due to transmission from asymptomatic
carriers, and current approaches to prevent CDI focus on
preventing C. difficile transmission only from people with CDI.
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Pathophysiology
C. difficile can exist in either a spore or vegetative form. As an
obligate anaerobe, the vegetative form dies quickly after expo-
sure to air, so it is the spore form that is ingested. The spore
form is highly heat-stable, can survive harsh conditions such as
the high acidity of the stomach and commercial disinfectants,
and can survive in the hospital environment for prolonged
periods of time.17–19 Transmission occurs via the fecal-oral
route, person to person, or via fomites. Once ingested,
C. difficile spores can germinate, and the vegetative cells can
then colonize the colon.20,21 C. difficile then reproduces in
intestinal crypts, releasing exotoxins A and B, leading to severe
inflammation.20,21 Toxin A (enterotoxin) attracts neutrophils
and monocytes while toxin B (cytotoxin) degrades colonic
epithelial cells.21 These toxins disrupt cell membranes, causing
shallow intestinal mucosal ulcerations, leading to the release of
proteins, mucus, and inflammation.20 This manifests as
a pseudomembrane, hence the name pseudomembranous
colitis.20

Exposure to C. difficile can result in no acquisition, asymp-
tomatic colonization, or CDI. Host and external factors that
alter the intestinal microbiota, most commonly due to expo-
sure to antimicrobials, allow C. difficile to establish
colonization.22 Among hospitalized patients who acquire
C. difficile, 10 percent to 50 percent will go on to develop
CDI. There are few studies designed to determine the incuba-
tion period from C. difficile acquisition to CDI, but all of these
studies have found the median incubation period to be <7
days.23 Among the people who develop CDI, current evidence
suggests these people fail to mount a protective antibody
mediated immune response against C. difficile toxins.24 Strain
type likely also impacts development of CDI, as Loo et al.
found ~50 percent of people who acquired the BI/NAP1/027
strain developed CDI versus ~30 percent for other strains.
The probability of developing CDI after acquiring C. difficile
in other settings is likely lower than in the hospital setting,
considering the prevalence of asymptomatic carriage and the
ubiquitous nature of C. difficile exposures.

Risk Factors
Knowledge of CDI risk factors is important to help develop
methods for intervention and prevention of CDI. The primary
independent risk factors for CDI include exposure to antimi-
crobials and high severity of underlying illness. The highest
risk antimicrobials for CDI are aminopenicillins, clindamycin,
cephalosporins, and fluoroquinolones. Traditionally, age has
been included as a primary risk factor for CDI, as the incidence
of CDI increases with each decade after the age of 50. However,
recent work indicates that when assessing an individual’s risk
for CDI, physiological age is more important than chronolo-
gical age.25 Populations identified as high risk for CDI are
those that have high concentrations of patients with frequent
antimicrobial exposures and high severity of underlying ill-
ness, such as ICU, oncology and transplant, renal insufficiency,
and hemodialysis.26–28 Although many studies have identified
gastric acid suppression as a risk factor for CDI, this may be

a marker for severity of underlying illness and not part of the
causal pathway to CDI.

The other key risk factor for CDI is new acquisition of
C. difficile. As stated above, most studies have found CDI
typically occurs within a week of a new C. difficile acquisition.
Therefore preventing C. difficile transmission is paramount to
any CDI prevention program. Of note, some recent studies
have suggested those colonized with C. difficile on admission to
the hospital may be at greater risk for CDI than those not
colonized on admission.29 Although there will be asymptoma-
tically colonized patients who go on to develop CDI, how the
relative risk was assessed in these analyses is biased toward an
increased relative risk for asymptomatic carriers. First, it is not
possible to develop CDI without acquiring C. difficile. As such,
most of the people in the noncolonized comparison group will
never have the “opportunity” to develop CDI. In addition,
many of the more recent studies used PCR-based assays to
diagnose CDI, which are much more likely to detect asympto-
matic colonization than toxin assays (see discussion below).
Many of the asymptomatic carriers diagnosed with CDI may
actually still be asymptomatic carriers with diarrhea due to
other reasons. Finally, even with the supposition that asympto-
matic carriers are at higher risk for CDI than people not
colonized on admission to the hospital, approximately two-
thirds of CDI cases were among the people not colonized; again
supporting the notion more CDI will be prevented by reducing
transmission than preventing CDI among asymptomatic
carriers.

Clinical Manifestations
As the detection of C. difficile alone does not indicate the
presence of infection due to C. difficile, CDI is a clinical diag-
nosis supported by laboratory findings. Diarrhea is a key pre-
senting symptom, being defined as the passage of three ormore
unformed stools in a 24-hour period. The only times when
a patient with CDI does not have diarrhea are those rare
instances where the patient presents with an ileus. Signs and
symptoms of CDI include diarrhea, cramplike abdominal pain,
abdominal tenderness, distension and alteration of bowel
sounds.30,31 In severe cases, signs of septic shock may develop.
The white blood cell count (WBC) is often elevated, as high as
30,000 to 50,000 cells/microL, with the extent of leukocytosis
often correlating with disease severity.30,31 Plain abdominal
radiographs may show distended loops of bowel, or in severe
cases, toxic megacolon. Computed tomography images may
include colonic wall thickening, stranding, dilation, edema and
perforation. Endoscopy may reveal pseudomembranes.

Diagnosis
There are no currently available diagnostic assays for CDI.
Currently available assays detect presence of C. difficile, pre-
sence of a toxigenic strain of C. difficile, or presence of
C. difficile toxin in stool. The diagnosis of CDI is established
by the presence of appropriate signs and symptoms consistent
with CDI in combination with a positive test for C. difficile
toxin / toxigenic C. difficile.32 Because asymptomatic C. difficile
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carriage is common, and asymptomatic carriage can be
detected by all C. difficile assays, any laboratory testing should
only be performed on unformed stools in patients with an
appropriate clinical suspicion for CDI. Endoscopy can show
the presence of pseudomembranes, which is virtually pathog-
nomonic for CDI (although it can be seen with ischemic colitis
and CMV colitis). Histopathology findings may confirm the
diagnosis.

There is no true gold standard for CDI, however, toxigenic
culture is the gold standard for detection of toxin-producing
C. difficile in stool, and the cell culture cytotoxicity neutraliza-
tion assay (CCNA) is the gold standard for detecting free toxin
in stool.33–35 Both of these procedures are labor intensive and
can take several days for results, so they are rarely performed in
clinical practice in the US. Other assays that are available
include enzyme immunoassays (EIA) for toxin A and B, EIAs
for glutamate dehydrogenase (GDH) and polymerase chain
reaction (PCR)–based assays (note: although not all of these
assays use PCR, assays that detectC. difficile nucleic acid will be
referred to as PCR-based assays).

There are advantages and disadvantages to all assays, and
performance characteristics can vary within an assay class (e.g.,
the sensitivity of membrane-based EIAs is typically 10 percent
less than the sensitivity of microwell EIAs). Important features
to keep in mind are that toxin assays are more specific for CDI
and GDH EIAs and PCR-based assays are much more likely to
detect asymptomatic colonization. Although there are no ran-
domized controlled trials that demonstrate this, most observa-
tional data indicate outcomes of patients who are PCR
positive / toxin assay negative are no different than those
who are negative by both assays. Another important consid-
eration is that GDH assays will detect both toxigenic and
nontoxigenic strains of C. difficile, so they should never be
used as a stand-alone test (Table 18.1).33–35

A two-stage testing / algorithm strategy has been imple-
mented in some institutions, by combining a highly sensi-
tive rapid screening test with a more specific confirmatory
test. A GDH EIA is typically used as the initial screen as
they are rapid and inexpensive. The preferred algorithm
would follow a positive GDH with a test for toxin detection,
such as CCNA or toxin EIA. A stool specimen positive for
toxin would be considered supportive of a diagnosis of CDI.
Some laboratories do a third test if the GDH is positive and
toxin test is negative, most commonly PCR. In this setting,
a positive PCR indicates toxigenic C. difficile is present, but
does not differentiate between CDI and asymptomatic
C. difficile carriage. Ideally, PCR would be performed only
if there is a high index of suspicion for CDI, not automa-
tically if GDH is positive and toxin is negative. Regardless
of the test(s) used, it is always important to remember the
presence of toxigenic C. difficile in stool alone does not
confirm the diagnosis of CDI. The focus should be on
treating the patient, not the test result.36

In general, a single specimen at the onset of illness is
recommended, as there is little diagnostic gain of repeating
testing either by PCR or EIA.37 Automatic repeat testing
should be strongly discouraged, and repeat testing should be

done on the basis of the clinical index of suspicion and the pre-
test likelihood of CDI.

Treatment
Once the diagnosis of CDI is made, things to consider when
selecting treatment include severity of CDI, previous history of
CDI and ability to take medications by mouth. In most
instances, it is safe to not initiate treatment until the diagnosis
of CDI has been established. However, if there is a high clinical
index of suspicion for CDI and the patient is at high risk for
poor outcome due to CDI if treatment is withheld while wait-
ing for confirmation, empirical therapy is reasonable. Also, all
diagnostics are with limitations. High index of suspicion
should outweigh a negative test result in the appropriate clin-
ical context.

The first step in managing CDI is to discontinue any
clinically unnecessary antimicrobials, unless there is
a compelling clinical indication to continue. Continued expo-
sure to non-CDI treatment antimicrobials are associated with
a slower response to CDI treatment and increased risk for
recurrence.45 The Society of Healthcare Epidemiology of
America (SHEA) and the Infectious Diseases Society of
America (IDSA) published CDI clinical guidelines in 2010,
and are expected to release updated guidelines in 2016.23

Based on observational studies and a single center randomized
controlled trial, the 2010 SHEA/IDSA clinical guidelines
recommended to treat a first or second episode of CDI based
on severity. Evidence of mild to moderate CDI included
a white blood count ≤15,000 cells/µL and a serum creatinine
<1.5 times the premorbid level.23 For patients meeting these
criteria, metronidazole 500 mg orally three times per day for
10–14 days was recommended.23 If there was evidence of
severe CDI, defined as a white blood cell count > 15,000 cells/
µL or a serum creatinine ≥1.5 times the premorbid level, then
vancomycin 125 mg orally four times per days for 10–14 days
was recommended.23 For patients with hypotension, shock,
ileus, or megacolon, it was recommended to give vancomycin
500 mg orally four times per day plus metronidazole 500 mg
intravenously three times per day, and consider vancomycin
enemas in the setting of an ileus.23 Of note, there are no data to
indicate a higher dose of vancomycin or combination therapy
is any more efficacious than the lower dose of vancomycin
recommended for severe CDI (and studies have actually
found that combination/high dose vancomycin to not be
associated with improved outcomes).23 The rationale behind
this regimen is to get active drug to the colon as quickly as
possible.

There have been two important developments since the
2010 guidelines were published. First, fidaxomicin was
approved for treatment of CDI. In its phase three trials, fidax-
omicin was associated with ~40 percent decrease in risk of
recurrence compared to oral vancomycin in patients experien-
cing a first CDI episode or first recurrence, which was statisti-
cally significant.45 The lower risk for recurrence is believed to
be because fidaxomicin is more selective for C. difficile than
vancomycin, allowing “protective”microbiota to recover while
on CDI treatment. Despite these promising results, use of
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fidaxomicin has been limited due to its cost. The other impor-
tant development was publication of the tolevamer phase 3
trial data.46 With clinical success of only 44.2 percent, toleva-
mer did not meet its noninferiority endpoint, but the blinded
randomized controlled trial included both metronidazole and
vancomycin arms. Vancomycin was an independent predictor
of clinical success when controlling for CDI severity on multi-
variable analysis. These data indicate the threshold for vanco-
mycin should perhaps be lower than the criteria stated in the
2010 clinical guidelines.

A challenge in the management of CDI is recurrence.
Recurrence is defined as another CDI episode that occurs
within 8 to 12 weeks of discontinuation of treatment for the
initial episode, and occurs following resolution of approxi-
mately 15 percent to 30 percent of initial CDI episodes. Risk
factors for recurrence include continuation of antimicrobials
(other than CDI treatment agents), severe underlying diseases,
longer hospitalization, and inadequate antitoxin antibody
response.47 Resistance to metronidazole or vancomycin is
uncommon and does not explain recurrence. Rather, CDI
treatment with metronidazole and vancomycin causes further
disruption of themicrobiota, providing additional opportunity

for C. difficile to cause disease after treatment is stopped.
The SHEA/IDSA clinical guidelines recommend treating
a second recurrence (third episode) with a vancomycin taper or
pulse.23 Other approaches for patients with multiple CDI
recurrences include a “chaser” with rifaximin or fidaxomicin,
or a fidaxomicin taper.48,49

A promising therapy for prevention of recurrent CDI is
fecal microbiota transplantation (FMT). The goal of FMT is to
restore healthy colonic flora and colonization resistance. Stool
from a healthy related or unrelated donor is infused via endo-
scopy, nasoduodenal tube, or enema to the patient. A review of
536 patients with recurrent CDI showed an 81–93 percent
response rate regardless of method of instillation, and several
recent prospective studies indicate the success of a single dose
of FMT to be 70 percent to 80 percent, with success increasing
to 90 percent with a second dose.50–54 Frozen FMT has also
been used. The donor and donor stool must be screened for
infectious agents prior to FMT, and the FDA requires consent
to be obtained prior to FMT explaining it is still investigational
and a discussion of potential risks.55

Other agents to treat CDI have been studied, but there are
few high-quality data to support the use of these medications.

Table 18.1 Clostridium difficile diagnostic testing2,20,38–44

Diagnostic test Comments Advantages Disadvantages

Endoscopy Direct visualization of bowel
walls

Direct diagnosis of pseudo-
membranous colitis; tissue can
be obtained for
histopathology

Low sensitivity
macroscopically;
Endoscopist dependent

Toxigenic culture Gold standard for detection of
toxin-producing C. difficile

Most sensitive test for detect-
ing toxigenic C. difficile

Technically demanding;
Time-consuming; low specifi-
city for CDI

Cell culture cytotoxicity assay
(CCNA)

Gold standard for detecting
free toxin

Sensitive and specific for CDI Technically demanding
Time-consuming
Lacks standardization

Toxin enzyme immunoassays
(EIA)

Direct toxin detection (all
currently available toxin EIAs
detect both toxin A and B)

Direct toxin detection
Specific for CDI
Rapid
Relatively inexpensive

Lowest sensitivity, especially
for membrane-based EIAs

Glutamate dehydrogenase
(GDH) common antigen

EIA for glutamate (GDH),
which is produced by all
C. difficile strains, as well as
other organisms

Rapid
Sensitive
Inexpensive
Potential use for screening

Does not differentiate
between toxigenic and non-
toxigenic strains
Cannot be used alone
Cross reacts with other
anaerobes

PCR-based assays Uses primers targeting specific
genes encoding toxins

Rapid
Sensitive

Does not test for active toxin
production
Lower specificity for CDI than
toxin detection

Multi-step testing strategies Combination of various tests,
generally a highly sensitive
test combined with a test with
better specificity for CDI

Attempt to increase sensitivity
and specificity

Discordant results may be dif-
ficult to interpret
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These include probiotics, fusidic acid, teicoplanin, nitazoxa-
nide and tigecycline. Probiotics are live microorganisms that
are thought to restore gastrointestinal microflora. Most studies
have employed the use of Lactobacillus species or
Saccharomyces boulardii in an effort to prevent or treat CDI.
A few small studies have shown a trend toward benefit; how-
ever, none were able to demonstrate adequate statistical power
for efficacy.56 Occasional cases of fungemia have been reported
in immunocompromised patients and those with central
venous catheters, therefore probiotics should be avoided in
those patients.

A response to therapy should be monitored clinically.
Decreasing stool frequency, a decliningWBC count, and rever-
sal of hemodynamic instability are objective measures of
response.57 For severe, progressive disease with toxic megaco-
lon, a total colectomy can be considered as a last measure for
patients who remain critically ill despite standard therapy.
Some observational studies suggest intravenous immunogolo-
bulin may be beneficial in these cases, and decrease the need
for colectomy. Mortality rate for total colectomy can be high,
ranging from 35 to 80 percent.58–61 In one study of 42 patients,
a diverting loop ileostomy and intraoperative colonic lavage
with polyethylene glycol, followed by postoperative antegrade
vancomycin flushes resulted in improved outcomes.62

Currently, this surgical procedure is not standard of care.
No “tests of cure” are indicated and are not valuable in mon-
itoring disease, because tests can remain positive even after
improvement.

Surveillance
Surveillance for CDI is important to be able to recognize
outbreaks and to monitor the effectiveness of infection
control practices (Table 18.2).63 At a minimum, healthcare
facilities should track the rate of healthcare facility–onset
CDI (HO-CDI, reported as the number of CDI cases per
10,000 patient-days). Although the HO-CDI rate does not
capture all cases of healthcare-associated CDI, it acts as
a good surrogate marker and allows healthcare epidemiol-
ogists to effectively gauge responses to CDI control
measures.64,65 Currently, US hospitals accomplish this by
reporting CDI incidence through the LabID Event module
to the National Healthcare Safety Network (NHSN). LabID
Event is based on date of admission and date of collection
of stool that was positive for C. difficile and/or its toxins,
where HO-CDI is defined as a positive stool collected >4
days after admission.

Prevention
Themorbidity, mortality, and cost of CDI highlight the impor-
tance of CDI prevention. Preventing CDI is a multidisciplinary
effort involving physicians, nurses, infection preventionists,
pharmacists, microbiology laboratories, housekeeping, and
hospital leadership. Another challenge to preventing CDI, in
contrast to other HAIs, is that the quality of data to support
CDI prevention recommendations are relatively poor. For
example, in the SHEA compendium to prevent HAIs, all

components of the basic central line–associated bloodstream
infection (CLABSI) prevention bundle have a moderate to
high level of evidence from randomized, controlled clinical
trials.63,66 Additionally, the CLABSI bundle itself has been
validated.67,68 In contrast, there are no CDI prevention recom-
mendations with a high quality of evidence, and most recom-
mendations have low quality of evidence to support their use.69

As a result of the lack of high quality data, there are mispercep-
tions about what are the key areas to focus on to optimize CDI
prevention in hospitals. Therefore, the focus of this section is to
identify the most important areas of prevention, and discussion
of common misperceptions.

CDI infection control measures should focus on preventing
patient exposure to C. difficile and reducing the chance of CDI
development after a patient is exposed to C. difficile.38,69

Strategies to reduce the patient exposure to C. difficile include
the use of barrier precautions, environmental cleaning and
hand hygiene. Strategies to reduce the development of CDI
after C. difficile exposure has occurred focus on antimicrobial
stewardship.

Ever since emergence of the epidemic BI/NAP1/027 strain,
many investigators have documented the utility of infection

Table 18.2 Clostridium difficile Infection (CDI) Surveillance Definitions63

CDI Type Definition

Healthcare
facility–onset,
healthcare
facility–associated
CDI

CDI symptom onset more than 3 days
after admission to a healthcare facility,
with day of admission being day 1

Community-onset,
healthcare
facility–associated
CDI

CDI symptom onset in the community
or less than or equal to 3 days from
admission, provided symptom onset
was less than 4 weeks after the last dis-
charge from a healthcare facility

Community-
associated CDI

CDI symptom onset in the community
or less than or equal to 3 days after
admission to a healthcare facility, pro-
vided that symptom onset was more
than 12 weeks after the last discharge
from a healthcare facility

Indeterminate
onset CDI

CDI case patient who does not fit any of
the above criteria for an exposure set-
ting (e.g., onset in the community
greater than 4 weeks but less than 12
weeks after the last discharge from
a healthcare facility)

Unknown Exposure setting cannot be determined
because of lack of available data

Recurrent CDI An episode of CDI that occurs less than
or equal to 8 weeks after the onset of
a previous episode, provided that CDI
symptoms from the earlier episode
resolved
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control measures in preventing HO-CDI.12,70 These “bundles”
of infection control practices have emphasized expansion of
existing measures, such as use of contact precautions for
a longer duration (i.e., duration of the entire hospitalization)
and daily enhanced cleaning of CDI patient rooms using
sodium hypochlorite.12,70 Although most acute care hospitals
utilize infection control policies to prevent the spread of
C. difficile, practices are variable and nonuniform. A study of
hospitals in the Canadian Nosocomial Infection Surveillance
Program found that there was some form of C. difficile infec-
tion control precautions used in all hospitals surveyed, but
there was considerable variation in terms of testing strategies,
cleaning protocols, cleaning products, and isolation
practices.71,72

The practice recommendations regarding CDI in the
“Strategies to Prevent Clostridium difficile Infections in Acute
Care Hospitals: 2014 Update” offer a comprehensive approach
to implementing C. difficile prevention programs.63,69

To prevent patient exposure to CDI, interventions include 1)
use of contact precautions for patients with CDI, including the
use of gowns and gloves; 2) meticulous adherence to hand
hygiene practices in compliance with the CDC or World
Health Organization recommendations; and 3) proper clean-
ing and disinfection of equipment and environment.63,69 Each
of the strategies is discussed in further detail below.

Barrier Precautions and Hand Hygiene
Patients with CDI should be placed in contact precautions with
dedicated disposable medical equipment (stethoscope, ther-
mometer, etc.). In the acute care setting, whenever possible,
patients with CDI should be placed into private rooms. This is
because semiprivate rooms may be more difficult to clean and
decontaminate, and compliance with hand hygiene may be
negatively impacted in multiple-bed rooms.73 If private
rooms are not available, cohorting of patients may be consid-
ered, although it is important not to cohort patients discordant
for infection or colonization with other epidemiologically
important organisms (such as vancomycin-resistant
Enterococcus or methicillin-resistant Staphylococcus aureus).
Patients with CDI are most contagious before treatment is
started, therefore it is important to promptly identify patients
with CDI, initiate treatment, and place them on contact pre-
cautions. The key to prompt diagnosis is identifying patients
with clinically significant diarrhea. Kundrapu et al. found the
median time from diarrhea onset to CDI diagnosis at their
healthcare facility was 3.2 days.74 To further minimize the risk
of C. difficile transmission to other patients, patients who are
tested for C. difficile can be placed into contact precautions
while the test result is pending.

Adherence to glove use is of utmost importance.
A common opinion is that upon leaving a room of
a patient with CDI, soap and water is preferable over
alcohol-based hand rubs (ABHR) for hand hygiene.
Although alcohol does not kill C. difficile spores, there
have been no studies that have found increases in CDI
with ABHR or decreases in CDI with soap and water.69

In addition, several of these studies have found reductions

in MRSA and/or VRE with ABHR compared to soap and
water. There are several potential explanations for these
findings. One is compliance with a 15- to 30-second soap
and water hand wash is extremely low, typically in the
20 percent to 40 percent range.75 This is too low to have
much of an impact on overall C. difficile (or other organ-
ism) transmission.75 Another contributing factor could be
that the sink being used by healthcare workers (HCWs) to
perform hand hygiene is the same sink that the patient
with CDI used after his/her last bowel movement.
Therefore in the process of using soap and water, the
HCW may actually increase hand contamination. Likely
the primary reason ABHR have not been associated with
increase in CDI incidence is that glove use is a component
of contact precautions, which should prevent hand con-
tamination in the first place.

It is imperative that HCWs wear gloves every time they
enter a room of a patient with CDI. Hand contamination is
uncommon when gloves are donned and doffed properly.
Landelle found gloves were not worn in only 30/386 (7.8 per-
cent) of HCW encounters with a patient with CDI, but these
encounters accounted for almost half (7/16) of HCWs who had
C. difficile recovered from their hands.76 It is also possible even
hand hygiene with soap and water does not remove enough
C. difficile spores. Edmonds et al. found hand washing with
recommended methods and products resulted in a less than
one log reduction in C. difficile spores, a reduction not thought
to be sufficient to adequately prevent transmission of
organisms.77 Supporting the aforementioned studies,
McFarland et al. found none of the HCWs exiting the room
of a patient with CDI who wore gloves had C. difficile cultured
from their hands. However, there was no difference in
C. difficile recovery among those HCWs who did not wear
gloves whether or not they washed hands (65 percent versus
44 percent, respectively).19 These data indicate it is more
important to stress compliance and proper donning and doff-
ing of gloves compared to hand hygiene. Of note, McFarland
also found there was no difference in recovery of C. difficile
from hands whether or not the HCW actually touched the
patient.19

When comparing glove use to environmental disinfectant
use, glove use is more important than using sporicidal agents
for environmental disinfection. C. difficile spores can persist in
the environment for months and are resistant to standard
hospital environmental disinfectants, and one study found
that admission to an ICU room that just previously housed
a patient with CDI to be risk factor for CDI (HR = 2.35,
p = 0.01).78 However, only 11 percent of newCDI cases actually
had this exposure. Other studies have found that most new
acquisitions of C. difficile are related to transmission of
C. difficile from a colonized patient that is in a different
room. A study modeling C. difficile transmission estimated
approximately 10 percent of new CDI cases are related to pre-
existing environmental contamination, and environmental
decontamination with sporicidal agents would be the least
effective method to prevent CDI (compared to antimicrobial
stewardship and adherence to contact precautions).79
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Additionally, most studies that have evaluated sporicidal
agents in nonoutbreak settings have failed to identify
a reduction in CDI with that agent.69

Environmental Decontamination
C. difficile produces spores that are resistant to most stan-
dard hospital environmental disinfectants and can survive
for months on environmental surfaces.80 Patients colonized
with C. difficile shed spores and contaminate their local
environment, then these spores serve as a source of
C. difficile transmission to other patients. C. difficile spores
have been cultured from toilets, commodes, floors, bed rails,
call buttons, sinks, and over bed tables.81,82 Although some
studies have found epidemic strains have increased capacity
for sporulation, other studies have not.83,84 The degree of
contamination correlates with the colonization status of the
patient. Environmental contamination is lowest in rooms of
culture-negative patients (fewer than 8 percent of rooms),
intermediate in rooms of patients with asymptomatic
C. difficile colonization (8 percent to 30 percent of rooms),
and highest in rooms of patients with CDI (9 percent to
50 percent of rooms).19,80,82,85 Samore et al. found the degree
of environmental contamination to correlate with the degree
of HCW contamination.82 Hand contamination was 0 per-
cent, 8 percent, and 26 percent when environmental con-
tamination was 0–25 percent, 26–50 percent, greater than
50 percent respectively. Notably, this study was conducted
prior to the routine use of contact precautions for patients
with CDI, so if implemented, regular use of gloves may have
decreased the degree of hand contamination.

It is difficult to decipher the role of environmental agents
with sporicidal activity, as available data indicate that most
CDI cases are not related to C. difficile acquisition from the
environment, different methods to apply the agents, and
inconsistent impact of sporicidal agents on reducing CDI
incidence in nonoutbreak settings. Several studies highlight
this finding. Shaughnessy et al. found admission to an ICU
room that previously housed a patient with CDI to be a risk
factor for CDI, however, only 11 percent of patients who
developed CDI had this risk factor.78 In addition, studies
using whole genome sequencing found only 2 percent to
7 percent of new CDI cases could be attributed to environ-
mental contamination.86,87 Studies that have found
a reduction in CDI after implementation of a sporicidal
agent have mostly occurred in outbreaks settings with the
concurrent implementation of other CDI prevention
interventions.88–90 Conversely, sporicidal agents have often
not been associated with reductions in CDI in nonoutbreak
settings.91,92 A further complication is that several products
have been used, including various concentrations of sodium
hypochlorite, phenol-based agents, peroxide-based agents,
and ultraviolet irradiation, applied by people or by automated
systems, and with daily cleaning alone, daily cleaning and
terminal cleaning, terminal cleaning alone, and periodic
“deep cleaning.” Of these methods and products, “no touch”
disinfection technologies have garnered the most interest.
In general, these products use ultraviolet radiation or

hydrogen peroxide vapor to disinfect the environment, and
several studies have found these products are effective at
reducing viable C. difficile spores from patient rooms.93–95

No single methodology appears superior in regards to reduc-
tions in CDI incidence.96

What has been demonstrated is that the thoroughness
of cleaning with a sporicidal agent has been associated with
reductions in viable C. difficile spores in the environment.
One hospital found over the course of several interventions
to decrease C. difficile spore contamination including term-
inal infection with bleach, use of fluorescent markers to
assess cleaning adequacy, use of an automated ultraviolet
radiation device, to a dedicated team focused on daily
cleaning of rooms housing patients with CDI, the latter
intervention was clearly the most effective at removing
viable C. difficile spores from the environment.95 Several
methods have been used to assess thoroughness of clean-
ing, including fluorescent markers and ATP
bioluminescence.97,98 These cleaning assessment measures
are most effective when feedback is given in real time.
Potential barriers to effective cleaning include insufficient
time for cleaning, inadequate cleaning supplies, inadequate
education, and poor communication.69 For a successful
environmental decontamination program, it is important
to work collaboratively with, and to provide feedback to
environmental services staff.95

Antimicrobial Stewardship
Currently the only way to prevent CDI if transmission
occurs is antimicrobial stewardship. A successful antimi-
crobial stewardship program aims to limit inappropriate
antimicrobial use while maximizing clinical utility by opti-
mizing the choice of agent, dose, route, and duration of
therapy.99 Prior exposure to antimicrobials is a strong risk
factor for the development of CDI, and, unfortunately,
20–50 percent of all antimicrobials prescribed in US
acute care hospitals are either unnecessary or
inappropriate.100–102 By limiting exposure to unnecessary
antimicrobials, the risk of development of CDI after
C. difficile exposure will decrease.

Clindamycin has long been identified as a major culprit
in the development of CDI, and fluoroquinolones have also
been implicated after emergence of the fluoroquinolone-
resistant epidemic strain BI/NAP1/027.103 However, vir-
tually all antimicrobials can increase the propensity for
CDI development.103 Given this, controlling the use of
antimicrobials via stewardship is a cornerstone of CDI
prevention and has been effective in reducing the rate of
CDI in the inpatient setting.104,105 Most antimicrobial
stewardship programs have focused on restricting the use
of high-risk antimicrobials (second-and third-generation
cephalosporins, fluoroquinolones, and clindamycin).
However, antimicrobial stewardship programs can also
reduce use of these agents through nonrestrictive means,
such as clinician education and provision of antimicrobial
guidelines.105 Antimicrobial stewardship is often difficult
to evaluate as a single CDI prevention strategy, given that
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it is often implemented as part of an infection control
bundle that includes enhanced contact precautions and
specialized cleaning methods.12,70

Other Preventative Strategies
There are insufficient data to recommend administration of
probiotics for primary prevention of CDI. Several meta-
analyses indicate probiotics may be effective at preventing CDI
when given to patients on antimicrobials without a history of
CDI.106–108 The typical CDI incidence among hospitalized peo-
ple >65 years of age on antimicrobials with a length of stay > 2
days is ≤ 3 percent, even during outbreaks of CDI.109–111

The studies with the greatest influence on the results of the
meta-analyses had a CDI incidence 7 to 20 times higher in the
placebo arms than would otherwise be expected based on the
patient population studied, potentially biasing the results to
benefit of the probiotic.112,113 In addition, there are other meth-
odological differences between the studies, including differences
in probiotic formulations, duration of administration, CDI defi-
nitions, duration of follow-up, and inclusion of patients not
typically considered at high risk for CDI, making it difficult to
make recommendations on when probiotics should be used and
which probiotic. There is also the potential for the probiotic
organisms to cause infections in hospitalized patients.114–116

Emerging data suggest asymptomatic C. difficile carriers
play an important role in C. difficile transmission and
HO-CDI.86,117,118 However, the best test for colonization and
methods to prevent transmission from asymptomatic carriers
remains unknown, therefore screening for asymptomatic car-
riage is currently not recommended. Prophylactic use of van-
comycin or metronidazole to prevent the CDI in patients
receiving antimicrobials or in asymptomatic C. difficile carriers
is also not recommended, as treatment may increase a patient’s
risk for developing an actual CDI.69

Proton-pump inhibitors are now one of the most prescribed
groups of drugs in the US. Several studies have noted an

association between receipt of acid-suppressive therapy and
development of CDI.83,119 However, it is not clear if this associa-
tion represents causation, as people who receive acid-
suppressive medications in general are more ill than those
patients not on these medications, and a common side effect
of these medications is diarrhea. Although there have been no
studies to determine the impact of restricting of acid-
suppressive medications on CDI incidence, several studies
have demonstrated that a large proportion of people on these
medications do not have an indication for them. Even in the
absence of data to support restriction for CDI prevention, med-
ications that are not indicated should be discontinued
regardless.

Key Points
Since the early 2000s, Clostridium difficile infection (CDI) has
become more frequent, more severe, and more difficult to
manage. Below is a list of the most relevant aspects of recog-
nizing, managing and preventing CDI from the IP perspective.

-CDI is a clinical diagnosis supported by laboratory
findings.

-Treatment for CDI should only be initiated in the setting
of a positive test and concordant clinical findings, unless the
patient is at high risk for CDI and severely ill, in which case
empirical therapy is justified.

-Rates of HO-CDI should be tracked for surveillance
purposes.

-Whenever possible, patients with CDI should be placed in
private rooms with barrier precautions and dedicated dispo-
sable medical equipment.

-Antimicrobial stewardship programs should focus on
reducing unnecessary use antimicrobials.

-Testing asymptomatic patients for C. difficile carriage and
repeating C. difficile testing at the end of treatment for CDI are
not recommended.
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Chapter

19
Antimicrobial Stewardship
Sharon Tsay, MD, and Keith Hamilton, MD

1 Introduction
When discovered in the early twentieth century, penicillin was
described as a “magic bullet,” providing cure for infections that
had previously killed the healthiest, most productive members
of society.1 This dramatic shift in the practice of medicine has
cast a long shadow, undoubtedly contributing to patterns of
inappropriate use observed today. During an average hospital
stay in the United States (US), over half of patients receive an
antibiotic for at least one day.2 However, these prescriptions
are often given in the absence of appropriate confirmatory
testing, for inappropriate indications, or for excessive dura-
tions of therapy. These practices also frequently occur in the
ambulatory setting, where antibiotics are most often pre-
scribed for upper respiratory tract infections, despite these
being predominantly viral in etiology.2 Even when antibiotics
are given for appropriate indications, (e.g., severe sepsis or
septic shock), the correct timing and coverage of prescribed
antibiotics are of utmost importance.3

Although antibiotics are essential for the treatment of bac-
terial infections, they are not benign. Like other medications,
patients may experience adverse drug reactions, which can
range from mild gastrointestinal symptoms to life-
threatening anaphylaxis and organ failure. For example,
vancomycin, one of the most commonly prescribed antibiotics
in the hospital setting, has been associated with the
development of nephrotoxicity in 7–28 percent of patients.4

The use of another broad-spectrum antibiotic, linezolid, is
limited by drug-associated thrombocytopenia; in a recent
study, up to 42 percent (range 15–50 percent) developed
thrombocytopenia.5 In addition to these adverse drug effects,
antibiotic use leads to dysbiosis of the fecal microbiota,
increasing the risk for the development of Clostridium difficile
colitis.2 The incidence of C. difficile infection has increased
over the past decade in the US, both in hospitalized patients
and in the community, and has been associated with mortality
rates of 15–20 percent.6

In addition, antimicrobial resistance is increasing at an
alarming rate. Data suggest that “antibiotic use – whether
appropriate or inappropriate – is associated with selective
pressures for the emergence of resistant bacteria.”7 Resistant
organisms such as methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant Enterococcus (VRE) have
been of significant public health concern in the past decade,
but more recently, the emergence of carbapenem-resistant
Enterobacteriaceae (CRE) has challenged the existing arsenal
of antibiotic therapy.8 In September 2014, the US Department

of Health and Human Services’ Presidential Advisory Council
released a report “National Strategy for Combating Antibiotic-
Resistant Bacteria” that comments that “this brewing problem
has become a crisis. The evolution of antibiotic resistance is
now occurring at an alarming rate and is outpacing the devel-
opment of new countermeasures.”9 According to the Centers
for Disease Control and Prevention (CDC), each year, “at least
two million illnesses and 23,000 deaths are caused by antibiotic-
resistant bacteria in the United States alone.”10 And while
resistance is increasing, antibiotic development and production
has declined. Succinctly labeling the problem “Bad bugs,
No drugs,” a recent review highlights the drop-off in antibiotic
development over the past three decades, further highlighting
the urgency of stewardship efforts.11

Despite these daunting problems, “a growing body of evi-
dence demonstrates that programs dedicated to improving
antibiotic use, known as ‘antibiotic stewardship’ programs
(ASP), can help slow the emergence of resistance while opti-
mizing treatment and minimizing costs.”9 These programs
seek to improve judicious use of antibiotics by promoting
“the use of the right antibiotics, at the right dose, route, and
duration, for the right bacterial infection at the right time.”12

Systematic efforts of ASPs aim not only to reduce inappropri-
ate antibiotic use, but also to improve antibiotic prescribing
when use is appropriate.13 Collaboration among varied disci-
plines is necessary for ASPs to be effective.14 The goal of this
chapter is to provide healthcare epidemiologists in a variety of
clinical settings with practical information on how to structure
a program, design interventions, and measure outcomes in
their respective facilities in order to “[improve] patient out-
comes, [ensure] cost-effective therapy, and [reduce] the
adverse health and ecological effects of antimicrobial use,
including drug resistance.”15

2 Organization of an Antimicrobial
Stewardship Program

Designing a successful ASP is a multidisciplinary, multistep
process.16 Support of hospital administration should be gar-
nered early in the process. In addition, maintaining effective
communication throughout the process is essential to success.
Baseline information, including institutional antimicrobial
use, antimicrobial cost, hospital-acquired infection rates, and
antimicrobial resistance can be used to justify the program to
administration. Issues identified during baseline data gather-
ing can also help to frame specific management strategies for
the institution (e.g., overuse of a particular class of antibiotics)
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and can also help identify important members of the steward-
ship team. In general, experts suggest the inclusion of
a physician (infectious diseases or hospital epidemiologist),
clinical pharmacist, clinical microbiologist, and information
system specialist in addition to close collaboration with infec-
tion control professionals and quality and patient safety
officers.16–19 Inclusion of representatives from groups that
are key stakeholders in antimicrobial prescribing including
house staff, hospitalist medicine staff, intensive care unit
staff, emergency department staff, and surgery staff can aug-
ment the effectiveness of stewardship interventions by improv-
ing acceptance of recommendations, providing feedback, and
identifying stewardship issues from front-line providers
(Figure 19.1).

However, the daily working group, or core ASP team, is
typically comprised of stewardship physicians and pharmacists
who perform the daily functions of the ASP. Other members of
the ASP provide input and guidance as a part of a larger
stewardship committee. The core ASP team should have pro-
tected time to perform daily stewardship activities. The larger
committee can be organized as a freestanding stewardship
committee or as an antibiotic subcommittee of an institution’s
pharmacy and therapeutics (P&T) committee. A benefit of the
latter organizational structure is that association with an insti-
tution’s P&T committee provides an official link to mainte-
nance of the healthcare facility antibiotic formulary and to
approval of antibiotic guidelines. Regardless of the structure,
the stewardship committee is essential for providing expert
guidance, strategic planning, and overall vision for the ASP.

In a joint policy statement, the Society for Healthcare
Epidemiology of America (SHEA), the Infectious Diseases
Society of America (IDSA), and the Pediatric Infectious
Diseases Society (PIDS) recommend developing a program
that is “physician-directed or supervised. At a minimum, one
or more members of the team should have training in anti-
microbial stewardship.”19 This infectious diseases–trained
physician should be able to dedicate a significant portion of
his or her time to designing, implementing, and evaluating the
program.17 Having a physician in this role also “may increase
acceptance and compliance of the program by other
physicians.”17 In addition, the physician can provide clinical

guidance and can help establish institutional guidelines on
antimicrobial recommendations. If no infectious diseases–
trained physician is available, a hospitalist or hospital
epidemiologist with interest and less formal training in
antimicrobial stewardship may also be a successful leader.14

A clinical pharmacist (ideally with infectious diseases train-
ing) can perform most of the day-to-day activities of the
program. Pharmacists with expertise in appropriate antimicro-
bial use are well trained to provide approval for restricted
antimicrobials and recommendations for antimicrobial pre-
scribing. Other activities, including education, prescription
review, and guideline development, can also be completed
with clinician support.17 The pharmacist’s role can be tailored
based on the structure of the program. In larger hospitals,
a team may be comprised of multiple pharmacists with more
specific roles.17

Clinical microbiologists are key components of any success-
ful ASP, providing timely identification and surveillance of
pathogens.20 Not only does the laboratory help ensure quality
standards in specimen collection and work-up of positive cul-
tures, but implementation of new technologies can also aid
stewardship efforts by allowing for more rapid streamlining of
antibiotic therapy.17 Technologies such as matrix-assisted laser
desorption/ionization time of flight (MALDI-TOF) mass spec-
trometry decrease the time to identification of organisms. Other
rapid molecular diagnostics such as polymerase chain reaction
(PCR) of mec-A in MRSA isolates can decrease the time to
identification of resistance genotypes, facilitating earlier tar-
geted antimicrobial therapy when these genes are confirmed to
be present or absent.21–23 Healthcare facilities that have linked
ASPs to MALDI-TOF and other rapid diagnostics have demon-
strated improved time to effective antibiotic therapy, improved
time to targeted antibiotics, decreased hospital length of stay,
and decreased hospital costs.22,24 In addition, the clinical micro-
biology lab is essential in the surveillance of resistant organisms
and communication of susceptibility trends via tables of anti-
microbial susceptibility known as “antibiograms.” This infor-
mation can help to dictate formulary, institutional antimicrobial
guidelines, and prescribing decisions.20,25

In addition to these core members, direct collaboration
with the hospital’s infection control program is important.

CORE TEAM

Physician (infectious diseases)*
Clinical pharmacist*

Clinical microbiologist
Information system specialist

*perform day-to-day activities

HOSPITAL 
ADMINISTRATION

HOSPITAL 
ADMINISTRATION CORE TEAM

Physician (infectious diseases)*
Clinical pharmacist*

Clinical microbiologist
Information system specialist

*perform day-to-day activities* f d d i i i

Infection 
Control 
Program

Patient 
Quality & 

Safety teams

CLOSE COLLABORATION

Representatives from:

*House staff
*Hospitalist medicine
*Intensive care unit
*Surgery
*Emergency department

KEY STAKEHOLDERS
Figure 19.1 Structure of an antimicrobial steward-
ship program
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Inclusion of an infection preventionist and/or healthcare epi-
demiologist dedicated to infection prevention in the ASP facil-
itates communication and collaboration to ensure goals of
both programs are aligned. For example, the identification of
a cluster of particular infections in a medical unit or operating
room can help inform both antimicrobial guidelines in that
unit and the opportunity to provide prescribing education to
the providers. Collaboration with quality and safety teams
provides additional support for implementation and identifi-
cation of specific stewardship interventions and often brings
substantial administrative resources and innovation. Inclusion
of a data analyst, if available, can help generate reports for the
program as discussed later in this chapter in the section
“Measuring Outcomes” and can help implement computer-
based interventions.14,16,17

Although a multidisciplinary team is important to the
success of ASPs, programs will differ in their composition
depending on the needs and resources of the individual insti-
tution. Even if a hospital does not have all the recommended
resources for an ASP, the hospital should apply its available
resources to perform antimicrobial stewardship. Some of the
most innovative interventions have come from ASPs with
limited resources. In a recent review article, authors reinforce:
“Every hospital should work within its resources to create an
effective team given its budget and personnel constraints.
The stewardship team does not have to fit a particular mold,
and it would be a mistake to delay implementation of
a stewardship program because of a lack of availability of one
or more of the typical team participants.”14

3 Implementation and Interventions
Just as there are many potential members of an ASP, “a wide
variety of interventions has been shown to be successful in
changing antibiotic prescribing to hospital inpatients” and can
be tailored to address particular issues.26 These interventions
can target all aspects of the antimicrobial prescription process,
beginning very early in the process and continuing throughout
(Figure 19.2).

When planning any strategy or intervention, there are
some basic issues that should be considered, including avail-
able institutional resources, resources required to implement

the intervention, and potential return on investment.
Strategies and interventions with the strongest potential are
those most likely to improve patient care, decrease inappropri-
ate antimicrobial prescribing, reduce medication errors, and
cut costs. They ideally should have a high likelihood of success
and physician acceptance. In addition, with finite resources,
healthcare facilities should focus efforts on the conditions that
represent a majority of the antimicrobial prescriptions and,
ideally, that represent a majority of the inappropriate antimi-
crobial prescriptions. Identifying units, services, groups of
providers, and even individual providers that represent signif-
icant proportions of inappropriate antimicrobial use is helpful
when identifying targets. The process of identifying candidate
interventions and strategies can vary based on available
resources, but preferably includes discussion with infectious
diseases consultants, audits of specific units or practices, and
aggregate data collection and analysis of antimicrobial use and
associated costs by service line, unit, or provider. However, the
approach can be simplified based on the situation as well as
available time and resources. It may simply involve collecting
qualitative data from relevant medical personnel and focusing
on common, often inappropriately treated infections such as
community-acquired pneumonia, urinary tract infections, and
skin and soft tissue infections.

Institutional guidelines and formulary restrictions are two
early interventions that are essential for a robust ASP. These
interventions shape the prescribing of antibiotics by providing
an overall framework for antibiotic prescribing activities.

Institutional Guidelines: The creation and dissemination of
comprehensive management recommendations for common
infection syndromes are critical to the success of ASPs.18,19

These guidelines should be evidence-based and adapted from
professional society guidelines and results from randomized-
controlled trials. Adaptation of professional society guidelines
should be based on considerations such as antimicrobial sus-
ceptibility guidelines, drug cost, and antimicrobial formulary
status. Often, these guidelines should be simplified and
adapted to the specific healthcare context, while aligning
them with stewardship goals and priorities. Not only can
institutional guidelines offer antimicrobial recommendations,
but they can also guide work-up, diagnostics, and other aspects

Antibiotic 
prescription

PRE-PRESCRIPTION 
INTERVENTIONS

POINT-OF-PRESCRIPTION 
INTERVENTIONS

POST-PRESCRIPTION 
INTERVENTIONS

* Education
* Clinical guidelines
* Restricted formulary

* Prior-authorization
* Clinical decision support
* Clarification of antibiotic allergies

* Automatic stop orders
* Prospective audit and 
       feedback
* Targeting transitions
* Benchmarking and 
       periodic feedback

Figure 19.2 Targets of antimicrobial stewardship
interventions
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of management that inform judicious antibiotic prescribing.27

In collaboration with the institution’s surgeons, standard sur-
gical antimicrobial prophylaxis guidelines should also be cre-
ated. Such guidelines promote a standardized, algorithmic
approach to choice and duration of antimicrobials and can be
a strong opportunity for education in addition to unifying an
institution’s priorities for antimicrobial use. From a practical
perspective, surgical prophylaxis also serves as a point-of-care
reference for prescribers. Financial incentives related to adher-
ence to national surgical prophylaxis guidelines and to rates of
surgical site infections provide motivation for institutions to
support development of evidence-based guidelines by ASPs.
If a healthcare facility provides care for significant numbers of
patients representing special populations, such as recipients of
organ transplant and patients with hematologic malignancies,
guidelines for prophylaxis and treatment should be developed
for these populations as well.

Formulary Restrictions: It is nearly impossible, not to mention
costly, to allow for an unrestricted number of different anti-
microbials in an institution’s formulary. Restricting the for-
mulary to a selected group of antimicrobials is not only
important for practical reasons, but also helpful in furthering
the goals of antimicrobial stewardship. These goals can be
achieved by curating “a formulary limited to nonduplicative
antibiotics with demonstrated clinical need.”19 Institution-
specific needs should be taken into account when selecting
antimicrobials to place on formulary including pharmacy
acquisition cost, presence of duplicative agents already on
formulary, and local resistance patterns. For example, if an
institution has no CRE, the institution may want to avoid
adding to formulary expensive antibiotics that are effective
against these organisms. Adding such agents in this situation
may lead to inappropriate use of these antimicrobials as well as
unnecessary pharmacy waste if these agents were to go unused.
Formulary decisions are often facilitated by a P&T committee
and should be reassessed over time.

Development of both institutional guidelines and formu-
lary restrictions require substantial efforts at the outset, but
once implemented provide ongoing support to ASP goals.
These interventions require periodic reassessment and updat-
ing, but do not necessitate significant ongoing staff support or
resources. Devising a calendar to make sure guidelines and
restrictions are reassessed and updated on a regular basis can
be useful. Although integral to the success of ASPs, institu-
tional guidelines and formulary restrictions provide only
a reference framework for antimicrobial prescribing. In order
to have a comprehensive and sustained effect on daily anti-
microbial prescribing practices, proactive, targeted interven-
tions must be implemented. These fit into three major
categories: prior authorization, prospective audit, and prescri-
ber-level interventions.

Prior Authorization or Approval: A core antimicrobial stew-
ardship strategy requires the approval of prespecified agents
prior to use by a member of the ASP team such as a pharmacist
or physician trained in infectious diseases.16,28–31 Arguably,
prior authorization offers the most immediate, dramatic effect

on antimicrobial prescribing compared to other stewardship
strategies.28 However, almost no healthcare facility has the
resources to require prior authorization for every antimicro-
bial agent. Conceptually not unlike the prior-authorization an
insurance company might require for the use of a novel or
expensive therapy, antibiotics may be expensive, overused, or
on shortage. Implementation of this strategy has been shown to
be successful in many studies demonstrating improved patient
outcomes, reduced cost, and decreased antimicrobial
resistance.7,32 In addition, this approach offers the ability to
influence prescribing at the point of prescription, often early in
the patient’s course of infection; appropriate agents can be
suggested prior to the patient receiving less optimal ones as
well as recommendations for appropriate initial evaluation and
testing.

Although prior authorization is very effective, the process
requires full-time staffing by a specialty-trained pharmacist or
physician who can grant approval and provide clinical support.
Prior authorization does place a barrier for timely antimicro-
bial prescribing, as antimicrobial administration may be
delayed while awaiting approval. This delay may be appropri-
ate for some antimicrobial agents, but not for agents that are
commonly used to treat severe conditions such as severe sepsis
or septic shock. Also, because approval decisions are based on
phone interactions with the prescriber, critical information
may be overlooked if not provided by the prescriber.33

If prior authorization is the only proactive strategy used by
the ASP team, it will miss opportunities to streamline therapy
and provide feedback after the antimicrobial is approved.

A variation on prior authorization has been described in
which providers may use restricted antibiotics initially without
approval for a prespecified period of time (e.g., single-dose, 24
hours, 48 hours, 72 hours), after which the prescriber must
obtain approval for continued use. This approach mitigates
some of the concerns over the potential barriers to prompt
antibiotic administration and increases the amount of infor-
mation such as culture results that may be available at the time
of approval request. Automatic stop orders, which are dis-
cussed separately in this chapter, can facilitate this process,
especially for longer gaps of time. A disadvantage of a gap in
approval from initial prescription is that the ASP team is less
able to affect empiric antimicrobial prescribing practices.
Therefore, consideration toward selection of restricted antimi-
crobials and the timing of approval should be adjusted based
on institutional characteristics and resources. Coupling prior
authorization with prospective audit and feedback supple-
ments this strategy by allowing the ASP team to streamline
antimicrobial agents and provide feedback as the clinical
course and diagnostic work-up unfolds.

Prospective Audit and Feedback, or Post-Prescription Review:
In this strategy, individual patients’ antibiotic prescriptions are
reviewed prospectively in order to optimize use through con-
structive feedback.27,34–36 The reviewer, typically the ASP
team’s clinical pharmacist and/or physician, interacts directly
with the prescriber and recommends appropriate changes
based on available data.37 It is often impractical to review
every antimicrobial prescription in a healthcare facility.
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In most cases, prospective audit and feedback interventions
need to be targeted.

Targets for prospective audit and feedback can be antimi-
crobial-, diagnosis-, or practice-based. There are a number of
ways to institute and focus such a strategy. For antimicrobial-
based interventions, an ASP team may select cases for
review based on the antimicrobial agent. Selecting cases for
audit based on a drug is relatively straightforward: a list can be
created via an electronic health record (EHR) or pharmacy
dispensing. Antimicrobials can be selected for review using
a variety of criteria including cost of acquisition, spectrum of
activity, and frequency of inappropriate use. Diagnosis-based
targets can be selected based on frequency of inappropriate
antimicrobial prescribing and presence of guidelines or regula-
tions. Some commonly targeted diagnoses with high rates of
inappropriate prescribing include viral respiratory infections,
urinary tract infections, asymptomatic bacteriuria, skin and
soft tissue infections, and pneumonia.38–43 Diagnosis-based
targets can be more challenging to identify because diagnoses
or antimicrobial indications can be difficult to identify pro-
spectively, although the EHR can be leveraged to retrieve some
data. Practice-based targets can also be identified for prospec-
tive audit and feedback. Streamlining redundant therapy such
as double anaerobic coverage and de-escalating therapy to an
agent with a narrower spectrum of activity based on suscept-
ibility results are potential targets.18 In some cases, prescribers
may neglect to treat a pathogen or may choose an inappropri-
ately narrow-spectrum antimicrobial agent for a given clinical
situation. These bug-drug mismatches can also be targeted,
especially for severe infections such as bacteremia and central
nervous system infections. The ASP team may also suggest
dosing and route of administration changes, including transi-
tioning from parental to oral therapy whenever possible.32,44

Arguably, the most important practice-based focuses for pro-
spective audit and feedback are limiting unnecessary antimi-
crobial use for durations of therapy longer than necessary, for
noninfectious or nonbacterial syndromes, and for treatment of
organisms representing colonization or contamination and not
true infections, as these practices represent most inappropriate
antimicrobial prescribing.45 In addition, limiting these prac-
tices decreases overall antimicrobial use instead of shifting it to
use of other agents.42,43 Some diagnoses in particular have
recommended durations that have been more clearly defined,
as detailed in Table 19.1.38

With regard to providing feedback, receiving a call or
electronic message from a clinical pharmacist to prescribers
is most common; however, another proposed approach is to
conduct ward rounds for select patients.13 In this strategy, the
clinical pharmacist can identify particular cases to discuss with
the infectious diseases physician, and the two round on the
associated the hospital ward, review patient charts, and talk
with the clinical care teams.13 Although more time-intensive,
this approach offers the opportunity to provide education and
real-time feedback and should be considered.

Acquiring baseline data on antimicrobial prescribing prac-
tices can help focus attention on particular problem units or
conditions within one’s institution.14,16,17 For example,

a particular patient care unit may be identified as dispropor-
tionately prescribing one antibiotic more frequently than other
units, and thereby could be targeted for closer scrutiny.
Prospective audit and feedback interventions should be scaled
to the resources of the ASP and targeted based on available
data. As discussed above, interventions can be scaled by pro-
vider, patient care unit, antimicrobial, indication, practice, or
various combinations of these criteria.

Additionally, if the program is able to interface with com-
puterized records, data from the EHR, either via periodic
review or electronic alert, provide an efficient way to identify
potential interventions. Targeted conditions can be identified
through the identification of diagnoses or orders in the EHR.
For example, if the ASP is targeting treatment of urinary tract
infection or asymptomatic bacteriuria, ASP personnel may
identify potential interventions based on specific urine culture
or urinalysis results or more simply based on the presence of an
order for one of these tests. Electronic alerts are particularly
helpful if they include laboratory and microbiology results.
Some programs have created comprehensive series of alerts
based on de-escalation, bug-drug mismatch, unlikely bacterial
infection, inappropriate double anaerobic coverage,

Table 19.1 Diagnoses with clearly defined durations of therapy

Condition Duration

Pneumonia
Community-acquired (CAP)

– Normal lungs, typical organisms
– Underlying lung disease, mild-moderate

immunosuppression, slow response to
therapy

– Special pathogens*, severe pneumonia,
severe immunosuppression

3–5 days
7 days

14 days

Healthcare- or ventilator-associated (HCAP
or VAP)

– Typical organisms
– Special pathogens* or very severe

pneumonia

7–8 days

14 days

Urinary Tract Infection (Uncomplicated
Cystitis)

– TMP-SMX or Fluoroquinolone
– Nitrofurantoin
– Other

3 days
5 days
7 days

Pyelonephritis (Complicated Cystitis)

– Fluoroquinolone
– Other

5–7 days
14 days

Skin and Soft Tissue Infections 7–10 days

Bloodstream Infection (no endocarditis)

– Staphylococcus aureus
– Others

4–6 days
7–14 days

* Special pathogens: S. aureus, P. aeruginosa (and other non-lactose fer-
menters), Legionella
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intravenous-to-oral transition, and drug dosing.46 For
instance, an electronic alert may identify a case in which
a patient is prescribed vancomycin but has cultures with
methicillin-susceptible Staphylococcus aureus (MSSA), which
represents an opportunity for de-escalation. Electronic alerts
offer an efficient, potentially high yield approach to identifying
cases for further audit and feedback.

Prescriber-Level Interventions: ASPs can also design interven-
tions that disseminate guidelines and aid individual providers
in making appropriate antimicrobial prescribing decisions.
Some provider-level interventions that have demonstrated
effectiveness for antimicrobial stewardship include education,
clinical decision support, rounding tools, and periodic feed-
back and academic detailing.

Focusing efforts on education of providers at all levels of
training in order to bridge gaps in knowledge, provide
a systematic approach to antimicrobial prescribing, and
highlight adverse outcomes associated with antimicrobial
prescribing can be effective.47–50 At baseline, many trainees
demonstrate low scores on their knowledge base of
antimicrobials and report low confidence in antimicrobial
prescribing.51–53 The most effective formats to educate
students, graduate trainees, and practitioners have not clearly
been defined and may differ depending on level of experience
and area of practice. Lectures, small group sessions, and
distribution of informative material such as pocket guides
may be effective.48 Some programs, such as Wake Forest
University and the University of Pennsylvania, have developed
stewardship curricula for trainees that are available for
download.54,55 While baseline education is important for
trainees and practitioners, its effect often wanes without
reinforcement.56 Reinforcing education with clinical decision
support, rounding tools, or benchmarking and academic
detailing is likely necessary to achieve a sustained effect.

Clinical decision support via paper or computer-generated
prompts at the time of antimicrobial prescription may provide
more sustainable effects.48 Computer-assisted decision sup-
port systems (CDSS) can help integrate institutional guidelines
with active decision making and “can improve antimicrobial
decisions through the incorporation of data on patient-specific
microbiology cultures and susceptibilities, hepatic and renal
function, drug-drug interactions, allergies, and cost.”18 In one
such example, researchers created a five-step algorithm in
which the user was first asked to assess whether infection was
likely, next identify the infection suspected, create a differential
diagnosis, and identify any diagnostic procedures that would
aid in definitive diagnosis. After all of these steps, suggestions
were offered for empiric antimicrobial therapy.57 Many EHRs
have flexibility in designing institution-specific CDSS. For
healthcare facilities without EHRs, paper antimicrobial order
forms may achieve a similar effect.58 Antimicrobial order
forms can incorporate formalized criteria for use of antimicro-
bial agents, suggest dosing regimens, and define the duration
of therapy. Clinical decision support approaches can provide
provider-level, scenario-specific guidance and have been
shown to have durable effect.57,59

Some institutions have implemented rounding tools in the
form of flow sheets or checklists that reinforce judicious anti-
microbial prescribing practices.36,50 The CDC has defined sev-
eral core principles of antimicrobial prescribing that all
clinicians should follow, listed in Table 19.2. Checklists or
flow sheets offer one way to implement these principles sys-
tematically. These tools have been shown to be effective,
although time intensive and potentially less practical in certain
patient care settings. Potentially, a more efficient way to imple-
ment these practices into prescriber workflow is by embedding
them into the EHR. Some healthcare facilities have created
EHR systems that provide “closed loop” antimicrobial pre-
scribing. In one Chinese healthcare system, an EHR was cre-
ated that includes CDSS for physician order entry as well as
several key principles of antimicrobial prescribing.60 For
example, the EHR requires that prescribers have culture and
sensitivity data to support use of restricted antimicrobial
agents within 48 hours of the prescription order, essentially
hard-coding an antibiotic “time-out.” Many other EHR soft-
ware vendors have also taken steps to encode core antimicro-
bial prescribing practices within electronic order entry.61

Another strategy to continually reinforce education and
judicious antimicrobial prescribing is through periodic feedback
and academic detailing. Using these strategies, individualized
feedback on aggregate prescribing practices is provided to clin-
icians. Through periodic feedback, prescribers are given reports
of antimicrobial use. In these reports, individual antimicrobial
use can also be benchmarked against that of peers. This
approach can supplement other stewardship strategies and can
offer an alternative solution for healthcare facilities or healthcare
settings in which daily audit and feedback is impractical. One
such setting is the ambulatory setting where real-time feedback
is impractical. Periodic feedback has been demonstrated to be an
effective intervention in decreasing inappropriate antimicrobial
prescribing in the ambulatory setting.62 Through academic
detailing, the ASP team can identify individual providers who
could benefit from one-on-one discussion about overall pre-
scribing practices. This practice is labor-intensive and not

Table 19.2 Core principles of antimicrobial prescribing

• Prescribe correct antimicrobial promptly at correct dose for
correct duration based on guidelines

• Order appropriate microbiologic and other diagnostic
testing

• Document the dose, duration, and indication for all
antimicrobial prescriptions

• Conduct periodic review, or antimicrobial “time out” (e.g. at
or after 48 hours) of antimicrobial prescription(s) and
diagnostic studies with goal of streamlining to most
appropriate choice and transitioning any intravenous
antimicrobials to oral as able

• Remain aware of local antimicrobial resistance patterns

Adapted from Centers for Disease Control and Prevention. CDC. Core Elements
of Hospital Antibiotic Stewardship Programs. Atlanta, GA: US Department of
Health and Human Services, CDC; 2014. available at http://www.cdc.gov/gets
mart/healthcare/implementation/core-elements.html.
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practical to perform for every prescriber, but could be “an
effective way to approach extreme prescribing outliers.”48

Antimicrobial Cycling: The practice of antimicrobial cycling
typically involves the scheduled removal and substitution of
different broad-spectrum antimicrobials as recommended
empiric agents of choice. Antimicrobials commonly cycled
include beta-lactam/beta-lactamase inhibitor combinations,
fluoroquinolones, carbapenems, and cephalosporins. Cycles typi-
cally rotate every several months. Pilot studies initially demon-
strated reduced emergence of antimicrobial resistance compared
with historical controls.63,64 However, these studies were con-
founded by other concurrent interventions. Antimicrobial
cycling may transiently decrease selection pressure and reduce
resistance; however, there are insufficient data to routinely
recommend this practice due to lack of well-designed studies
demonstrating improvement in outcomes.14,18 Antimicrobial
cyclingmay also be impractical in certain institutionswith limited
formularies or needs for particular antibiotics or classes.

Clarifying Antibiotic Allergies: The issue of antibiotic allergies
is an “often neglected but imperative consideration in antimi-
crobial stewardship.”13 Patients with reported antimicrobial
allergies often receive broader-spectrum therapy, suboptimal
therapy, and more toxic therapy when compared to those
patients without a reported allergy. Allergy to penicillin is the
most commonly reported allergy of any drug, reported in

16.7 percent of patients.65–68 Penicillin allergy has been asso-
ciated with increased antimicrobial resistance, cost, length of
hospital stay, and mortality.65,66 It is estimated that of patients
reporting penicillin allergy, only 10 to 15 percent actually have
a positive skin-test to penicillin.66 Furthermore, up to
68 percent of allergies in medical records lack documentation
of the nature and severity of the reaction, and 22 percent have
major discrepancies from the verbal history given by the
patient.65,69,70 Once present in the medical record, documen-
tation of an allergy changes antimicrobial prescribing decisions
in approximately one-third of cases. Clarification of antimi-
crobial allergies by history coupled with penicillin skin testing
is an important strategy for a comprehensive stewardship
program. Performing a careful history with or without peni-
cillin skin testing can clarify many antimicrobial allergies (see
Figure 19.3 for additional details). Studies have suggested that
using penicillin skin testing to clarify allergies and facilitate
antibiotic selection is both safe and cost-effective in a variety of
situations including the emergency department, preoperative,
inpatient, and intensive care unit.13,66,71–76 Skin testing could
be considered as an adjunctive approach to stewardship. Any
skin testing program should be developed in collaboration
with experts in allergy and immunology. Because skin testing
cannot be performed on every patient with a penicillin allergy,
the ASP should define specific infectious conditions or patient
populations that may garner the most significant benefit.

Non-immune-mediated reaction

GI intolerance, pruritis 
without rash, etc.

Hepatitis, prolonged QTc, etc.

Remove or better 
characterize reaction

Okay to use 
antimicrobial if needed

Better characterize 
reaction

Do NOT use 
antimicrobial 

Immune-mediated reaction

Hives, angioedema, 
anaphylaxis

MILD SEVERE NON-IgE-MEDIATED IgE-MEDIATED

SEVERE* MILD
Drug exanthem

Do NOT use 
antimicrobial

Clinical team should weigh risks/benefits 
of rechallenging versus administering an 
agent in an alternative class (in case of 

penicillin allergy administration of 
cephalosporin, which have only 5–10% 

cross-reactivity with penicillin) 

Consider penicillin skin 
testing in IgE-mediated 
reactions or in cases 
where distinguishing 

between drug exanthem
and hives cannot be 

made by history

HISTORY

• Characterize reaction (rash, pruritis, gastrointestinal, etc.)
• Location of reaction (local, generalized, etc.)
• Determine if reaction is immunogloblin-E-(IgE)-mediated

• Presence of angioedema (swelling in hands, face, 
tongue; shortness of breath) or anaphylaxis

• Presence of hives (pruritic and raised) versus non-IgE-
mediated rash

• Presence of fever
• Presence of organ dysfunction (liver, kidney, etc.)
• Severity of reaction (requiring visit to emergency 

department, hospitalization, intensive care unit or extent 
of skin reaction including distribution and skin sloughing)

• Tolerance of other antibiotics in class (amoxicillin, 
cephalosporin, etc.)

Figure 19.3 Clarifying antimicrobial allergies
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For those institutions in which skin testing is not a practical
stewardship intervention, clarification of antimicrobial aller-
gies by history alone may be an effective alternative, especially
in cases where mild, nonimmunologic side effects such as
gastrointestinal symptoms are recorded as allergies.

Targeting Transitions of Care: In addition to monitoring
initiation and continuation of antibiotic therapy as previously
described, targeting optimization at discharge or other transi-
tions of care can supplement antimicrobial stewardship efforts.
For example, detailed medication reconciliation efforts, espe-
cially at discharge from hospital, can ensure appropriate dura-
tion of therapy.13 In addition, some centers have instituted
mandatory infectious disease consultation for all patients
with plans to be discharged on parenteral antimicrobial ther-
apy in order to optimize antibiotic choice, dose, and duration.
Early reports of experiences in these centers have shown
decreases in overall use and cost without increases in compli-
cations or cure rate.77–79 Although this approach may not be
feasible for all institutions, other strategies for monitoring
antibiotic use at transitions of care should be considered to
augment ongoing efforts.

Using Technology Creatively: Over the past decade, the types
and availability of technology have increased dramatically.
Smartphones, tablets, and other portable electronic devices
are now ubiquitous and offer a unique opportunity for ongoing
education, prescribing advice, and communication between
the ASP team and prescribers. A variety of software, applica-
tions, websites, and even entire reference books can be down-
loaded to these devices and literally kept in one’s pocket,
making their use during real-time patient care convenient.80

4 Measuring Outcomes
“It is widely believed that you cannot manage what you cannot
measure. It is also true that you cannot measure what you
cannot define.”81 As discussed previously, the goal of creating
and maintaining an ASP is to decrease antibiotic use, cost, and
resistance while improving patient outcomes. In a joint policy
statement, infectious diseases professional societies state that
at the minimum, programs should have “processes to measure
and monitor antimicrobial use at the institutional level for
internal benchmarking [and] periodic distribution of a facility-
specific antibiogram indicating the rates of relevant antibiotic
susceptibilities to key pathogens.”19 There are several reasons
tomeasure outcomes of an ASP, including identifying areas for
intervention, assessing response to interventions, providing
feedback to prescribers, justifying stewardship resources to
administration, and reporting to national agencies.

It is through ongoing monitoring and measurement that
the program can identify areas of intervention, determine how
successful interventions have been, and target future efforts.
Measuring outcomes helps to justify ongoing support for pro-
grams from hospital administration. In addition, the imple-
mentation of quality measures in hospitals is rapidly becoming
a mandated activity for reimbursement: “Antimicrobial stew-
ardship programs can be pivotal in the rollout, implementa-
tion, and maintenance of government-sponsored mandatory

and voluntary quality improvement programs, as well as
locally motivated, hospital-specific initiatives” and in the mon-
itoring of these programs.25

In measuring the effects of ASPs, it is important to define
two distinct types of measures: process and outcome.82 Process
measures assess the performance of stewardship activities.
Examples of process measures include rates of interventions
made by the ASP team, rates of acceptance of ASP interven-
tions, rates of adherence to guidelines, and rates of antimicro-
bial use. However, these measures are only proxies of the goals
of ASPs of decreasing antimicrobial resistance and other col-
lateral consequences of antimicrobial use. Outcome measures
examine the actual effects of interventions, including reduction
or prevention in antimicrobial resistance and clinical outcome
measures such as mortality, clinical cure rates, readmission
rates, and rates of Clostridium difficile.18 For example, if
a stewardship intervention were aimed at decreasing broad-
spectrum antimicrobial use in order to decrease rates of multi-
drug-resistant pathogens, rates of broad-spectrum antimicro-
bial use would be considered a process measure and rates of
multidrug-resistant pathogens the outcome measure. Both
types of metrics offer important information, and both should
be measured to ensure that the goals of interventions are
achieved and that clinical objectives are met.83

Process Measures: An essential process measure to guide ASP
interventions is antimicrobial use, which can be assessed in
a variety of ways. A simple way of measuring antimicrobial use
is through pharmacy purchasing information or total antibio-
tic consumption; however, neither of these measures truly
captures antibiotic use.84 Instead, “aggregate antimicrobial
use is usually expressed as a rate at which the use metric
(numerator) is normalized for hospital census
(denominator).”83 The threemost common numeratormetrics
are: daily defined dose (DDD), days of therapy (DOT), and
length of therapy (LOT). DDD is the total amount of an
antimicrobial used by pharmacy divided by a typical daily
dose for an adult that has been defined by the World Health
Organization (WHO).85 Of the three numerator metrics, it is
the easiest to calculate because it requires having only aggre-
gate pharmacy antimicrobial use data. However, DDD does
not capture antimicrobial use at the prescription level and can
be discordant with prescription-level antimicrobial use, mak-
ing inference of prescribing practices challenging.86 Because
WHO standards use adult dosing, it also is not appropriate for
pediatric populations.

DOT and LOT assess individual prescription-level data. One
DOT represents the administration of a single antimicrobial
agent on a given day. If three antibiotics were given on a -
particular day, there would be three DOT despite the fact that
they were given on only one day. With LOT, each day counts as
one day regardless of the number of antibiotics given on that day
(Figure 19.4). Both DOT and LOT require patient-level data and
are more time-intensive to calculate; however, they offer a more
accurate picture of antibiotic use than purchasing data and
DDD. Once calculated, DOT and/or LOT should be divided
by some measure of healthcare facility occupancy in order to
arrive at a standardized rate. This denominator could be patient-
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days (PD), days present, or hospital admissions. Facility occu-
pancy metrics are fairly readily assessed because they are often
calculated for other reasons by facility administration. PD is the
product of the number of patients admitted and themean length
of stay. Days present is the total number of days that any patient
received care in a specific patient care unit.87 If a patient was
transferred from one unit to another on a given day, it would
count as a day present for each location. If days present were
calculated for an entire healthcare facility, it would equal PD.
Rates of antimicrobial use can be calculated for the healthcare
facility or specific units.

Other aggregate metrics that may help evaluate antimicro-
bial use are DOT/LOT and DOT/unique patients. Dividing
DOT by LOT provides an estimate of the mean number of
antimicrobials a patient receives per day. If DOT for a given
antimicrobial agent is divided by the total number of unique
patients or medical record numbers, it provides a crude esti-
mate of average duration. Stewardship interventions may be
different if use of a given agent is high because of long dura-
tions of treatment versus frequent use of agents for 48 hours of
empiric therapy. If the former is true, the ASP may focus on
prospective audit and feedback, specifically on the inappropri-
ately long durations of treatment. If the latter is true, the ASP
may focus on provider education and interventions at the point
of prescription. If antimicrobial use for a particular agent, for
a given condition, or within a specific unit is high, more
detailed investigation may be warranted. This investigation
usually takes the form of a drug use evaluation (DUE).83

DUE is a method of evaluating the appropriate use of drugs,
in this case antimicrobial agents, that aim to identify areas of
improvement. Depending on the number of antimicrobial
prescriptions, an ASP may choose to review a random or
convenient sample of all prescriptions. This review confirms
the rate of inappropriate use as well as identifing targets for
future intervention.

Other process measures such as rate of stewardship inter-
ventions and rate of acceptance of stewardship interventions

can be utilized to refine and improve the process of ASP
interventions. Because antibiotic use as well as other process
metrics represent only surrogate metrics, “reduction in use in
itself does not equal desirable outcome . . . Moreover, reduc-
tion in use may not result in the inferred benefit.”88

Outcome Measures: In order to determine the direct benefits
of ASP interventions, outcomemetrics must be assessed. These
measures may include cost savings, length of stay, all-cause
mortality, infection-related mortality, clinical cure, adverse
events, antimicrobial resistance, and Clostridium difficile infec-
tions. These outcomes can be calculated for the entire health-
care facility or for specific patient populations in order to
evaluate the impact of a specific intervention. What is mea-
sured can be adjusted based on interventions and ASP targets;
for example, in one study, the researchers augmented existing
stewardship guidelines with regard to broad spectrum agents
and followed rates of Clostridium difficile infection.89

Antibiotic resistance patterns require measurement of longer
periods of time to be helpful as an outcome metric. Interpreted
together with antibiotic-use data, they can show the effects of
changing antimicrobial prescribing patterns. The clinical
microbiology lab is instrumental in helping display this infor-
mation in antibiograms.20

Ultimately, the success of the program depends on mon-
itoring and measurement. Future interventions must be
informed by the results of current ones. Although many
types of data are described here, it is important to determine
what data are available at one’s institution and how to use them
most effectively to further the goals of the program.

5 Non-Traditional settings
Most of the data published on antimicrobial stewardship are
derived from acute care hospitals.19 However, the number and
type of facilities at which patients obtain healthcare are rapidly
expanding, and in effect, increasing the diversity of settings in
which antimicrobials are prescribed. Examples of these settings

Patient 1 day: 1 2 3 4 5

Antimicrobials:
vancomycin X X X X X
levofloxacin X X X X X
metronidazole X X X X X

____

____ ____ ____ ____ ____

____ ____ ____ ____
days of therapy (DOT): 3 3 3 3 3 = 15 DOT
length of therapy (LOT): 1 1 1 1 1 = 5 LOT

Patient 2 day: 1 2 3 4 5

Antimicrobials:
vancomycin X X X
nafcillin X X X

days of therapy (DOT) 1 1 2 1 1 = 6 DOT
length of therapy (LOT) 1 1 1 1 1 = 5 LOT

Patient 1 day: 1 2 3 4 5

Antimicrobials:
vancomycin X X X X X
levofloxacin X X X X X
metronidazole X X X X X

____ ____ ____ ____ ____
days of therapy (DOT): 3 3 3 3 3 = 15 DOT
length of therapy (LOT): 1 1 1 1 1 = 5 LOT

____ ____ ____ ____ ____

Patient 2 day: 1 2 3 4 5

Antimicrobials:
vancomycin X X X
nafcillin X X X

days of therapy (DOT) 1 1 2 1 1 = 6 DOT
length of therapy (LOT) 1 1 1 1 1 = 5 LOT

Figure 19.4 Example calculations: days of therapy (DOT)
and length of therapy (LOT). An “X” denotes receipt of anti-
biotic on given day
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include ambulatory practices, dialysis units, ambulatory sur-
gery centers, long-term acute care hospitals (LTACH), and
long-term care facilities (LTCF). “Inasmuch as these settings
account for a significant portion of the antimicrobial use in the
United States and there is ample evidence that antimicrobial
resistance is emerging as a problem in the community, effective
and efficient antimicrobial stewardship initiatives must be
developed for these settings.”19 Professional society guidelines
recommend specialized personnel for antimicrobial steward-
ship, many of which these healthcare facilities lack. However,
lacking every recommended component of an ASP should not
preclude performing antimicrobial stewardship. In addition,
traditional stewardship interventions may not be appropriate
for nontraditional settings. These healthcare facilities should
start interventions on a more focused or smaller scale, target-
ing a select group of antimicrobials, conditions, or practices
and taking advantage of currently available resources.

Ambulatory practices are unique opportunities for antimi-
crobial stewardship. They account for a majority of all antimi-
crobials administered to patients, and overuse of antimicrobials
is pervasive with viral infections representing a majority of
encountered conditions. About 80 percent of adults are pre-
scribed an antibiotic for rhinosinusitis. Similarly, antibiotics
are prescribed in 21 percent of acute pediatric ambulatory visits,
more than 70 percent of which are for upper respiratory tract
infections.90–93 In addition, core antimicrobial stewardship
interventions such as prior authorization and prospective
audit and feedback are not feasible in this setting. Periodic
feedback to prescribers appears to be an effective intervention
in this setting in several studies.62,94–97 Other feasible strategies
include prescriber education and CDSS.62,98–102

LTCFs are another opportunity for stewardship given that
residents are “vulnerable, elderly, and crowded . . . and in
frequent contact with acute care hospitals,” and antibiotics
are among the most common medications prescribed.103

In addition, inappropriate antimicrobial use has been esti-
mated to be as high as 72 percent.104 There are over 15,000
LTCFs in the United States with 1.7 million licensed beds.105

Experts have suggested the implementation of antimicrobial
stewardship teams in these settings if feasible, or at
a minimum, regular reviews of antimicrobial use.103

However, LTCFs have unique challenges, as prescribers are
infrequently located on site and must make decisions based
on remote data and reports from nursing home staff. Urinary
tract infections (UTIs) are the most common infections
reported in LTCFs, but high rates of asymptomatic bacteriuria
and atypical manifestations of UTI make the appropriate diag-
nosis of infection in the elderly population challenging.106

The focus and organization of ASPs may be significantly dif-
ferent from acute care hospitals because there are few physi-
cians and pharmacists in LTCFs, so stewardship may benefit
from engaging clinical nurses or by performing stewardship
using remote consultants. LTCFs that have focused on high-
impact conditions such as UTI and asymptomatic bacteriuria
have demonstrated benefit.107

LTACHs also have very unique challenges. Due to their
mission as specialty acute care hospitals, they admit

complicated patients with complex needs including mechan-
ical ventilation and intravenous antimicrobials. These health-
care facilities deal with many infections seen in acute care
hospitals but usually without many of the central resources of
a typical ASP. Because these patients often have had extended
stays in healthcare facilities, are critically ill, and have received
prior antimicrobials, they have high rates of healthcare-
associated infections and multidrug-resistant organisms.108

Some LTACHs have demonstrated decreased antimicrobial
use and inappropriate test utilization using periodic feedback
to prescribers.109,110

6 Behavior Change and Antimicrobial
Stewardship

The immediate goal of antimicrobial stewardship is to change
poor prescribing behavior and to reinforce good prescribing
behavior through a variety of interventions including educa-
tion, prior approval, and audit and feedback. In order to do so,
ASPs need to understand not only the problems with antimi-
crobial prescribing in their institutions, but also the socio-
behavioral context in which they occur. Antimicrobial pre-
scribing is a complex, multifaceted process that depends on
the system in which the prescriber operates as well as the
prescriber’s education, experience, and priorities. Many factors
motivate prescribing behavior, including knowledge of anti-
microbials and their side effects, guidelines, personal experi-
ence, level of training, patient preferences, administrative
pressures, and medical hierarchy.47,111,112 Understanding the
facilitators and barriers to appropriate antimicrobial prescrib-
ing is important to design effective interventions as well as to
shape prescribing behavior.113 Understanding which prescri-
bers make antimicrobial decisions and why these decisions are
made can optimize the success of stewardship interventions by
selecting the most effective approach and engaging the most
appropriate stakeholders. Ultimately, antimicrobial prescrib-
ing is a highly socio-behavioral process.

Two of the most powerful motivators of antimicrobial
prescribing experience are personal experience and medical
hierarchy.47,111,112 Many providers are aware that often
more influential than formal education is what providers
learn through the daily practice of medicine and from their
mentors and colleagues, the so-called hidden curriculum.
This phenomenon can be amplified by the deference pre-
scribers demonstrate to each other: junior physicians defer
to more senior colleagues, and clinicians are often unwilling
to alter prescribing decisions made by their colleagues,
behaviors collectively referred to as prescribing etiquette.111

If antimicrobial prescribing culture is favorable, ASPs and
their interventions are more likely to be successful; how-
ever, if it is not, the hidden curriculum and prescribing
etiquette can undermine formal education, guidelines, and
potential success of stewardship interventions. These atti-
tudes and practices can vary by specialty so understanding
the intricacies of socio-behavioral interactions in each rele-
vant specialty group is crucial.114 Effective methods to
improve prescribing culture have not been well delineated.
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However, since prescribing culture is complex, effective
candidate approaches are likely multifaceted and may
include prescriber education, guideline dissemination, and
audit and feedback. In addition, engaging key, influential
stakeholders of antimicrobial prescribing in the ASP and
relevant committees is important. Academic detailing may
also be a strategy to address influential providers that
adversely affect prescribing behaviors of others.

ASPs should also not underestimate the influence of patients
on antimicrobial prescribing. Prescribers cite similar sentiments
to the power of these therapeutic relationships: “My relationship
with my patient is much stronger than my relationship with the
hospital inpatient population and the microbial ether that we
live in. You’ve got an emotional bondwith that patient.”115 Even
if prescribers understand the adverse consequences of antimi-
crobial prescribing, they may place more weight on patient-
specific factors, which can be appropriate or inappropriate
based on the situation. Many prescribers perceive that the risk
of undertreating a patient is higher than the risk associated with
receiving potentially inappropriate antimicrobial therapy.116,117

Patients themselves may also request or demand antimicrobials,
a concern most prevalent in ambulatory settings. Physicians
mention patient demand as a key motivator for inappropriate
antimicrobial prescribing.112,118 International efforts are under-
way to educate patients on appropriate indications for antimi-
crobials as well as consequences of inappropriate prescribing.119

Patients have in recent years become more cautious regarding
antimicrobials.120 In fact, prescribers often overestimate patient
demand for antimicrobials and so may be prescribing based on
perceived rather than actual patient expectations.121,122

Therefore, ASPs may need to educate prescribers on how to
discuss antimicrobial use with their patients as well as to better
align perceived versus actual patient expectations.

Because clinicians prescribe in complicated environments of
shifting priorities, expectations, and demands, they may view
stewardship interventions with skepticism depending on how

they are presented.118 The way that interventions and feedback
are presented may determine the way that they are perceived by
prescribers as well as their likelihood of being followed. Better
understanding the barriers and facilitators of antimicrobial pre-
scribing and how these factors influence whether a clinician is
likely to follow guidelines or recommendations may be useful in
designing more successful approaches to stewardship as well as
to addressing prescriber and patient concerns. Otherwise, if the
ASP ignores prescriber input and concerns, prescribers will find
ways to circumvent these interventions.33,118

7 Conclusions
The inappropriate use of antimicrobials is common world-
wide, and ASPs are essential for decreasing unnecessary
antimicrobial use and the emergence of antimicrobial resis-
tance. However, they are also crucial for the safety of
patients in order to decrease adverse events and to improve
clinical outcomes. Antimicrobial stewardship should not be
viewed as the restriction of antimicrobials, but as
a comprehensive set of interventions to promote appropri-
ate use of antimicrobial agents and to optimize the delivery
of these agents to patients that need them. Selection and
organization of the appropriate team members is important
for the success of an ASP. Strategically positioning the ASP
in the realm of patient safety and with support from admin-
istration will also help to assure that the program has
resources allocated to ensure success. Selecting and design-
ing appropriate strategies and interventions should be made
based on a careful analysis of antimicrobial use patterns and
prescriber behavior. When these interventions are created
and implemented, they should engage key stakeholders in
the prescribing process. ASPs should also measure both
process and outcome measures to track the success of inter-
ventions and to guide future objectives.
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Background
The number of adults in the United States (US) older than 65
years of age is projected to more than double from 2000 to
2050.1 Given the rapidly increasing aging population, long-
term care facilities (LTCFs) represent an increasingly impor-
tant setting for healthcare delivery in the US. Currently, there
are approximately 15,600 LTCFs in the US, caring for an
estimated 1.5 million residents each day.2 By 2030, an esti-
mated 5.3 million people in the US will require nursing home
care.3

LTCFs, including nursing homes (NHs) and skilled nursing
facilities (SNFs), are facilities that provide a spectrum of insti-
tutional healthcare programs and services outside the acute
care hospital setting. While general patient characteristics and
nursing requirements differ among these LTCF categories,
collectively, these healthcare facilities care for
a predominantly older, vulnerable population, with up to
75 percent of residents requiring assistance with at least four
activities of daily living (ADLs).1 The majority of NHs in the
US provide a combination of long-term nursing care and
skilled nursing services.

Infections in LTCF residents are common. An estimated
1.6 million to 3.8 million infections occur each year in LTCFs
across the US and result in approximately 388,000 deaths.4

However, reported incidence rates of infection in LTCFs have
significantly varied across studies, ranging from 1.1 to 5.2
infections per 1,000 resident-days.5–7 These variations in
rates are likely due to differences in definitions used for infec-
tion, patient populations surveyed, and facility types.

Infections in the LTCF setting result in frequent acute care
hospitalizations, and account for 27 percent to 63 percent of all
resident transfers to acute care settings.4,8 The morbidity attri-
butable to infections among LTCF residents is substantial,
including resident discomfort, cognitive and functional
decline, and extended hospital stays. The cost of infections in
LTCFs, including requirement for acute care hospitalization,
represents a significant economic burden, ranging from
$673 million to $2 billion annually.9

Urinary tract, lower respiratory tract, and skin and soft
tissue infections are the most common infections in the
LTCF setting. Skin and soft tissue infections include cellulitis,
soft tissue abscesses, and infected pressure or vascular ulcers.
The most frequent lower respiratory tract infection is pneu-
monia. In contrast, most commonly reported outbreaks of
infection include viral gastrointestinal tract and respiratory
tract infections such as influenza. Etiologic agents that have

been frequently reported as causes of outbreaks in the long-
term care setting are listed in Table 20.1.

Risk Factors for Infections in LTCF Residents
Residents of LTCFs are at an increased risk for infection for
a number of reasons. LTCFs provide care for a predominantly
frail and older adult population. The Centers for Medicare and
Medicaid Services (CMS) reported that in 2011, 85 percent of
residents in CMS-certified NHs/SNFs were 65 years or older,
and 42.9 percent were 85 years or older.10 Aging-associated
immune senescence, high rates of chronic comorbidities, and
functional impairment all contribute to the frequency and
severity of infections in older adults.4 Chronic comorbidities
that may predispose toward infection and are prevalent

Table 20.1 Etiologic agents identified as causes of outbreaks of infection in
long-term care facilities

Respiratory tract infections

Rhinovirus

Influenza virus

Respiratory syncytial virus

Metapneumovirus

Streptococcus pneumoniae

Haemophilus influenzae

Mycobacterium tuberculosis

Legionella species

Gastrointestinal tract infections

Norovirus

Rotavirus

Clostridium difficile

Escherichia coli O157:H7

Shigella species

Staphylococcus aureus

Skin and soft tissue infections

Group A Streptococcus

Scabies
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among geriatric adults include diabetes mellitus, chronic
obstructive lung disease, pressure ulcers, and conditions that
diminish cardiac reserve (e.g., congestive heart failure). In its
most recent survey, CMS also reported that 62 percent of LTCF
residents have at least 4–5 ADL impairments, and 26 percent
and 38 percent have moderate and severe cognitive impair-
ment, respectively.

LTCF residents face additional risks for infection due to the
use of indwelling devices. Despite this, there are limited data
on the prevalence of specific indwelling device use in the LTCF
setting. Studies report rates of urinary catheter use from 5–14
percent in NH residents.10,11 Urinary catheters have been
demonstrated to increase the risk of urinary tract infections,
bacteremia, and septicemia in this population.4 Similarly,
approximately 3–7 percent of residents will have a feeding
tube in place, although this can approach 40 percent in cogni-
tively impaired residents.12,13 The presence of a feeding tube
increases the risk of aspiration pneumonia, as well as mortality
due to pneumonia, compared to oral feeding.14,15 Finally, while
few studies report central venous catheter use in LTCFs,
a survey performed in Veterans Affairs facilities reported
a 5 percent rate.11 Presence of central venous catheters con-
tributes to device-associated bloodstream infections, and their
use is likely increasing as the medical complexity and acuity of
the LTCF population grows.

Finally, residents of LTCFs are at increased risk of infec-
tion due to close proximity and interactions with other resi-
dents and healthcare personnel. The LTCF creates
a residential environment to promote socialization through
group activities, including dining, recreational activities, and
physical and occupational therapy. However, the unrestricted
movement of infected or colonized residents within this
closed institutional environment favors constant exposure
to organisms from frequent contact with other residents,
personnel, and the environment. The risk factors present in
this population along with the environment of care increase
the opportunities for transmission of organisms and subse-
quent infection.

Special Considerations for Infection
Prevention and Control Programs in LTCFs
Understanding the key differences between acute care hos-
pitals (ACHs) and LTCFs is fundamental to establishing an
infection prevention and control program in the long-term
care setting. While ACHs focus on identifying and stabiliz-
ing immediate, urgent changes in a person’s health status,
the goal in LTCFs is to increase or maintain the overall
quality of life for an individual by fostering independence,
socialization, and psychological well-being. Unlike acute
care, LTCFs primarily operate as residential settings for
individuals requiring long-term care support that can
range from minimal support of ADLs to requirements for
full-time skilled nursing care. Despite the increasing medi-
cal complexity of their population, NHs in particular con-
tinue to function in this residential care model. In addition,
compared to ACHs, LTCFs are significantly lacking in

resources despite the increasing care requirements of their
residents.

Resources
LTCFs are required to maintain infection prevention and con-
trol (IPC) programs to comply with the federal regulations for
governing licensing and certification.16 However, compared to
ACHs, LTCFs may lack adequately trained and dedicated
infection control personnel and resources. These IPC person-
nel may be employed only part-time and may have multiple
responsibilities in the facility that limit the time available
specifically for infection control duties. For example, a study
performed inMaryland showed that there was a fourfold lower
number of infection preventionists (IPs) in NHs compared to
ACHs of similar bed size.17 In addition, some LTCFs may have
limited access to personnel with the necessary expertise in
infectious diseases, microbiology, and healthcare epidemiology
required for maintaining an ICP program. Along these lines,
a survey of 488 LTCFs in Canada reported that only one-fifth
had physicians providing services to the IPC program. LTCFs
often lack resources needed to implement higher levels of
transmission-based precautions (e.g., negative pressure
rooms for airborne precautions). Other barriers to implement-
ing an effective IPC program in LTCFs include a frequent lack
of on-site radiographic, laboratory, and microbiology services.
Lastly, despite significant differences between LTCFs and
ACHs, the most studies evaluating effective infection control
interventions have been performed in the acute care setting
and may not be applicable to the long-term care setting.

Resident-Related Considerations
Diagnosing infection in the older, LTCF population can be
difficult. Residents often have multiple comorbidities and
functional disabilities that complicate differentiating bacterial
infection requiring antibiotics from a viral infection or non-
infectious etiology. In addition, residents may be cognitively
impaired, therefore making it difficult to ascertain symptoms.
Typical symptoms and signs of infection are frequently absent
or blunted in LTCF residents.18 For example, older adults may
not present with a fever or localizing symptoms despite having
serious bacterial infections.19,20

Although the diagnosis of infection in the long-term care
setting is challenging, the following guidelines have been for-
mulated to aid in evaluating infections in older LTCF residents.

The McGeer criteria21 are the most widely used and recog-
nized surveillance definitions of infection in LTCF residents.
These definitions are intended to serve as a national standard
for infection surveillance in LTCFs and were updated in 2012
following evidence-based structured review and consensus
opinion of experts in the field. Significant updates included
changes to definitions for respiratory tract and urinary tract
infections, as well as addition of Clostridium difficile and nor-
ovirus gastroenteritis.

A clinical practice guideline for evaluation of fever and
infection in older LTCF residents is available from the
Infectious Diseases Society of America (IDSA).19 This
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guideline provides recommendations for initial evaluation of
suspected infections, including laboratory testing, in the con-
text of resources that are available in LTCFs. This guideline
also includes a general outline of how a suspected outbreak
should be investigated in this setting.

The Loeb minimum criteria were developed through con-
sensus conference of individuals with expertise in this area22

and are proposed minimum criteria for initiation of antibiotics
in the long-term care setting. These criteria were developed to
target inappropriate use of antibiotics in LTCFs, recognizing
that infection diagnosis can be difficult in the long-term care
patient population.

Frequent Care Transitions
In comparison to patients in ACHs, LTCF residents are
likely to experience more frequent transitions of care.
These transitions result in movement from the LTCF to
various locations, including ACHs, rehabilitation facilities,
home care, ambulatory surgical centers, dialysis units, and
outpatient clinics. Information communicated during these
transitions can be incomplete or absent, especially pertain-
ing to infection control care issues such as history of
colonization and/or infection with an antibiotic-resistant
organism, recent antibiotic use, and requirements for spe-
cific transmission-based precautions. These frequent trans-
fers, as well as the fragmented communication, can
increase the risk for transmission of antibiotic-resistant
organisms. Established protocols for communication with
transferring facilities are critical. The Centers for Disease
Control and Prevention (CDC) has examples of interfaci-
lity transfer forms that can be adapted by an LTCF to
facilitate communication of infection control
information.23

Developing an Infection Prevention and
Control and Prevention (IPC) Program
The core elements of an IPC are summarized in Table 20.2.

Regulations
The IPC program must be in compliance with all national,
state, and local regulations. These generally include activities
related to handling of waste and disinfection practices, as well
as specific disease reporting requirements and resident care
policies such as vaccination.

However, IPs in LTCFs typically have less specialized train-
ing in infection prevention and control compared to their
counterparts in ACHs. In a large national study of NHs, nearly
37 percent of NHs received an IPC-related deficiency
citation.24 NHs in states with mandatory or voluntary health-
care-associated infection reporting and those that provided
some type of IPC training were less likely to receive an IPC-
related citation.

Recently proposed CMS “Reform Requirements for Long-
Term Care Facilities” take into account the increasing
advances in resident care, quality practices, and medical com-
plexity of the population. A key proposed requirement is the
maintenance of a comprehensive, data-driven quality assur-
ance and performance improvement (QAPI) program, which
would include the IPC program. Proposed infection preven-
tion and control regulation includes the requirement that
facilities have a designated IPC officer for whom overseeing
the IPC program is his or her major responsibility and who
serves as a member of the facility’s quality assessment and
assurance committee. Notably, the IPC officer should have
training specifically in infection prevention and control, in
addition to his or her background clinical training (e.g., nur-
sing). Along these lines, and given the increasing focus on care
across the healthcare continuum, it is anticipated that changes
to current IPC programs in LTCFs will be adopted in the near
future.

Table 20.2 LTCF IPC program elements

• Infection control oversight committee

-Designated responsibility and/or authority

-Report to the medical director, facility administrator, and
other relevant LTCF personnel

• Surveillance

-Utilize appropriate surveillance definitions

-Systematic collection of surveillance data

-Analysis and reporting of surveillance data

• Standard & transmission-based precautions

-Hand hygiene

-Define and implement personal protective equipment for
antibiotic-resistant organisms and transmissible diseases

-Injection safety

-Bloodborne pathogens issues

-Preparedness planning

• Resident health

-Surveillance for vaccination

-Surveillance for exposures

-Safety and adverse events

• Employee health

-Surveillance for vaccination

-Surveillance for exposures

• Antibiotic stewardship

• Facility management

-Environmental cleaning

-Linens management

-Food handling

-Waste management
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Administration
IPs play a critical role in preventing and managing healthcare-
associated infections in LTCFs. The size of the institution and
complexity of the resident population should be used to deter-
mine the number of individuals required to support the IPC
program. Specific time commitment to, and duties required
for, the IPC program should be clearly outlined for each
individual. Personnel with responsibility for infection control
must have training on the basic principles of infection preven-
tion practices and program management. Opportunities for
continued education in data collection and methodology,
including knowledge of updated surveillance metrics, are cri-
tical. In addition, if not available on site, outside individuals
with expertise in areas such as infection control and outbreak
investigation should be identified and consulted as needed.

An effective reporting and communications structure
should also be established. This includes close collaboration
by the IPC program staff with the medical director, facility
administrator, nursing supervisor, and environmental services
personnel of the LTCF. In addition, continuing review and
oversight is typically provided within the context of the QAPI
committee. These elements are all critical for establishment of
an IPC program that allows for prompt and effective manage-
ment of infections in individual residents, as well as for out-
break control.

Surveillance for Infections
Systematic surveillance for infections is a critical element of an
IPC program. Infection control personnel should be well-
versed in application of standard surveillance definitions for
identification of infections, including the McGeer criteria and
the CDC’s National Healthcare Safety Network (NHSN) sur-
veillance definitions for healthcare-associated infections.
NHSN provides LTCFs with a customized system to track
infections in a streamlined and systematic manner.25 Case-
finding methods include laboratory or floor-generated reports,
nursing assessments, or clinical surveillance software.
Infection control personnel should analyze data and report
results to the administration, infection control committee,
and other appropriate oversight committees on a regular
basis. The data should be reviewed frequently to identify
trends, including those that may signal a potential outbreak
or increasing rates of antibiotic-resistant organisms. Most
important, the data should be used in planning infection con-
trol interventions, including educational efforts and policy
updates as needed.

Policies and Practices
Policies addressing facility-specific infection control issues
should be established. Relevant guidelines are available
through multiple authoritative bodies, including the CDC’s
website on infection control for LTCFs.23 This resource
includes guidance documents on infection control issues such
as control of antibiotic-resistant organisms, influenza, emer-
gency preparedness, and general guidelines on infection pre-
vention in the long-term care setting. In addition, the Society

for Healthcare Epidemiology of America (SHEA) and the
Association for Professionals in Infection Control and
Epidemiology (APIC) have drafted guidelines for infection
prevention and control specifically in LTCFs.9

In September 2015, the CDC also released guidance on anti-
biotic stewardship in NHs, including the recommendation that
all NHs take steps to improve antibiotic prescribing practices
and reduce inappropriate use.26 This resource outlines the core
elements of antibiotic stewardship, adapted for the long-term
care setting.

Some specific issues to be addressed include the following:

• Standard and transmission-based precautions
• Hand hygiene
• Safe injection practices and point of care testing
• Management of patients with infections, including those

requiring implementation of transmission-based
precautions

• Preadmission and periodic screening of residents for
transmissible infections (e.g., tuberculosis)

• Screening of employees for infections (e.g., tuberculosis)
and work restriction policies for those with potentially
transmissible infections

• Vaccination policies for residents and healthcare personnel
• Use of indwelling devices, such as urinary catheters and

central venous catheters
• Outbreak identification, investigation, and control
• Antibiotic stewardship efforts, including standardized

antibiotic prescribing algorithms and implementation of
educational efforts for prescribers and staff

• Environmental cleaning, including disinfection of hard
surfaces and common areas, management of linens, and
waste disposal

Common Infections in LTCFs

Urinary Tract Infections
Urinary tract infections (UTIs) are the most commonly
reported infection in the LTCF setting and can lead to signifi-
cant morbidity and mortality. A study of older adult LTCF
residents admitted with nursing home–acquired bacteremia
demonstrated that a urinary source was identified in approxi-
mately 55 percent of cases.27 UTIs are one of the leading causes
for requirement for transfer to an acute care hospital, account-
ing for nearly 30 percent of hospital readmissions from LTCFs
within 30 days.28

Genitourinary tract dysfunction in older individuals can
increase the risk for UTIs, including urinary retention leading
to incomplete emptying of the bladder. In postmenopausal
women, declining estrogen can contribute to vaginal prolapse
and urinary incontinence, increasing the risk for ascending
migration of bacteria. The presence of a urinary catheter also
significantly predisposes individuals toward the development
of a UTI. Approximately 5 percent of LTCF residents with an
indwelling urinary catheter will develop bacteriuria for
each day that the catheter remains in place.29
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Nearly 100 percent of residents with long-term indwelling
urinary catheters will have bacterial colonization of the urinary
tract without local signs or symptoms of infection, or asymp-
tomatic bacteriuria (ASB). Difficulty in differentiation of ASB
from symptomatic UTI represents a major challenge in the
LTCF setting. The symptoms and signs necessary to meet
minimum criteria to support antibiotic initiation for UTIs
are frequently absent in NH residents with advanced
dementia.18 Inappropriate treatment of ASB leads to substan-
tial overuse of antibiotics in this population and increases the
risk for antibiotic-associated adverse events and development
of antibiotic resistance. Therefore, interventions and educa-
tional initiatives to promote appropriate diagnosis and treat-
ment of symptomatic UTI should be a high-level priority in the
LTCF setting.

Infection prevention guidelines to prevent catheter-
associated UTIs include limiting the use of urinary catheters,
minimizing the duration of urinary catheter use, strict hand
hygiene before and after catheter manipulation, aseptic tech-
nique for urinary catheter insertion, keeping the urinary drai-
nage bag below the level of the bladder, and maintaining
a closed drainage system.30,31

Respiratory Tract Infections
Pneumonia: Pneumonia and lower respiratory tract infections
are a leading cause of mortality and acute care hospital trans-
fers in LTCF residents. One study determined that 33 of 1,000
LTCF residents per year required acute care hospitalization for
treatment of pneumonia versus 1.14 of 1,000 elderly commu-
nity-dwelling adults.32 Several factors, including impaired gag
reflex, dysphagia, and poor oral hygiene in LTCF residents,
particularly in individuals with neurologic conditions (e.g.,
stroke), increase the risk for development of pneumonia.
In addition, the presence of a feeding tube compared to oral
feeding increases the risk for aspiration pneumonia.33

Notably, older and frail or cognitively impaired residents
may have an atypical presentation of pneumonia, making
appropriate diagnosis a challenge in the LTCF setting. For
example, fever or cough may be minimal or absent in older
adults with pneumonia compared to nonspecific signs and
symptoms such as general malaise, weakness, and altered men-
tal status.34 Limited access to radiologic testing (e.g., chest
radiograph) in some LTCFs may further complicate the diag-
nosis of pneumonia in this population.

Influenza: LTCF residents are also at risk for influenza infec-
tion due to a number of reasons, including frequent contact
with healthcare personnel and visitors, as well as close proxi-
mity to other residents. Increased age among residents drives
risk for serious complications from influenza, with approxi-
mately 70 percent of influenza-attributable deaths occurring in
individuals 75 years and older.35 The high prevalence of
comorbid respiratory and cardiovascular conditions in the
LTCF population also increases morbidity and mortality
from influenza. Therefore, vaccination of residents and health-
care personnel is a critical component of infection prevention
in the long-term care setting.Widespread vaccination has been

shown to reduce influenza incidence and associated mortality
in LTCF residents.36,37 However, since the 2011–2012 influ-
enza season, healthcare personnel in LTCF settings have con-
tinued to have the lowest reported influenza vaccination rates
among all healthcare personnel surveyed.38 For these reasons,
increasing influenza vaccination coverage for both residents
and healthcare personnel in LTCFs are priority areas outlined
in the National Action Plan to Prevent Health Care–Associated
Infections developed by the US Department of Health and
Human Services.39

Tuberculosis: The most important strategy for preventing the
spread of tuberculosis is early identification and treatment of
infected individuals.40 LTCFs need to monitor for skin-test
conversion among residents and staff, identify and promptly
evaluate residents with pulmonary symptoms or radiologic
findings consistent with tuberculosis, isolate patients with pos-
sible or proven pulmonary tuberculosis, and trace exposed
patients and staff. Because many LTCFs are not equipped to
manage residents with tuberculosis, individuals with suspected
active tuberculosis will require transfer to an alternative setting
such as an acute care hospital for appropriate isolation and
evaluation. Diagnosing and treating tuberculosis also presents
significant challenges in the long-term care setting. For exam-
ple, there is limited data on the performance of interferon
gamma release assays (IGRAs) compared to tuberculin skin
testing (TST) in older adults.41 Furthermore, obtaining chest
radiographs and/or sputum samples may be difficult in LTCFs.

Gastrointestinal Tract Infections
Gastroenteritis: Viral gastroenteritis is the leading causes of
diarrheal outbreaks in LTCFs. While gastroenteritis is usually
mild and self-limited in healthy individuals, older adults
experience more morbidity and mortality due in part to
increased vulnerability to dehydration.42 Norovirus is one of
the main causes of gastroenteritis outbreaks worldwide, with
LTCFs disproportionately affected. Of norovirus outbreaks
reported to the CDC from 2009 to 2012, 69 percent occurred
as a result of person-to-person transmission; of these, 80 per-
cent occurred in LTCFs.43 Outbreaks in LTCF settings can be
prolonged, sometimes lasting months.44 Norovirus is extre-
mely infectious, with transmission primarily occurring person
to person via the fecal-oral route, although airborne and fomite
transmission may occur during outbreaks. Therefore, strict
infection control measures are required during an outbreak,
including isolation precautions, furloughing ill healthcare per-
sonnel, epidemiologic investigation and case-finding, hand
hygiene, appropriate environmental disinfection, and staff
education to limit transmission.

Clostridium difficile: Clostridium difficile infection (CDI) is also
of increasing concern in the LTCF setting. Several surveillance
studies evaluating the burden of CDI in US acute care hospitals
demonstrate rapidly increasing rates of disease, likely due in part
to a hypervirulent strain known as B1/NAP1/027.45–48 For exam-
ple, an analysis of National Inpatient Survey (NIS) data found
that the rate of CDI more than doubled between 1999 and
2005,45 from 37.6 episodes per 10,000 discharges to 76.9 episodes
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per 10,000 discharges. The burden of CDI is also significantly
increasing in LTCFs.49–53 A recent analysis of acute care hospital
discharges in the US determined that the number of patients
transferred to an LTCF with a discharge diagnosis of CDI
doubled between 2000 and 2003.48 A national surveillance
study on the burden of CDI in 2011 demonstrated that NH-
onset CDI accounted for 104,400 cases.54

C. difficile poses a substantial infection control challenge in
LTCFs due to its persistence in the environment as spores and
potential for widespread contamination and transmission.
This problem is compounded by increased socialization and
interaction with other residents and healthcare workers typical
of an LTCF. In addition, CDI-associated hospitalizations and
mortality disproportionately affect individuals 65 years and
older.45–48 Appropriate hand hygiene with soap and water,
early detection and containment of CDI through implementa-
tion of gown and glove use during resident care, staff educa-
tion, environmental disinfection, and careful antibiotic use are
critical components of CDI prevention efforts.

Skin and Soft-Tissue Infections
Pressure Ulcers: Skin changes associated with aging include
epidermal thinning, decreased elasticity and vascularity,
decline in subcutaneous fat, and poor wound healing. These
changes predispose toward skin tears, pressure ulcer forma-
tion, and subsequent bacterial infection. Cellulitis and infected
pressure ulcers are two of the most common types of skin and
soft-tissue infections in the LTCF population.19

Approximately 5.4 percent of residents in CMS-certified
NHs/SNFs had a pressure ulcer that was stage II or higher.10

Urinary or fecal incontinence, which was present in 35 percent
of surveyed residents, increases the risk for subsequent infec-
tion of a pressure ulcer.10 However, diagnosing infection of
a pressure ulcer poses a significant challenge given chronic
colonization of the ulcer with bacteria, including skin flora.
Collection of wound cultures without clinical suspicion of
infection, along with suboptimal collection techniques, contri-
butes to unnecessary prescription of antibiotics for pressure
ulcers. Education about antibiotic prescribing among residents
with skin breakdown and pressure ulcers must emphasize that
antibiotic therapy is not appropriate for positive surface swab
cultures without signs or symptoms of infection.

Scabies: Scabies is a common skin infestation seen in the LTCF
population.55 Confirming the diagnosis of scabies is usually
necessary, as it has significant infection control implications to
LTCF staff and residents and can result in large, difficult to
control outbreaks when initial cases are not recognized.
The most common method for diagnosis is via skin scraping
underneath the fingernails or at the terminal end of a burrow,
followed by direct microscopic visualization. A systematic
approach to identifying and treating affected residents and
staff is critical, including patient isolation, cleaning of fomites,
strict hand hygiene and glove use, appropriate handling of
contaminated bedding and clothing, and treatment of all
healthcare personnel and family members who have been in
contact with the patient.55

Antibiotic Resistance in LTCFs
Rates of antibiotic use are extensive in LTCFs, with 60–70
percent of residents receiving at least one antibiotic prescrip-
tion over the course of a year, most commonly for urinary tract
infections, pneumonia, and skin and soft-tissue infections.56–58

Even more concerning is that 25–75 percent of antibiotics
prescribed to LTCF residents are inappropriate.56,59–61 For
example, utilizing chart review, investigators at a 160-bed
Veterans Affairs skilled nursing facility determined that 42 per-
cent of antibiotic regimens were entirely unnecessary, with the
most common reason for inappropriate administration being
ASB and treatment of noninfectious or nonbacterial
syndromes.60 A recent study evaluating approximately 67,000
residents from 630 LTCFs in Ontario demonstrated that
78 percent of residents received at least one new antibiotic
treatment course and that 45 percent of these exceeded recom-
mended short-course durations (i.e., ≤7 days) for common
syndromes.59 Inappropriate or excessive antibiotic use in this
frail and older adult population can result in significant
adverse drug events, drug-drug interactions, CDI, and devel-
opment of antibiotic resistance.

The prevalence of antibiotic-resistant organisms is increas-
ing in LTCFs. Methicillin-resistant Staphylococcus aureus
(MRSA) has been the most well-characterized with coloniza-
tion prevalence rates estimated at approximately 10 percent to
60 percent depending on the population studied.62–65

The colonization prevalence in one study was reported at
75 percent among residents with indwelling devices.64

The burden of MRSA in LTCFs is highly dependent on local
prevalence and importation pressure. Identified risk factors
have included transfer from an acute care hospital, pressure
ulcers, prior antibiotic therapy, older age, poor functional
status, and low nursing-to-bed ratios.62–65

Rates of multidrug resistant gram-negative bacilli
(MDR-GNB) have also been increasing in the long-term care
setting. For example, a study evaluating antibiotic resistance
among gram-negative organisms recovered from urine cul-
tures from a network of 63 LTCFs reported a fluoroquinolone
resistance rate of 51 percent among Escherichia coli.66

Similarly, a longitudinal study in three LTCFs demonstrated
acquisition of new colonization with fluoroquinolone-
resistant E. coli (FQREC) in nearly 50 percent of residents.67

A survey of 16 nursing homes in Ireland demonstrated that
40 percent of residents were colonized with MDR-GNB,
including FQREC and extended-spectrum beta-lactamase-
producing Enterobacteriaceae.68 Reported risk factors for
MDR-GNB in the long-term care setting have included pre-
sence of wounds, urinary catheters, urinary incontinence,
dementia, and antibiotic use.

Strategies to prevent the acquisition and transmission of
antibiotic-resistant organisms in the long-term care setting are
critical and include implementation of antibiotic stewardship
programs, education of healthcare workers, and strict hand
hygiene. Effective and feasible antibiotic stewardship programs
may include facility-wide antibiotic utilization review by an
infection control or QAPI committee, prospective audit and
feedback at the prescribing level, implementation of
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standardized antibiotic prescription guidelines, and ongoing
education of healthcare workers on appropriate antibiotic use.
Key infection prevention interventions for the control of anti-
biotic-resistant organisms include improving hand hygiene,
implementation of contact precautions, and effective environ-
mental cleaning and disinfection.

Long-Term Acute Care Hospitals
Long-term acute care hospitals (LTACHs) are increasingly
important sites of clinical care.69,70 In the past decade, the
number of LTACHs has dramatically increased in the US.71,72

LTACHs are defined by CMS as acute care hospitals with
a mean length of stay of ≥25 days that provide care for
medically complex patients with acute medical needs includ-
ing mechanical ventilation, wound care, and intravenous
antibiotics.71 In addition, LTACHs are characterized by
high rates of device utilization with studies reporting rates
of up to ~75 percent for central venous catheter use.73

The LTACH setting is also associated with high rates of
administration of empiric antibiotics.74 In a study of 45
LTACHs from 2002 to 2003,74 carbapenem and vancomycin
use were both higher than the fiftieth percentile intensive care
unit (ICU) use reported by the National Nosocomial
Infections Surveillance (NNIS) System. In the same study,
fluoroquinolone use was comparable to the ninetieth percen-
tile of ICU utilization.74 LTACHs have been described as the
“perfect storm”74 for antibiotic-resistant organisms due to

a patient population characterized by multiple comorbidities,
prolonged length of stay, significant rates of antimicrobial
and device use, and high rates of colonization with multi-
drug-resistant organisms.73,75 However, there are signifi-
cantly limited data on effective infection prevention
strategies in the LTACH setting. Given all of the above,
ongoing efforts are needed to define best practices for infec-
tion control in this increasingly important setting.

Conclusion
LTCFs provide a spectrum of healthcare services for
a predominantly elderly population. Residents of LTCFs are
at increased risk for infections for several reasons, including
the presence ofmultiple chronic comorbidities, immune senes-
cence associated with aging, and increased opportunities for
person-to-person transmission of pathogens given the residen-
tial environment with promotion of socialization. Rates of
antibiotic-resistant organisms are also increasing in long-
term care settings. Development of an infection prevention
and control program needs to take into consideration the key
differences between LTCFs and acute care hospitals, including
the residential setting of the LTCF, as well as more limited
resources available for diagnosis and surveillance. Ultimately,
given the rapidly growing aging population, as well as the
increasing medical complexity of LTCF residents, effective
infection prevention interventions targeted toward the long-
term care setting are critical.
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Chapter

21
Infection Prevention in the Outpatient Setting
Sarah S. Lewis, MD, MPH, and Rebekah W. Moehring, MD, MPH

Over the last three decades, a major shift in the delivery of
healthcare from inpatient to outpatient settings has occurred.
Outpatient medical facilities provide a diverse array of health
services including primary and specialty care, laboratory and
radiology diagnostic testing, infusion services, dialysis, and
surgical procedures. Currently, over 1 billion visits to physician
offices, hospital ambulatory clinics, and emergency depart-
ments occur each year in the United States.1 Furthermore,
the majority of surgical procedures are now performed in
outpatient settings,2,3 with more than 50 million outpatient
surgical procedures performed each year.3

Infection prevention programs have traditionally focused
on reducing transmission of infections to hospitalized patients.
However, with the shift in healthcare delivery to ambulatory-
based care, it is clear that infection prevention programs must
also focus on reducing transmission of infections in outpatient
settings. Extending infection control principles from inpatient
to outpatient settings has many challenges. First, there are
organizational hurdles. Ambulatory care settings have histori-
cally lacked the infrastructure and dedicated resources for
infection prevention.4,5 Research on epidemiology and preven-
tion of healthcare-associated infections has focused almost
entirely on inpatient populations. Second, outpatient settings
differ from inpatient settings in terms of risks for transmission
of infections. It is therefore not reasonable or feasible to simply
extend infection prevention surveillance, policies, and pro-
grams from inpatient to outpatient settings. Finally, outpatient
settings are heterogeneous, providing a diverse array of ser-
vices and care for populations with different inherent risks for
healthcare associated infections. For example, an ambulatory
surgery center that performs sterilization of surgical equip-
ment will need different education, interventions, and over-
sight from an infection prevention program than an oncology
infusion center that provides care for immunocompromised
patients receiving intravenous medications.

This chapter provides an overview of infection prevention
in ambulatory care settings. For the purposes of this chapter,
we define outpatient or ambulatory care as any medical or
surgical service provided to patients who are not admitted to
inpatient hospital units. The discussion is divided into three
main sections: 1) structural and organizational considerations
for outpatient settings, 2) general principles of infection pre-
vention that are universally applicable to all patient care set-
tings, and 3) specific considerations that may be relevant in
certain ambulatory settings. Readers are also encouraged to
review the Centers for Disease Control and Prevention’s
(CDC) “Guide to Infection Prevention for Outpatient

Settings: Minimum Expectations for Safe Care,” which was
published in 2014 and includes a checklist of items to address
the minimal standards of infection prevention for outpatient
facilities.4 This guidance serves as starting point for infection
prevention programs in ambulatory care settings.

Structural and Organizational Considerations
for Outpatient Settings
Outpatient care settings have distinct structural and organiza-
tional characteristics that make infection prevention practice a
challenge.4

Outpatient healthcare encounters are typically shorter and
more problem-focused as compared to inpatient encounters.
This leads to higher turnover and volumes of patients per day
per facility and numerous locations within a facility where
persons are waiting, visiting, or undergoing evaluation and
treatment. These factors produce a larger patient population
potentially at risk for healthcare-associated infections. The
population served in outpatient settings, however, has fewer
comorbid conditions and is generally healthier when com-
pared to the inpatient population, with some distinct excep-
tions (e.g., dialysis centers or hematology/oncology clinics).
Thus, the overall susceptibility to infectious adverse events is
considered to be lower than in traditional acute care hospital
settings. The large size of the population at risk, the brief
encounter with the healthcare setting, and the likely infrequent
incidence of healthcare associated infections make routine
surveillance for adverse events very challenging to measure.
These challenges, plus the lack of resources invested in infec-
tion prevention, are the reasons that research on prevention of
healthcare associated infections in outpatient populations is
limited. Outbreaks make up the majority of reports related to
poor infection prevention practice in outpatient settings. The
high volume and fast turnaround in outpatient settings may
also contribute to staff distraction and forgetfulness to follow
standard infection prevention practices.

The administrative organization and oversight of infection
control for noncontiguous outpatient centers may be a chal-
lenge due to geographic location. Larger healthcare organiza-
tions may task a central infection prevention program with
meeting regulatory requirements for a large number of out-
patient clinics. This oversight would require significant travel
for periodic site visits. Further, limited contact with infection
prevention experts may reduce the number of educational
opportunities for on-site staff members. To overcome this
geographic barrier, many programs have adopted an infection
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prevention liaisonmodel with centralized policies. For example,
a facilitymay identify an individual staff member responsible for
overseeing compliance with facility infection prevention poli-
cies, who then acts as an extender for the central program.
Designated liaisons usually do not have formal certification in
infection control and only partial time dedicated to this task.
Some states require the presence of at least one individual with
training in infection prevention principles per noncontiguous
facility to oversee compliance with a facility infection control
policy.6 For example, in 1992, the state of North Carolina passed
a law (10A NCAC41A.0206) requiring all healthcare organiza-
tions performing invasive procedures to have a written infection
control policy and an on-site designated staff member to direct
infection control activities. North Carolina does not recognize
on-the-job training as being sufficient for compliance with this
law and supported the North Carolina Statewide Program for
Infection Control and Epidemiology (NC SPICE) to develop a
standardized course tomeet state requirements. Designated staff
in ambulatory settings are required to take this eight-hour
course every five years. This educational program addresses
the basic epidemiologic principles of infectious diseases, safe
injection practices, standard precautions, and sterilization and
disinfection.7 Thus, for smaller organizations, these designated
individuals can complete the state training program, develop a
facility-specific infection control policy, and meet the minimal
state requirements. For larger organizations, these individuals
may receive training from the centralized program and then
provide on-site oversight using a shared, centralized infection
control policy. Regardless of the organizational structure,
increasing regulatory interest in outpatient facilities requires
attention to policy development, staff education, and adherence.

Ambulatory care facilities have distinct characteristics of
their physical structure that make the practice of standard
and transmission-based precautions problematic. For exam-
ple, waiting areas may house many patients, visitors, and staff
members over a short time period with varying degrees of
contact between individuals. These areas provide many
opportunities for person-to-person transmission of commu-
nicable disease. Also, environment-to-person transmission
can occur in rooms that must be frequently turned over for
the next patient with limited time or effort made to clean
between patients. Ambulatory care settings may contract with
housekeeping services companies that are accustomed to
cleaning business offices and unfamiliar with the precautions
and processes required for healthcare facilities. Limitations in
space may impair the separation of clean and dirty areas.
There may be limited or no space for sterilization or high-
level disinfection procedures that require careful attention to
process and avoidance of potential contamination events. We
highlight further examples of these structural considerations
with recommendations for management in the discussions
below.

Universal Principles of Infection Prevention
The sections below outline the basic principles of infection
prevention that apply to all types of practice settings.

Standard Precautions
Standard Precautions are the minimum infection prevention
practices that apply to all patients in all care settings, regardless
of any suspected or confirmed infection status of the patient.8

All healthcare personnel in outpatient settings, including all
persons who may have direct or indirect contact with patients
or infectious material, must be educated on the components of
standard precautions, and education must be updated
regularly.

The components of standard precautions are:

1. Hand Hygiene
2. Use of Personal Protective Equipment
3. Safe Injection Practices
4. Safe Handling of Potentially Contaminated Equipment or

Surfaces in the Patient Environment
5. Respiratory Hygiene/Cough Etiquette

Each component and its applicability to outpatient settings
will be discussed in further detail in the sections that follow.

Hand Hygiene
Hand hygiene is critically important for preventing transmis-
sion of infections in all healthcare settings. Recommendations
for hand hygiene in inpatient settings are directly applicable to
outpatient settings. Specifically, the CDC and World Health
Organization (WHO) state that hand hygiene should be per-
formed at all of the following times:4,9–11

• Before patient contact, even if gloves will be worn
• Before performing an aseptic task
• After contact with blood, body fluids, or wound dressings
• Before moving from a contaminated body site to a clean

body site during patient care
• Before exiting the patient’s care area after touching the

patient or the patient’s environment
• After removing personal protective equipment (PPE)

Alcohol-based hand rub is generally preferred over soap
and water. Most healthcare personnel find alcohol-based hand
rub more convenient and less irritating, especially with fre-
quent and repeated application. Infection prevention pro-
grams must therefore ensure that alcohol-based hand rub
stations are conveniently located in examination rooms and
that supplies are adequate. Soap and water should be used
preferentially when hands are visibly soiled and after caring
for patients with known or suspected infectious diarrhea (e.g.,
C. difficile, norovirus).

Reported hand hygiene compliance rates in outpatient set-
tings are typically poor (<50 percent).11–14 Monitoring hand
hygiene rates in outpatient settings is particularly challenging.
Audits of hand hygiene compliance with regular feedback to
providers and other stakeholders are key components of inpa-
tient hand hygiene improvement programs. However, direct
observation of hand hygiene performance is not possible in
most outpatient clinics where hand washing sinks and alcohol-
based hand rub stations are typically located inside patient care
rooms. Thus, obtaining reliable data on hand hygiene compli-
ance in outpatient settings for use in performance
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improvement programs is a major challenge for infection pre-
vention programs.

Infection prevention programs may use other methods to
promote, monitor, and improve hand hygiene performance in
outpatient settings. Some outpatient sites have successfully
implemented “patient-as-observer” programs, whereby
patients are recruited to observe and report hand hygiene
performance by healthcare workers.15,16 In such programs,
data from patient observations are fed back to healthcare
personnel and used to drive improvement of hand hygiene
performance. Additionally, public campaigns with signage
and patient education materials may help to improve health-
care worker accountability.

Use of Personal Protective Equipment (PPE)
Personal protective equipment (PPE) is designed to protect
healthcare personnel from exposure to infectious agents. PPE
should always be worn when there is risk for potential exposure
to blood, body fluids, or infectious agents.8 The specific PPE
worn depends on the nature of patient contact and potential
exposure (Table 21.1).

An obvious and frequently encountered barrier to
appropriate PPE use is lack of adequate or conveniently
located supplies. In a busy clinic environment, healthcare
workers may be reluctant to take time to find proper
equipment, even when it is indicated. PPE should be
located where care is provided to facilitate use. PPE should
not be stored centrally or in a locked storage area. In the
annual risk assessment, infection prevention programs
should assess anticipated need for PPE supplies, ensure
supplies are adequately and conveniently located, and ver-
ify that healthcare workers are educated on appropriate
utilization of PPE.

Injection Safety
Safe injection practices are designed to prevent transmission of
infections from patient to patient or patient to provider during
administration of parenteral medications.4,8 Key principles of
injection safety include:

• Using aseptic technique when preparing and administering
medications

• Cleaning the vial diaphragm with 70 percent alcohol
solution before inserting needle into vial, even when the
vial is new

• Not administering medications from the same syringe to
more than one patient, even if the needle or IV tubing set is
changed

• Not reusing a syringe or needle to enter a medication vial or
solution

• Not administering medication from a single-dose vial to
more than one patient

• Dedicating multidose vials to a single patient whenever
possible (see below for further discussion)

• Not using IV administration sets for more than one patient
• Disposing of used syringes and needles at the point of use in

an appropriate sharps container

Unfortunately, lapses in safe injection practices continue to
occur in outpatient facilities and have resulted in devastating
consequences for patients, including transmission of hepatitis
B and hepatitis C, and serious infections due to bacteria such as
S. aureus.17–24 Each year, state health departments and the
CDC investigate numerous outbreaks and infection control
breaches in outpatient settings. Reuse of syringes to access
medication vials and reuse of single-dose vials for more than
one patient are the most commonly identified breaches.24 In
addition to causing direct harm to patients, breaches in safe
injection practices can lead to notification and testing of thou-
sands of patients who may have been exposed, as well as loss of
licensure, lawsuits, and/or criminal prosecution.

A number of factors make outpatient settings particularly
vulnerable to patient harm from lapses in safe injection prac-
tices. First, the incredible volume of procedures performed in
outpatient settings means that there are many opportunities
for breaches to occur. Second, surveillance for procedure-
related complications is not consistently performed in out-
patient settings. Patients may seek follow-up care elsewhere,
and thus recognition of a procedural-related complication may
be delayed or missed. Additionally, there may be long latency
between inoculation and recognition of infection, which may
obscure the recognition of an outbreak. If a procedure-related
cluster of infections is detected, healthcare facilities must
quickly notify local public health officials, so that steps to
mitigate further transmission may be taken while an investiga-
tion is ongoing.

Multidose vials may be more convenient and cheaper than
single dose vials. However, studies have demonstrated
that contamination of multidose vials occurs in clinical
practice.25,26 Although the actual risk of infection associated
with multidose vials remains unknown, the potential for infec-
tion transmission is present, particularly if multidose vials are
not stored or accessed properly. For these reasons, the CDC
recommends that multidose vials be dedicated for use in a
single patient only. If this is not possible, facilities must restrict
storage of multidose vials to a centralized medication storage
location.4

Outpatient facilities require clean work spaces dedicated
for medication preparation. Aseptic technique, including hand

Table 21.1 Indications for personal protective equipment

Personal protective
equipment

Indication

Gloves Potential hand contact with blood,
body fluids, mucous membranes,
nonintact skin, potentially infectious
material

Mask with Face
Shield

Potential for exposure to splashes or
sprays of blood or other body fluids

Gown Potential for skin or clothing contact
with blood or body fluids
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hygiene and PPE use must be followed when preparing med-
ications for administration. Medication preparation should
not occur in close proximity to sinks where there is potential
for water contamination of sterile injection equipment. Finally,
medications and injection equipmentmust be stored safely and
securely. Several large-scale outbreaks of hepatitis C have
occurred in hospital settings secondary to healthcare worker
tampering with controlled substances.27 Narcotic diversion by
healthcare workers is a real threat to injection safety, and
healthcare facilities must have well-established policies and
practices to prevent opportunities for drug tampering.

Safe Handling of Potentially Contaminated
Equipment or Surfaces in the Patient Care
Environment
Several studies have determined that environmental contam-
ination with organisms such as methicillin-resistant S. aureus
(MRSA) and vancomycin-resistant enterococcus (VRE) occurs
regularly, and the environment may be an important source of
pathogen acquisition by noncolonized patients in inpatient
settings.28–32 The role of the environment in transmission of
multidrug-resistant pathogens in outpatient settings has not
been well studied. In contrast to inpatients, outpatients gen-
erally do not have prolonged contact with their environment.
However, more patients per day visit the same outpatient
environment, and rapid room turnover between patients
makes cleaning of clinic spaces challenging. Ambulatory care
facilities should prioritize cleaning and disinfection of high-
touch surfaces in the patient care environment between
patients.

Contract housekeeping services used in ambulatory care
settings may be accustomed to cleaning businesses, not health-
care facilities. Written contract agreements must specify
appropriate cleaning practices and housekeeper training
requirements such as changing mops or using disposable
mops and cleaning cloths, how to clean a room where a patient
has been on isolation, and training on standard precautions,
use of PPE, and bloodborne pathogens. These needs require
specific training and must be addressed when contracted
cleaning services are utilized.

Appropriate cleaning, disinfection, and/or sterilization of
reusable medical equipment are addressed more specifically
below (see “Cleaning and Disinfection of Reusable Medical
Equipment” in this chapter).

Respiratory Hygiene/Cough Etiquette
Respiratory hygiene and cough etiquette refer to measures to
reduce the transmission of respiratory pathogens to susceptible
individuals. Respiratory viruses, including influenza, are pri-
marily transmitted via droplet particles produced when an
infected individual coughs or sneezes. Indirect transmission
through contact with contaminated environmental surfaces
may also occur.33 Some features of outpatient settings that
may facilitate transmission of respiratory infections include:

• Congregation of patients in waiting rooms

• High volume of patients, particularly during epidemic
seasons

• Inadequate systems to triage patients and maintain
separation of unwell and well patients

The following “respiratory hygiene” measures are easily
implemented and may help to reduce transmission of respira-
tory pathogens in outpatient settings:8

• Post visual alerts at the entrance to outpatient facilities
instructing persons who are reporting for care to report
respiratory symptoms

• Provide tissues and no-touch receptacles for disposal of
used tissues

• Provide conveniently located hand washing agents
• Ask persons who are coughing to don surgical masks
• Triage coughing individuals out of the common waiting

area as soon as possible
• Educate patients with respiratory symptoms to do the

following:

• Cover the nose and mouth when coughing or sneezing
• Use tissues to contain respiratory secretions and

dispose of them in the nearest waste receptacle after use
• Perform hand hygiene after contact with respiratory

secretions and contaminated objects or materials

Transmission-Based Precautions for the
Outpatient Setting
Transmission-based precautions (e.g., Contact Precautions,
Droplet Precautions, Airborne Precautions) are used in addi-
tion to standard precautions to interrupt transmission of cer-
tain pathogens. Healthcare personnel in ambulatory care
settings must be educated on transmission-based precautions
and provided instruction on clinical syndromes that warrant
escalation from standard precautions to transmission-based
precautions. We recommend that outpatient facilities employ
a syndrome-based approach rather than a pathogen-based
approach to identify patients who require transmission-based
precautions in addition to standard precautions. Identifying
patients with history of colonization with multidrug-resistant
organisms including MRSA and VRE is not practical in the
outpatient settings, nor are there data to suggest that routine
use of contact precautions in such patients is effective at redu-
cing transmission of multidrug resistant pathogens. Therefore,
outpatient facilities should primarily emphasize use of stan-
dard precautions for all patients in ambulatory settings, with
addition of transmission-based precautions in specific clinical
scenarios. Examples of clinical syndromes and associated
recommendations for transmission-based precautions are
shown in Table 21.2. For additional information regarding
Transmission-Based Precautions, please see Chapter 7,
Isolation.

Screening
Failure to identify patients with highly infectious conditions
when they encounter the healthcare system is a serious pitfall
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that leads to potential transmission of infectious diseases to
other patients and healthcare workers. Waiting rooms provide
potential opportunities for transmission of infections trans-
mitted via droplet and airborne routes. Previous epidemics
including Severe Acute Respiratory Syndrome (SARS),
Middle East Respiratory Syndrome (MERS), and Ebola Virus
Disease (EVD) raised awareness of the importance of imple-
menting a screening process for patients entering a healthcare
environment.

An assessment of patient and community demo-
graphics should be included in the annual infection con-
trol risk assessment in order to design the best method for
screening and triage. This assessment should determine
the common, non-English, languages spoken in the com-
munity as well as the presence of international travelers. It
may be necessary to provide respiratory hygiene signs and
patient education in other languages in addition to English
and/or heighten awareness of the risk of exposure to
communicable diseases imported by international trave-
lers. Provider education should include specific recogni-
tion of communicable diseases in countries frequented by
clinic patients.

Operationalizing a standardized screening process in
ambulatory settings is challenging. Different ambulatory set-
tings pose different risks for encountering patients with highly

transmissible or emerging infections. For example, patients
with acute onset of fever and respiratory symptoms are more
likely to seek care in emergency departments, urgent care
clinics, or primary care offices and less likely to seek care in
specialty outpatient clinics or ambulatory surgery centers. Still,
all healthcare facilities must be prepared to identify individuals
with potential highly transmissible infections. We recommend
that ambulatory care facilities implement a screening process
to determine the following:

• Fever
• Travel in the last 30 days to an area of epidemiologic concern
• Rash
• Respiratory symptoms including cough, hemoptysis

Screening should ideally take place at the time visits are
scheduled for outpatient clinics and at the first point of contact
for emergency departments and urgent care clinics. Patients
who screen positive for risk of highly infectious conditions
should be isolated as soon as possible (See “Transmission-
Based Precautions” above).

Tuberculosis
Patients and healthcare workers can be infected following
exposure to patients with undiagnosed tuberculosis or to
patients with known tuberculosis when isolation precautions

Table 21.2 Syndrome-based approach to transmission-based precautions

Clinical presentation Disease of concern Transmission-based
precautions

Room cleaning

Cough, sore throat, with or
without fever

Influenza, Pertussis Droplet Routine

Diarrhea Norovirus Clostridium
difficile

If continent of stool:
Standard

Use EPA-approved bleach product

If incontinent of stool:
Contact-Enteric

Draining/weeping wound not
contained by dressing

MRSA Contact Routine

Fever with headache or stiff
neck or lethargy

Neisseria meningitidis Droplet Routine

Rash with fever Measles Airborne Room remains closed for 60 minutes after
patient leaves, then cleaned per routine

Rubella

Varicella

Cough, recent weight loss,
hemoptysis

Tuberculosis Airborne Room remains closed for 60 minutes after
patient leaves, then cleaned per routine

Signs/symptoms of emerging
infectious disease plus travel
to affected countries

EVD Airborne

MERS Contact

SARS
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are not optimal.34–38 While the incidence of tuberculosis in the
US has declined significantly over the last 2 decades, transmis-
sion of tuberculosis in healthcare settings continues to
occur.39,40 A critical element of tuberculosis control programs
is early identification and isolation of patients with suspected
or confirmed infectious tuberculosis. Failure to suspect tuber-
culosis leads to delays in implementation of effective infection
prevention measures.41

Many outpatient facilities are not equipped with Airborne
Infection Isolation (AII) rooms for isolation and treatment of
patients with suspected tuberculosis or other airborne diseases.
When an AII room is not available, patients with suspected or
confirmed pulmonary tuberculosis should be asked to don a
surgical mask and placed in a single roomwith the door closed.
Healthcare personnel should implement Airborne
Precautions. The room must remain closed for 60 minutes
following completion of the patient encounter. Outpatient
facilities that perform aerosol-generating procedures including
sputum induction, bronchoscopy, aerosolized pentamadine
treatments, or pulmonary function testing must have adequate
facilities meeting ventilation requirements for tuberculosis
isolation.

Please see Chapter 27, “Tuberculosis Infection Control in
Healthcare Settings,” for more information.

Measles
Prior to immunization, 3–4 million cases of measles occurred
each year in the US with nearly 50,000 associated hospitaliza-
tions and 450 patient deaths each year. Following introduction
of single-dose vaccine in the 1960s and subsequent recommen-
dation for the 2-dose series beginning in 1989, endemic trans-
mission of measles was declared eradicated in 2000.42

However, measles outbreaks continue to occur, and most
cases occur among individuals who have not received measles
vaccine. Measles is transmitted from person to person with
great efficiency. For reasons already discussed, busy emergency
departments and primary care clinic waiting rooms present
opportunities for healthcare associated measles transmission
to occur. In one reported 2008 outbreak of 14 measles cases, 7
individuals acquired measles through healthcare exposure,
including 3 who were exposed in emergency departments
and 1 who was exposed in a pediatric clinic.43 Outpatient
facilities can reduce risk of facility-associated transmission of
measles by requiring staff immunity to measles, adhering to
recommended immunization protocols for patients, and
promptly triaging patients presenting with fever and rash.
Airborne precautions should be used for all patients presenting
with clinical syndromes concerning for measles.

Emerging Infectious Diseases
The healthcare system as a whole must be adaptive and respon-
sive to emerging infectious disease threats. In the last 10–15
years, we have observed global and regional epidemics includ-
ing Severe Acute Respiratory Syndrome (SARS), Middle East
Respiratory Syndrome (MERS), H1N1 influenza, and Ebola
Virus Disease (EVD). Never is our vulnerability to

healthcare-associated infection transmission more apparent
than during an epidemic of an emerging pathogen. This under-
scores the importance of having an established system to
screen patients on entry to healthcare settings. It is far easier
to modify an existing system for screening and triaging
patients based on new infectious disease threats than to estab-
lish a screening protocol in the midst of an epidemic. Infection
preventionists overseeing outpatient departments play key
roles in disseminating new information regarding syndrome
recognition, mechanisms of disease transmission, and disease
prevention.

Cleaning and Disinfection of Reusable
Medical Equipment
Readers are encouraged to review Chapter 8, “Disinfection and
Sterilization in Healthcare Facilities,” and the CDC/HICPAC
Guidelines for Disinfection and Sterilization in Healthcare
Facilities for a more in-depth review of this topic.44 All reusa-
ble equipment must be cleaned, disinfected, and maintained
according to manufacturer’s instructions. The level of disin-
fection or sterilization required depends on the equipment’s
intended use and potential for transmission of infection. In
general, equipment that contacts mucous membranes or non-
intact skin requires at least high-level disinfection (HLD)
whereas equipment that contacts sterile body sites requires
sterilization. The Spaulding Classification System should be
utilized to identify what level of disinfection or sterilization is
required.44

High-Level Disinfection (HLD)
Examples of devices used in outpatient settings that typically
undergo HLD include:

• Endoscopes (bronchoscopy, GI, ENT, speech therapy)
• Ultrasound probes (transvaginal, transesophageal)
• Vaginal specula
• Laryngoscope blades

Compared to inpatient settings, outpatient settings provide
potential challenges for implementing safe and effective pro-
grams for HLD:

• Staff performing HLD may have numerous other
responsibilities

• There may not be a formalized process for training and
assessing staff competency in performing HLD

• Space for performing HLD may be limited and suboptimal

To overcome these potential challenges, outpatient infec-
tion prevention programs should develop formal policies and
procedures for performing HLD in their facilities. The policy
should clearly delineate who is responsible for performing
HLD. Formal staff training and competency evaluation must
occur at least annually, and training should be updated when
new equipment is introduced. Staff should be made aware that
there is little to no room for error with HLD. Manufacturer
instructions for cleaning and disinfecting must be strictly fol-
lowed by each staff member assigned to perform such duties.
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These instructions should be accessible for staff performing the
disinfection procedures at all times. Facilities should devise a
system to monitor and track HLD performance. Finally, con-
struction or renovation of facilities should be done with gui-
dance from infection prevention, so that proper space is
allotted for HLD activities.

Cleaning and disinfection of endoscopes present particular
challenges for outpatient facilities. More than 11 million endo-
scopic procedures are performed annually in the US, andmany
of these are performed in outpatient settings.45 Although the
risk of transmitted infection from a single procedure is extre-
mely low, more outbreaks have been associated with endo-
scopes than other devices.45 This is due in part to the
complexities of performing adequate high-level disinfection.
Flexible endoscopes are heat-sensitive and cannot undergo
steam sterilization. These scopes contain long, narrow chan-
nels that are difficult to clean and disinfect. Although profes-
sional societies have published guidelines for reprocessing
endoscopes, the protocols used for those procedures have not
been standardized, and different endoscopes must be repro-
cessed by different methods.46,47 Moreover, because endo-
scopes are expensive, endoscopy staff may save money by
using a small inventory of endoscopes to evaluate and treat a
large number of patients. Staff may not be able to process the
equipment properly in the time allowed between patients.
Finally, recent outbreaks of multidrug resistant organisms
associated with contaminated duodenoscopes further high-
light complexities of endoscope HLD.48,49,50–52 Staff perform-
ing HLD of endoscopes must be aware of and adopt new
recommendations for reprocessing scopes when such updates
are made.

Sterilization
Outpatient facilities may perform steam sterilization on-site,
or may contract with a vendor to perform this service off-site.
Facilities that perform on-site sterilization of surgical instru-
ments must ensure that all staff are appropriately trained to
perform this duty, that instruments are precleaned according
to manufacturer instructions for use, that sterilizers are func-
tioning properly, that quality control checks are performed
and logs are maintained, and that sterile instruments are stored
appropriately to prevent contamination. Furthermore, outpa-
tient facilities that perform sterilization must have adequate
space to conduct this practice safely, with clear separation of
clean and dirty spaces including a dirty-to-clean processing
flow. Facilities that outsource sterilization to a third-party
vendor must ensure that instruments are transported in cov-
ered containers, appropriately labeled with indicators, and
received and stored in a way that maintains sterility. Facilities
should verify the third party’s competence to perform con-
tracted functions by requiring defined competencies in the
written contract as well as reviewing their policies and proce-
dures for performing contracted services. The infection pre-
vention team supporting the facility may also perform a site
visit to observe the third-party’s processes.

As in inpatient settings, immediate use steam sterilization
(IUSS) must be used only when absolutely necessary. IUSS

was designed to process items that become contaminated
during a sterile procedure but are still needed for that pro-
cedure. IUSS should not be used routinely to compensate for
inadequate numbers of instruments. The time required for
IUSS is very short. Thus, all of the sterilization parameters (e.
g., time and temperature) must be met precisely, and careful
documentation is required. In addition, IUSS will not work if
devices are contaminated with organic matter or if air is
trapped in or around the devices. Moreover, because the
devices are used immediately (i.e., before the results of bio-
logical indicators are known), personnel in ambulatory sur-
gery centers that use IUSS must record which devices were
used for specific patients, so that patients can be observed if
it is later determined that a device was not processed
properly.

Employee and Occupational Health
Employee and occupational health programs for outpatient
settings mirror similar programs in inpatient settings (see
Chapter 26, “Employee Health and Infection Control”). The
annual, facility-specific infection control risk assessment
should include at least three considerations for employee
health: bloodborne pathogens, employee vaccination pro-
grams, and tuberculosis screening programs.

Infection prevention personnel must ensure that outpatient
facilities implement policies and procedures to protect health-
care workers from exposure to bloodborne pathogens to meet
the OSHA Bloodborne Pathogen standard (see Chapter 26,
“Employee Health and Infection Control”).53 In general,
bloodborne pathogens policies for outpatient settings are
very similar to inpatient facilities with some exceptions based
on risk assessments of the patient population served and type
of care provided. For example, staff in emergency departments
frequently provide acute care for persons who have traumatic
injuries or are critically ill, and are therefore at increased risk
for contact with blood and body fluids.54,55 Thus, considera-
tions for this employee group would include educational train-
ing in injection safety, provision of and training on needle
safety devices, maintenance of a sharps injury log, and a
mechanism to provide postexposure prophylaxis along with
source patient testing. However, an outpatient clinic with care
of a patient population with very infrequent encounters with
patients carrying HIV or hepatitis may only require needle and
device safety training and maintenance of a sharps injury log.
Exposure control plans include ensuring availability of engi-
neering controls (e.g., needleless devices, shielded needle
devices), adequate PPE, training, and vaccination against hepa-
titis B for healthcare personnel. Devices with engineered safety
features are required by OSHA and federal legislation in inpa-
tient as well as outpatient settings.53,56 Infection control pro-
fessionals face challenges engaging frontline outpatient staff in
the selection of particular devices and providing educational
programs. Sites of care may be widely scattered, and types of
devices available may be diverse. Despite their risk of exposure
to blood and body fluids, healthcare workers in the outpatient
setting often do not comply with precautions designed to
protect them from bloodborne pathogens.57,58 Like all
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educational interventions in infection prevention, reiteration
of safety principles and routine retraining is required.

Employee vaccination programs targeted toward patho-
gens relevant to the practice setting help reduce disease trans-
mission among staff and patients. Provision of employee
vaccinations reduces the risk of employees becoming a reser-
voir for outbreaks or ongoing transmission. Specific pathogens
to provide employee vaccinations or requirements for docu-
mentation of immunity should be tailored to the practice
setting. For example, employees working in dialysis units
should be hepatitis B immune. Employees in pediatrics prac-
tices or hematology-oncology clinics should be immune to
varicella zoster virus. Annual influenza vaccination is one
vaccine universally applicable for employees in all practice
settings, especially urgent care, primary care, pediatric, and
emergency room settings where patients with influenza are
likely to seek care.

Employee surveillance programs for tuberculosis exposures
may be necessary in some outpatient practice settings, depend-
ing on community rates of TB. Routine surveillance for tuber-
culosis exposures among employees at outpatient centers
should be based on a facility-specific risk assessment using
CDC definitions of low risk, medium risk, and potential
ongoing transmission.59 This risk assessment should deter-
mine which employee groups require screening for tuberculo-
sis exposures, and how often (e.g., only upon hire or annually).

Special Populations
Special considerations for infection prevention needs should
be addressed in the three patient populations detailed below.

Dialysis Centers
Patients cared for in hemodialysis centers are a special popula-
tion with a high level of comorbidity and susceptibility to
infection. The number of patients with end-stage renal disease
managed with ongoing hemodialysis continues to increase.60

Historically, infection control concerns for dialysis centers
have focused on bloodborne pathogens due to well-documen-
ted outbreaks related to poor injection safety and shared
equipment.19,60 However, patients on chronic hemodialysis
face multiple infectious risks:

• Bloodborne pathogens (Hepatitis B, C, D and HIV)
• Multidrug-resistant organisms via multiple exposures to

antibiotics and inpatient healthcare settings (particularly
MRSA, VISA, and VRE)

• Healthcare associated infections due to multiple inpatient
healthcare exposures

• Bloodstream infections due to long-term central venous
catheters

• Vaccine-preventable bacterial and viral diseases (e.g.,
pneumococcal disease)

Multiple guidelines used in inpatient settings are also
highly relevant for infection prevention practices in dialysis
settings including those for intravascular catheter–related
infections,61 prevention of transmission of infectious agents8

including multidrug-resistant organisms, and environmental
controls.62 CDC has also provided specific guidance for infec-
tion prevention in hemodialysis centers since the late 1970s.
The current guideline, last updated in 2001, states that infec-
tion control programs in the hemodialysis setting must include
routine serologic testing and immunization, surveillance, and
training and education.63 In 2008, the Centers for Medicare
and Medicaid Services required outpatient dialysis facilities to
follow the 2001 CDC recommendations as a condition for
receiving Medicare payments.64

Standard precautions that limit exposure to blood and body
fluids are required for all patients. In hemodialysis settings,
contact with blood and body fluids is expected as part of
routine care. Thus, standard precautions should be incorpo-
rated into routine hemodialysis procedures.63 Some examples
of these procedures are the following:

• Gloves are required whenever touching a patient or a
patient’s equipment. A supply of clean nonsterile gloves
and discard containers should be placed at each dialysis
station.

• Items taken to a patient’s dialysis station should either be
disposed of, dedicated for single use, or cleaned and
disinfected before being returned to a common clean area.

• All single-use injectable medications and solutions should
be dedicated for use on a single patient and be entered one
time only (e.g., erythropoietin). Medications packaged as
multidose should be assigned to a single patient whenever
possible.64

• Staff members should wear gowns, face shields, eye wear, or
masks when performing procedures during which spurting
or spattering of bloodmight occur (e.g., during initiation or
termination of dialysis and cleaning of dialyzers).

Patients with end-stage renal disease are immune sup-
pressed and particularly susceptible to infections.
Vaccination guidelines for patients with chronic kidney disease
include vaccination schedules for hepatitis B, influenza, and
pneumococcal disease in addition to those routinely recom-
mended for all adults.65 Hemodialysis centers should require
documented serostatus for hepatitis B and C prior to enroll-
ment in their facility for all patients.63 Provision of hepatitis B
vaccine to nonimmune patients is the standard of care given
the well-documented bloodborne pathogen risk associated
with hemodialysis.

Additional steps must be taken to avoid transmission of
hepatitis B virus between seropositive and seronegative
patients. Surveillance for change in serostatus from negative
to positive must be conducted to determine if breaks in prac-
tice have resulted in new infection. CDC guidance recom-
mends the following routine serologic testing:63

• Serologic testing for hepatitis B virus and hepatitis C virus
infections for all patients upon admission to the dialysis center.

• Vaccination of susceptible patients against hepatitis B.
• Isolation of patients who test positive for hepatitis B surface

antigen.
• Monthly hepatitis B surface antigen testing for patients

who are nonresponders to the hepatitis B vaccine.
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• Annual hepatitis B surface antigen antibody testing for all
patients who are hepatitis B surface antigen antibody
positive and hepatitis B core antigen antibody negative.
Booster dose vaccine if hepatitis B surface antigen antibody
level falls below 10 mlU/mL.

• Annual hepatitis C serology testing for all patients who are
HCV antibody negative.

Isolation of patients with chronic hepatitis B infection takes
particular attention from a staffing perspective and design of
the physical space of a dialysis center:63

• Dialyze hepatitis B surface antigen positive patients in a
separate room using separate machines, equipment,
instruments, and supplies.

• Staff members caring for hepatitis B surface antigen
positive patients should not care for hepatitis B–susceptible
patients at the same time (e.g., during the same shift or
during patient changeover).

Dialysis centers should maintain detailed documentation
of the following identifying information to assist in investiga-
tions of bloodborne pathogen transmission events:

• The lot number of all blood and blood products used
• All mishaps, such as blood leaks or spills and dialysis

machine malfunctions
• The location, name, and/or number of the dialysis machine

used for each dialysis session
• The names of staff members who connect and disconnect

the patient to and from a machine
• Results of serologic tests for hepatitis
• All accidental needle punctures and similar accidents

sustained by staff members and patients

Finally, environmental infection control in hemodialysis
settings requires attention to the specialized equipment
required for hemodialysis. Gram-negative water bacteria are
commonly found in water used during hemodialysis, which
may form biofilms that are nearly impossible to eradicate if
precautions are not taken to reduce bacterial burden.
Published methods should be used to clean and disinfect the
water treatment and distribution system and the internal cir-
cuits of dialysis machines, as well as to reprocess dialyzers for
reuse.60,62 Routine (at least monthly) bacteriologic testing of
water and dialysis fluids should be performed according to
standards from the Association for the Advancement of
Medical Instrumentation (AAMI).66

Cystic Fibrosis
Patients with cystic fibrosis (CF) are a unique patient popula-
tion with specific infection prevention needs. Transmission of
clinically important pathogens including P. aeruginosa,
Burkholderia spp., methicillin-resistant S. aureus (MRSA),
and Mycobacteria spp. occurs between CF patients.67–69

Additionally, indirect transmission of pathogens can occur
between patients via the healthcare environment.

The Cystic Fibrosis Foundation together with the Society of
Healthcare Epidemiology of America (SHEA) published

updated recommendations for infection prevention and con-
trol for CF patients in 2014.70 Key recommendations for care of
CF patients in outpatient settings include:

• Healthcare workers should assume that all CF patients may
be colonized with clinically important pathogens,
regardless of microbiologic culture data.

• Contact precautions should be used for all patients with CF
in both inpatient and outpatient care settings.

• Persons with CF should wear surgical masks in public areas
of inpatient and outpatient healthcare settings.

• Congregation of CF patients in common areas and waiting
rooms should be minimized. At a minimum, patients with
CF should be separated by at least 6 feet from other people
with CF in all settings.

• Single-patient use or dedicated equipment (e.g.,
stethoscope, thermometer) should be used whenever
possible for all CF patients.

• Pulmonary function tests should be performed in one of
the following manners to prevent airborne transmission:

• In the exam room, allowing 30 minutes to pass between
subsequent CF patients

• In a negative pressure room
• In a PFT lab with HEPA filter
• In a PFT lab without HEPA filter, allowing 30 minutes

to pass between subsequent CF patients

In order to implement these recommendations, outpatient
facilities require ability to identify CF patients, sufficient sup-
plies of PPE, and education of staff and patients. Additionally,
logistical planning is needed to minimize overlap of CF
patients in clinic waiting rooms and common areas. Potential
strategies include: rooming patients with CF immediately
upon arrival to clinic; using a pager or telephone call system
to notify patients when their exam room is available; or having
patients stay in their assigned roomwhile teammembers rotate
through. Clinics who serve a large number of CF patients (e.g.,
pulmonary, lung transplant) may be better prepared to imple-
ment such a system. On the other hand, outpatient settings that
do not provide services specific to CF patients (e.g., emergency
departments) may find implementation of such practices more
challenging. In all cases, providers should implement standard
and transmission-based precautions as primary foundation for
infection prevention.

Physical Therapy
Physical therapy facilities may be located in hospitals, in
clinics, or can be freestanding. Many of these facilities provide
services to outpatients. Often, patients are referred for out-
patient therapy following acute care hospitalizations, and
patients may have active infections or be colonized with resis-
tant organisms. Thus, the potential for transmission of patho-
gens among patients in physical therapy settings exists. At the
same time, participation in physical therapy is important to
post–acute care recovery, and, in general, patients should not
be excluded from therapy on the basis of infection transmis-
sion risk. There are no standardized guidelines for infection
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prevention in physical therapy facilities. We recommend that
physical therapy facilities focus primarily on standard precau-
tions, as outlined earlier in this chapter. In addition, we recom-
mend the following general principles:

• All mats, table tops, and equipment handles should be
covered with impervious materials, so that these items can
be cleaned frequently.

• Cleaning supplies should be stored where they are readily
accessible, so that staff can clean the equipment whenever
necessary.

• Sinks for hand washing or dispensers of alcohol-based
hand rub should be conveniently located such that physical
therapists can wash or disinfect their hands easily after
caring for each patient, or between caring for patients if
they are helping more than one patient at a time.

• Patients should be instructed on how to decontaminate
hands and instructed to do so during therapy at
appropriate intervals.

• Patients who have active infections caused by transmissible
organisms (e.g., draining wound not contained by dressing,
uncontrolled pulmonary secretions) should not participate
in group therapy. Staff should use appropriate standard and
transmission-based precautions when working with these
patients to prevent disease transmission.

• Follow all safe injection and medication administration
practices as described earlier in this chapter.

Outbreaks have been associated with pulse lavage therapy
performed by physical therapists.71 Facilities providing such
therapies should follow manufacturer’s instructions for use to
ensure adequate cleaning and disinfection of equipment that is
shared between patients (e.g., hydrocollators and hydrotherapy
tanks).

Summary and Recommendations
The challenge of performing infection prevention in the out-
patient setting is clearly the diverse and numerous infectious
risks that are specific to each type of practice setting. Thus, the
key to producing an effective infection control plan requires
careful assessments and routine reassessments of these infec-
tious risks. Only after a clear understanding of the patient
population served and the nature of patient interactions occur-
ring at each facility, can one then design an effective control
plan. As a first step, infection prevention staff should assess
their facilities with the following questions:

• What type of outpatient facilities are present in your
medical center (e.g., only hospital-based clinics, units that
provide services to both inpatients and outpatients, only
freestanding clinics, or a mixture of on-site and off-site
clinics owned by the medical center)?

• What types of patients are seen in the outpatient facilities
(e.g., young children, immunocompromised patients, or
healthy preoperative patients)?

• What types of procedures are performed in the outpatient
facilities?

• What types of infectious diseases are diagnosed and treated
in the outpatient facilities?

• What are the community characteristics where the
outpatient facilities are located? What are the patient
population demographics?

• What are the levels of education of personnel in the facility?
Is staff turnover a problem?

• Are HLD and/or sterilization processes occurring in any of
the outpatient facilities?

Next, an assessment of available resources should inform
the design of the control plan:

• What resources are available for infection control?
• Do the administration and the clinicians support the

infection control program?What is the chain of command?
• What methods are currently used for staff education and

certification?
• Who/what are the third-party contractors involved in

cleaning and sterilization processes?

Then, existing infection control policies and current imple-
mentation of those policies should be assessed during walking
rounds to answer the following questions:

• Does the area have policies, procedures, and engineering
controls to prevent transmission of bloodborne
pathogens?

• Does the area have appropriate screening, triage, isolation
protocols, and engineering controls to prevent the
respiratory spread of pathogens?

• Does the area have appropriate screening, triage, and
isolation for patients who may be infected or colonized
with other infectious agents?

• Does the area have appropriate exposure management
plans for bloodborne pathogens, measles virus, M.
tuberculosis, varicella-zoster virus, B. pertussis, lice, and
scabies?

• Does the staff understand and practice principles of asepsis,
including those required to use multidose vials safely?

• Does the staff understand and practice appropriate
cleaning, disinfection, and sterilization?

• Are the policies and procedures in this area consistent in
content and intent with those from other areas in the
medical center?

• Does the area have educational programs to teach staff
precautions for respiratory pathogens, bloodborne
pathogens, and other infectious agents? Do they document
these programs adequately?

Once you have answered these questions, you should set
priorities.We would suggest that all outpatient facilities should
first focus on the preventive measures listed below:

• Implement a syndrome-based triage and screening
program to identify patients who require transmission-
based precautions in addition to standard precautions in
order to prevent unnecessary patient and employee
exposures.
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• Develop a hand hygiene education and surveillance
program.

• Ensure that the staff comply with the recommendations of
the CDC tuberculosis guideline59 and the OSHA
Bloodborne Pathogen Standard.53

• Ensure that the staff and patients have been vaccinated
appropriately.

• Ensure that the staff practice good aseptic technique when
handling multidose vials.

• Ensure that protocols and practices for cleaning,
disinfection, and sterilization are appropriate.

Once these priorities are adequately addressed, infection
control personnel then can turn to other facility-specific issues
or develop specific control plans based on emerging risks.

Conclusion
Infection prevention and control in the outpatient setting
encompasses a large array of practice settings and patient
populations. Careful assessment and routine reassessments of
infectious risks for each type of practice setting should inform
the design of infection control plans. Infection prevention and
control personnel who take on this challenge will help to
improve safety for both patients and healthcare personnel, as
well as the quality of care provided.
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Infection Prevention in Resource-Limited Settings
Anucha Apisarnthanarak, MD, Nuntra Suwantarat, MD, D(ABMM),
and Virginia R. Roth, MD

Healthcare-associated infections (HAIs) affect hundreds of
millions of people worldwide and are a major patient safety
issue.1–3 Although many institutions, even those in developed
countries,4 can be considered resource-limited settings
depending on the definitions applied, resource-limited settings
in this chapter are defined as countries with low, llower middle–
and upper middle-income economies on the basis of their
gross national product per capita in 2014, as reported by the
World Bank.5 With a few exceptions, this categorization
includes most countries in the following regions: Africa, Asia
(excluding Brunei Darussalam, Japan, Saudi Arabia, South
Korea, and Taiwan), some Eastern European countries, Latin
America (excluding Argentina and Venezuela), the Caribbean,
and Oceania (excluding Australia and New Zealand). Resource-
limited countries, including the regions mentioned above, are
often called “developing countries.” That term is not ideal for
discussion of infection prevention issues, because infection pre-
vention programs are impacted not only by economic resources
and education but also by sociocultural differences. However,
most of the concepts and recommendations discussed in this
chapter are presented in a generic manner so that they can be
applied in different resource-limited settings by trained infec-
tion preventionists (IPs).

In resource-limited settings, the risk of HAI has been esti-
mated to be 2–20 times higher than that in developed countries.6
–12 Prevalence studies conducted in some developing countries
have generally reported HAI prevalence of greater than 15 per-
cent (range 6 percent to 27 percent).7–13 Very few studies have
evaluated the mortality associated with HAIs in resource-
limited settings, but reported figures in international studies
indicate excess mortality rates of 14.3 percent to 27.5 percent
for central line–associated bloodstream infection (CLABSI) and
12 percent to 28 percent for ventilator-associated pneumonia
(VAP).14,15 According to some investigators, case-fatality rates
for HAI in developing countries may exceed 50 percent among
neonates.16 These figures are particularly sobering in compar-
ison with data from developed countries.17–19

Substantial progress has been made in recent years in
improving infection prevention programs in resource-
limited settings. National infection prevention initiatives
have gained considerable importance, particularly in Asia
and Latin America.20–24 Numerous factors have helped
focus attention on the importance of infection prevention,
including the emergence of multidrug-resistant organisms
(MDROs), the increasing perception of occupational hazards
among healthcare workers (HCWs), and public demands for
improved quality and cost-effectiveness of healthcare.25

Initiatives from the Centers for Disease Control and
Prevention, the World Health Organization (WHO), the
Society for Healthcare Epidemiology of America (SHEA), the
Association for Professionals in Infection Control and
Epidemiology (APIC), and the International Federation of
Infection Control have been successful in increasing public
and professional awareness of the need for organized infection
prevention programs in resource-limited settings, establishing
training courses for IPs, and promulgating guidelines.
However, the number of trained infection prevention physi-
cians and nurses is currently insufficient in some countries,
and training is limited or nonexistent in some regions, espe-
cially Sub-Saharan Africa.26 A growing awareness of the lack
of infection prevention programs in resource-limited settings
prompted the WHO to create the World Alliance for Patient
Safety.27 Prevention of HAIs is the target of the First Global
Patient Safety Challenge from the Alliance, “Clean Care
Is Safer Care,” which was launched in 2005. The challenge
consists of specific actions in five major areas to promote
patient safety in healthcare settings: blood safety, clinical pro-
cedure safety, injection safety, sanitation and waste manage-
ment safety, and promotion of safe hand hygiene practices
during patient care. A primary objective of this challenge is to
launch a practical approach to improve hand hygiene in
healthcare throughout the world.27

Infection prevention programs are challenged by a lack of
standard operating procedures for microbiology laboratories
in some resource-limited settings. This may lead to bacterial
misidentification and misinterpretation of antimicrobial sus-
ceptibility test results, directly impacting patient safety related
to inappropriate antibiotic management.28–31 Furthermore,
failure to accurately identify MDROs can undermine standard
infection control practices, such as patient isolation, and result
in healthcare-associated outbreaks.31,32 For example,
Suwantarat et al.31 reported misidentification of 7 bacterial
isolates during a 1-month period from a university hospital
located in the central part of Thailand, a highly endemic region
for MDROs and specifically carbapenem-resistant
Acinetobacter baumannii. In this study, IPs played the critical
roles of investigating the discrepancies between patient clinical
findings and microbiology results and implementing quality
improvement strategies for improving microbiology
standards.31 Accurate microbiological testing is essential to
appropriate patient care and effective infection prevention
programs.34–36

Over the past 15 years, several emerging viral diseases such as
Middle East Respiratory Syndrome coronavirus (MERS-CoV),
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Ebola virus disease (Ebola), severe acute respiratory syn-
drome (SARS), and avian influenza have impacted healthcare
systems worldwide.37 The poorly controlled 2014–2015 Ebola
outbreak in West Africa highlights both an urgent need for
improved infection control practices in intense-transmission
resource-limited settings as well as the importance of global
preparedness.37,38

Epidemiology of Nosocomial Infections
Limited epidemiological data on HAIs are available from
developing countries. Existing HAI surveillance and outbreak
data from resource-limited settings are difficult to interpret.
Some of the limitations of the existing data include the use of
different surveillance definitions, the diversity of the patient
populations included, variability in the laboratory support
available, the range of available expertise in data collection
and analysis, and the paucity of peer-reviewed publications in
this field. Language barriers, lack of protected time to conduct
research, and other obstacles may discourage IPs from publish-
ing their hospital’s experiences. The International Nosocomial
Infection Control Consortium (INICC)14,24,39 is a multina-
tional, multicenter, collaborative HAI control program that
uses a surveillance system based on that of the US National
Healthcare Safety Network (NHSN; formerly called National
Nosocomial Infection Surveillance).18,25,40 The methodology
used by this group is quite rigorous, and the data provided
come from 98 intensive care units (ICUs) in 18 different
developing countries. INICC data are probably the best avail-
able representative sample of HAI data from resource-limited
settings, although they do not necessarily represent the extent
of the impact of HAIs in any entire single country.18,25

Results from other important infection surveillance initia-
tives have been published by other investigators from around
the world.41–47 These groups have reported data according to
specific sites of infection, also using the Centers for Disease
Control and Prevention’s NHSN surveillance definitions. Use
of “benchmarking” and comparison with NHSN system data
puts significant pressure on developing countries to address
specific local problems in order to achieve infection rates
comparable with those in the US and Western Europe.
Tables 22.1 and 22.2 summarize the data reported by these
authors and the INICC for the HAIs occurring most com-
monly in developing countries.13,48,49 Recent INICC data
demonstrate a declining incidence of nosocomial infections
including surgical site infections (SSI) in resource-limited set-
tings compared to previous studies.48,49 It is likely that effective
application of infection control protocols in resource-limited
countries has been effective.50,51 However, rates of device-
associated nosocomial infection in the ICUs of the INICC
hospitals and SSI rates for most surgical procedures in INICC
hospitals, remained higher compared with NHSN data.48,49

Table 22.1 shows incidence rates of VAP, catheter-
associated urinary tract infection (CAUTI) and CLABSI
reported by the INICC and by Starling et al.13,40,48 compared
to NHSN ICUs data in 2006. Recently, INICC conducted
a prospective surveillance study from January 2007
through December 2012 in 503 ICUs in Latin America, Asia,

Africa, and Europe. Rates of device-associated nosocomial
infection were higher in the ICUs of the INICC hospitals
than comparable US ICUs. In particular, the pooled rate of
CLABSI in the INICC ICUs was nearly fivefold higher than the
rate reported from comparable US ICUs (4.9 vs. 0.9 per 1000
central line days), the overall rate of VAP was also higher (16.8
vs. 1.1 per 1000 ventilator-days), as was the rate of CAUTI (5.5
vs. 1.3 per 1000 catheter-days).48 In a Thai study, on the other
hand, CAUTI rates were similar to the rates reported by the
NHSN.46 These data provide a baseline and demonstrate the
great potential to design and implement interventions
to decrease the incidence of HAIs in resource-limited
settings.52–54

Table 22.2 shows that SSI following both cardiac
and abdominal surgery remain important problems to address
in some Latin American countries49,55 Between January 2005
and December 2010, a prospective INICC surveillance study
was performed in 82 hospitals of 66 cities from 30 countries in
Latin America, Asia, Africa, and Europe. SSI rates were sig-
nificantly higher for most surgical procedures in INICC hos-
pitals compared with NHSN data, including the rates of SSI
after hip prosthesis (2.6 percent vs. 1.3 percent), coronary
bypass (4.5 percent vs. 2.9 percent), abdominal hysterectomy
(2.7 percent vs. 1.6 percent), exploratory abdominal surgery
(4.1 percent vs. 2.0 percent), and ventricular shunt placement
(12.9 percent vs. 5.6 percent).49

Risk factors for HAIs have been infrequently studied in
resource-limited settings. In a prospective study involving
a critically ill pediatric population in Brazil, investigators
found an HAI rate of 13 percent (incidence rate, 31.7 HAIs
per 1,000 patient-days).55 Independent risk factors for devel-
opment of HAI in this study included the device utilization
ratio (relative risk, 1.6), receipt of parenteral nutrition (relative
risk, 2.5), and greater length of stay (relative risk, 1.7).
The authors concluded that the preventive measures should
primarily focus on reducing the use of invasive devices, a more
restrictive parenteral nutrition policy, and reduction in the
length of stay. Length of stay has been reported to be longer
in resource-limited settings, compared with US hospitals, for
multiple reasons.56

Bacterial infections are the most frequent HAIs in
resource-limited settings, especially bacterial infections asso-
ciated with invasive devices or procedures.2,14,39

In a prevalence survey in Thailand, Gram-negative bacteria
were responsible for 70.2 percent and Gram-positive bacteria
for only 19.9 percent of a total of 699 HAIs identified.12

Aggregated data from all INICC ICUs showed that 80.8 per-
cent of all Staphylococcus aureus isolates were methicillin-
resistant.2,3 Infections caused by Enterococcus species are less
common in developing countries than in developed countries;
however, vancomycin-resistant enterococci (VRE) have
recently emerged as important pathogens in Latin
America.57–60 The most commonly reported Gram-negative
bacterial HAIs are due to Pseudomonas aeruginosa,
Enterobacter species, Klebsiella pneumoniae, Escherichia coli, or
A. baumannii.14,39,61 High levels of antimicrobial resistance and
high mortality rates have been reported for P. aeruginosa and
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Table 22.1 Incidence rates of ventilator-associated pneumonia (VAP), catheter-associated urinary tract infection (CAUTI), and catheter-associated
bloodstream infection (CA-BSI) in intensive care units (ICUs) in resource-limited settings (RLSs), compared with National Healthcare Safety Network (NHSN) data

Type of infection, refer-
ence (year[s]), type of
hospital unit

No. of
ICU

No. of
device-
days

Incidence rates by percentile
Pooled mean incidence rate

(IQR)a

10th
50th
(median) 90th In the RLS NHSN

VAP

INICC48 (2007–2012)

Medical cardiac ICU 33 45,276 0.05 0.32 0.51 11.5 (10.5–12.5) 1.0 (0.8–1.1)

Medical-surgical ICU 151 536,024 0.14 0.45 0.80 16.5 (16.1–16.8) 1.1 (1.0–1.2)

Pediatric ICU 57 134,560 0.10 0.47 0.74 7.9 (7.4–8.4) 0.8 (0.6–0.9)

INICC39 (2002–2007)

Medical ICU 2 3,117 6.7 25.5 44.4 40.7 (6.7–44.4) 3.1 (0.9–4.6)

Surgical ICU 4 5,214 5.9 15.1 24.4 18.0 (8.5–21.7) 5.2 (1.8–6.4)

Medical-surgical ICU 60 90,905 0.0 16.5 51.4 19.8 (9.6–24.1) 3.6 (1.3–5.1)

Pediatric ICU 9 7,898 1.3 6.1 15.5 7.8 (3.0–14.2) 2.5 (0.0–2.8)

Danchaivijitr et al.12

(2003–2004)

Medical ICU 37 28,174 0.0 11.8 26.4 13.1 (5.0–18.4) 3.1 (0.9–4.6)

Surgical ICU 27 20,295 0.0 11.7 25.5 13.1 (6.0–20.4) 5.2 (1.8–6.4)

Pediatric ICU 23 13,113 0.0 8.7 26.3 11.2 (0.0–18.9) 2.5 (0.0–2.8)

Starling41 (1996b)

Medical-surgical ICU 4 NA NA NA NA 22.7 (NA) 3.6 (1.3–5.1)

Pediatric ICU 1 NA NA NA NA 9.7 (NA) 2.5 (0.0–2.8)

CAUTI

INICC48 (2007–2012)

Medical cardiac ICU 33 86,410 0.23 0.64 0.96 5.9 (5.4–6.4) 2.2 (2.0–2.3)

Medical-surgical ICU 151 921,015 0.35 0.73 0.99 16.5 (16.1–16.8) 1.2 (1.2–1.3)

Pediatric ICU 57 79,832 0.07 0.32 0.61 5.6 (5.1–6.1) 2.7 (2.5–3.0)

INICC39 (2002–2007)

Medical ICU 2 6,646 0.0 5.3 10.5 9.6 (0.0–10.5) 4.4 (1.8–5.6)

Surgical ICU 4 8,808 0.3 12.0 27.8 4.2 (3.1–22.9) 4.0 (1.2–6.1)

Medical-surgical ICU 60 155,722 0.0 5.2 22.8 6.61 (2.5–8.3) 3.4 (1.9–4.5)

Pediatric ICU 9 4,777 0.0 0.8 8.0 3.98 (0.0–3.3) 5.2 (0.0–6.0)

Danchaivijitr et al.12

(2003–2004)

Medical ICU 37 25,826 0.0 3.7 14.1 5.7 (0.0–8.5) 4.4 (1.8–5.6)

Surgical ICU 27 24,205 0.0 0.0 13.1 3.0 (0.0–5.3) 4.0 (1.2–6.1)

Starling41 (1996b)

Medical-surgical ICU 4 NA NA NA NA 8.55 (NA) 3.4 (1.9–4.5)

Pediatric ICU 1 NA NA NA NA 0.0 (NA) 4.0 (1.2–6.1)
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Table 22.1 (cont.)

Type of infection, refer-
ence (year[s]), type of
hospital unit

No. of
ICU

No. of
device-
days

Incidence rates by percentile
Pooled mean incidence rate

(IQR)a

10th
50th
(median) 90th In the RLS NHSN

CLABSI

INICC48 (2007–2012)

Medical cardiac ICU 33 89,998 0.11 0.55 1.0 3.5 (3.1–3.9) 1.0 (1.0–1.1)

Medical-surgical ICU 151 809,754 0.21 0.59 1.0 4.9 (4.8–5.1) 0.9 (0.9–1.0)

Pediatric ICU 57 127,825 0.11 0.42 0.89 6.1 (5.7–6.5) 1.4 (1.3–1.6)

INICC39(2002–2007)

Medical ICU 2 2,364 2.1 7.4 12.7 10.5 (2.1–12.7) 2.9 (0.8–4.2)

Surgical ICU 4 7,526 1.3 18.2 41.6 17.1 (1.3–41.6) 2.7 (0.9–4.4)

Medical-surgical ICU 60 132,061 0.0 9.7 34.3 8.9 (3.7–16.5) 2.4 (0.6–3.1)

Pediatric ICU 9 16,012 0.0 9.5 24.4 6.8 (7.9–19.2) 5.3 (1.1–6.5)

Danchaivijitr et al.12

(2003–2004)

Medical ICU 14 5,567 0.0 0.0 11.7 2.7 (0.0–4.9) 2.9 (0.8–4.2)

Surgical ICU 15 6,763 0.0 0.0 11.5 3.3 (0.0–2.7) 2.7 (0.9–4.4)

Pediatric ICU 14 4,851 0.0 0.0 16.9 5.2 (0.0–6.4) 5.3 (1.1–6.5)

Starling41 (1996b)

Medical-surgical ICU 4 NA NA NA NA 2.13 (NA) 2.4 (0.6–3.1)

Pediatric ICU 1 NA NA NA NA 4.1 c 5.3 (1.1–6.5)

NOTE: INNIC, International Nosocomial Infection Control Consortium; IQR, interquartile range (i.e., 25th and 75th percentile); NA, data not available.
a Incidence rates are expressed as follows: for VAP, number of cases per 1,000 ventilator-days; for CAUTI, number of cases per 1,000 catheter-days; for CLABSI,

number of cases per 1,000 central line–days.
b Only data from 1996 are shown. c Data from 1994.

Table 22.2 Procedure-specific National Nosocomial Infections Surveillance (NNIS) System risk index–adjusted rates of surgical site infection (SSI) in
resource-limited settings (RLSs), compared with NNIS benchmarks

Type of procedure, reference
(year[s]), risk index category

RLS data NNIS dataa (1992–2004)

No. of procedures No. of SSIs per
100
procedures

No. of
procedures

No. of SSIs per 100
procedures

Craniotomy

INICC49(2005–2010) 12,501 4.4 N/A 2.6b

Danchaivijitr et al.12 (2003–2004)

Category 0 435 0.69 4,717 0.91

Category 1 800 1.88 14,864 1.72

Category 2 184 3.80 4,666 2.40c
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Table 22.2 (cont.)

Type of procedure, reference
(year[s]), risk index category

RLS data NNIS dataa (1992–2004)

No. of procedures No. of SSIs per
100
procedures

No. of
procedures

No. of SSIs per 100
procedures

Starling41 (1994–1996d)

Category 0–1 541 2.8 14,864 1.72e

Category 2–3 541 2.8 4,666 2.40

Cardiac surgery

INNIC49(2005–2010) 14,070 5.6 N/A 1.3b

Danchaivijitr et al.12 (2003–2004)

Category 0 205 0.98 2,147 0.70

Category 1 175 1.71 49,135 1.50

Category 2 80 2.5 15,215 2.21c

Febré et al.43 (1998–1999f)

Category 0 14 0 2,147 0.70

Category 1 161 6.83 49,135 1.50

Category 2 108 9.26 15,215 2.21c

Category 3 40 7.5 15,215 2.21c

Starling41 (1994–1996d)

Category 0–1 214 5.6 49,135 1.50

Category 2–3 193 5.7 15,215 2.21

Mastectomy

INICC49(2005–2010) 4,148 1.7 N/A 2.3b

Danchaivijitr et al.12 (2003–2004)

Category 0 212 0.47 16,287 1.74

Category 1 140 1.47 10,700 2.2

Starling41 (1994–1996d)

Category 0 369 0.5 16,287 1.74

Category 1 230 2.2 10,700 2.2

Herniorraphy

INNIC49(2005–2010) 9,843 1.8 N/A 2.3b

Danchaivijitr et al.12 (2003–2004)

Category 0 1,296 0.23 12,659 0.81

Category 1 416 0.24 8,397 2.14

Starling30 (1994–1996d)

Category 0 698 0.1 12,659 0.81

Category 1 348 0.9 8,397 2.14

Laparotomy

INNIC49(2005–2010) 8,204 4.1 N/A 2.0b
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A. baumannii in Latin America and Asia.14,61,62 In addition,
carbapenem-resistant Enterobacteriaceae (CRE) have recently
emerged and spread globally.63

Nosocomial transmission of common communicable infec-
tions in resource-limited settings is particularly problematic for
pediatric patients.64–74 There are multiple reports of communic-
able respiratory viral infections65,68,69 and bacterial infections,70

as well as gastrointestinal infections71-73 and systemic viral
infections.67,74,75 In adults, nosocomial dissemination of multi-
drug-resistant Mycobacterium tuberculosis is also a serious
threat.76–78

Outbreaks are also significant in resource-limited settings,
but they may not be recognized in the absence of effective
surveillance systems. Investigators in Mexico described 12
outbreaks of nosocomial infections over a 14-year period,79

with an outbreak incidence almost 3 times higher than that
reported in US hospitals.80 The overall mortality rate was
25.8 percent; half of deaths were due to pneumonia.
The incidence rate was 3 outbreaks per 10,000 hospital dis-
charges, and outbreak-related infections accounted for
1.56 percent of all HAIs. The investigators reported only 2
outbreaks in the years 1985–1991 but 10 outbreaks in the
years 1992–1996; the increase was probably the result of
improved surveillance.80,81

Nosocomial transmission of bloodborne pathogens remains
a major but often underappreciated problem in resource-limited
settings.82–84 Despite the WHO Safe Injection Global Network,
which has been promoted since 1999,86 unsafe injection prac-
tices – such as reusing disposable needles and syringes, using
multidose vials of medication, recapping needles, and discarding
needles and syringes into the general waste system – remain
common in some developing countries.86–88 A comprehensive
review of all identifiable studies related to injection practices in
resource-limited settings reported that, for 14 of these 19 coun-
tries, at least 50 percent of injections given were considered
unsafe.82 These findings, and the risk of bloodborne pathogen
transmission associated with these practices, reinforce the
importance of using standard precautions and educating
HCWs about injection safety in resource-limited settings.90

Implementing Infection Control Programs

Interventions to Reduce the Incidence of
Nosocomial Infections
Reducing the incidence of major nosocomial infections (i.e.,
VAP, CAUTI, CLABSI, and SSI) is achievable by implement-
ing simple, affordable, non-device interventions that are

Table 22.2 (cont.)

Type of procedure, reference
(year[s]), risk index category

RLS data NNIS dataa (1992–2004)

No. of procedures No. of SSIs per
100
procedures

No. of
procedures

No. of SSIs per 100
procedures

Hernández et al.44 (1998g)

Category 0 56 3.6 6,414 1.71

Category 1 277 22 8,802 3.08

Starling41 (1994–1996d)

Category 0 56 1.8 6,414 1.71

Category 1 135 5.2 8,802 3.08

Abdominal hysterectomy

INICC49(2005–2010) 3,875 2.7 N/A 1.6b

Danchaivijitr et al.12 (2003–2004)

Category 0 112 1.16 49,024 1.36

Category 1 112 1.16 24,064 2.32

Starling41 (1994–1996d)

Category 0 119 0.0 49,024 1.36

Category 1 329 0.9 24,064 2.32

a NNIS data given in Danchaivijitr et al.12
b NNHS (2006-2008) data given in Rhosental VD et al49
c Risk index category 2–3.
d Only data from Hospital A are shown.25
e Risk index category.
f Data on cardiac surgery and thoracic surgery are included.
g Data on different types of abdominal surgeries and postdischarge surveillance are included.
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feasible and cost-saving in various resource-limited settings.91–96

Reducing the incidence of VAP can be achieved by means of
educational interventions, use of continuous quality improve-
ment models to create a multidisciplinary nosocomial pneu-
monia team, and implementing a VAP prevention “bundle”
(i.e., a combined group of prevention measures). However,
they are not widely implemented in resource-limited settings.
Factors associated with successful implementation include
active participation by respiratory therapists, physicians,
nurses and other key leaders; the use of evidence-based
educational programs with the VAP prevention bundle; and
continuous monitoring of nursing care practices to prevent
VAP.97–100 Together, these findings emphasize the importance
of improving the management and care of patients who
undergo ventilation, rather than eliminating a particular noso-
comial reservoir of infection.

Several non-device interventions have been shown to be
effective in reducing the incidence of CAUTI. These simple
approaches include providing education, performance feed-
back to physicians and nurses about catheter care, written
reminders for physicians about catheter indications, antibiotic
guidelines tailored to specific units, and reminders to physi-
cians to remove unnecessary catheters.101–106 A recent meta-
analysis revealed that these non-device interventions had
a significant impact on the duration of catheter use: there
were 1.69 fewer catheter-days per patient in the intervention
group than in the control group. Additionally, the relative risk
of CAUTI was 0.68 (95 percent confidence interval, 0.45–1.02;
P = 0.06), suggesting a trend toward fewer cases of CAUTI after
these interventions.107

Educational interventions to reduce the incidence of
CLABSI in individual institutions have been examined in several
studies.108–114 These interventions have used didactic training
sessions108,112,114 or a combination of both didactic and hands-
on training,110,111 and have targeted various groups of HCWs,
including resident physicians and medical students,111 physi-
cians-in-training and nursing staff,108,110,112 intensivists and
nurses,113 and nurses alone.114 Six of these studies reported
a 28 percent to 72 percent decrease in the incidence of
CLABSI after the intervention. A multicenter study in the
US demonstrated that an educational intervention based on
evidence-based practices can be successfully implemented in
a diverse group of medical and surgical units and can reduce
CLABSI rates.115 Alternatively, one ICU in the US significantly
reduced the incidence of CLABSI by implementing a CLABSI
prevention bundle consisting of staff education, use of a mobile
catheter-insertion cart, daily inquiries to care providers about
whether catheters could be removed, use of a checklist to ensure
adherence to evidence-based guidelines for preventing
CLABSIs, and empowerment of nurses to stop the catheter
insertion procedure if they observe a violation of the
guidelines.116 A CLABSI prevention bundle implemented in
one multicenter study117 included clinician education about
practices to control infection and harm resulting from
CLABSIs, use of a mobile catheter care cart with necessary
supplies, use of a checklist to ensure adherence to infection
control practices, stopping catheter insertion (in nonemergency

situations) if recommended practices were not being followed,
discussion of catheter removal at daily rounds, and providing
feedback regarding the number of cases of CLABSI at monthly
team meetings and regarding the rate of CLABSI at quarterly
team meetings. Implementation of this bundle of measures
resulted in a large and sustained reduction in the incidence of
CLABSI (up to 66 percent) that was maintained throughout the
18-month study period. Although most of these studies were
performed in developed countries,108–113,115–117 application to
resource-limited settings seems feasible.

Strategies that have been successful in reducing the inci-
dence of SSI, regardless of resources, have a common theme:
process improvement. Despite several national initiatives and
wide dissemination of evidence and guidelines, rates of com-
pliance with recommended prevention measures remain
low.118 However, many unnecessary practices, such as formal-
dehyde fogging or installation of UV lights in the operating
room, have been found to be common in resource-limited
settings.119 Studies have shown that implementing standar-
dized protocols can help increase the reliability of the processes
(e.g., reduction in the expenditure for antibiotics used during
surgery and reduction in the rate of SSI) in developing
countries.120–122 Thus, evidence-based protocols may serve as
a useful tool to help standardize processes for SSI prevention
and achieve higher performance. For example, procedure-
specific protocols for preoperative antibiotic administration
that are implemented by nursing and/or pharmacy staff elim-
inate the need for surgeons to remember to order the antibiotic
and reduce variation in orders written in different ways at
different times. Clinical exceptions can be designed into the
protocol, providing guidance to staff as to when an alternate
treatment path should be followed, such as for a patient allergic
to β-lactam agents, or giving instructions to contact the physi-
cian. Options to document contraindications can be incorpo-
rated into process tools (e.g., preprinted orders), serving as
a reminder and making it easy for physicians to note excep-
tions. Implementing such protocols, together with strict adher-
ence to basic infection control measures (e.g., proper hand
hygiene and scrub time), can result in SSI prevention process
improvements in resource-limited settings.

Two studies performed in Asia found that many preventive
practices geared toward CAUTI, CLABSI, VAP were used
infrequently.123,124 Notably, hospitals with an explicit safety
culture, together with participation in a collaborative infection
control network, are significantly more likely to implement
protocols to prevent HAIs in these studies. Thus, policy imple-
mentation with emphasis on specific infection prevention
practices to prevent HAIs may be beneficial.

Interventions to Reduce the Incidence of Infections
with Multidrug-Resistant Microorganisms
Inappropriate use of antibiotics contributes to a high preva-
lence of antibiotic-resistant pathogens in resource-limited
settings.125 However, this is poorly documented, because
most resource-limited settings lack reliable surveillance sys-
tems. It is well demonstrated that appropriate use of
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antimicrobials (“antimicrobial stewardship”) and infection
control programs are essential components in the effort to
reduce the incidence of MDRO infections, regardless of
resource availability.126 Although guidelines on preventing
the transmission of MDROs, particularly Gram-positive bac-
teria, are available,127,128 application of these guidelines in
resource-limited settings might not be practical. Issues that
complicate guideline implementation in resource-limited set-
tings include the lack of antimicrobial stewardship initiatives,
lack of resources to meet the cost of implementing some
processes (e.g., use of active surveillance cultures, or providing
isolation gowns for patient cohorts), and the lack of evidence-
based recommendations to reduce the prevalence of multi-
drug-resistant Gram-negative bacteria (MDRGNB), which is
far higher in developing compared to developed countries.36,
130

Despite these limitations, several reports from resource-
limited settings describe success with multifaceted interven-
tion programs that featured education and use of antibiotic
order forms, with or without audits and prescriber feedback, to
promote appropriate antibiotic use.131 It is also important to
emphasize that antimicrobial stewardship educational pro-
grams should rely on three treatment principles. First, the
choice of empirical therapy should be based on the prevalence,
patterns, and risks of infection with MDROs in the particular
setting. Second, procurement of specimens for culture before
the start of treatment is essential for implementing and evalu-
ating strategies for de-escalation of antimicrobial use. Third,
subsequent de-escalation should focus on appropriate dura-
tion of treatment and monitoring for adverse events.131–133

Together, these relatively simple interventions have been
shown to reduce the incidence of infection with MDROs in
various resource-limited settings.36,129–133

Several MDRGNB, such asA. baumannii and P. aeruginosa,
have a propensity to cause outbreaks of nosocomial
infections.126,134 Outbreaks of infection with these microor-
ganisms can occur in institutions where an effective antimi-
crobial stewardship program has been established,126,130

demonstrating the importance of additional infection control
interventions for outbreak control. Although molecular epide-
miologic analysis may be unavailable, practitioners in
resource-limited settings should adopt (and adapt) other infec-
tion control components to help control outbreaks of infection
with these microorganisms, such as use of selective environ-
mental cultures guided by epidemiologic data to determine if
a common environmental source is present, enhanced contact
isolation, enhanced environmental cleaning, and modified
active surveillance to identify and isolate colonized patients
among high-risk groups.36,129–132,134 Monitoring adherence to
these infection control interventions is also important. These
infection control measures, together with antimicrobial stew-
ardship programs, as well as advanced source control have
been shown to reduce the rate of transmission of MDRGNB
in many resource-limited settings.36,129–132,134,136

Likewise, per a national survey in Asia, having a physician
as the lead infection control professional and participation in
a collaborative effort to prevent MDROs were associated with

multifaceted interventions to reduce MDR – A. baumannii,
and medical school affiliation and participating in
a collaborative network to prevent MDROs was associated
with multifaceted interventions to reduce MRSA, while parti-
cipating in a collaborative network, safety culture, and excel-
lent administrative support were positively associated with the
implementation of an antimicrobial stewardship program.137

Future efforts that correlate infection prevention interventions
and MDRO trends will help further develop evidence-based
practices in resource-limited settings.138

Developing a Cost-Effective Infection
Prevention Program
Multiple studies have shown that HAIs increase the cost of
medical care because of excess lengths of stay and increased
morbidity and mortality.138–151 It is well established that inte-
grated infection prevention programs that include HAI sur-
veillance and multifaceted interventions, including education,
can significantly reduce the incidence of HAIs.12,133,151–155

Thus, it is reasonable to assume that infection prevention
programs can reduce healthcare costs. The cost benefit of
infection prevention programs has been demonstrated in
developed countries.156–160 The cost-effectiveness of infection
prevention interventions is more complex to study, but it too
has been demonstrated in some articles.161–165

New infection prevention programs in resource-limited
settings usually have to prove at least their ability to be cost-
neutral in order to receive enough resources to become estab-
lished. Few studies on this topic from resource-limited settings
have been published, and most of them are related to the cost
benefit of infection prevention programs. A case-control study
in Turkey indicated that HAIs increased the average hospital
stay by approximately 4 days. Using an incremental cost esti-
mate, the hospital sector had to spend an additional
US$48 million for medical management of HAIs; the benefit-
to-cost ratio for an infection prevention program was found to
be approximately 4.6.166 Clearly, a program for preventing
HAIs will not only pay for itself but also generate other direct
and indirect benefits, both for patients and for society as
a whole.

Another recent case-control study, from India, demon-
strated that patients with hospital-acquired bacteremia had
significantly longer total stays (mean duration, 22.9 days),
longer ICU stays (mean duration, 11.3 days), higher mortality
rates (mean rate, 54 percent), and greater costs (mean cost,
US$14,818) than did uninfected control subjects.167

The authors estimated that hospital-acquired bacteremia
increased costs by a total of US$980,000 in their cardiothoracic
unit and illustrated that, although the cost of healthcare is
much lower in India than in Western countries, the economic
impact of HAIs was similar.168

Given this background, we recommend several steps to
develop a cost-effective infection prevention program in
a resource-limited setting.

1. Perform a risk assessment for your particular setting.
Initially, it is impossible to do everything. One must first
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establish priorities and perform a risk assessment in order to
develop a cost-effective infection prevention program. It is
necessary to have a baseline assessment of the healthcare
system, including the number of beds, the number of
procedures performed, the patient population served, and
the rate of device utilization, as well as to understand the
history of previous efforts to establish infection prevention
programs. In the absence of regular surveillance, HAI
point-prevalence surveys will be a useful starting point to
clarify the extent of the problem and to identify priority
areas to target for initial interventions.12,169

2. Engage hospital leaders and government authorities.
The ultimate responsibility for infection prevention rests
within individual facilities, but external political, economic,
and social forces may have a significant impact on the
development of these initiatives. Healthcare managers
must be convinced of the potential to reduce costs and save
resources by implementing infection prevention programs,
as well as the safety and quality benefits.170

3. Establish an infection prevention and control program and
committee. The characteristic features of highly effective
infection prevention programs have been recognized since
1980.153,154 In 1998, a consensus panel provided updated
and specific recommendations in the following areas:
managing critical data and information, including
surveillance data; developing, implementing, and
monitoring policies and procedures; following guidelines
and meeting accreditation requirements; collaborating
with the employee health program; applying interventions
to prevent transmission of infectious diseases; educating
and training healthcare workers; and dedicating resources
to infection prevention programs.171

4. Adjust the surveillance plan to match the characteristics of
your particular setting. Surveillance should focus on high-
risk hospital populations: for instance, patients in ICUs and
patients with device-associated HAIs.18,172 Computer and
statistical support is desirable, as is a plan to communicate
results and implement interventions according to the
highest priorities.

5. Implement evidence-based measures first. Hand hygiene
programs, standard precautions, and isolation precautions
are the basic fundamentals of any infection prevention
program to reduce the cross-transmission and spread of
infections in healthcare settings.27,90,173 In addition,
unnecessary practices should be eliminated, especially if
they are expensive or do not add value – that is, do not aid
in preventing infection.119, 174

6. Provide education and training in infection prevention for
HCWs. Education is a priority, and infection prevention
education should first target local infection prevention
leaders, then target doctors, nurses, and students.175,176

Academic centers should develop and implement infection
prevention education for the curriculum in medical and
nursing schools.177

7. Be prepared for obstacles and problems. Multiple barriers
have been reported by infection prevention teams during
the development of new infection prevention programs.

A study from Egypt described numerous constraints, such
as non-cooperation of medical staff, underreporting of
SSIs and BSIs, lack of communication between the
infection prevention team and laboratory staff, and lack of
advocacy and political support.169 In a study from
Thailand, the main obstacles for infection prevention
programs were a lack of incentives (reported by
66.7 percent of respondents) and lack of support from
administrators (reported by 30.2 percent).178 Many of
these same barriers exist in developed countries as well.
There are numerous examples of studies on how to build
a business case for infection prevention and on
establishing priorities in the infection prevention
literature from developed countries.170,179–181 Existing
models and tools from developed countries, the CDC, the
WHO, and resource-limited settings with successful
infection prevention programs should be used to help
address these barriers. New infection prevention
programs should focus on establishing a track record of
reporting infection rates, providing education, and
developing interventions to reduce infections, to
demonstrate their achievements. Initial successes and cost
savings can then be used to provide data to expand the
infection prevention program.

Establishing Occupational Health Programs
Healthcare epidemiologists in resource-limited settings
should advocate for strong occupational health programs,
as HCWs are a scarce resource and are costly to train and
replace. Furthermore, communicable diseases are readily
transmitted between patients and HCWs and vice versa,
and the incidence of occupationally acquired infections
reflects the success of a hospital’s infection prevention
program. Although healthcare workers may be exposed to
a number of occupational hazards, this section focuses on
selected infectious hazards encountered in resource-limited
settings.

Hospitals in resource-limited settings may be unable to
implement the use of costly protective measures, such as air-
borne-infection isolation rooms or safety-engineered needle-
less devices. Nevertheless, many effective interventions are
relatively inexpensive. These include correct use of hand
hygiene and standard precautions, vaccination of HCWs, per-
formance of risk assessments, and reducing “presenteeism”
(i.e., HCWs working when they are ill with a communicable
disease). All HCWs, including physicians, should receive train-
ing on hand hygiene and standard precautions. The nosoco-
mial transmission of vaccine-preventable illnesses is well
documented; thus, WHO-recommended vaccines should be
provided free of charge to all HCWs.182 Risk assessment –
that is, the process of evaluating the risk of potential exposure
to an infectious disease before each patient contact – requires
that HCWs be educated on the infectious syndromes and
patient-care activities that may warrant use of additional pro-
tective measures.89 Presenteeismmay be reinforced by hospital
policies, peers, or a personal sense of duty, and healthcare

Infection Prevention in Resource-Limited Settings

259



epidemiologists should help policy makers and HCWs under-
stand the risks associated with this practice.

Prevention of Mycobacterium tuberculosis Infection
M. tuberculosis infection poses a serious occupational risk in
many resource-limited settings. M. tuberculosis infection (TB)
rates are higher among HCWs with longer length of employ-
ment or more exposure to patients infected with M.
tuberculosis.78 However, M. tuberculosis infection may go
unrecognized as an occupational infection if there is a high
prevalence of TB in the community or a lack of nosocomial
surveillance.

Surveillance for nosocomial TB is useful to evaluate the
effectiveness of TB control measures, the ongoing risk of
acquisition, and the need for additional interventions. Since
most HCWs who acquireM. tuberculosis will have latent infec-
tion (LTBI), screening for M. tuberculosis disease (i.e.,
active M. tuberculosis infection) will greatly underestimate
the occupational risk. Surveillance for latent infection can be
conducted by use of the tuberculin skin test (TST) or inter-
feron-gamma release assays (IGRAs). A positive result of an
IGRAs is more specific for M. tuberculosis infection than is
a positive tuberculin skin test result, but the assay is costly and
not recommended in resource-limited settings.183 TST results
may be affected by previous receipt of BCG vaccine, infection
with nontuberculous mycobacteria, or HIV co-infection.
Nevertheless, several studies have demonstrated that the tuber-
culin skin test is a useful tool to quantify the risk of
nosocomial M. tuberculosis transmission, even among HCWs
who have received the BCG vaccine,78,184,185 and to identify the
areas of highest risk to be targeted with control measures.186

HCWs with a positive tuberculin skin test and/or
active M. tuberculosis infection should be encouraged to
undergo testing for HIV infection. HIV-positive HCWs should
be offered antiretroviral therapy as well as treatment for either
latent or active M. tuberculosis infection, as determined by the
clinical assessment.187

Although implementing M. tuberculosis control measures
may be challenging in resource-limited settings, studies from
Brazil, Malawi, and Thailand suggest such measures can
reduce occupational risk for HCWs.186,188–190 The WHO
recommends that the highest priority be given to administra-
tive control measures; in particular, prompt triage, separation
of infectious patients, respiratory hygiene, and minimizing the
time infectious patients spend in healthcare facilities.187

A study from Brazil found that the time from patient presenta-
tion to receipt of the first dose of medication active
against M. tuberculosis can be reduced from days to hours
and that implementing administrative control measures, with-
out the use of more costly engineering controls, can result in
a significant reduction in the number of HCW TST
conversions.188 Hospitals should also have a program to moni-
tor and maintain effective ventilation. Where mechanical ven-
tilation systems are cost-prohibitive, natural ventilation should
be maximized (e.g., by opening windows where climate per-
mits) and augmented by the proper use of fans to improve

dilution and direct airflow away from susceptible persons. UV
germicidal irradiation (UVGI) devices can be used as
a complementary control measure.187 The use of particulate
respirators varies widely between and within resource-limited
settings. Because of cost considerations, most hospitals require
that HCWs reuse their respirators. If use of respirators is
poorly accepted by HCWs, they may wear them improperly,
not wear them when use is indicated, or lose them.78,191 Thus,
hospitals that provide respirators should ensure that HCWs
are properly trained in their use and should replace lost, torn,
or dirty respirators.

Prevention of Transmission of Bloodborne
Pathogens and Postexposure Management
Exposure to bloodborne pathogens is a serious occupational
hazard in countries with a high prevalence of infection with
HIV, hepatitis B virus, and/or hepatitis C virus. The WHO
estimates that approximately 3 million HCWs are occupation-
ally exposed to bloodborne pathogens each year, resulting in
66,000 hepatitis B virus infections, 16,000 hepatitis C virus
infections, and 1,000 HIV infections; more than 90 percent of
these occur in resource-limited settings.192 Needlestick injuries
are themost common source of exposure to bloodborne patho-
gens, and most of these injuries are preventable. It has been
estimated that HCWs in Africa, the Eastern Mediterranean,
and Asia sustain on average 4 needle stick injuries per year.193

Prevention strategies for reducing occupational exposure
to bloodborne pathogens should focus on eliminating unne-
cessary injections, observing standard precautions, and train-
ing HCWs in the safe use and disposal of needles and sharp
devices (“sharps”).194 Special efforts should be made to train
HCWs who are less experienced, as they are at higher risk of
sustaining a needle stick injury. Personal protective equipment
(e.g., gloves, gowns, facial protection) should be readily avail-
able, and, where feasible, sharps with injury protection features
(e.g., needles that autoretract) and reuse prevention features
should be used.195 HCWs should receive hepatitis B vaccine,
free of charge, as early in their career as possible and have
a protective titer documented. HCWs occupationally exposed
to a bloodborne pathogen should have immediate access to
a medical assessment, counseling, confidential testing, and
follow-up. Hospitals should ensure that medication for HIV
postexposure prophylaxis is readily available for workers with
exposures deemed high risk.193,196

Emerging and Re-Emerging Viruses in Healthcare
Workers and Infection Control Implementation
In recent years, emerging and re-emerging viruses have had
a devastating effect on hospitals and their communities.
Hospitals are often the vanguard for both the recognition and
the control of emerging viruses in outbreaks of SARS, novel
influenza viruses, MERS-CoV and Ebola. It is estimated that
HCWs accounted for 11–57 percent of all SARS cases in 2003,
1–27 percent of all MERS-CoV cases since 2012, and 1–16
percent of all Ebola cases worldwide since 2014, with a fatality
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rate of up to 73 percent for Ebola-infected HCWs.37,38

Additional healthcare transmission involved patients and family
members who presented to hospitals for other reasons.
The global spread of emerging viruses in HCWs was facilitated
by a lack of adherence to standard infection prevention
practices.37,197

These outbreaks provide several important lessons for
future prevention efforts. First, transmission often occurs
because of delays in recognizing infectious patients and
implementing appropriate infection control measures.
Such delays can be reduced by implementing screening,
triage, and risk assessment protocols.37,198 Furthermore,
HCWs should be trained to identify unusual clusters of
patients with severe febrile respiratory illness or hemor-
rhagic fevers, particularly if there is a history of contact
with other severely ill persons (e.g., a family cluster). These
clusters of infection should be reported to local public
health authorities.

A second contributing factor in transmission is a lack of
availability and inconsistent use of personal protective equip-
ment (PPE). In particular, face and eye protection is often
suboptimal.199,200 HCWs protection can be enhanced by
ensuring adequate PPE supply, PPE training (including prac-
tice in donning and doffing), use of a designated observer (or
“buddy”) while donning and doffing to minimize self-
contamination, and written protocols for PPE use and
disposal.198,200–202 Changes to PPE supplies and protocols
can lead to errors and should be minimized.

Finally, the risk of transmission of emerging pathogens in
healthcare settings is associated with high-risk procedures,
such as aerosol-generating procedures (e.g., intubation,
bronchoscopy) in patients with viral respiratory infections,
and phlebotomy or hemodialysis in patients with Ebola.
While in principle these procedures should be minimized to
reduce HCW risk, in practice, these are often considered life-
saving procedures. If high-risk procedures are unavoidable, the
number of personnel present during the procedure should be
limited. In the case of emerging respiratory viruses, aerosol-
generating procedures should be conducted in adequately
ventilated single-patient rooms, and HCWs should wear par-
ticulate respirators.198

In order to prepare for future emerging infectious diseases,
healthcare facilities should develop preparedness plans for
pandemic avian influenza and implement heightened protec-
tive measures.37,200,202 Pandemic preparedness plans in
resource-limited settings should be aligned with their available
resources and context. Planning should include the following:
healthcare administrative support, mechanisms to rapidly cre-
ate temporary isolation facilities, systems to restrict exposed
HCWs, and involvement of infectious disease specialists who
can screen and identify cases early, provide for continuous
monitoring to ensure adherence to optimal infection-control
practices, and give regular feedback on compliance to
HCWs.37,201 On a national level, theWHO encourages all coun-
tries to continue avian influenza surveillance, including surveil-
lance for severe acute respiratory illness, reporting of human
infections, and sustained national health preparedness

actions.198 The key factors in controlling avian influenza out-
breaks include the rapid and coordinated response of central
and regional health and agricultural authorities and the educa-
tion and performance of HCWs.

In addition to emerging respiratory viruses, hospitals must
be prepared to deal with seasonal and endemic respiratory
viruses. Annual vaccination against seasonal influenza is
recommended for all HCWs.203 A study from Thailand esti-
mates that the costs incurred in a nosocomial influenza out-
break are 10-fold higher than the costs of a universal annual
HCW vaccination program.204 Thus, vaccination would be
cost-effective, particularly in tropical countries where influ-
enza occurs year-round.

Disinfection and Sterilization
The principles of disinfection and sterilization are discussed in
Chapter 8. This section focuses on challenges that may con-
front resource-limited settings more frequently: the impact of
water quality on disinfection and sterilization and the reuse of
single-use medical devices.

Hospitals in resource-limited settings may face difficulty in
ensuring a reliable supply of clean water for cleaning and
reprocessing medical devices. The risk of bacterial contamina-
tion is lower if deionized or distilled water is used instead of tap
water. However, even these sources of water may have high
levels of endotoxin. Out breaks of pyrogenic reactions have
been linked to the use of water with high endotoxin levels to
reprocess cardiac catheters.205,206 Monitoring the quality of the
water used for reprocessing by measuring both bacterial con-
tamination and endotoxin levels is essential for preventing
adverse outcomes.

Hospitals may feel compelled to reprocess and reuse
medical devices intended “for single use only” as proce-
dures involving increasingly complex and costly medical
devices become more widely available in resource-limited
settings. This practice raises ethical and patient safety con-
cerns. Safety data supporting the reuse of many such
devices are lacking, but not reusing such a device may
deny a patient a potentially life-saving procedure, where
resources are limited. Inadequate local practices may
further increase the risk of adverse patient outcomes.207

At a minimum, hospitals that reprocess and reuse single-
use devices should train the personnel who do the repro-
cessing; implement a standardized, written reprocessing
protocol; ensure adequate cleaning, rinsing, drying, steriliz-
ing, and packaging methods; develop criteria for discarding
reused devices so they are not used repeatedly until they
malfunction or break; and conduct surveillance for adverse
patient events.

Finally, it is important to emphasize that syringes and
needles must never be reprocessed or reused. The WHO
estimates that as many as 40 percent of injections worldwide
are given with reused, unsterilized syringes and needles and
that these practices cause an estimated 21 million new HBV
cases, 2 million new HCV cases and 260,000 new HIV cases
globally, in addition to malaria, Ebola, and Marburg
infections.208
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Implementing Hand Hygiene Programs
Hospitals in resource-limited settings may face formidable
barriers to hand hygiene, including a lack of access to clean
(or any) water, lack of administrative support, overworked
staff, and crowded wards. A successful hand hygiene program
will require a step-by-step approach, with successful comple-
tion of each step before moving on to the next (Table 22.3).
The first step is to garner the support of hospital administra-
tors. Since the WHO launched the First Global Patient Safety
Challenge in 2005, the Ministries of Health in 139 countries
have pledged to address hand hygiene in their hospitals.209

Hospitals in these countries can use this national-level com-
mitment to help convince local administrators of the impor-
tance of hand hygiene. Tools and resources from the WHO
Global Patient Safety Challenge210 and the strong association
between improved hand hygiene compliance and fewer health-
care-acquired infections may also be useful to rally adminis-
trative support (see Chapter 9 on hand hygiene).

Once hospital leadership is supportive, access to appropri-
ate hand hygiene agents must be provided. Inmost cases, use of
plain soap and water is the cheapest method of hand hygiene.
However, the feasibility of providing alcohol-based hand rub
should be considered, as alcohol-based hand rub has many
advantages over soap and water. Alcohol-based hand rub
may provide a solution for hospitals without a reliable source
of clean, running water, as there is no need for plumbing or
concern about water quality. Effective alcohol-based rubs can
be made in-house at a fraction of the cost of commercial
product. Along with choosing and providing the hand hygiene

agent(s) to be made available, careful consideration must be
given to their placement. It is essential that HCWs have con-
venient access to hand hygiene agents at the point where they
are providing care to the patient.211

Once appropriate hand hygiene agents have been provided,
it is necessary to identify and address other potential barriers to
compliance. These may include a lack of understanding of the
role of hand hygiene in preventing healthcare-acquired infec-
tions, lack of awareness of when hand hygiene should be
performed, poor hand hygiene practices as a cultural norm,
or cultural or religious concerns with the use of alcohol-based
hand rub.212 HCWs should be educated on the importance of
hand hygiene in preventing the transmission of infections to
patients, as well as protecting themselves from occupational
infections. They should be aware of the appropriate moments
during patient care activities when hand hygiene should be
performed.213 Cultural norms within a hospital can sometimes
be successfully changed by identifying hand hygiene advocates
or “champions.” Champions should be respected individuals

Table 22.3 Steps to implementing a successful hand hygiene program in a
resource-limited setting

Step 1. Seek administrative support (“buy-in”)

Promote the World Health Organization campaign (adopt and/or
adapt it)

Present an evidence-based case for hand hygiene

Step 2. Provide access to hand hygiene products

Assess the availability of clean water and soap

Implement use of alcohol-based hand rub where it is feasible;
place hand hygiene supplies at the point of care

Step 3. Address barriers to good hand hygiene compliance

Lack of understanding: educate healthcare workers about the
chain of transmission, the effectiveness of hand hygiene in
breaking the chain, and the appropriate moments for hand
hygiene

Cultural norms: identify and groom advocates (“champions”) and
address religious or cultural barriers to use of alcohol-based hand
rub

Forgetfulness: use reminders (e.g., posters and promotional
materials)

Step 4. Conduct audits and provide feedback on compliance
rates

Table 22.4 Infection prevention networks sponsored by professional
societies worldwide

Network URL

Society for Healthcare Epidemiology
of America

www.shea-online.org

Association for Professionals in
Infection Control and Epidemiology

www.apic.org

International Nosocomial Infection
Control Program

www.inicc.org

Asia Pacific Society of Infection
Control

www.apsic2009.org

New Zealand National Division of
Infection Control Nurses

www.infectioncontrol
.co.nz

Eastern Mediterranean Regional
Network for Infection Control

www.emro.who.int/e
mrnic/about.htm

Southeastern Europe Infection
Control

None

Baltic Network for Infection Control
and Containment of Antimicrobial
Resistance

http://balticcare
.wordpress.com/

Australian Infection Control
Association

www.aica.org.au/

Infection Control Association
(Singapore)

www.icas.org.sg/

The Nosocomial Infection Control
Group of Thailand

www.idthai.org/

The Hospital Infection Society www.his.org.uk/

Infection Control Nurses Association www.ips.uk.net/

Middle Eastern Society of Infection
Control

None
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in the hospital whose hand hygiene practices provide a model
for others to follow and who can motivate others to change
their attitudes and behavior. Other approaches to changing the
cultural norms of a hospital may include poster campaigns,
visible support of hospital leadership, and informing patients
that hand hygiene is a hospital priority so that patient expecta-
tions help drive behavior. In hospitals that promote the use of
alcohol-based hand rub, any cultural or religious concerns
about the use of this agent should be addressed.212

Once the barriers to hand hygiene have been identified and
addressed, observing hand hygiene practices and providing
feedback to HCWs are an effective method of modifying beha-
vior and further improving compliance. This should be done in
a positive and not punitive manner. Performance data may be
better received when provided in aggregate fashion (e.g., by unit
or occupational group). Competition may drive further
improvement (e.g., comparing the performance of one unit or
healthcare worker group against another). Hand hygiene com-
pliance rates should become a performance indicator for hospi-
tals committed to improving patient safety and quality of care.

International Infection Control Networks
The first national, multidisciplinary infection prevention
societies were formed in the early 1970s and are responsible
for much national and global progress; professionals are more
likely to be effectively focused on the problem and on educa-
tion, research, and solutions than are government agencies,
and they are less likely to be distracted by political concerns.
Just as new IPs need support, education, and a network of more
experienced individuals, the new infection prevention societies
soon found that they also needed some of these same resources.
Infection prevention nurses from the United States, the United
Kingdom, Sweden, Canada, and Denmark requested WHO
support for an international infection prevention meeting.
The WHO sponsored such a meeting in 1978, which was
attended by 75 professionals from 25 countries. The develop-
ment of the International Federation of Infection Control214

soon followed; the members are the national infection preven-
tion societies of more than 55 countries.215

As regional and international societies are an integral parts
of the International Federation of Infection Control, so several
regional and international infection control networks exist in
many regions around the world. These are nonprofit, open,

international, professional organizations established to help
distribute education on infection control to practitioners in
each region, and some offer evidence-based guidelines on
infection prevention or offer the opportunity for research net-
works around the world. Practitioners in resource-limited set-
tings can participate in the activities developed by these
societies. Organizations from around the world that sponsor
infection prevention networks are listed in Table 22.4.

Conclusions
HAIs infections in resource-limited settings represent a huge
unrecognized threat to patient safety. Successful research in
resource-limited settings, combined with intensive continuous
efforts to more consistently implement simple and inexpensive
measures for prevention, will lead to wider acceptance of
infection prevention practices in these settings. Existing evi-
dence suggests that infection prevention measures are feasible
and effective in reducing the incidence of HAIs and improving
healthcare outcomes. In addition, several viral emerging dis-
eases have emerged and are impacting healthcare systems
worldwide. However, many unanswered questions remain,
and additional studies are required to help understand and
improve infection prevention programs in resource-limited
settings. Because many interventions do not require expensive
technology, resource-limited settings should not delay the
implementation of basic infection control interventions while
awaiting additional data. Resource-limited countries should
develop national infection prevention guidelines to reduce
the incidences of nosocomial infections and infections with
MDROs. Guidelines to improve the quality of disinfection and
sterilization processes, as well as guidelines for pre-exposure
and postexposure diagnostic work-ups for occupational expo-
sures, are needed. Resource-limited settings should implement
practical, evidence-based, low-cost, and simple preventive stra-
tegies first. Additional studies to explore the long-term effect
and cost benefit of specific infection prevention interventions
in resource-limited settings are needed. Studies of antimicro-
bial stewardship programs and other interventions to reduce
the development and transmission of MDROs are also war-
ranted. Such studies should include analyses of economic,
behavioral, communication, and organizational strategies to
optimize the implementation of and adherence to best
practices.
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Section 6 Special Topics

Chapter

23
The Role of the Laboratory in Prevention
of Healthcare-Associated Infections
Michael A. Pfaller, MD, and Daniel J. Diekema, MD, MS

Because infection prevention requires the ability to detect
infections when they occur, the laboratory, particularly the
clinical microbiology laboratory, is an essential component of
any comprehensive infection prevention program (IPP).
As medical technology advances, the need for accurate and
rapid detection of organisms and identification of antimicro-
bial resistance is more important than ever. Emerging mole-
cular and proteomic technologies can increase the speed,
accuracy, and sensitivity of detection methods and have
allowed the laboratory to identify organisms that were pre-
viously unknown or inaccurately identified, as well as those
that do not grow readily in culture.1–5 Molecular and proteo-
mic techniques also enable the microbiologist to identify anti-
microbial resistance genes and to performmore discriminating
strain typing, thereby facilitating studies of healthcare-
associated pathogen transmission.6–9 However, these new
technologies can be costly, and determining the most appro-
priate and cost-effective use of these powerful new diagnostic
approaches can be challenging. We hope in this chapter to
outline the key ways in which the laboratory can help prevent
healthcare-associated infections (HAIs) and improve antimi-
crobial stewardship.

The most important roles of the clinical microbiology
laboratory in the prevention of HAIs can be divided into five
major categories: (1) surveillance, (2) outbreak detection and
management, (3) antimicrobial stewardship, (4) advisory, and
(5) educational.

Surveillance
Review of the clinical microbiology laboratory records is the
most common method for case finding in HAI surveillance: it
is estimated that more than 80 percent of HAIs may be identi-
fied by a review of positive cultures from the laboratory.10,11

In addition, the National Healthcare Safety Network (NHSN)
now includes metrics for “LabID Events” that track healthcare-
associated methicillin-resistant Staphylococcus aureus (MRSA)
and Clostridium difficile using laboratory- reported data.12

Reporting of these rates is now mandated by the Centers for
Medicare and Medicaid Services (CMS), and the rates are used
to reward and penalize healthcare facilities in “pay-for-
performance” programs.13 Therefore, the most important role
of the microbiology laboratory is to promptly and accurately
detect healthcare-associated pathogens and their antimicrobial
resistance patterns. The laboratory must also work with the IPP
and the hospital’s information technology department to
determine how microbiology data are delivered and linked to

other surveillance data to streamline this process (see
Chapter 10).

Major surveillance challenges facing the clinical microbiol-
ogy laboratory include the continued emergence of novel
infectious agents (e.g., new influenza strains, emerging threats
such as MERS-COV or Zika virus) and antimicrobial-resistant
pathogens (e.g., multidrug-resistant Acinetobacter spp., carba-
penem-resistant Enterobacteriaceae), as well as new govern-
mental and public health mandates that place pressure on the
laboratory to provide more robust surveillance support (e.g.,
mandated active surveillance cultures in some states, pay-for-
performance programs, and public reporting of HAI rates).14

The spectrum of pathogens causing HAIs continues to
evolve, and can significantly vary by region and hospital.
Over the past half-century, gram-positive bacteria have
become the predominant causes of HAIs, with an increasing
incidence of MRSA and vancomycin-resistant Enterococcus
(VRE)11,16,17 (see Chapter 16). Candida spp. have also emerged
as a major problem.15 By 2010, eight pathogen groups were
implicated in over 80 percent of all HAIs reported to the
Centers for Disease Control and Prevention (CDC) NHSN
(see Sievert et al.,18 Table 23.1). The improvement in methods
to detect and identify viruses has also led to increased recogni-
tion of viral pathogens as common causes of HAI.19

Among bacterial causes of HAI, the ESKAPE pathogens
(E. faecium, S. aureus, Klebsiella pneumoniae, A. baumannii,
Pseudomonas aeruginosa, and Enterobacter spp.) have been
identified as being both common and highly problematic due
to their rates of antibiotic resistance. These pathogens are
responsible for over 70 percent of HAIs in intensive care
units.20, 21 The ESKAPE pathogens that are currently of great-
est concern are the multidrug-resistant gram-negative rods
(MDR-GNRs;22–2 see also Chapter 17), which include
extended-spectrum beta-lactamase (ESBL) and carbapene-
mase-producing Enterobacteriaceae and multiple-or pan-drug
resistant nonfermenters such as P. aeruginosa and
A. baumannii24 Rapid and accurate identification of these key
HAI pathogens, including their multiple, highly complex resis-
tance mechanisms, is important for both optimal patient care
and infection prevention efforts.7,28

Collection and Transport of Specimens
Providing valid data for HAI surveillance begins with ensuring
proper specimen collection, transport, and handling.29–31

Specimens that are not collected or transported properly may
give inaccurate results, even when handled as well as possible
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once they reach the laboratory. In turn, these inaccurate results
may lead to incorrect clinical decisions by physicians, unne-
cessary labor by laboratory and IPP personnel, and unneces-
sary patient charges. Many healthcare-associated pathogens
(e.g., coagulase-negative staphylococci, Candida) also com-
monly colonize patients’ skin or mucous membranes and can
easily contaminate cultures if specimens are not collected or
handled properly. If contaminants are considered to be infect-
ing organisms and result in a case meeting the HAI surveil-
lance definition, HAI rates may be inflated through
misclassification.10,32 The laboratory must therefore monitor
specimen quality carefully and also work closely with inpatient
and ambulatory care units to develop and enforce strict criteria
for appropriate collection and handling of clinical specimens.
These procedures are necessary to ensure that the laboratory
information presented to the clinician and the IPP reflects
organisms that are actually associated with the site of culture
rather than contaminants.

Certain laboratory findings suggest specific handling
errors. For example, a persistent failure to isolate organisms
from patient specimens with pathogens seen on gram-stain
suggests inadequate transport media, delay or inappropriate
refrigeration of specimens in transit, errors in staining,
contaminated reagents, or inadequate culture techniques.
Likewise, the frequent recovery of three or more different
organisms in clean-voided, midstream urine specimens sug-
gests unsatisfactory methods of specimen collection, delay
in transporting specimens to the laboratory, or delay in

culturing. Specimen collection and handling should be
assessed regularly to detect and correct such problems; the
frequency with which probable contaminants are isolated
from clinical specimens can be a measure of the quality of
specimen collection in a specific hospital unit. Addressing
these issues is another area where laboratory and IPP per-
sonnel can work together to improve results, including
decreasing contamination rates. Many hospitals also moni-
tor specimen transport time and use this information to
avoid culturing of old, inadequate specimens. Evaluation of
test turnaround time has become an important element of
laboratory quality assurance.33

Initial Evaluation of Specimens
Assessing the quality of specimens at the time that they are
received in the laboratory is one of the best ways to evaluate
their suitability for further microbiologic work up.
Microscopic review of gram stain of sputum specimens is
a proven means for determining the adequacy of these
specimens;29,34 specimens that are identified as inadequate
(multiple squamous epithelial cells, no neutrophils) are not
processed further and thereby prevent confusion by the clin-
ician or epidemiologist in interpreting the results. Scoring
systems for use in determining acceptable wound, vaginal,
cervical, or other specimens have also been described.29,35

Application of such criteria ensures that the information gen-
erated from the specimens that are processed completely will

Table 23.1 Rank order of the top eight pathogens associated with HAIs reported to the CDC NHSN program, 2009–2010

N (%) by infection type

Overall CLABSI CAUTI VAP SSI

Organisms N (%) Rank N (%) Rank N (%) Rank N (%) Rank N (%) Rank

S. aureus 12,635 (16) 1 3,735 (12) 4 442 (2) – 2,043 (24) 1 6,415 (30) 1

Enterococcus
spp.

11,207 (14) 2 5,501 (18) 2 3,183
(15)

2 45 (0.5) – 2,442 (12) 3

Escherichia
coli

9,351 (12) 3 1,206 (4) 7 5,660
(27)

1 504 (6) 6 1,981 (9) 4

CoNS 9,261 (11) 4 6,245 (21) 1 467 (2) – 72 (1) – 2,477 (12) 2

Candida spp. 7,683 (10) 5 4,439 (15) 3 2,698
(13)

3 183 (2) – 363 (2) –

Klebsiella spp. 6,470 (8) 6 2,407 (8) 5 2,365
(11)

5 854 (10) 3 844 (4) 7

P. aeruginosa 6,111 (8) 7 1,166 (4) 8 2,381
(11)

4 1,408 (17) 2 1,156 (6) 5

Enterobacter
spp.

3,821 (5) 8 1,365 (5) 6 880 (4) 7 727 (9) 4 849 (4) 6

Adapted from reference 18.
CLABSI: central line associated bloodstream infection; CAUTI: catheter associated urinary tract infection; VAP: ventilator-associated pneumonia; SSI: surgical site
infection; CoNS: coagulase negative staphylococci.
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more likely correlate with true infecting organisms and will
reduce unnecessary laboratory costs.

The initial screening of specimens that takes place in the
laboratory can have a significant impact on surveillance and
HAI rates. For example, some hospital laboratories have imple-
mented “reflex” testing algorithms for urine culture orders,
whereby a urine culture is performed only for those samples
that are abnormal using specific urinalysis or urine microscopy
criteria.36 This approach, meant to reduce detection of asymp-
tomatic bacteriuria, will also impact catheter-associated urin-
ary tract infection (CAUTI) rates. Similarly, rejection of
formed stool specimens for C. difficile testing will reduce the
number of C. difficile–colonized patients who are included in
hospital-reported C. difficile infection (CDI) rates.37

Rapid Tests for Organism Detection and
Identification
Rapid availability of laboratory test results can greatly enhance
infection prevention and antimicrobial stewardship efforts.
Early receipt of data allows both for timely delivery of directed
antibiotic therapy, as well as rapid implementation of trans-
mission-based precautions, if indicated. Although no formal
definition of “rapid” exists for describing the time required for
results to be generated, most clinicians and microbiologists
consider rapid results to be those available within 2 to 4
hours.38

It is important to distinguish the analytic turnaround time
(TAT) from the actual TAT of a test – the time fromwhen a test
is ordered to when the result is translated into a change in
patient care. As Figure 23.1 outlines, both pre-analytic and
post-analytic processes can result in delays in the actual TAT
of even the most rapid test. For example, a rapid test for
bacterial detection with analytic TAT of 2 hours that is batched
and performed once daily represents little improvement in
TAT over some agar-based methods. Similarly, tests that
require an isolated bacterial colony to perform are not actually
“rapid,” given that it often takes 24 hours or more to grow the
organism. Thus, the most useful rapid tests are those that can
be applied directly to patient samples (or to broth cultures after
an abbreviated incubation). If rapid testing is to provide any
benefit, there must be a postanalytic system in place for the
results to be translated into action (e.g., institution of isolation,
discontinuation of isolation, decolonization, change in anti-
biotic therapy). Unless the performance characteristics are
significantly better, there is no reason to convert to a more
expensive test with shorter analytic TAT if the actual TAT of
the test will not be meaningfully reduced.

There are several rapid immunologic methods that allow
for prompt diagnosis when applied directly to patient samples,
including detection of Legionella pneumophila serogroup 1
(urine), C. difficile (stool), Cryptococcus neoformans (serum
or CSF), Streptococcus pneumoniae (urine or CSF), and
Plasmodium spp. (serum).39 Such tests are easy to perform,
inexpensive, and can often be made available in most clinical
microbiology laboratories. However, some are limited by lower
sensitivity than more traditional assays.

Although long considered to be of great potential for
enhancing the ability of the microbiology laboratory to rapidly
detect and identify infections agents,38 the use of rapid mole-
cular methods in infectious disease diagnosis has increased
substantially only in the past 5 to 10 years. The growth in the
number of commercially available test kits and analyte-specific
reagents (ASRs) has facilitated the use of this technology in the
clinical laboratory.40 Technological advances in real-time PCR
techniques, automation, nucleic acid sequencing, multiplex
analysis, and mass spectrometry promise to continue to
expand the availability of rapid and accurate infectious disease
diagnosis. A detailed review of currently available technologies
is beyond the scope of this chapter and can be found
elsewhere,40 but the most common general approaches include
nucleic acid probes, PCR (or other nucleic acid amplification
technologies), and mass spectrometry.

Peptide nucleic acid fluorescent in situ hybridization
(PNA- FISH) probes have been used for more rapid identifica-
tion of S. aureus, coagulase-negative staphylococci, E. faecalis,
E. coli, K. pneumoniae, P. aeruginosa, C. albicans, C. glabrata,
C. tropicalis, C. parapsilosis, and C. krusei from positive blood
culture bottles and S. agalactiae from Lim broth cultures.41–43

Although the use of PNA-FISH probes can provide identifica-
tion within 3 hours, the requirement for prior organism
growth in culture lengthens the overall TAT of this technology.

PCR-based approaches have already revolutionized the
diagnosis of viral infections, with most laboratories having
replaced viral culture with molecular diagnostics. For example,
the availability of sensitive multiplex PCR panels now allows
for syndromic testing that includes detection of more than
a dozen respiratory viral targets at once, and some panels
include selected bacterial targets as well (e.g., Bordetella per-
tussis, Mycoplasma pneumoniae). These tests have greatly
advanced our ability to identify and track respiratory patho-
gens that have potential for nosocomial spread, provide oppor-
tunity for earlier implementation of appropriate transmission-
based precautions, and may also reduce unnecessary antibiotic
prescribing.44 Such multiplex panels are also now available for
direct testing of stool for multiple gastrointestinal pathogens,45

and of positive blood cultures for both organism and resistance
gene targets.46 Just as for rapid respiratory viral diagnostics,
these assays have obvious benefits for infection prevention and
antimicrobial stewardship by allowing for earlier targeted

Pre-analytic Post-analyticAnalytic

•  Processing

•  Testing

•  Reporting

•  Intervention

•  Collection

•  Transport

Figure 23.1 Steps included in the actual turnaround time (TAT) of
a laboratory test. For infection control and antimicrobial stewardship, reduc-
tions in analytic TAT will only have an impact if promptly linked to an active
intervention arm (postanalytic process). Adapted from reference 50.
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interventions to both prevent transmission and to optimize
therapy.46

PCR coupled with nucleic acid sequencing has also proven
to be an excellent means of rapidly identifying bacteria and
fungi from blood culture or other culture materials, and is
considered the new standard for bacterial and fungal
identification.40 Using ribosomal gene sequencing kits for
bacteria and fungi, a sequence from an unknown organism
can be compared with either a full or partial 16S rRNA (D2
large-subunit rRNA for fungi) sequence from over 1,000 type
strains.47 Computer analysis provides percent base pair differ-
ences between the unknown agent and the 20 most closely
related organisms, alignment tools show differences between
the related sequences, and phylogenetic tree tools verify that
the unknown organism clusters with the 20 closest organisms
in the database. Continual refinements in methods and soft-
ware, and decreases in cost, should lead to more widespread
use of sequence-based approaches for microbial identification.

The most recent approach to the rapid identification of
bacteria and fungi from culture is the use of proteomics facili-
tated by matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS).1,5 MALDI-TOF
systems produce detailed spectra, based upon mass-to-charge
ratios of the small molecules produced by laser desorption of
bacteria or fungi, and have emerged as robust, rapid and
inexpensive methods to detect and characterize a wide range
of organisms. The use of MALDI-TOF MS to identify bacteria
has been shown to be highly accurate relative to 16S rRNA
sequencing and capable of delivering an identification of
a precultured organism in 6 minutes at a cost that is one-
quarter of that of conventional identification.1 Some methods
for the processing of positive blood culture samples have been
published, but direct testing of other samples such as urine will
require additional development.5,48,49 Novel applications for
this technology are being developed and include microbial
strain typing, antimicrobial susceptibility testing, and the
study of virulence profiles.5

Rapid molecular methods for detecting important antimi-
crobial resistance genes have also been developed, with most of
the current focus being on rapid detection of themecA gene in
MRSA and the vanA/vanB genes of VRE, directly by PCR on
patient samples (e.g., nares or perirectal swab).50,51 A positive
result from any of these tests allows clinicians to implement or
adjust infection prevention interventions in a timely manner.
Real-time PCR tests for detection of emerging MDR-GNRs,
primarily assays that target the most common carbapenemase-
encoding genes, are still in development52–54 but should soon
be available for clinical use.

Although most clinicians and microbiologists enthusiasti-
cally welcome the introduction of rapid tests for infectious
diseases, it may be challenging to perform such testing with
quick turnaround times because of the financial advantages of
batch testing and the difficulty of staffing the laboratory for
frequent testing. It is often stated that rapid results obtained
by molecular testing are associated with improved patient out-
comes, reduced length of hospital stay and duration of antimi-
crobial administration as well as substantial cost savings.55,56

However, rapid microbiologic testing does not always have
demonstrable patient care or financial benefit,57 and in order
to realize these potential benefits, such tests must be available
around the clock. For example, if testing hours are restricted,
rapid reporting of results will be compromised and the clinical
impact, as well as cost savings to the institution gained by
a shorter length of patient stay or reductions in unnecessary
treatments, will not be fully realized.2 Buehler and colleagues
performed a systematic review and meta-analysis of the effec-
tiveness of rapid identification of bloodstream pathogens in
reducing morbidity, mortality, length of patient stay, and anti-
biotic use. While they found that rapid molecular testing with
direct communication to clinicians improved timeliness of tar-
geted antibiotic therapy, and demonstrated a trend toward
reduced mortality, there was insufficient evidence to make
a recommendation about rapid testing approaches.46 Clearly,
better outcomes studies are needed to support the ongoing
development and introduction of rapid diagnostic testing.58

The clinical microbiologist, in consultation with appropri-
ate clinicians and members of the IPP team, should determine
which rapid microbiological tests should be offered and pro-
vide the necessary restrictions and guidelines for use.
The group should base their decisions on data from the litera-
ture, data generated by their laboratory, and data on their
target patient population. Ideally, these assays should be used
as part of a well-designed and carefully planned strategy for the
reduction of HAIs and antimicrobial resistance in the health-
care setting. Given the added expense of such testing, the group
should try to determine whether the test would improve
patient care substantially. More expensive testing procedures
may be justified if they help reduce the use of less sensitive and
specific tests and eliminate unnecessary diagnostic procedures
and ineffective therapies.38

Automated Identification and Susceptibility
Testing
The clinical microbiology laboratory’s ability to identify HAI
pathogens accurately is challenged continuously by the
expanding spectrum of organisms that colonize and infect
seriously ill patients. Whereas the more common ESKAPE
pathogens are readily identified by the available automated
systems, many nonfermentative GNR and other less common
or fastidious organisms that cause HAIs can be more difficult
to identify. Consequently, the laboratory frequently must
update the methods used to identify and characterize HAI
pathogens.

Unusual microorganisms or common microorganisms
with atypical phenotypic properties often cannot be reliably
identified by commercial systems and may require the use of
molecular or proteomic methods to obtain an accurate
identification.40,59 As mentioned earlier, the increased adop-
tion of proteomic approaches (MALDI-TOF MS) has greatly
enhanced the ability of many laboratories to identify organ-
isms accurately to the species level. However, even these sys-
tems are challenged by some organisms or organism groups
(e.g., S. pneumoniae and S. mitis, E. coli and Shigella spp.60, 61
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Therefore, as pathogens continue to evolve and taxonomic
classifications are revised, microbiologists must pay attention
to themanufacturers’ communications about products, such as
letters, notices, or test exclusions regarding the accuracy of the
test methods, as well as the published literature describing the
potential problems encountered by others using these identi-
fication systems. Prompt notification of IPP personnel of such
issues will avoid confusion.

A couple of potential unintended consequences of
increasingly accurate species identifications are relevant to
the IPP. First, some species that were previously lumped
into large categories (e.g., “diphtheroids”) can now be reli-
ably and accurately identified by MALDI-TOF MS. In rare
cases, giving an organism a species name may impact
whether a case meets an NHSN definition for HAI. For
example, if a blood culture grows a “diphtheroid” that can
now be given an accurate species name for an organism that
is not on the NHSN list of “common commensals,” it could
change the classification from “contaminant” to CLABSI.
In addition, some of the rare species within the coagulase-
negative staphylococci are not listed on the NHSN organism
databases, which can confuse IPs or auditors as they review
classification of HAIs. Finally, the reporting of species
names with which clinicians are not familiar may result in
overtreatment or confusion (e.g., Staphylococcus pettenkoferi
versus the more familiar “coagulase-negative staphylococ-
cus”). Thus the laboratory and IPP personnel should con-
sider options to limit confusion, including in some cases to
“lump” some species groups back into the more familiar
categories to which clinicians and IPs have become
accustomed.

Commercial antimicrobial susceptibility testing (AST) sys-
tems were introduced into clinical microbiology laboratories
during the 1980s and have been used in the majority of labora-
tories since the 1990s.62,63 The AST systems generally include
data management software that may be interfaced with
a laboratory information system (LIS) and often various levels
of expert system and epidemiological analysis. A laboratory
may choose to use an automated AST system for several rea-
sons, including labor savings, test reproducibility, data man-
agement with expert system analysis, and the opportunity to
generate results more rapidly.

Laboratory directors must keep current with the literature
regarding automated systems’ ability to detect emerging resis-
tances, and they must implement, if necessary, additional
methods to detect or confirm particular resistance patterns.
Increasingly, such confirmatory testing will be performed
using molecular methods.6,64 Laboratory personnel must
notify IPP staff immediately when key resistant organisms
are identified and when new or unusual phenotypic resistance
patterns are detected so that appropriate interventions can be
taken. Molecular methods may be used to detect specific anti-
microbial resistance genes (resistance genotyping) in many
organisms.6

Despite its many potential advantages, genotyping will not
completely replace phenotypic methods for detecting antimi-
crobial resistance in the clinical laboratory in the near future.

Molecular methods for resistance detection may be applied
directly to the clinical specimen, providing simultaneous
detection and identification of the pathogen plus resistance
characterization.1,3,4 Likewise, they are useful in detecting
resistance in viruses, slow-growing or nonviable organisms,
or organisms with resistance mechanisms that are not reliably
detected by phenotypic methods.4,40 However, because of their
high specificity, molecular methods will not detect newly
emerging resistance mechanisms and are unlikely to be useful
in detecting resistance genes in species where the gene has not
been observed previously. Furthermore, the presence of
a resistance gene does not mean that the gene will be expressed,
and the absence of a known resistance gene does not exclude
the possibility of resistance from another mechanism.
Phenotypic antimicrobial susceptibility testing methods allow
laboratories to test many organisms and detect newly emerging
as well as established resistance patterns.

Active Surveillance Cultures
The laboratory often serves as an early warning system by
identifying clusters of organisms with unique phenotypic char-
acteristics and communicating the observations promptly to
IPP personnel. Although this mode of surveillance may be
sufficient to detect patients with infection, it is unlikely to
detect those patients who may be colonized with an MDRO
and who may serve as a reservoir for MDRO transmission.22,25,
65 Therefore, during outbreaks, when new MDROs are emer-
ging, or if transmission of an MDRO continues despite the use
of standard infection prevention practices, “active surveil-
lance” cultures may be utilized to identify patients colonized
(but not clinically infected) with an MDRO.66 In addition,
some states (as well as the Veterans Affairs healthcare system)
have mandated the routine use of active surveillance for
MRSA.65,67

In contrast to the extensive experience with MRSA active
surveillance, there is less known about how to apply active
surveillance to prevent transmission of MDR-GNRs.14,22,25

MDR-GNRs are vastly different from MRSA in terms of the
diversity of species and resistance mechanisms, optimal
screening methods for various MDR-GNRs are still being
developed, and several important questions about MDR-
GNR transmission remain to be answered before the utility
of active surveillance can be established for these organisms.22

Thus the role of active surveillance for MDR-GNRs remains
unclear.25

Large-scale active surveillance efforts are complex and
resource intensive.65,67 In addition to the cost of the screening
test itself, there are costs associated with sample acquisition
and transport, laboratory validation and reporting, process
and outcome monitoring, personal protective equipment, bed
management, and patient/ family education.67 Indeed, the
prospect of performing active surveillance cultures for a large
number of diverse MDROs (which requires that culture sam-
ples be obtained from several different anatomic sites of each
patient) threatens to overwhelm and divert the resources of
microbiology laboratories, IPPs, and hospital units. Broader
application of active surveillance will require the development
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of molecular or other novel approaches to identify multiple
MDROs simultaneously and at low cost in patient samples.

Currently, active surveillance cultures for MDROs
should be limited to certain situations, including new intro-
duction of problematic pathogens (e.g., carbapenem-resistant
Enterobacteriaceae), continued transmission of a problematic
MDRO despite implementation of standard and enhanced
infection prevention practices, or outbreak settings.66

Furthermore, the use of active surveillance should always be
seen as an adjunct measure, and should not draw attention
away from those well-established practices for infection pre-
vention that are applied to all at-risk patient populations and
are designed to prevent infections due to all pathogens (e.g.,
hand hygiene and bundled practices for prevention of device-
associated infections).67

Laboratory Information Systems and Reporting of
Data
A Laboratory Information System (LIS) that can mine data
prospectively and interface with other parts of the electronic
health record can help IPP staff perform surveillance, monitor
patient-to-patient spread of pathogens, and provide earlier
detection of outbreaks.68–70 Thus, individuals selecting an LIS
must consult with both laboratory and IPP personnel before
purchasing the optimal system for the hospital.

The laboratory should report all results as quickly as pos-
sible. Inmost situations, routine reporting on the hospitals’ LIS
will be adequate for clinical and epidemiological purposes.
However, the detection of certain epidemiologically important
pathogens requires immediate notification of IPP personnel so
that transmission prevention measures can be initiated imme-
diately (including, if applicable, notification of public health
authorities). Examples of organisms for which urgent notifica-
tion should occur include Mycobacterium tuberculosis,
Neisseria meningitidis, Legionella, enteric pathogens such as
Salmonella or Shigella, and MDROs such as MRSA, glycopep-
tide-intermediate and -resistant S. aureus, VRE, and ESBL- or
carbapenemase-producing Enterobacteriaceae. In addition,
new or unusual pathogens, or potential agents of bioterrorism
(e.g., Bacillus anthracis, Yersinia pestis, and orthopoxviruses)
should be reported immediately to the IPP. The list of organ-
isms for immediate notification may vary from one institution
to another. For example, anMDROmay have become endemic
in one hospital, to the point that the IPP no longer requires
immediate notification, while another hospital has not yet had
introduction of the MDRO and needs such notification.14

In addition to the above, laboratory staff should meet
regularly with IPP staff to ensure that their communication is
direct and clear. They can discuss areas of mutual concern,
such as the status of epidemiological and microbiological
investigation of clusters or outbreaks. Together they can deter-
mine whether supplementary studies such as molecular typing
or environmental cultures will be necessary. If special studies
are necessary, they can determine exactly what needs to be
done, who will do these procedures, and when they will be
performed.

Outbreak Detection and Management
Whenever an HAI outbreak is detected, the IPP must act
quickly to characterize and define the extent of the outbreak,
to identify possible causes, and to design and implement effec-
tive control measures (Table 23.2; see Chapter 11, “Outbreak
Investigations”). The clinical microbiology laboratory plays an
important role in any potential outbreak situation, including
early recognition of possible infection clusters, rapid notifica-
tion and collaboration with the IPP staff, additional case find-
ing, and provision of molecular typing for determination of
relatedness, which requires maintenance of an organism bank.
The laboratory should also act in a consultative capacity with
the IPP staff to help determine whether an outbreak is “real” or
a potential pseudo-outbreak due to false-positive diagnostic
tests or contamination of specimens. In addition, the labora-
tory can help generate hypotheses as to the potential source of
an outbreak, its reservoir, and mode of spread, through mole-
cular typing of the suspected organisms and through testing of
the environment and/or personnel as necessary.

Outbreak investigations can be facilitated if the IPP team
prepares in advance. One step in this process is to identify the
most common types of outbreaks that have occurred in the
hospital. Laboratory and IPP personnel can then determine
what resources (e.g., personnel, time, funds, materials, space,
or special tests) would be required to investigate a “typical”
outbreak. Laboratory staff should also anticipate the extra costs
associated with outbreak investigations so that they can work
with hospital administration to include funds for those efforts
in annual budgets.

Outbreaks are often detected retrospectively, either after
they have resolved or when they are already beginning to
wane. Therefore, a major challenge to the clinical micro-
biology laboratory is in detecting outbreaks early enough to
allow effective intervention and impact morbidity and mor-
tality. Computer decision support may assist in identifying
clustering of infections with the same organisms that occur
at the same time in the same patient care area,71, 72 but
outbreaks are often first detected by an observant labora-
torian at the bench. Thus effective and regular communica-
tion between laboratory personnel and the IPP staff is
essential to this effort. Given the stress inherent in an out-
break investigation and the speed with which important
decisions must be made, the IPP team, including laboratory
personnel, might need to meet daily to discuss new findings
and make decisions. In the future, efforts at early detection
will likely be facilitated by real-time data-mining programs
that can raise flags based upon subtle changes in rates of
test ordering or of positive test results.

Staff members in both the IPP and the laboratory have
important unique responsibilities during outbreak investiga-
tions. One of the laboratory’s critical responsibilities is to save
all potentially relevant organisms in case further analysis is
needed. Regardless of their ability to perform special tests to
characterize the organisms, all microbiology laboratories should
save isolates during outbreaks. If the laboratory cannot perform
the necessary tests, the isolates can be sent to a reference labora-
tory. Similarly, the laboratory should save all organisms that
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might be even remotely related to the outbreak, because organ-
isms can be discarded if they are not needed but cannot be
retrieved once they have been thrown away.

The microbiology laboratory should plan ahead and
save all epidemiologically important isolates from routine
cultures. Laboratory and IPP personnel should decide
which isolates should be banked and how long they should
be stored based upon their epidemiological importance and
the available resources. We recommend that all isolates
from normally sterile sites (e.g., blood and cerebrospinal
fluid), important MDROs (MRSA, VRE, MDR-GNRs) from
any site and other epidemiologically important pathogens
(e.g., M. tuberculosis, Legionella) be saved for a period of 3
to 5 years.

Supplementary Cultures
The clinical microbiology laboratory is often called upon to
detect potential HAI pathogens that may be colonizers of
patients, healthcare workers (HCWs), and the hospital

environment. For example, patients and HCWs increasingly
are being screened for carriage of epidemiologically significant
organisms. The most common organisms for which screening
is performed are the MDROs (MRSA, VRE, and MDR-GNRs),
often as one aspect of an enhanced program for MDRO
control.66 Screening for other organisms (e.g., Group
A streptococci) may be performed as part of an HAI or out-
break investigation. Finally, hand cultures may be performed
as part of educational efforts in support of a hand hygiene
campaign or to confirm the mechanism of cross- infection
during an outbreak investigation.73

For some organisms (e.g., MRSA, VRE), screening meth-
ods are standardized and well established, while for others
(e.g., MDR-GNRs), such methods are evolving and will con-
tinue to evolve as more complex resistance phenotypes
emerge.51,74 Table 23.3 outlines current approaches to screen-
ing patients and HCWs for organisms of epidemiologic
significance.

When performing screening cultures of personnel and the
environment, special culture media might improve the

Table 23.2 Steps in healthcare-associated outbreak investigation, and the role of the laboratory at each stepa

Investigative step Role of the clinical microbiology laboratory

RECOGNIZE PROBLEM Surveillance and early warning system – ideally part of the
Laboratory Information System. Notify infection control personnel
of infection clusters, unusual resistance patterns, possible patient-
to-patient transmission.

ESTABLISH CASE DEFINITION Assist and advise regarding inclusion of laboratory diagnosis in case
definition.

CONFIRM CASES Perform laboratory confirmation of diagnosis.

COMPLETE CASE FINDING Characterize isolates with accuracy.
Store all sterile site isolates and epidemiologically important
isolates.
Search laboratory database for new cases.

ESTABLISH BACKGROUND RATE OF DISEASE, COMPARE TO ATTACK
RATE DURING SUSPECTED OUTBREAK

Provide data for use in ongoing surveillance, including baseline
rates for selected units and infection sites.
Search laboratory database for all prior cases of the entity if baseline
rate is not prospectively monitored.

CHARACTERIZE OUTBREAK (DESCRIPTIVE EPIDEMIOLOGY) Perform typing of involved strains, compare to previously isolated
endemic strains to determine if the outbreak involves a single
strain. This can only be done if selected pathogens are routinely
stored (see above).

GENERATE HYPOTHESES ABOUT CAUSATION:
RESERVOIR
MODE OF SPREAD
VECTOR
CASE CONTROL STUDY OR COHORT STUDY

Perform supplementary studies or cultures as needed, but only if
justified by epidemiologic link to transmission:
Personnel
Patients
Environment

INSTITUTE CONTROL MEASURES Adjust laboratory procedures as necessary.

ONGOING SURVEILLANCE TO DOCUMENT EFFICACY OF CONTROL
MEASURES

Maintain surveillance and early warning function of the laboratory.

a Adapted from reference 11.
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laboratory’s ability to identify the reservoir and the pathogens
of interest. For example, selective media (i.e., which inhibit the
growth of species other than that of interest) or differential
media (i.e., which reveal distinctive morphological features
[pigmentation, colony type] that differentiate the species of
interest from other species), or both, might allow the labora-
tory staff to process specimens quickly and efficiently.
In addition, enrichment cultures might be necessary to opti-
mize the laboratory’s ability to detect specific HAI pathogens
present in low numbers (Table 23.3).

Laboratory and IPP should weigh two important factors
before deciding to culture hospital personnel during an
outbreak investigation: (1) finding the outbreak strain on
the hands or in the nares of a HCW does not establish the
direction of transmission or definitively implicate a HCW
as the source or reservoir for the outbreak, (2) culturing
hospital personnel indiscriminately can lead to confusing
results and can generate ill will toward the IPP. In general,
only HCWs epidemiologically linked to cases should be

cultured. With these caveats in mind, we recommend that
IPPs obtain cultures of hospital personnel only after con-
sulting with a hospital epidemiologist experienced in out-
break investigation.11

At one time, the hospital environment was considered to be
the major source of HAI pathogens. More recently it has been
recognized that patients most often acquire infection from
their own endogenous (colonizing) flora.75,76 Nonetheless,
the hospital environment serves as an important source of
potential nosocomial pathogens74 (see Chapter 8), and there
are specific circumstances in which environmental sampling
for quality assurance (QA) or for detection of potential patho-
gens is required. Routine sampling for QA should be limited to
biologic monitoring of sterilization processes and monthly
cultures of water and dialysate for hemodialysis. On some
occasions, it may be helpful to perform a short-term evaluation
of the effectiveness of hospital cleaning and disinfection (for
example, sampling surfaces for VRE or C. difficile after term-
inal room cleaning). Similarly, sampling the hospital potable

Table 23.3 Screening patients and healthcare workers for asymptomatic carriage of organisms of epidemiologic significancea,b

Organism (s) Diagnostic procedures Turnaround time (h) Optimum specimens

S. aureus, including MRSA Aerobic culture and AST
Chromogenic agar medium
Real-time PCR

48–96 c

18–48 e

1–4

Nares,d throat, perirectal,
skin, wounds
Nares, throat, perirectal, skin,
wounds
Naresf

VRE Aerobic culture and AST
Real-time PCR

48–72
1–4

Perirectal or stool swab
Perirectal or stool swab

Multiresistant GNR (P. aeruginosa,
Acinetobacter spp., S. maltophilia,
ESBL-and carbapenemase-producing
organisms)

Aerobic culture using selective
media and ASTg

Real-time PCRi

48–72
1–4

Perirectal or stool swab, endo-
tracheal or sputum sample,
sites of prior infection or
colonization.h

Perirectal or stool swab

Group A streptococci Aerobic culture 24–48 Rectal, vaginal, skin, throat

Various organisms carried on hands Aerobic cultures with selective
medium,
Contact agar plates,
Broth-based glove-juice
technique

48–96 Hand cultures
Direct imprint on agar plate
Culture of broth after 1 min of
hand immersion with agita-
tion of broth

a Adapted from reference 11.
b Such cultures should only be done for the following reasons: (1) as part of an outbreak investigation, to identify carriage of an organism among patients or

healthcare workers who are epidemiologically linked to cases; (2) to identify carriers of MDROs as part of enhanced MDRO control strategies; (3) to identify
S. aureus carriers in order to proceed with a decolonization strategy to decrease risk for acquisition of S. aureus infection during a period of vulnerability (e.g.,
perioperative).

c The gold standard method includes overnight broth enrichment and confirmation of species identification and antimicrobial susceptibility, which can increase
turnaround time to 96 hours. Most conventional agar-based screens (e.g. mannitol salt agar with or without oxacillin), without broth enrichment, provide
a turnaround time of approximately 48 hours.

d The nares provides the best sensitivity and specificity of any single site for detection of S. aureus (including MRSA). However, several studies have shown that
sampling of additional sites, including oropharynx and perirectal sites, may increase yield by 10 to 40%.

e Positive results for chromogenic agar medium can be reported at 18 to 24 hours, but negative results require 48 hours.
f Currently available real-time PCR assays are FDA approved only for nares samples but have been used in some studies for oropharyngeal, skin, and perirectal
samples.

g Several modifications of culture methods may enhance recovery by increasing medium selectivity for MDROs (e.g., addition of ceftazidime for ESBL-producing
Enterobacteriaceae, levofloxacin for fluoroquinolone-resistant E. coli).

h Sample site choice should be guided by likely reservoirs, gastrointestinal (e.g., E. coli) and respiratory (e.g., Acinetobacter, P. aeruginosa).
i Real-time PCR assays for selected carbapenemase genes are not yet FDA approved, but in development.
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water supply for Legionella spp. is indicated after diagnosis of
nosocomial legionellosis or as part of a comprehensive pro-
gram to decrease risk of nosocomial legionellosis.75,77,78 Air
sampling for mold spores can also be an important step in
determining the source of invasive fungal infection in highly
immunocompromised patients. On rare occasions, sampling
of other inanimate objects or surfaces may be indicated and
then only when a careful epidemiologic investigation suggests
that a particular object or surface may be implicated in patho-
gen transmission. Table 23.4 outlines current approaches to
screening the hospital environment for organisms of epide-
miologic significance.

In general, routine undirected cultures of HCWs or the
hospital environment should be discouraged. Both IPP and
laboratory personnel must understand that such cultures are
labor intensive and nonstandardized, and they rarely provide
useful information.75 With few exceptions (see above), such
sampling should only be performed as part of an epidemiologic
investigation in consultation with the hospital epidemiologist.
When such an investigation reveals a common organism in the
patient, HCW, and/ or environmental samples, the laboratory

should also provide access to epidemiologic strain typing
methods.

Molecular Typing to Support Infection Prevention
Activities
There are several circumstances in which it is important to
determine if two ormore organisms are genetically related, and
thus likely to have a common source. These circumstances
include (1) outbreaks, clusters and other transmission investi-
gations, where evidence for patient-to-patient transmission or
a common reservoir of infection is sought; (2) determination of
pathogenesis or origin of an individual infection (e.g., compar-
ison of an infecting isolate to strains previously found as
colonizers of the patient or environment); and (3) surveillance
for emergence or spread of a particularly virulent or epidemic
clone (e.g., USA300 MRSA, BI/NAP1 strain of C. difficile, etc.).
In many situations, species identification and AST results may
provide evidence for (or against) an epidemiological link.
However, because many organisms have predictable resistance
patterns, AST patterns are not discriminatory enough, and

Table 23.4 Microbiologic studies of the hospital environment (air, water, and surfaces) for organisms of epidemiological significancea,b

Source and
organism(s)

Procedure(s) Turnaround
time

Optimum specimen

Air
Fungi (molds)
Bacteria d

Fungal culture on selective
medium
Routine aerobic cultures

48 h–7 days
48–72 h

Air processed with large- volume air samplerc

Air processed with large- volume air sampler

Water
Legionella spp.
Fungig

Bacteria

Culture on selective mediae

Fungal culture on selective medium
Routine aerobic cultures

5–10 days
48–96 h
48–72 h

500-mL-1-liter water samples.f Swabs of
internal surfaces of faucets, shower heads,
and aerators.f

500-mL-1-liter water samples.f Swabs of
internal surfaces of faucets, shower heads,
and aerators.f

Water and dialysate samples as outlined by
AAMI.h

Surfaces
Aerobic bacteria
(including MDROs)
C. difficile
VRE

Aerobic cultures using selective and
nonselective media
Anaerobic cultures
Selective aerobic cultures

48–72 h
48–72 h
48–72 h

Surface swab or sponge, contact agar plate
(Rodac) i

Surface swab or sponge, contact agar plate
(Rodac) j

Surface swab or sponge, contact agar plate
(Rodac)

a Adapted from reference 97.
b With the exception of water and dialysate cultures for monitoring of hemodialysis, and potable water cultures for Legionella spp., environmental cultures should

be performed only when an epidemiologic investigation suggests the environment may be involved in pathogen transmission.
c Large-volume air samples are preferred for air sampling for mold spores: settle plates should not be used.
d There are no standards for acceptable levels of bacteria in air samples, nor is there any evidence correlating bacterial burden to infection risk. Air sampling for

bacteria should be performed only rarely, either as part of an outbreak investigation or a research protocol.
e Legionella spp. will not grow on routine aerobic culture media. Buffered charcoal yeast extract agar in a CO2-enriched atmosphere is required for isolation of

Legionella.
f The larger volume (1 liter) is preferred. If the water source is chlorinated, 0.5mL of 0.1 N sodium thiosulfate should be added to each liter sample to neutralize the
chlorine. Water samples are filter concentrated. Swabs should be immersed in 3 to 5 mL of water taken during sampling of the same site, to prevent drying.

g The role of waterborne fungi in infection transmission in the hospital environment remains poorly described, but cultures may be indicated as part of a search
for environmental sources during an outbreak of invasive fungal infections in an immunocompromised patient population.

h AAMI, Association for the Advancement of Medical Instrumentation, whose standards govern microbiological monitoring of hemodialysis water and dialysate.
i The sterile swab or sponge should be moistened (e.g., with nutrient broth or sterile saline) before sample collection.
j For C. difficile, the contact agar plate should be optimized for anaerobic recovery (selective, prereduced media, promptly placed in an anaerobic environment).
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additional tests are required to determine whether the isolates
are truly related. Thus genotypic or DNA-based typing meth-
ods have replaced phenotypic typing methods (e.g., AST, bio-
chemical profiles, and bacteriophage susceptibility patterns),
that discriminate poorly among isolates.

General Principles Regarding Use of Molecular
Strain Typing
The most important concept to understand when using mole-
cular typing techniques is that of “clonality.” Organisms that
demonstrate evidence of genetic relatedness by one or more
molecular typing approaches are often described as belonging
to the same “clone,” which is another way of stating that they
have recently arisen from a common ancestor.79 It must be
understood, however, that most molecular typing methods are
more powerful at determining the absence of clonality than its
presence, for several reasons. First, the advent of whole genome
sequencing (WGS) is now demonstrating that the discrimina-
tory power of many typing methods may be worse than

previously thought. A recent study comparing WGS to pulsed
field gel electrophoresis (PFGE) for several commonHAI patho-
gens (MRSA, VRE, and multiple-drug resistant Acinetobacter)
found that in almost 30 percent of cases in which PFGE yielded
no band differences (indistinguishable patterns), WGS revealed
the organisms to be nonclonal.9 Conversely, in all cases where
PFGE found organisms to be definitely unrelated, WGS con-
firmed that finding.9 Second, many common HAI pathogens
belong to a relatively few closely related clonal lineages, the best
example being MRSA,80,81 where the vast majority of infections
are now due to strains belonging to USA100 and USA300
lineages.81 Thus typing methods with limited discriminatory
capability may falsely suggest that two strains have a recent
common source when they do not. Finally, some outbreaks
may be due to resistance determinants that are carried on
mobile genetic elements (e.g., plasmids) that can be readily
transferred between strains and even across species of bacteria.
Of course, in such situations the finding of genetically distinct
strains (or even different species) does not exclude the possibi-
lity that a common resistance element is spreading.82 Therefore,

Table 23.5 Selected genotypic methods for epidemiological strain typing of nosocomial pathogensa,b

Typing Method Comments

Plasmid profiling Simple, low-cost method that is useful as a supplement to other typing methods. Only useful if organism has
plasmids. Restriction endonuclease analysis of plasmid DNA enhances discriminatory power of themethod, and
can help determine if resistance elements expressed by distinct strains are due to plasmid dissemination.

Ribotyping Labor-intensive method of moderate discriminatory power. Manual ribotyping of historical interest. Automated
ribotyping may serve as a first-level (expensive) screening method or library typing method.

PFGE Labor-intensive method with excellent discriminatory power. Has been considered the gold standard for highly
discriminatory bacterial subtyping for most common HAI pathogens. Useful in outbreak surveillance.
Interlaboratory reproducibility can be achieved with standardized protocols (e.g., PulseNet) for development of
large-scale library subtyping databases.

RAPD Poorly reproducible method that is best used to answer specific limited epidemiological questions. May be
useful in small-scale outbreak investigations.

rep-PCR Relatively rapid and easy to perform, moderate discriminatory power (not sufficient for highly clonal pathogens
such as MRSA). A semiautomated method (DiversiLab System, bioMérieux, Marcy l’Etoile, France) may be useful
for laboratories that do not have access to more discriminatory methods.

PCR-ribotyping A simple, low-cost approach that is the first line method for subtyping of C. difficile.

AFLP Moderately complex method suitable for local library subtyping and outbreak surveillance. Excellent discrimi-
natory power and reproducibility.

MLST One of the first DNA sequence-based typing methods. Limited discriminatory power, 100% typability and high
reproducibility. Best used for phylogenetic studies and large-scale library typing.

MLVA MLST approach using virulence-associated genes to improve discriminatory power. Moderately labor-intensive
with excellent discriminatory power. May be used in outbreak surveillance and large-scale library subtyping if
standardized.

Whole-genome
sequencing

The gold standard for discriminatory power. Not widely available currently, but cost and speed of sequencing
continue to decrease – thus, once informatics for rapid automated interpretation are available, will likely replace
most other methods.

a Adapted from reference 97.
b Abbreviations: AFLP, amplified fragment length polymorphism; MLST, multilocus sequence typing; MLVA, multivirulence locus sequence typing; PFGE, pulsed

field gel electrophoresis; RAPD, random amplification of polymorphic DNA; rep-PCR, repetitive-element PCR; SNP, single-nucleotide polymorphisms.

Michael A. Pfaller and Daniel J. Diekema

280



the results of molecular typing should always be interpreted in
the context of the rest of the epidemiologic investigation (the
setting, the duration of the outbreak, the organism or resistance
determinant implicated, etc.), and of the performance charac-
teristics of the typing method used.

There are many techniques used in molecular strain typing,
and we have summarized some of them in Table 23.5. More
detailed discussion of the specific techniques used in each
method can be found in recent reviews.83,84 The most impor-
tant characteristics to consider when selecting a typing method
include (1) typeability: the ability to provide a result for all
isolates tested; (2) reproducibility: the ability to provide the
same result each time the same isolate is tested (such reprodu-
cibility can be evaluated both within the same laboratory
(intralaboratory) and between laboratories (interlaboratory);
(3) discriminatory power: the ability to differentiate among
organisms that are not epidemiologically related; (4) ease of
performance: including how easily the approach can be incor-
porated into the clinical microbiology laboratory; (5) ease of
interpretation: including the degree to which interpretation is
automated or objective, versus visually interpreted and occa-
sionally involving some subjectivity; and (6) cost: including
both initial and ongoing investments.

As outlined in Table 23.5, WGS is now the gold standard for
molecular strain typing, based upon the fact that it provides the
greatest possible discriminatory power. WGS technology also
provides promise for the rapid detection of antimicrobial resis-
tance and virulence determinants.85 The cost and turnaround
time of WGS are now equivalent or better than those of other
common typingmethods, but several hurdles still remain before
WGS is routinely available in the clinical microbiology labora-
tory to support infection prevention activities. First, there is
a need to determine the rate of genomic change in the various
organisms that cause HAI, and the degree of genomic diversity
that exists within and between hosts during infections and
outbreaks.86 While data are accumulating to help answer these
questions for selected common pathogens (e.g., S. aureus), less is
known for other organisms. Such data are needed in order to
establish agreed-upon criteria for defining clonal lineages. These
criteria are likely to be situation. and species-specific – for
example, more variability is expected over the course of a year-
long, hospital-wide outbreak versus one that occurs within a 1–2
week period in a single ICU, and some bacterial species have
more rapid mutation rates than others. Second, and equally
important, an automated bioinformatics pipeline is required to
allow for rapid and reliable data analysis and interpretation.86

Nonetheless, we expect WGS to become increasingly available
and affordable, and to replace most other molecular strain
typing methods within the next 5–10 years.

Antimicrobial Stewardship
Every hospital in the US must now have an antimicrobial
stewardship program (ASP), guidelines for which have been
published by the Infections Disease Society of America (IDSA)
and the Society for Healthcare Epidemiology of America
(SHEA)87 (see Chapter 19). Antimicrobial stewardship efforts
are directly dependent on reports from the clinical

microbiology laboratory, so good communication among the
laboratory, pharmacy, IPP, and a stewardship team is essential.
For guiding empirical antimicrobial therapy, unit-specific and
tailored antibiograms should be updated on a regular basis and
provided to clinicians. Such antibiogram data can also be used
for evaluation of trends in important antimicrobial resistance
rates and for education of clinicians regarding optimal anti-
microbial use. These results can be presented in a tabular
format that includes the antibiograms of the most common
HAI pathogens by anatomical site and hospital service location
and also includes antimicrobial dosing and cost information.
This information will help clinicians select empiric antimicro-
bial therapy for patients with HAIs. The Clinical and
Laboratory Standards Institute (CLSI) has developed guide-
lines for the preparation of antibiograms.88

Directed antimicrobial therapy requires patient-specific cul-
ture and susceptibility data. This allows for a prospective audit of
antimicrobial use with feedback to the prescriber. A major chal-
lenge to effective stewardship is the ability to obtain antimicrobial
susceptibility data from the laboratory in a timely manner.
As outlined in the previous section, rapid molecular and proteo-
mic approaches to detection and identification of microbial
pathogens and antibiotic resistance determinants will help reduce
the TAT for these data and should lead to more prompt targeting
of antimicrobial therapy.However, efforts to reduce the analytical
TAT are only helpful if they are linked to rapid incorporation of
the information into antimicrobial management decisions.
An active ASP using a computer decision-support system can
streamline this process by automatically alerting the stewardship
team when restricted drugs are ordered, indicating where the
patient resides, other medications the patient is receiving, and
pertinent microbiology laboratory results.69,89 Other alerts may
include notification if a patient was receiving double antimicro-
bial coverage or no antimicrobial coverage for an identified
pathogen and identification of potential candidates for a switch
from intravenous to oral therapy or for discontinuation of ther-
apy when cultures fail to detect a potential pathogen. One ASP
projected that a decision-support system saved the institution
more than $600,000 annually compared to the ASP without the
decision-support system.89 Further details regarding antimicro-
bial stewardship and the importance of laboratory support can be
found in Chapter 19.

Advisory
The clinical microbiologist (doctoral-level microbiologist,
pathologist, microbiology supervisors, or designated laboratory
personnel), hospital epidemiologist and infection preventionist
(IP)must work as a team to prevent and control HAIs effectively.
Given continuous changes in healthcare-associated pathogens,
antimicrobial resistance, medical care, and healthcare delivery,
staff members from the laboratory and from the IPP must work
to ensure collaboration and open communication. The relation-
ship between the microbiology laboratory, the IPP, and increas-
ingly the antibiotic stewardship program,10,26,90 is critical to the
success of these important efforts to improve patient care, con-
trol costs, and preserve options for effective antimicrobial
therapy.
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The clinical microbiologist (or microbiology supervisor in
an institution that does not have a doctoral-level microbiolo-
gist) must be an active member of the infection prevention
committee. Because the infection prevention committee fre-
quently bases decisions on the results of microbiological tests,
the clinical microbiologist must guide the committee in inte-
grating culture results and selecting appropriate microbiologi-
cal approaches to solve specific problems. The microbiology
laboratory can benefit if IPP personnel understand the routine
processes in microbiology (e.g., timelines for the processing of
blood, wound, or urine cultures and related techniques).10

Specimen processing timelines enable IPP staff to set expecta-
tions of turnaround times for specific results and time con-
straints of microbiology test services, thus minimizing
premature phone calls to the laboratory requesting culture
information. Conversely, while serving on the committee, the
microbiologist will learn about the problems confronting the
IPP and thus will be better able to organize the laboratory’s
response to such problems.

The microbiologist must educate the committee about sev-
eral important issues. Because most IPP personnel have not
worked in laboratories, the microbiologist should ensure that
these individuals understand basic microbiology principles
and techniques. The microbiologist must also explain the
advantages and limitations, the scope and accuracy (i.e., sensi-
tivity and specificity), and the costs of microbiologic methods
used to detect, identify, and assess the antimicrobial suscept-
ibility of HAI pathogens.

In addition, themicrobiologist should inform the committee
about changes in methods, reagents, or instrumentation that
may substantially affect the laboratory’s ability to detect and
characterize healthcare-associated pathogens. These include
changes in the sensitivity and specificity of diagnostic methods,
changes in antimicrobial susceptibility testing interpretive cri-
teria, and taxonomic changes that may create confusion.
An example of changes in testing and reporting criteria that
directly affect infection prevention efforts is the recent change in
the interpretive breakpoints for the Enterobacteriaceae and
cephalosporins and carbapenems enacted by the CLSI.91

The new (lower) breakpoints are intended to obviate the need
for ESBL confirmatory testing or modified Hodge testing (con-
firmation of carbapenemase) for clinical use. The result of this
change in testing and interpretive criteria has been the loss of
epidemiologic data for some IPPs that have come to rely on
these confirmatory tests to guide prevention activities,92 and has
also led to an increase in the number of isolates characterized as
resistant to cephalosporins and carbapenems, and therefore
potentially MDR, with major implications for infection
prevention.93,94 One institution reported that this change
resulted in a 35 percent increase in the number of MDR-GNRs
identified and a concomitant increase in the hospitals’ use of
contact precautions.93

Communication may be enhanced if the IPP staff regularly
round in the laboratory to ask questions, review microbiologi-
cal and molecular testing results, and discuss current problems
and views. Likewise, the microbiology staff should attend con-
ferences at which IPP personnel discuss epidemiological

principles and contemporary topics. Unfortunately, several
ongoing trends challenge these valuable personal interactions
between the microbiology and IPP personnel.14 Consolidation
of clinical microbiology laboratory services, off-site moves of
microbiology laboratories, and total reliance on the electronic
medical records to the exclusion of first-hand observation (e.g.,
review of plates or gram stains) too often keep clinicians and
infection prevention personnel out of the microbiology labora-
tory and keep microbiologists confined to the laboratory.

Budgetary Considerations
Given that most laboratories have limited financial and staff
resources, the microbiologist must help the IPP staff and the
committee understand the costs and appropriate indications
for the microbiological tests most commonly used to support
epidemiological investigations so that these limited resources
are used effectively. Costs for laboratory procedures that are
not related directly to the care of patients (e.g., bacteriologic
sampling of personnel or the environment) should be borne by
a budget separate from the laboratory. To facilitate all of the
microbiologic activities necessitated by an outbreak, the
laboratory (or the hospital epidemiologist or the infection
prevention committee, depending on the hospitals’ organiza-
tional structure) should have a contingency fund to enable
personnel, materials, and space to be temporarily assigned to
support the outbreak investigation.11 An investigation of an
outbreak should not be financed by charging individual
patients for cultures taken during the investigation. Viewing
the clinical microbiology laboratory as an integral component
of the IPP may help healthcare administrators understand the
importance of adequate funding for the clinical microbiology
laboratory, particularly as the laboratory’s activities increase to
meet infection prevention priorities. Effective prevention saves
not only lives but money, and these savings are rarely credited
to the clinical microbiology laboratory.14

Educational
Education in clinical microbiology is an essential element of
training for hospital epidemiologists and IPs, and is required as
part of graduate medical education for the infectious diseases
specialists who often serve as hospital epidemiologists,95 as
well as for those IPs seeking certification in infection
control.96 Advances in diagnostic microbiology require that
this educational role continue beyond the training years, as
many practicing hospital epidemiologists and IPs are not
familiar with all of the emerging technologies that impact the
field. Continuing education is therefore essential, and provides
an important role for professional societies (e.g., Society for
Healthcare Epidemiology of America [SHEA], Association of
Practitioners in Infection Control [APIC], and American
Society for Microbiology [ASM]).

Local options for education are also needed, so that IPP
personnel understand the performance characteristics and
advantages and disadvantages of new approaches to the detection
of healthcare-associated pathogens. Educational opportunities
should be ongoing and should take many forms, including IPs
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and hospital epidemiologists rounding in the laboratory, micro-
biology lab directors providing updates at weekly IPP work
rounds or monthly infection control meetings, periodic cross-
departmental grand rounds presentations, e-mail updates
regarding changes in testing practices that link to more detailed
information, and regional or national meeting attendance.

Conclusions
The clinical microbiology laboratory is an essential component of
an effective infection prevention program. The laboratory can

provide a broad range of technologies, from conventional culture-
based methods to modern molecular, immunologic, and proteo-
mic methods for detection and characterization of HAI patho-
gens, which can be used to support and enhance the efforts of the
IPP. If the IPP and antimicrobial stewardship teams work with
laboratory personnel to apply these techniques appropriately, they
can prevent and solve problems efficiently and effectively.
The better the collaborative relationship between the laboratory
and the IPP, the more effective each will be in helping to reduce
the risk for HAIs and the rate of antimicrobial resistance.
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Chapter

24
Biological Disasters
Sandro Cinti and Eden Wells

Biological disasters, including bioterrorism, severe acute
respiratory syndrome (SARS), Middle East Respiratory
Syndrome (MERS), Ebola, and pandemic influenza present
a unique set of challenges for the hospital epidemiologist
(HE). These events appear suddenly, cause high morbidity
and mortality, and produce high levels of fear and, potentially,
panic. The response to a biological disaster requires coordina-
tion of many local, state and federal entities. As such, it is
important for the HE to be familiar not only with the biological
agents, but also with his/her role in responding to a biological
disaster. This chapter will review the National Incident
Management Structure (NIMS), the role of the HE in
a biological disaster, the early characteristics of a biological
disaster, and, finally, the agents of a biological disaster includ-
ing Category A Bioterrorism Agents (smallpox, anthrax, tular-
emia, botulinum toxin, viral hemorrhagic fevers, and plague),
SARS, MERS, and pandemic influenza.1

The National Incident Management
Structure (NIMS)
The hospital epidemiologist (HE) will have an important role
within a healthcare facility’s disaster response plan to
a biological disaster. In the event of a large-scale infectious
disease outbreak, as may be seen with a bioterrorist attack, an
emerging infectious disease outbreak, or with an influenza
pandemic, hospitals and their emergency departments will be
on the front line for response. Hospital planners must collabo-
rate with other community responders so that the overall
response is delivered in a coordinated fashion. Interagency,
hospital, and community response during a disaster event can
become extremely complex, and in 2003 Homeland Security
Presidential Directive-5 (HSPD-5) created the National
Incident Management System (NIMS).2 NIMS enhances the
ability of the United States to manage any domestic incident by
establishing one single, comprehensive national incident man-
agement system.2

NIMS provides a national template for all government and
private organizations to work together in a coordinated fash-
ion to prepare for, prevent, respond to and recover from
domestic incidents, including acts of terrorism.2 In 2006, the
NIMS Integration Center and Department of Health and
Human Services (DHHS) released the “NIMS
Implementation Activities for Hospitals and Healthcare
Systems” guide, which contains seventeen elements for hospi-
tal planning.3 These have been updated by the Hospital
Preparedness Program (HPP) and the DHHS Assistant

Secretary of Preparedness and Response (ASPR) over the
years to 11 NIMS Implementation Objectives (Table 24.1) as
of 2015. While the American Hospital Association strongly
encourages all hospitals to become NIMS-compliant, only
hospitals that receive federal preparedness and response
funds are required to do so.4,5 Regardless, emergency respon-
ders from surrounding agencies are themselves operating
under NIMS-compliant response systems, and it is important
for hospitals to coordinate planning and response with these
agencies.5 Hospitals will need to interact with numerous
response partners in a bioterrorism event, including prehospi-
tal emergency services, the local emergency operations center,
other hospitals, the regional hospital coordination center, pub-
lic safety and public health agencies, to name just a few
(Figure 24.1).6 Hospitals and hospital systems that are recipi-
ents of federal hospital preparedness funds work together in
local and regional groups to coordinate their disaster and
bioterrorism response plans, regardless of whether the HE’s
facility is a recipient of these funds. It will be important for the
HE to identify these preparedness activities within his or her
community and healthcare region.

The Hospital Incident Command System
A critical element for hospital response in a disaster such as
a bioterrorism event is the incident command structure.
The Hospital Incident Command System (HICS) is one exam-
ple of a NIMS-compliant incident command system (ICS)
methodology for healthcare systems. HICS was adapted from
the Hospital Emergency Incident Command System HEICS,
which was developed in the 1980s and was used by over 6,
000 US hospitals to prepare and respond to a variety of
disasters.6 HICS, however, can be implemented for both emer-
gent and non-emergent incidents. A sample HICS command
structure is outlined in Figure 24.2.6

The HE is part of the hospital’s ICS response, either in
developing the hospital response plan, in surveillance for the
detection of a bioterrorism, outbreak, or pandemic event, or in
the control and management of the disease agent within the
hospital facility. Therefore, the HE may be asked to assume
a role within the Operations or Planning sections of the ICS
(see Figure 24.1). These roles may be different from the HE’s
usual roles, and regular training and exercise of the hospital
facility’s ICS or HICS is important for all involved healthcare
personnel. Furthermore, as a subject matter expert in infection
prevention and infectious diseases, the HE may be asked to
provide information to the Incident Commander or Section
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Chiefs in the Emergency Operation Center during any serious
facility, or community, disaster event.

Role of the Hospital Epidemiologist in
Biological Disasters
The HE will play a large role in the preparation for and
response to any biological disaster. Within the HICS, the HE
will be a key consultant to the incident commander. Particular
duties that will fall on the HE before and during a biological
disaster include surveillance for infection, infection prevention
and communication of infectious risk to healthcare personnel.

Surveillance for infection
The HE is responsible for developing surveillance protocols
within the hospital but must also monitor external sources for
up-to-date information on potential biological threats. During
the SARS outbreak of 2003, many US hospitals screened
patients presenting to emergency departments for clinical
symptoms and exposure history based on the CDC case

definition.7 Had SARS become more widespread in the US,
more stringent surveillance might have been necessary.
In Toronto, where SARS was more widespread, hospitals insti-
tuted strict temperature checks for both healthcare personnel
and patients.8 Regarding laboratory surveillance, the HE must
guide clinicians and hospital laboratories on which laboratory
tests should be used for surveillance and diagnosis of
a biological threat. As an example, early in an influenza pan-
demic, rapid influenza tests may help to signal the arrival of
influenza in a particular hospital. However, given the relative
insensitivity of rapid influenza tests,9 it may not make sense to
use this test later in the pandemic or as a means of identifying
infected patients that should be treated.

Regarding external surveillance, the HE will be called upon
to interpret information coming frommultiple sources includ-
ing the community, the state, the federal government and the
World Health Organization (WHO). Rapid decisions will have
to be made about activating biological disaster plans within the
hospital. As an example, an increase in the WHO pandemic
alert phase from 3 to 4 would indicate increased human-to-

Table 24.1 NIMS Implementation for Healthcare Organizations Guidance January 20154

Adoption

1. Adopt NIMS throughout the healthcare organization to include appropriate departments and business units.

2. Ensure Federal Preparedness grants and cooperative agreements support NIMS Implementation (in accordance with the eligibility and
allowable uses of the awards).

Preparedness: Planning

3. Revise and update emergency operations plans (EOPs), standard operating procedures (SOPs), and standard operating guidelines (SOGs)
to incorporate NIMS and National Response Framework (NRF) components, principles and policies, to include planning, training, response,
exercises, equipment, evaluation, and corrective actions.

4. Participate in interagency mutual aid and/or assistance agreements, to include agreements with public and private sector and
nongovernmental organizations.

Preparedness: Training and Exercises

5. Implement ICS-700: NIMS, An Introduction, ICS-100: Introduction to ICS, and ICS-200: ICS For Single Resources training to appropriate
personnel.

6. Implement ICS-800 National Response Framework (NRF): An Introduction training to appropriate personnel.

7. Promote and integrate, as appropriate, NIMS concepts and principles (i.e., trie Incident Command System) into all healthcare organization-
related training and exercises.

Communications and Information Management

8. Promote and ensure that hospital processes, equipment, communication, and data interoperability facilitate the collection and
distribution of consistent and accurate information with local and state partners during an incident or event.

9. Apply common and consistent terminology as promoted in NIMS, including the establishment of plain language communications
standards.

Command and Management

10. Manage all emergency incidents, exercises, and preplanned (recurring/special) events with consistent application of ICS organizational
structures, doctrine, processes, and procedures.

11. Adopt the principle of Public Information, facilitated by the use of the Joint Information System (JIS) and Joint Information Center(J 1C)
ensuring that Public Information procedures and processes gather, verify, coordinate, and disseminate information during an incident or
event.
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human transmission of a pandemic strain of influenza.10 Even
if increased transmission is not occurring in the US, certain
actions such as stockpiling vaccine, personal protective equip-
ment, and antimicrobials might be important for a hospital.
If the pandemic progresses, strategies to improve hospital
capacity such as curtailing elective procedures and clinic
appointments, or reassigning staff to influenza wards, might
need to be instituted. Gathering accurate information on dis-
ease activity locally, statewide, nationwide, and worldwide will
be crucial to a successful hospital response. The Ebola epi-
demic of 2014 is another example of the need for external
surveillance. HEs all over the US had to keep in close contact
with state health departments in order to follow CDC mon-
itoring guidelines for travelers returning from Guinea, Sierra
Leone, or Liberia.11

Infection Prevention
Although infection prevention is the daily task of the HE,
biological disasters present unique challenges. Pre-event duties
of the HE in planning for a biological disaster include 1)

helping to develop stockpiles of personal protective equipment
(PPE), vaccines, and antimicrobials; 2) establishing protocols
for the use of PPE, isolation procedures, and cohorting of
patients to prevent disease transmission; 3) helping to establish
priority groups and developmechanisms for the distribution of
vaccines, and antimicrobials; and 4) helping to develop treat-
ment, prophylaxis, and immunization protocols that will be
used within the hospital.

Stockpiling of antimicrobials, PPE and, possibly, vaccine
will be very important as these will be scarce resources during
a biological disaster. During the SARS outbreak in Toronto,
Canada, N95 masks became scarce even in the US where very
few cases and no fatalities had occurred.12 There has been
enough concern about bioterrorism and pandemic influenza
that the states and federal government have stockpiled
antimicrobials.13,14 In anticipation of a biological event, the
HE must work with material services, pharmacy, infectious
diseases, and the hospital leadership to determine which
resources and howmuch of each resource should be stockpiled.
The input of the HE is particularly crucial when it comes to
stockpiling of PPE, as protocols for fit-testing of N95 masks
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Figure 24.1 Hospital Community Response Partners.6 © 2014 by California Emergency Medical Services Authority (EMSA), reproduced with permission.
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and proper use of PPE will be crucial determining the numbers
that should be held on site.

Hospital leadership will look to the HE to develop protocols
for PPE use, isolation procedures, and cohorting strategies in
all areas of the hospital. Each biological threat has different
clinical presentations and requirements for infection preven-
tion (see Tables 24.2 and 24.3), and many biological agents

such as anthrax, plague, SARS, MERS, Ebola, or H5N1 influ-
enza have rarely or never been seen in most hospitals. Thus the
HE must develop strategies for infection prevention in a mass
casualty biological event. Although SARS requires airborne
isolation precautions, a huge influx of patients might force
a hospital to cohort SARS-infected patients to a certain ward,
section of the hospital, or even off site.15 Plans for cohorting
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must, therefore, be in place well ahead of a biological event.
Protocols for PPE use must also take into account that
shortages will occur during a biological disaster, and provi-
sions must be put in place by the HE to allow for alternate use
of PPE. Generally, an N95 mask must be discarded after one
use.16 However, during a biological event such as SARS,MERS,
Ebola, or pandemic influenza, N95 masks will become scarce,
and protocols that allow for reuse of masks will need to be
activated. During the Ebola epidemic of 2014, it became clear
that current PPE guidelines provided inadequate protection,
particularly after 2 healthcare workers in Dallas became
infected while caring for an Ebola patient from Liberia.17 HEs
throughout the US were responsible for implementing con-
stantly changing PPE guidelines during the epidemic and com-
municating these throughout their hospitals.18

The HE will need to be involved in developing distribution
plans for antimicrobials and vaccines during a biological dis-
aster. Distribution plans must be established for both patients
and staff with input from employee health, infectious diseases,
pharmacy and the hospital leadership. Although priority lists
have been established for the distribution of vaccines and
antivirals during an influenza pandemic,19 they do not cur-
rently exist for other biological disasters (e.g., plague attack).
The HE must be involved in prioritizing these valuable
resources as they become scarce.

Treatment, immunization and prophylaxis protocols have
been developed for most biological agents (Table 24.4).
However, as a biological event progresses and resources
become scarce, these protocols might change. As an example,
guidelines for using antivirals for the 2009 H1N1 influenza
pandemic recommended that, if enough medication was avail-
able, high-risk healthcare personnel should receive outbreak
(or pre-exposure) prophylaxis to prevent disease.19 However, if
antivirals became scarce, this strategy would have to change,
and the HE will have to work with infectious diseases, occupa-
tional health, pharmacy, and the hospital leadership to modify
antiviral use protocols. Mechanisms for modifying the distri-
bution of scarce resources must be worked out before
a biological disaster occurs.

Risk Communication:One of themost important tasks for the
HE during a biological disaster will be communication of risk
to healthcare personnel and patients. Pre-event preparation
includes maintaining contact with local, state, and federal
public health entities. Involvement with local, regional, and
state biopreparedness groups is an excellent way for the HE to
stay familiar with key public health, emergency management,
law enforcement, and healthcare personnel. Also, participating
in local, regional, and state tabletop or functional exercises is
an important way to understand how public health, emergency
management, law enforcement, and hospitals will work
together during a biological disaster.20,21 The HE will also be
part of educating healthcare personnel on biopreparedness
plans within the hospital. Certain biological disasters, particu-
larly pandemic influenza, will alter the standards of medical
care and staffing ratios within a hospital.12,22 It is crucial that
healthcare personnel be aware of their roles and the role of the
hospital in responding to a biological disaster. The HE will be

called upon to explain the risks and possible consequences of
a biological disaster.

During a biological disaster, the HE will be a key advisor to
the incident commander (see NIMS above), but he/she must
also be available to healthcare personnel to answer questions
and contribute to changes in pre-established protocols.
As such, the HE must closely monitor how the biological
event is evolving internationally, nationally and at the com-
munity level.

Early Identification of a Biological Disaster
The Category A agents of bioterrorism1 and most of the
recently identified emerging infections like SARS, MERS,
Ebola, H5N1 avian influenza, and West Nile fever23–36 present
with nonspecific symptoms, especially early in the disease
course. Thus, clues to a specific illness may not be evident
and may not raise concern. Attention to syndrome complexes
may be a better way to quickly identify unusual diseases. While
much work has been done on syndromic surveillance of popu-
lations (e.g., emergency department visits),37 there has been
little training of clinicians in syndrome complex surveillance
for bioterrorism or other biological disaster agents.
In addressing biological disaster agents, four syndrome com-
plexes emerge: 1) febrile pulmonary syndromes, 2) febrile rash
syndromes, 3) febrile and nonfebrile neurologic syndromes,
and 4) viral hemorrhagic fever syndromes.

Febrile Pulmonary Syndromes (FPS): Febrile pulmonary syn-
dromes (FPS) are any constellation of acute symptoms includ-
ing fevers AND shortness of breath, cough, or dyspnea.
Examples of FPS in bioterrorism include anthrax,23 plague,26

and tularemia.27 Biological disaster agents that present as FPS
include SARS,31,32 H5N1 avian influenza,35 and Ebola.34

At initial presentation, FPS may not raise much concern,
however, several red flags warrant further testing and precau-
tions. These include:

• Rapid progression of symptoms in a previously healthy
young patient

• Widened mediastinum on chest x-ray (anthrax)23

• Gram positive rods growing in blood cultures within
24 hours of being drawn (anthrax)23

• FPS with meningeal signs and symptoms (anthrax,
plague)23,26

• Recent travel overseas (SARS, H5N1 influenza, anthrax,
plague, Ebola)23,26,31,32,34,35

• Patient is a healthcare worker
• Recent exposure to a person hospitalized for a FPS

If the initial workup of FPS does not lead to suspicion of
a biological disaster agent, subsequent red flags might include:

• No or minimal response to empiric antimicrobial therapy
(anthrax, plague, Ebola)23,26,34

• Enlarged mediastinal lymph nodes on chest computed
tomography scan (anthrax)23

• More patients, especially contacts of the initial patient,
presenting with a similar FPS over a brief period

Biological Disasters
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The presence of any FPS and the above red flags should
prompt immediate action including efforts to protect health-
care personnel and other patients if a contagious agent is
suspected and reporting of the case to other clinicians and,
especially, the health department. In addition, aggressive
efforts to diagnose and treat should obviously continue.

Febrile Rash Syndrome (FRS): Febrile rash syndrome (FRS) is
defined as a constellation of acute symptoms that include fever
AND a bodily rash. Biological disaster agents that can produce
FRS include smallpox, viral hemorrhagic fevers (Ebola), and
anthrax.23,25,29,34 Recent emerging infections presenting in this
fashion include monkeypox andWest Nile fever.36,38 Although
the presence of fever and a rash is not uncommon and can be
seen with common infections, cancers, drug reactions and
rheumatologic conditions, the following features warrant
increased suspicion for a biological attack or emerging
infection:

• Vescicular/pustular rash in the same stage of development
on the face and extremities more than the trunk (smallpox,
monkeypox)25,38

• Rash presenting several days after fever (smallpox,
monkeypox)25,38

• Diffuse rash in a toxic-appearing patient (smallpox,
monkeypox, viral hemorrhagic fevers, West Nile
fever)25,29,36,38

• Fever and rash and recent foreign travel (anthrax, smallpox,
monkeypox, viral hemorrhagic fevers)23,25,29,38

• Fever and rash and recent contact with patient with FRS
(smallpox, monkeypox, viral hemorrhagic fevers)25,29,38

• Painless, edematous lesion with an eschar in a febrile patient
(anthrax)23

The presence of any FRS and the above red flags should
prompt immediate action including efforts to protect health-
care personnel and other patients if a contagious agent is
suspected and reporting of the case to other clinicians and,
especially, the health department. In addition, aggressive
efforts to diagnose and treat should continue.

Neurological Syndromes (NS): Neurological syndromes (NS)
are any constellation of acute symptoms involving diffuse or
focal weakness and/or symptoms of meningitis (nuchal ridgid-
ity, headache, photophobia, lethargy) or encephalitis (altered
mental status, motor and sensory deficits, speech disorder).
Neurological syndromes occur with several bioterrorism-
related agents including anthrax, botulinum toxin, and plague.
Also, like West Nile fever, emerging infections may present
with an encephalitic picture. Clinicians are familiar with neu-
rological complaints among their patients. Strokes occur
500,000 times per year in the US,39 and there are thousands
of cases of viral and bacterial meningitis per year.40 However,
there are some presentations of neurological syndromes that
should raise suspicion for a biological agent or an emerging
infection. If a patient presents with a NS consisting of no fever
with a descending, symmetric, flaccid paralysis that begins in
the bulbar muscles, botulism should be considered.28 If the
patient has no history of a recent wound or obvious food

exposure, then the possibility of bioterrorism should be
entertained.28 If a patient presents with a febrile NS, the fol-
lowing features should provoke suspicion:

• Encephalitis in a young previously healthy adult (West Nile
virusf, St. Louis encephalitis virus, Venezuelan equine
encephalitis virus, eastern equine encephalitis virus)36

• Meningitis with gram positive rods on gram stain in an
immunocompetent host (anthrax)23

• Meningoencephalitis with diffuse weakness, blindness or
other focal deficits (West Nile virus)36

Viral Hemorrhagic Fever Syndrome (VHFS).Viral hemorrha-
gic fever syndrome (VHFS) results from infection with several
viruses including filoviruses (Ebola, Marburg), arenaviruses
(Lassa fever), bunyaviruses (Rift Valley Fever), and flaviviruses
(Yellow Fever).29,34 In the early stages of illness, VHFS is non-
specific, and patients present with fever, headache, myalgias,
nausea, and nonbloody diarrhea.29,34 Patients may also have
conjunctivitis, pharyngitis and a nonspecific rash. As the disease
progresses, a hemorrhagic diathesis ensues and may include
petechiae, mucous membrane and conjunctival hemorrhage,
hematuria, hematemesis, and melena.29,34 VHFS in any patient
warrants increased suspicion for bioterrorism or an emerging
infection especially if the patient has not recently traveled. Some
hemorrhagic fever viruses (e.g., yellow fever and dengue fever)
are common in parts of Africa, Southeast Asia and Central and
South America, and travelers to these areas may present with
VHFS.29,34 However, hemorrhagic fever viruses are uncommon
in North America and Europe. Because certain hemorrhagic
fever viruses (Ebola, Marburg, Lassa fever and New World
arenaviruses) are transmissible from person to person,29,34

immediate measures should be undertaken to protect others
from any patient thought to have VHFS. Also, such cases should
be reported to the health department as soon as possible. Rarely,
smallpox can present in a hemorrhagic form that is rapidly fatal
and highly contagious.25

Other Clues to a Biological Disaster: The following are clues
early clues to a biological disaster that may not fit into the
above four categories:41,42

• Animals and humans ill at the same time (e.g., bioterrorism
agents, West Nile virus)

• >2 previously healthy young patients presenting with rapid
onset of sepsis

• Clusters of patients presenting with a similar presentation
(e.g., SARS, H5N1 influenza, bioterrorism agents)

• Unusual temporal or geographic clustering of illness (e.g.,
severe influenza outbreak in the summer, Ebola in non-
endemic region such as the US)

• Unusual presentation of an illness (inhalational anthrax vs.
cutaneous anthrax)

• Higher morbidity and mortality than expected with
a common disease or syndrome

• Multiple unusual or unexplained disease entities coexisting
in the same patient without other explanation

• Unusual, atypical, genetically engineered, or antiquated
strain of agent
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• Simultaneous clusters of similar illness in noncontiguous
areas, domestic or foreign

• Multiple atypical presentations of disease agents

Public Health Surveillance Systems: Since the terrorist attacks
on September 11, 2001, the public health sector has accelerated
the development of surveillance systems for improved detec-
tion of infectious disease outbreaks, including bioterrorism
events. Traditional surveillance relies upon the clinician, infec-
tion preventionist, HE, or laboratory to report any disease of
public health significance to the local public health depart-
ment, whether laboratory-diagnosed or clinically suspected.43

At this point, all state public health departments have incor-
porated electronic disease reporting systems, many of which
are accessible by hospital-based providers. This traditional
“passive” disease reporting system can alert public health
authorities at any point in time that the patient has already
entered the healthcare system with clinical signs and systems,
which, unfortunately, may be long after the possibly unde-
tected exposure event.

The purpose of a syndromic surveillance system is to
attempt to provide an earlier warning of an infectious disease
outbreak than traditional systems.37,43 Many of these systems
utilize hospital-based information, such as the surveillance of
emergency department patient chief complaints. Numerous
states have implemented syndromic surveillance systems, and
there are several national initiatives, which are described
below.

• BioSense. BioSense is a CDC Internet-based syndromic
surveillance application, in operation in the United States
since November 2003, for the early detection of both
intentional and natural infectious disease outbreaks.45

BioSense receives International Classification of Diseases
(ICD) diagnosis and procedure codes from Department of
Defense (DOD) and Department of Veterans Affairs
ambulatory care visits. The system also receives pharmacy
over-the-counter sales information from various retail
outlets, and the Laboratory Centers of America provides
information on laboratory tests ordered. These data are
analyzed daily at the CDC.46

• Real-Time Outbreak and Disease Surveillance: Software
has been developed by the Real-Time Outbreak and Disease
Surveillance (RODS) Laboratory, a collaboration of the
University of Pittsburgh and Carnegie Mellon University.
This software can collect and analyze many types of clinical
data, such as emergency department chief complaints or
particular laboratory test orders, and is used by a number of
state public health departments for early detection of
infectious disease or bioterrorism events.45

• ESSENCE: The Electronic Surveillance System for the Early
Notification of Community-Based Epidemics (ESSENCE) is
a DOD syndromic surveillance system that automatically
collects ICD codes at participating military treatment
facilities. Analysis is done of the frequency and distribution
of seven syndrome types: respiratory, gastrointestinal, fever,
neurologic, dermatologic (infectious), dermatologic
(hemorrhagic), and coma or sudden death.45,47

Disease Reporting Requirements: Hospitals and their emer-
gency departments may be where a victim of a bioterrorism
event may be suspected and subsequently identified. HEs,
along with healthcare personnel, infection preventionists, and
laboratorians must immediately report any suspect case to their
local or state public health department.43 In many states this
important reporting is encoded in legal statute, yet the list of
diseases required for reporting can vary between states and
territories.43 Due to the public health importance of early and
rapid reporting of diseases of public health importance, espe-
cially of those that may indicate natural or intentional release
of potential bioterror agents, healthcare personnel are integral
to public health efforts at the local, state, and federal levels.43

This early reporting, even of suspect cases allows the immedi-
ate public health investigation and response that may be
required, and reporting should not be deferred for confirmatory
tests.

In fact, confirmatory testing of any biologic agent should be
performed under specific biosafety conditions within the state
public health laboratory. At the time of reporting, public health
workers will provide information to the provider regarding
specific and safe specimen collection and transportation to
the closest diagnostic public health laboratory. The HE will
need to ensure the hospital laboratory’s capabilities for
securely obtaining, packaging, and transporting any suspect
bioterror agent samples to the directed public health labora-
tory so that diagnostic testing can be performed. Again, invol-
vement by the HE with local and state public health
departments as well as local, regional, and state bioprepared-
ness groups will allow familiarity with the response plans of
public health, emergency management, law enforcement, and
surrounding hospitals.

Biological Disaster Agents
Many agents are capable of causing a widespread biological
disaster, and the CDC has identified more than 60 agents that
might be used as a biological weapon.44 This chapter will focus
on the six CDC Category A bioterrorism agents (anthrax,
smallpox, tularemia, plague, botulinum toxin, and viral
hemorrhagic fevers), SARS, MERS, and H5N1 influenza.
These agents represent a wide range of presentations and
modes of spread; thus, they provide an excellent framework
for preparedness activities and education.

Agents of Bioterrorism
Bioterrorism is the malevolent use of bacteria, viruses, or
toxins against humans, animals or plants in an attempt to
cause harm and to create fear. Although concern about bioter-
rorism has always existed, the 2001 anthrax attack in the
US that killed 5 people and prompted pre-emptive treatment
of more than 10,000 others has focused attention on this form
of terrorism as an imminent threat to national security.48,49

To understand this concern, one must be familiar with the
pathogens that are most likely to be used in any future attack
and be aware of the available methods for detecting and
responding to such an event.
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The use of biological agents for warfare has a centuries-
old history, predating even the concept of germ theory.50

The first documented case was in 1346, when the Tartars,
frustrated after years of laying siege to the Black Sea city of
Kaffa, catapulted plague victims over the unassailable city
walls.50 The Black Plague epidemic that followed and even-
tually spread from Kaffa wiped out almost half of Europe.
In 1763, Sir Jeffrey Amherst, the commander of British troops
in America, sanctioned the use of smallpox-infected blankets
as germ warfare implements against the American Indians,
who were highly susceptible to this deadly virus.50

In World War I, the Germans infected cattle destined for
consumption by Allied forces with anthrax and glanders. This
act resulted in the 1925 Geneva Protocol that prohibited the
use of biological weapons.50 However, in spite of this agree-
ment and the 1972 Biological and Chemical Weapons
Convention, several nations continued to produce biological
weapons. Biopreparat, the Russian biological weapons pro-
gram, was the largest in the world with 10,000 scientists work-
ing in 50 production facilities. In 1979, an accidental release of
weaponized anthrax from a production plant in Sverdlovsk
resulted in 66 deaths downwind of the facility. The program
was dismantled in 1992 after Russian president Boris Yeltsin
finally admitted that it existed.50

Aum Shinrikyo, a Japanese cult, attempted several unsuc-
cessful biological attacks with anthrax and botulinum toxin
before releasing sarin gas in the Tokyo subway in 1995.51

Themost successful biological attack in the US was perpetrated
by a religious cult, the Rajneeshees. In 1984, in an attempt to
affect elections in a small Oregon town, the cult poisoned 10
restaurant salad bars with Salmonella typhimurium and sick-
ened more than 700 people.50

Biological weapons, unlike other weapons of mass destruc-
tion (WMDs), are inexpensive to make. Nuclear and chemical
weapons programs are 800 times and 600 times more costly,
respectively, than a comparable bioweapons program.
The pathogens are relatively easily available, and the materials
and equipment for producing biological weapons are the same
as those used for peaceful purposes. For example, the organism
that causes anthrax is present in the soil in many countries, and
the organism can be grown in standard laboratory culture
medium. The Salmonella used in the Oregon attack was easily
obtained by a member of the Rajneeshee cult. The necessary
culture media, incubators, and milling equipment are available
for purchase, and information on cultivating the organisms
and on generating antibiotic-resistant strains is available in the
scientific literature and from the Internet.

Biological weapons produce fear and panic as was apparent
in the 2001 anthrax attack in the US.49 The weapon can be
released covertly, and its effects only become apparent days
later when the terrorist is gone. Unlike chemical and nuclear
events, the point of release of a biological agent may not be
apparent. If it is a contagious agent, the uncertainty about who
has been exposed could lead to widespread panic. Finally, the
lethality of a biological attack could exceed that of other
WMDs. By one governmental estimate, 50 kilograms of pow-
dered anthrax similar to that used in the 2001 attack released

over a city of 500,000 people would cause death in 95,000 and
incapacity in 125,000.52

The characteristics of an ideal agent for bioterrorism
include accessibility, durability, infectiousness and communic-
ability. Although hundreds of agents and toxins may qualify,
the CDC has developed a list of about 60 agents based on the
perceived threat.44,45 The most likely agents, designated
Category A agents, pose the greatest threat; these agents are
discussed individually in this chapter.1

Category A agents can be released by aerosolization, con-
tamination of food, contamination of water, person-to-person
transmission of a contagious agent, or release of infected insect
vectors. Aerosolization, the dispersion of organisms into the
environment, is the most feared and potentially lethal method
of releasing biological agents. Asmentioned above, a very small
amount of weaponized anthrax (50 kg) could result in very
high casualties (95,000 dead).52 The Russian bioweapons pro-
gram spent considerable resources developing effective meth-
ods of aerosolizing biological agents, especially anthrax,
tularemia and smallpox. Both the 1979 Sverdlovsk outbreak
of anthrax and the 2001 anthrax attack in the US involved the
release of finely powdered anthrax into the environment.
Means of aerosolizing an agent include spraying devices
(crop dusters), air handling systems in buildings, incendiary
devices (bombs), and the postal system (infected mail).23

However, aerosolization of a biological agent is not easy.
Infectious particles must be precisely the right size (0.5–5
microns) to enter and to infect the lungs.23 Furthermore,
radiation from sunlight, shear forces from sprayers, or explo-
sions from incendiary devices would likely destroy most of the
released organism.

Contamination of the food or water supply with biological
agents is another method of dissemination. The contamination
of salad bars with S. typhimurium in Oregon (see above) is an
example of a successful attack. The most likely agents to be
disseminated in this fashion include botulinum toxin, anthrax,
and diarrheal agents including S. typhimurium. However, con-
tamination of food and water would be difficult given inspec-
tion criteria, water purification and filtering systems, and
increased security at water reservoirs and food distribution
centers.

Dissemination through person-to-person transmission is
a likely means of dispersing a contagious agent such as small-
pox. As few as 100 smallpox-infected people could start an
epidemic in a nonimmune population. The fear, panic, and
quarantine measures that would result from such an epidemic
could rapidly overwhelm healthcare resources and destabilize
affected countries.

Finally, zoonotic delivery, or the use of insect vectors to
disperse a biological agent, is an unlikely method of bioterror-
ism. It is inefficient and unpredictable. The most likely agents
to be delivered in this way include Yersinia pestis (plague) or
viral hemorrhagic fevers (Ebola, Lassa fever).

Most likely Bioterrorism Agents
The CDC has designated Bacillus anthracis, Clostridium botu-
linum toxin, Y. pestis, variola virus, Francisella tularensis and
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hemorrhagic fever viruses as the six most likely agents to be
used in a bioterrorism attack.1 The clinical presentation
and diagnosis of the Category A agents are summarized in
Table 24.2. Infection prevention and treatment,
prophylaxis and vaccination strategies are summarized in
Tables 24.3 and 24.4.

Anthrax: B. anthracis is an ideal bioterrorism agent because
the organism 1) forms a hardy spore that can exist in the
environment for years and can survive aerosolization, 2) is
readily available in the soil in many countries, 3) produces
a severe inhalational form with a high mortality, and 4) can
be manipulated to create antibiotic- resistant strains.23 Several
countries have developed B. anthracis into a biological weapon,
and in 2001, this agent was used in a biological attack in the
US that created widespread panic and five deaths.23,49

B. anthracis causes three distinct diseases; cutaneous
anthrax, gastrointestinal anthrax, and inhalational anthrax (see
Table 24.2).23 Anthrax meningitis occurs in 50 percent of
people with inhalational anthrax (18 percent). While
a bioterrorism attack could manifest as any of these forms,
a case of inhalational anthrax should immediately raise suspi-
cion of a biological attack. Aerosolized forms of anthrax have
been developed by several countries, and a finely milled form
(Ames strain) was used in the 2001 attack in the US.23 Anthrax
is not transmissible from person to person and therefore
requires no isolation of infected patients (Table 24.3).23

Cutaneous anthrax is quite common in endemic areas
around the world, and the mortality rate is very low (<1 per-
cent) if treated promptly.23 Gastrointestinal, meningeal, and
inhalational anthrax have much higher mortality rates, but the
2001 anthrax attacks revealed that prompt therapy with
a multidrug antibiotic regimen reduced the mortality rate
from 90 percent seen previously to less than 50 percent.23

Treatment and prophylactic regimens for anthrax are
detailed in Table 24.4. Generally, inhalational, gastrointest-
inal, and meningeal anthrax require multiple antibiotics to
achieve cure, while cutaneous anthrax can be treated with one
antibiotic.23 Prophylaxis is administered to exposed and
potentially exposed persons. Anthrax vaccine is available
and is administered both pre-exposure (researchers, military
personnel) and postexposure to aerosolized anthrax
(Table 24.4).23,24

Smallpox: Smallpox, or variola, virus is an effective biological
weapon because it is highly contagious, has a high mortality
rate, and there is no treatment for the disease. Furthermore,
because vaccination efforts against smallpox ceased in 1982,
few people are adequately protected against infection.25,53

Currently, the smallpox virus is only held in two laboratories
in the world, which include the CDC in Atlanta, Georgia, and
the Institute of Virus Preparations in Moscow, Russia.
However, there is concern that stocks of smallpox virus may
exist in other countries.25,53

Smallpox could be used as a biological weapon either by
aerosolizing virus or by direct person-to-person spread from an
infected bioterrorist or unsuspecting infected individual.28,45

One case of smallpox anywhere in the world would be

considered a bioterrorist event given that smallpox has been
eradicated;25,53 thus, one case anywhere would be considered
a global public health emergency. A suspected case of smallpox
must be reported immediately to local public health
authorities.53

There are two clinical forms of smallpox, variola major and
variola minor. Variola major is the most common form of small-
pox, and also the most severe, and cases present with a more
extensive rash and with high fevers (Table 24.2). There are four
types of variolamajor smallpox: ordinary, which accounts for 90%
or more of cases; modified, which is milder and occurs in pre-
viously vaccinated persons; flat; and hemorrhagic. The flat and
hemorrhagic forms of smallpox include a malignant smallpox
characterized by severe toxemia and flat, confluent lesions that
do not progress to pustules and a hemorrhagic-type smallpox
characterized by a severe prodrome, toxemia, and a hemorrhagic
rash. These two less common forms of smallpox have mortality
rates greater than 95%.25,53 Variola minor is much less
common and presents with less severe disease with death rates
of 1% or less.53

Smallpox is transmitted from person to person through
respiratory droplets or contact with infected skin lesions.25,53

Symptoms begin approximately 12–14 days after exposure; the
clinical presentation and diagnosis is outlined in Table 24.2.
Smallpox patients are most infectious during the first week of
the rash when the oral mucosa lesions ulcerate and release large
amounts of virus into the saliva.53 The patient is no longer
infectious once all scabs have separated from the skin, which
usually occurs three to four weeks after onset of the rash.25,53

The CDC case definition for smallpox identifies it as an
illness with acute onset of fever >101°F (38.3°C) followed by
a rash characterized by firm, deep-seated vesicles or pustules in
the same stage of development without other apparent cause.53

The laboratory criteria for confirmation require a polymerase
chain reaction (PCR) identification of variola virus in a clinical
specimen, or isolation of the smallpox virus from a clinical
specimen with variola PCR confirmation in a WHO Smallpox
Reference Laboratory or a laboratory with appropriate refer-
ence capabilities.54 The HE must be aware that the laboratory
diagnostic testing for variola virus should be conducted only in
a WHO Reference Laboratory or a CDC Laboratory Response
Network (LRN) laboratory, such as the state public health
department’s laboratory, utilizing LRN-approved PCR tests
and protocols.53 Initial confirmation of a smallpox outbreak
requires additional testing at CDC. Because few physicians
have seen smallpox, the CDC has developed a vesicular/pust-
ular rash protocol which helps differentiate smallpox from
other common diseases, particularly chickenpox54

(Figure 24.3). When the HE is faced with a patient with
a FRS, he/she and other clinical staff should be familiar with
this information and be able to access this diagnostic aid
quickly.

There is currently no treatment for smallpox, although
cidofovir, an antiviral, has shown some effect in vitro25 and
may be useful as a treatment for severe smallpox vaccine
(vaccinia) reactions (EW1). The smallpox vaccine is a live
vaccinia virus vaccine produced by Sanofi Pasteur.55 It can be
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administered pre-exposure as was done in 2003 in 40,000
healthcare workers and approximately 500,000 military
personnel.55 The vaccine can also be given postexposure and
prevents disease if given within 4 days and death if given within
8 days.25,55 Smallpox vaccine, being live, is contraindicated in
immunocompromised patients and those with certain skin

conditions, including eczema (Table 24.3).25,53,55 Smallpox
vaccine can only be procured from the CDC or, possibly,
state health departments.25,55

In the event of a suspected case of smallpox, the HE will
need to implement appropriate isolation and disease control
measures within the facility (Table 24.3). If a patient with an

Patient with Acute, 
Generalized Vesicular or 

Pustular Rash Illness

Institute Airborne & 
Contact Precautions

Alert Infection Control 
on Admission

Low Risk 
of Smallpox 

(see “Risk of Smallpox” below)

History and Exam 
Highly Suggestive 

of Varicella

Varicella Testing 
Optional

Diagnosis 
Uncertain

Test for 
Varicella and 

Other Conditions 
as Indicated

Moderate Risk 
of Smallpox 

(see “Risk of Smallpox” below)

ID and/or Derm Consultation 
Varicella +/- 

Other Lab Testing as Indicated

Non-Smallpox 
Diagnosis Confirmed

Report Results to 
Infection Control

No Diagnosis Made
Ensure Adequacy of

Specimen ID/Derm Consultant 
Re-Evaluates Patient

Cannot R/O Smallpox
Classify as High Risk

High Risk 
of Smallpox 

(see “Risk of Smallpox” below)

ID and/or Derm Consultation
Alert Local and State Health 

Departments Immediately
(contact information below)

Response Team 
Advises on 

Management & Specimen 
Collection

Testing 
at CDC

NOT Smallpox
Further Testing

SMALLPOXRISK OF SMALLPOX

High Risk of Smallpox → Report Immediately

1. Febrile prodrome (defined below) AND
2. Classic smallpox lesion (defined below & photo at 
     top right) AND
3. Lesions in same stage of development (defined below)

Moderate Risk of Smallpox → Urgent Evaluation

1. Febrile prodrome (defined below) AND
2. One other MAJOR  smallpox criterion (defined below)
OR
1. Febrile prodrome (defined below) AND
2. ≥4 MINOR  smallpox criteria (defined below)

Low Risk of Smallpox → Manage as Clinically Indicated

1. No febrile prodrome
OR
1. Febrile prodrome AND
2. <4 MINOR  smallpox criteria (defined below) 

MAJOR SMALLPOX CRITERIA

MINOR SMALLPOX CRITERIA

Centrifugal distribution: greatest concentration of lesions on face and distal extremities

First lesions on the oral mucosa/palate, face, or forearms

Patient appears toxic or moribund

Slow evolution: lesions evolve from macules to papules → pustules over days (each stage lasts 1–2 days)

Lesions on the palms and soles

There have been no naturally occurring cases of smallpox anywhere in the world 
since 1977.  A high risk case of smallpox is a public health and medical emergency.

Report all HIGH RISK CASES immediately (without waiting for lab results) to:

1. Hospital Infection Control  _________________  (     ) ______ - ________________  

             _________________ (     ) ______ - ________________

2. _______________________  health department (     ) ______ - ________________

(     ) ______ - ________________

3. _______________________  health department (     ) ______ - ________________ 

   (     ) ______ - ________________

FEBRILE PRODROME:  occurring 1–4 days before rash onset: fever ≥101°F  and at least one of the following: 
prostration, headache, backache, chills, vomiting or severe abdominal pain 

CLASSIC SMALLPOX LESIONS: deep-seated, firm/hard, round well-circumscribed vesicles or pustules; as they 
evolve, lesions may become umbilicated or confluent

LESIONS IN SAME STAGE OF DEVELOPMENT: on any one part of the body (e.g., the face, or arm) all the lesions
are in the same stage of development (i.e., all are vesicles, or all are pustules)

Figure 24.3 Evaluating Patients for Smallpox: ACUTE, GENERALIZED VESICULAR OR PUSTULAR RASH ILLNESS PROTOCOL. From Reference (54).
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acute generalized vesicular or pustular rash illness presents
to an emergency department or clinic, actions should be
taken to decrease the risk of disease transmission.
The patient should not be left in any common waiting
areas and should be immediately triaged into a private
room where he or she can be assessed quickly to determine
the actual risk of smallpox, using the “Evaluating Patients for
Smallpox: Acute, Generalized Vesicular or Pustular Rash
Illness Protocol” algorithm53 (Figure 24.3). If in a clinic,
the door to the exam room must remain closed until the
risk for smallpox is determined. If within a healthcare facil-
ity, airborne and contact precautions should be undertaken
immediately, and the HE and/or infection control depart-
ment should be immediately alerted, if not done so already.
The HE should ensure that the patient is placed in a private,
negative airflow room. The door should be kept closed at all
times, except when staff or the patient must enter or exit.
Staff and visitors should wear properly fitted respirators,
gloves, and gowns, and the patient should wear a surgical
mask whenever he or she must be outside of a negative
pressure isolation room. The patient’s rash should be fully
covered with a gown and/or sheet if he or she is transported
out of the isolation room.53 Treatment for the smallpox
patient is supportive only (Table 24.4).

Plague: Y. pestis is the gram-negative bacterium that causes
plague and, historically, has been transmitted to humans
through a flea bite.26 Although it is reported that the
Japanese attempted to disseminate plague-infected fleas in
China during World War II, the most likely method of release
in a biological attack would be in an aerosolized form.26 Plague
has been developed as a biological weapon in the Soviet Union
and is considered an attractive agent because of its high mor-
tality, human-to-human transmission, high infectivity
(100–500 organisms), and high panic factor.26

Naturally occurring plague has three main forms, includ-
ing bubonic, pneumonic, and septicemic. Bubonic plague
presenting as painful lymph nodes and fever after a flea bite
is the most common form and occurs frequently throughout
the world.26 A bioterrorist release of aerosolized Y. pestis
would most likely present as pneumonic or septicemic plague
(Table 24.2). Pneumonic plague can be transmitted from
person to person, and infected patients must be isolated
(Table 24.3).26

Bubonic plague is relatively easy to identify, and prompt
treatment in the antibiotic era has decreased mortality to 5–14
percent.26 Pneumonic and septicemic plague, however, present
with nonspecific signs and symptoms (Table 24.2), and delayed
diagnosis leads to mortality rates of >50 percent if antibiotics
are not started within 24 hours of symptoms.26 Initial treat-
ment of pneumonic and septicemic plague requires intrave-
nous aminoglycosides (Table 24.4), antibiotics not typically
given as empiric treatment for pneumonia. Therefore, a high
level of suspicion must exist for appropriate therapy to be
initiated.26 Prophylactic therapy should be given to close con-
tacts of pneumonic plague patients and those exposed to aero-
solized plague (Table 24.3).26 There is currently no vaccine
available for plague (Table 24.4).26

Tularemia: F. tularensis, a gram-negative bacterium, is the
causative agent of tularemia.27 Humans are naturally infected
with tularemia through arthropod bites (ticks), contact with
infected animal tissue (rabbits), ingestion of contaminated
food or water, and, rarely, through aerosol inhalation (labora-
tory accident).27 Tularemia has been developed as a biological
agent because of its high infectivity; 1–2 organisms can cause
infection.27 Japan, the Soviet Union and the US have all devel-
oped tularemia as a biological weapon in the past.27

There are six naturally occurring forms of tularemia; ulcer-
oglandular, glandular, oculoglandular, oropharyngeal, pneu-
monic, typhoidal, and septic.27 The most likely form of
tularemia from a biological attack would be pneumonic dis-
ease, but typhoidal, septic and oropharyngeal infection might
also occur (Table 24.2).27 Tularemia is not transmitted from
person to person and thus the patient need not be isolated
(Table 24.4).27

Pneumonic tularemia would present as a nonspecific pneu-
monia and might be difficult to diagnose (Table 24.2).27

The organism is fastidious and does not grow well in standard
cultures. Furthermore, as F. tularensis is highly infectious, it
must be handled very carefully in the laboratory.27

Without antibiotics, the mortality rate is 30–60 percent for
pneumonic tularemia and 5–15 percent for other forms.27

Prompt administration of antibiotics including aminoglyco-
sides (gentamicin, streptomycin), doxycycline, fluoroquino-
lones or chloramphenicol decreases mortality to less than
2 percent (Table 24.4). Prophylactic antibiotic therapy should
be given those exposed to aerosolized F. tularensis after
a biological attack (Table 24.4).27 There is no Food and Drug
Administration (FDA)-approved vaccine for tularemia, but
a live attenuated vaccine is currently undergoing clinical
trials.56

Botulism: Botulism is a disease caused by botulinum toxin,
one of the most lethal toxins known to man.28 An inhaled dose
of 0.70micrograms is enough to kill a 70 kg human. Botulinum
toxin is produced by C. botulinum, an anaerobic bacterium.
The disease occurs naturally in three forms: foodborne,
wound, and intestinal botulism.27 Botulinum toxin has been
used as a biological weapon by Aum Shinrikyo in Japan in the
early 1990s, and it was produced as a biological weapon in the
US during World War II.28 It is also believed that the Soviet
Union and Iraq developed botulinum toxin as a weapon.28

A biological attack with botulinum toxin would most likely
involve an aerosol release or poisoning of the food or water
supply.28 Although there is some concern about terrorists
using commercial formulations of botulinum toxin, these ali-
quots do not contain enough toxin to be lethal (0.005 percent
to 0.3 percent of the estimated lethal dose).28 Botulinum toxin
blocks acetylcholine release and thereby prevents normal mus-
cle contraction.28 Patients affected by botulinum toxin have
a classic triad of 1) symmetric, descending flaccid paralysis
with bulbar signs; 2) absence of fever; and 3) clear sensorium
(Table 24.2).28

Diagnosis of botulism is difficult if it is not clinically sus-
pected, and laboratory testing can be delayed and difficult
(Table 24.2).28 Themortality rate is 25 percent ormore without
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treatment and ventilatory support.28 Care of a botulism victim
is generally supportive (e.g., ventilatory care); however, anti-
toxin is available through the CDC via the local or state health
department.28 Heptavalent Botulism Antitoxin (HBAT) con-
tains equine-derived antibody to the seven known botulinum
toxin types and is available on an emergency basis for the
treatment of persons thought to be suffering from botulism.
It is supplied only by the CDC.57

Viral Hemorrhagic Fever (VHF): VHF agents include
a variety of viruses in four families: Filoviridae, Arenaviridae,
Bunyaviridae, and Flaviviridae. Specific viruses of concern in
include, Ebola, Marburg, Lassa fever, yellow fever, and Rift
Valley fever viruses.29 Several countries including the US,
Soviet Union, Russia have developed VHF viruses as biological
weapons in the past.29 Aum Shinrikyo, a Japnese cult, unsuc-
cessfully attempted to acquire Ebola virus and develop this
agent as a biological weapon.29

As a biological weapon, VHF viruses would most likely be
released as an aerosol.29 After an incubation period of 2–21
days, illness would most likely manifest as a nonspecific viral
syndrome including myalgias, headache, fever, nausea, vomit-
ing (Table 24.2).29 As the disease progresses, the patient might
develop hemorrhagic manifestations including conjunctival
petechiae or hemorrhages, gastrointestinal bleeding, hemopty-
sis, hematemesis, and petechiae or purpura of the skin.29

Patients with yellow fever may develop jaundice and/or scleral
icterus.29 Laboratory diagnosis of these organisms is difficult,
and a high level of suspicion is warranted in patients present-
ing with nonspecific viral symptoms with hemorrhagic
complications.29 The mortality rate for VHF varies between
<1 percent for Rift Valley fever to 50–90 percent for Ebola.29

Treatment is generally supportive and includes intravenous
fluid/blood product administration, mechanical ventilation,
and nonsteroidal anti-inflammatory drugs28 (Table 24.4).
Ribavirin, an antiviral medication, has activity against arena-
viruses bunyaviruses and should be used against these viruses
or when the identity of the virus in a case of VHF is not
known.29 Postexposure prophylaxis is not recommended, and
only yellow fever virus has an FDA-approved vaccine.29

Ebola
The 2014 Ebola outbreak in West Africa was the largest ever
recorded.58 The epidemic was localized to 3 countries (Liberia,
Sierra Leone, and Guinea), but a small number of patients were
also diagnosed in the US, Nigeria, Senegal, Mali, Italy, Spain,
and the United Kingdom. In total, there were close to 29,000
cases (confirmed, probable, or possible) with a case-fatality
rate of approximately 40 percent (as of November 4, 2015).58

The animal reservoir for Ebola is unclear, although bats
have been suggested in several outbreaks.59 Human-to-human
transmission occurs through contact with bodily fluids includ-
ing blood, urine, semen, saliva, aqueous humor, and breast
milk.60 Transmission is most likely to occur during severe
disease as the viral load increases as high as108 copies/mL.6

Healthcare-associated transmission was common in the West
African epidemic, and the transmission of Ebola from an

infected Liberian patient to two healthcare personnel in
Dallas led to very strict isolation requirements and infection
prevention protocols in US hospitals.62

Patients with Ebola present with symptoms similar to other
VHFs (see above). The incubation period for Ebola is generally
between 6 to 12 days but can be delayed up to 21 days.34

Patients with suspected Ebola infection should be treated in
specialized care units, and laboratory testing should be limited
to only essential tests. Laboratory testing for Ebola should be
coordinated with the state public health department and the
CDC and usually involves sending specimens for PCR
testing.63

Treatment for Ebola is generally supportive and includes
fluid and electrolyte replacement and respiratory support.64

There are currently no approved antiviral therapies or vaccines
for Ebola virus disease, although clinical trials for an Ebola
vaccine are in progress.63

Severe Acute Respiratory Syndrome (SARS)
Severe Acute Respiratory Syndrome (SARS) is caused by
a coronavirus, SARS-CoV, first isolated in the pandemic out-
break of 2003.30–32 Cases of SARS first appeared in south China
(Guandong Province) in November 2002. In February 2003, an
ill physician from Guandong transmitted the virus to 10 other
people at a conference in Hong Kong.30 These 10 individuals
then spread the virus to other countries around the world, and
on March 13, 2003, the WHO issued a warning about the
worldwide spread of this virus.30 The global outbreak ended
in July 2003 after 8,422 cases had been diagnosed and 916
died.30 There were only 29 cases of SARS in the US and no
deaths.30 Only 9 other cases of SARS have been diagnosed
since July 2003, and these were all related to a researcher
becoming infected in a laboratory:30 no cases have been
reported since 2004.65

The reservoirs for SARS include bats and palm civets, and
humans can be infected through contact with these animals.30

Person-to-person transmission of SARS-CoV occurs through
respiratory droplets or contact with bodily secretions such as
stool.30 Certain persons (super-spreaders) seemed to transmit
SARS-CoV at a high rate, particularly when they are very ill
and hospitalized. As a result, much of the early transmission of
SARS-CoV occurred in the hospital setting.30 Because of the
possibility of airborne spread, SARS patients should be placed
in respiratory isolation under negative pressure (Table 24.3).30

Persons infected with SARS-CoV present with nonspecific
symptoms of fever, chills, myalgias, headache, and diarrhea
(Table 24.2) After 2 days, the patient develops a nonproductive
cough and dyspnea. Respiratory symptoms progress, and
10–20 percent of patients require mechanical ventilation.30
Patients are often hospitalized for over 2 weeks, and the case-
fatality rate approaches 11 percent.30 The diagnosis of SARS is
based on a case definition that depends on exposure history,
clinical symptoms, and laboratory confirmation of infection.65
Serologic assays and a PCR assay have been developed for the
diagnosis of SARS (Table 24.2).30

Treatment for SARS is supportive, and there is no specific
antiviral medication that has been demonstrated to be effective
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(Table 24.4).30 Steroid therapy has been used to decrease the
immune-mediated lung damage, but no prospective studies
have been done.30 Infection prevention precautions must be
taken in order to protect family members, the community,
healthcare personnel, and other patients (Table 24.3).30,31

Novel and Pandemic Influenza
In 2005, the United States government released its first version
of a national pandemic influenza plan, the DHHS Pandemic
Influenza Plan.19 Globally, nations began developing response
plans in response to an unprecedented spread of a novel highly
pathogenic strain of avian influenza A (H5N1) virus, which
raised concerns for an imminent influenza pandemic in
1997.21,66 Novel strains of influenza in humans are newly
emerging subtypes that are different from currently circulating
human influenza H1 and H3 viruses. Novel subtypes can
include H2, H5, H7, and H9 subtypes, H1 and H3 subtypes
originating from a nonhuman species, or subtypes arising from
genetic reassortment between animal and human viruses.67

Many subtypes, such as a 2013 outbreak of avian influenza
A (H7N9) virus, may cause sporadic human outbreaks in those
exposed to a diseased animal, commonly poultry or swine that
may be infected with the novel strain. The public health impor-
tance for rapid detection and control of these novel strains is
critical, as the human population will not have any pre-existing
immunity, and if the novel strain mutates to become able to
transmit easily from person to person, a pandemic of influenza
can result.66

Potential Impact of Influenza Pandemics
Three to four pandemics of influenza occur each century; while
they vary in severity, world governments understand the
necessity for the development of pandemic influenza response
plans. Pandemic planning in US hospitals has now been incor-
porated into current hospital preparedness programs, again in
coordination with local, state, and federal groups.

Pandemic influenza, as with any other pandemic disease, will
encompass multiple countries or the whole globe and has the
potential to have a significantly larger impact across the health-
care system than a localized bioterror event. A bioterror event
could have a devastating impact but may be circumscribed in
terms of the geography affected and in the time during which it
directly or indirectly impacts the population. Pandemic influ-
enza, however, has the potential to encompass the globe rapidly,
perhaps more quickly than in past pandemics given the global
nature of air travel and trade. The DHHS Pandemic Plan esti-
mated that approximately 75 million to 105 million US citizens
may develop influenza, and 209,000 to 1,903,000 of them may
die.19,21 An average influenza season in theUSmay be associated
with 40,000 deaths.19

The 2009 Influenza A (H1N1) Pandemic
In April 2009, a novel influenza strain, now referred to as
influenza A (H1N1 pdm09), was detected in California, arising
from a respiratory illness outbreak in Mexico.66 The pandemic
rapidly affected the entire globe. Ultimately, its impact was of

the severity similar to a mild seasonal influenza epidemic;
however, the mortality among children, young adults, and
pregnant women was more severe than usual. Influenza-
related deaths worldwide were estimated to be in the range of
123,000 to 203,000.68 Because of the global nature of pandemic
influenza, hospital preparedness plans that are adequate to
address the release of a biologic agent could be insufficient
for a pandemic influenza event. Surge capacity plans that may
rely on surrounding hospitals or surrounding communities
may not be sufficient as they, too, will need to activate their
response plans. Further, while a bioterror event may be loca-
lized temporarily, pandemic influenza may require hospitals to
address surge capacity issues for a period as long as six to eight
weeks.19,68,69 Surge capacity needs may be compromised by the
limited ability to replenish stores of personal protective equip-
ment (PPE), basic medical supplies, pharmaceuticals including
antivirals for treatment or prophylaxis, and critical care
equipment.68,69 Due to impacts upon healthcare capacity and
provisions, the HE and clinical providers may need to imple-
ment altered standards of care, which will lead to difficult
decisions with regard to allocation of scarce supplies.
The HE’s role, as explained earlier in this chapter, will be
vital for prioritization of PPE, antivirals, and vaccines, accord-
ing to national and state public health guidance.16,19,69,70

Further, the HE can assist the planning team in identifying
distributers of vital supplies and ensuring that the hospital’s
potential needs are part of the distributer’s contingency plans
for a pandemic of influenza as well.68

Hospital Pandemic Preparedness: A pandemic preparedness
committee should involve all key responders within the hospi-
tal organization and have a dedicated leader, a role that may be
best served by the bioterrorism preparedness planner or dis-
aster/emergency coordinator.69 Anticipated surge capacity
needs should be documented, and hospitals should prepare
to make 30 percent of their beds available quickly, within
a week. CDC’s FluSurge tool is a valuable tool the HE can use
to assist in estimating potential impacts upon surge capacity
based on various pandemic influenza scenarios.70 Toner and
Waldhorn12 note the potential ability of hospital facilities to
quickly make approximately 10–20 percent of bed capacity
available within a few hours simply by accelerating discharges
and utilizing discharge holding areas, as well as by the conver-
sion of single rooms to double rooms, and the opening of
previously closed areas.

As mentioned previously in this chapter, hospital involve-
ment in community and regional preparedness programs is
vital. An important feature of influenza pandemics is that they
impact all sectors of society and all institutions within the
community. Hospitals and their HEs should work together in
a regional hospital coordinating group that includes neighbor-
ing hospitals, local public health officials, and emergency man-
agement personnel to address the surge capacity and
scarce resource issues that will arise in a pandemic influenza
event.12,68,69 If faced with an impending influenza pandemic,
regional hospital planners should be able to address a potential
need to increase licensed bed capacity by 200 percent within
the region in a period as short as two weeks.12
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In the event of an influenza pandemic, the HE will need to
limit the transmissibility of the pandemic virus strain within
the healthcare facility.12,69 Respiratory etiquette protocols and
guidelines should be implemented, and everyone entering the
facility, including staff, patients, and visitors should utilize
simple surgical masks. For this capacity, hospitals should
stockpile enough of these surgical masks to cover needs for at
least a three-week period.12

Fit-tested N95 respirators should be used in aerosol-
generating procedures, in cardiopulmonary resuscitation,
and in situations that call for repeated direct contact with
patients with influenza or pneumonia, and it may be pru-
dent to use them for other direct patient care activities.
Powered air purifying respirators (PAPRs) should be avail-
able for use in high-risk aerosol-generating procedures if the
provider is unable to use an N95 respirator. The HE can
refer to the Occupational Safety and Health Administrations
document, “Guidance on Preparing Workplaces for an
Influenza Pandemic,” to assess risk for pandemic influenza
exposure among all hospital personnel, not just direct-care
personnel.6 Healthcare personnel performing aerosol-
generating procedures on known or suspected pandemic
patients, such as cough induction procedures, bronchosco-
pies, some dental procedures, or invasive specimen collec-
tion, or laboratory personnel collecting or handling
specimens, are within the very highest risk category for
exposure as determined by the Occupational Safety and
Health Administration (OSHA).71

N95 respirators will likely be in short supply, and resupply
of these within a pandemic period could be difficult. They
should be stockpiled, and monitoring of their use should
occur in real time.12 If no other masks are available, surgical
masks, which do provide adequate droplet protection, should
be used.12,72 HEs should be aware of the capability of their
suppliers to deliver necessary PPE during a potential influenza
pandemic and may need to stockpile even more supplies
depending upon their distributer’s continuity of business
plan and response during this type of disaster.

The HE will need to assist the administration in cohorting
of patients, which will limit the number of staff working with
patients with influenza. Adjustment of schedules may be
needed to limit the number of dedicated direct-care staff.
Healthcare personnel who are either vaccinated for the pan-
demic virus strain or who have recovered from pandemic

influenza illness, and are thus considered immune, would be
candidates to work with these cohorts. Despite strain upon
healthcare resources, infected healthcare personnel, or those
potentially infected and requiring quarantine, should be
excluded from working with non-influenza-infected patients.,
The HE and infection prevention and occupational health staff
will need to track and monitor healthcare personnel
accordingly.12

The allocation of scarce resources will be a significant
logistical, clinical, and ethical issue. While there are currently
national guidelines for the allocation of antivirals and pan-
demic influenza vaccine,16,19,72 alterations in normal care rou-
tines may need to occur if routine care cannot be delivered
despite all efforts. Importantly, legal and ethical templates for
this action should be developed prior to a mass casualty
event.10 The HE, in regional collaboration with other hospitals,
will be able to assist in criteria and clinical guideline develop-
ment for the use of resources, such as mechanical ventilation,
based on evolving national guidelines.12,68,69

Middle East Respiratory Syndrome Coronavirus
(MERS-CoV)
In 2012, a novel coronavirus, distinct from SARS, was detected
in a Saudi Arabian patient.73 Subsequently named Middle East
Respiratory Syndrome coronavirus (MERS-CoV), the virus has
spread to several countries, including the US, in persons with
history of travel to countries in and near the Arabian
Peninsula.74 Like SARS, human-to-human transmission has
occurred in close contacts of ill patients or travelers to the
Arabian Peninsula; in 2015, an outbreak occurred due to
a traveler who returned from the area to his home in South
Korea.75 Studies have implicated a potential role of camels in
the epidemiology of the novel virus; however, this association
is not confirmed.74

Symptoms of MERS include fever, cough, and shortness of
breath (Table 24.2), and the case fatality rate as of late 2015 was
approximately 30–40 percent. Like SARS, transmission has
predominantly occurred in the healthcare setting, and health-
care personnel are at higher risk due to exposure to respiratory
secretions containing the virus.74 Standard, contact and air-
borne precautions are recommended in any suspected case
(Table 24.3). Currently, no known treatment or vaccine exists
for MERS-CoV (Table 24.4).
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Chapter
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Exposure Workups
David B. Banach, MD, MPH, Hilary Babcock, MD, MPH, and
Louise-Marie Dembry, MD, MS, MBA

Introduction
Several axioms about exposures in the hospital seem to exist.
First, they always come at inconvenient times. There is no good
time for an exposure even if it’s not Friday. The corollary to
this axiom is that exposure workups always interrupt other
important infection prevention activities. The second axiom is
that exposures usually involve more than one department and
that at least one of the affected areas will be a large open room
inwhichmany persons –whomay be very difficult to identify –
congregate. The third axiom is that exposures almost always
involve the most vulnerable patients or healthcare personnel.
The corollary to this axiom is that exposures are guaranteed to
cause great anxiety among patients and staff.

Infection prevention personnel define exposures as events
in which persons are exposed to infectious microorganisms or
ectoparasites. The goals of an exposure workup are to prevent
disease, if possible, in the persons who were exposed to the
agent, and to prevent further transmission if exposed persons
become ill. To achieve this goal, infection prevention and
occupational health personnel must work together to identify
all patients, visitors, and staff who might have been exposed
and then determine whether these persons are susceptible or
immune. If the exposed persons are immune to the etiologic
agent, they do not require further investigations or interven-
tions. If exposed persons are not immune to the etiologic agent
or do not know their immune status, infection prevention and
occupational health personnel may need to obtain further data,
prescribe prophylactic treatment, and institute work restric-
tions. In this chapter, we will describe exposure workups for
a number of important pathogens.

Many healthcare-associated exposures do not cause second-
ary cases of infection, or, if secondary cases occur, they are often
mild. However, on occasion, patients, visitors, or healthcare
personnel acquire infections that cause serious short- or long-
term consequences, including prolonged absence from work,
exposure to toxic treatments, incurable chronic illness, irrever-
sible disability, or death.1 Regardless of the ultimate conse-
quences, exposure workups consume considerable time,
money, and other resources.2–4 Therefore, healthcare facilities
should strive to prevent exposures with the following measures:

• Implementing policies that reduce the number of
susceptible persons exposed (e.g., requiring all healthcare
personnel to be immune to measles, mumps, and rubella or
requiring all outpatient areas to screen patients for
symptoms consistent with communicable diseases).

• Teaching healthcare personnel to recognize when they
should stay home to prevent the spread of infectious agents.

• Teaching healthcare personnel to apply standard and
transmission-based precautions properly.

• Implementing respiratory etiquette/cough hygiene (i.e.,
masks for persons with signs/symptoms of a respiratory
infection such as fever and cough) for patients and persons
accompanying them in outpatient areas and emergency
departments.

Given the serious consequences that can result from expo-
sures, healthcare facilities must manage exposures in
a systematic and consistent manner. Many healthcare facilities
assign this responsibility to infection prevention personnel.
Infection prevention personnel must often work with other
departments, such as occupational health and human
resources, as well as with affected areas to evaluate the impact
of a potential exposure event. In this chapter, we describe the
steps in exposure investigations.

We have summarized our recommendations for work-
ing up exposures in a table (Table 25.1). When developing
the recommendations in this chapter we used the Red
Book,5Control of Communicable Diseases Manual,6 the
guidelines published by the Hospital Infection Control
Practices Advisory Committee (HICPAC),7 and the
Advisory Committee on Immunization Practices (ACIP),8

the websites created by the Centers for Disease Control and
Prevention (CDC) and the World Health Organization
(WHO), other published studies, and our own experience.
We also consulted Principles and Practice of Infectious
Diseases.9 We excluded bloodborne pathogens from this
discussion, and we included only the agents that cause
most exposures in hospitals. Hospitals vary; thus, some
facilities may have numerous exposures to agents that we
have not discussed. In addition, newer agents, such as severe
acute respiratory syndrome (SARS), Middle East Respiratory
Syndrome (MERS), and new influenza viruses can and will
continue to afflict hospitals. Therefore, infection prevention
personnel need to know what is happening in their commu-
nities and around the world. One way infection prevention
personnel can keep abreast of what is happening is to join
list serves such as the Emerging Infections Network spon-
sored by the Infectious Diseases Society of America.
In addition, some state or local health departments inform
infection prevention personnel of important developments
through emails or faxes.
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General Recommendations Regarding
Exposure Workups

Obtain Mandate from the Administration
If the hospital administration assigns the responsibility for
doing exposure workups to the infection prevention program,
the administrators also must define the scope of that respon-
sibility and delegate the authority for the associated activities to
staff in the infection prevention program. The hospital admin-
istration must define prospectively what tests and prophylactic
treatments the hospital will provide. In addition, the hospital
administration must specify if exposed healthcare personnel
will be granted administrative leave, leave with pay, leave with-
out pay, or if they will be allowed to work in nonpatient care
areas during the period in which they might be infectious.10,11

Develop Policies and Procedures
Once the infection prevention program has been given the
authority to do exposure workups, the staff must develop
specific policies that define exposures to various bacterial and
viral pathogens and to ectoparasites and describe the investi-
gative and preventive measures that should be undertaken for
exposures caused by each agent. The staff also should develop
general policies and procedures that define what tasks should
be undertaken and who will do them.

Collaborate with Occupational Health
In many institutions, the infection prevention staff initiate
the exposure workup and assess the need for prophylaxis and
work restrictions for exposed healthcare personnel.
However, staff in the occupational health service actually
evaluate whether healthcare personnel were exposed and
susceptible, examine healthcare personnel, enforce work
restrictions, and give permission for healthcare personnel
to return to work. Thus, as they develop policies and proce-
dures, infection prevention personnel must collaborate
extensively with staff in occupational health and clearly
delineate responsibilities.

Develop a Database on the Immune Status of
Healthcare Personnel
Infection prevention personnel will save countless hours if
they have access to a database with information on the
immune status of all healthcare personnel. This type of data-
base is often maintained by the occupational health depart-
ment. The most important data are healthcare personnel’s
immune status to chicken pox, measles, mumps, rubella, and
hepatitis B. However, some hospitals might find it useful to
test healthcare personnel for antibody to parvovirus B19 if
they work in ante-partum clinics or with patients who are
immunocompromised or have hemolytic anemias.
Healthcare personnel’s tuberculosis skin-test results and the
results of respirator fit testing should be recorded in the
database. The database also could store information on

healthcare personnel’s immunity to diphtheria, tetanus, and
hepatitis A. Dates of receipt of pertussis and influenza vac-
cines should be recorded. Baseline data should be obtained
from all new healthcare personnel before they start working
in the institution. If the hospital is establishing a new data-
base, the same information should be obtained from all cur-
rent healthcare personnel.

The database should be computerized; it may be as simple
as a spreadsheet format that can be easily managed in smaller
hospitals. The persons who develop and maintain the data-
base could be in the hospital’s information management
group, in the infection prevention program, or in the occupa-
tional health service. Regardless of who manages the data-
base, the persons investigating exposures must have
unobstructed access to the database so that they can use the
data regardless of when the exposure occurs while ensuring
healthcare personnel confidentiality. Some programs have
found a shared drive that clinicians, infection prevention
staff, and occupational health staff can access useful to facil-
itate data sharing necessary for complete, prompt exposure
evaluations.

Develop a Data Collection Form
Infection prevention staff must investigate exposures in
a consistent fashion. Therefore, in addition to developing
policies and procedures, infection prevention staff should
design a form (preferably electronic) with which they can
collect the necessary data for each exposure. A list of healthcare
personnel who were in the affected areas and, when appropri-
ate, either the immune status of these healthcare personnel or
the date of their last tuberculin skin test should be generated.
This list can usually be generated from staffing records but may
also require additional chart review and confirmation with
area managers to capture healthcare personnel who were in
the affected area and are not hospital employees (e.g., physi-
cians and students) or assigned to a particular area or unit.
However the list is generated and the form it is in (i.e., paper or
electronic), it should be shared as soon as possible with occu-
pational health, so they are prepared when exposed healthcare
personnel come to them for follow-up.

Educate Healthcare Personnel
Healthcare personnel should know the modes of transmission
for common communicable pathogens and basic infection
prevention practices that limit the spread of microorganisms.
In addition, exposure workups will go more smoothly if infec-
tion prevention personnel prospectively educate healthcare
personnel about exposure workups in general and about the
specific steps taken during common exposure workups.
Infection prevention staff also will need to educate and reas-
sure the healthcare personnel while doing an exposure workup.
It is not uncommon for healthcare personnel to be anxious
regarding an exposure, and theymay panic and act irrationally;
this is a common response when healthcare personnel think
they have been exposed to N. meningitidis or to lice, for
example.

332

David B. Banach, Hilary Babcock, and Louise-Marie Dembry



Collect and Evaluate Data on Exposures
Infection prevention personnel should collect data on all the
exposure workups that they conduct. At least once per year
infection prevention staff should review the following:

• The number of exposures,
• The etiologic agents,
• The affected locations,
• The number of susceptible healthcare personnel, patients,

and visitors exposed,
• The number of secondary cases,
• The number of healthcare personnel who were placed on

leave,
• The number of leave days,
• The breaks in infection prevention technique that led to the

exposures,
• The prophylactic treatments given,
• The cost in time and dollars.

Infection prevention personnel should report these data to
the infection control committee and should use these data to
do the following:

• Document their effort to the administration,
• Identify topics for in-service educational programs,
• Identify interventions
• Identify areas for collaboration with other departments

(e.g., work with staff in other departments to develop
methods for screening and triage of potentially infectious
patients),

• Identify areas for improvement,
• document quality improvement efforts required for

accreditation.

Disease-Specific Exposure Workups

Viral Diseases
Varicella-zoster Virus
Varicella-zoster virus (VZV) causes a primary infection,
chicken pox, and a recrudescent infection, herpes zoster, or
shingles. VZV can be transmitted through the air by persons
with chicken pox or through direct contact with active chicken
pox or herpes zoster lesions. Thus, patients with chicken pox or
disseminated zoster should be placed on airborne and contact
precautions until all lesions are crusted to prevent exposures
within hospitals.12 Nonimmune patients who have been
exposed to chicken pox should be placed on airborne precau-
tions between days 10 and 21 after their exposure (day 28 if the
person is immunocompromised or has received varicella-
zoster immune globulin [VZIG]). Because VZV rarely is
spread through the air from persons with localized herpes
zoster, patients, visitors, and healthcare personnel with this
entity do not need to be restricted if their lesions can be
covered.

The incidence of varicella among adults is estimated to be
<0.1/1,000 population.8 Approximately 2 percent to 5 percent

of all healthcare personnel are not immune to VZV, and
approximately 15 percent of susceptible healthcare personnel
will develop chicken pox each year.13,14 At-risk exposure is
generally defined as nontransient close contact with an infec-
tious individual (e.g., indoor or face to face contact).
The duration of close contact necessary for transmission is
not well defined and ranges from 5 minutes to 1 hour.
Nonimmune healthcare personnel who have been exposed to
a person with chicken pox could be incubating the infection.
To prevent the spread of VZV, infection prevention personnel
must identify those healthcare personnel and restrict their
work during the incubation period. Most healthcare facilities
do not allow susceptible, exposed healthcare personnel to
continue their patient-care duties during the incubation per-
iod. Some healthcare facilities place such healthcare personnel
on leave,10, 11 and other facilities reassign exposed susceptible
healthcare personnel to non–patient care areas if all the health-
care personnel in that area are immune.15 Staff members who
develop active disease must not work until all lesions are
crusted. Exposed visitors who are not immune should not be
allowed to enter the hospital during the incubation period.
Exposed visitors who do not know their immune status should
not enter the hospital during the incubation period until they
have obtained sufficient antibody levels and are documented to
be immune.

Although all nonimmune healthcare personnel should be
offered the chicken pox vaccine when they are hired, some
healthcare personnel may remain nonimmune and be exposed.
Infection prevention personnel should work with occupational
health staff, expert clinicians, pharmacists, and hospital
administrators to determine whether exposed persons will be
offered the chicken pox vaccine (Varivax, Merck & Co, West
Point, PA) or varicella zoster immune globulin (VZIG). This
group should decide prospectively which persons will be
offered which agent. This decision may not be a simple one
for the following reasons:

• Five percent of healthcare personnel who receive the
vaccine will develop a varicella-like rash that will require
them to miss work. Although transmission of the vaccine
virus is rare, it has been documented to occur, mostly
outside the healthcare setting.

• Recently vaccinated healthcare personnel do not required
any restriction in their work activities unless they develop
a rash. Those who develop a varicella-like rash should not
have contact with nonimmune individuals at risk for severe
varicella (e.g., immunocompromised individuals,
nonimmune pregnant women, and newborns of such
women) until all lesions have crusted over.

• According to the Varivax package insert, up to 27 percent
of vaccinated persons will have subclinical or breakthrough
varicella infection after close exposure to a person with
chicken pox.

Vaccinated persons who acquire chicken pox often have
milder disease than unvaccinated persons.8,16–19 Some health-
care facilities have experienced substantial transmission of
VZV,2,3,20 and several investigators have found that varicella

Exposure Workups
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vaccine is cost effective given the costs associated with second-
ary cases.21–24

Table 25.1 outlines an approach to managing healthcare
personnel who have been exposed to VZV.5,11,19 Infection
prevention personnel who want additional information
about VZV exposures should consult the appropriate
references.6,8,9,13–15,25

Measles Virus
Measles is a febrile illness that is characterized by Koplik’s spots
on the buccal mucosa and an erythematous rash. The measles
rash starts on the face and spreads to the trunk and extremities
and also progresses from a maculopapular to confluent rash.
Measles virus, which is highly communicable, is spread by air-
borne transmission. Despite sensitivity to acid, strong light, and
drying, the measles virus can remain viable in airborne droplets
for hours, especially if the relative humidity is low.
Consequently, outbreaks have occurred in healthcare facilities
when the index patient was no longer present.26,27 To prevent
the spread of measles virus within healthcare facilities, patients
with measles should be placed on airborne precautions.12

Before the measles vaccine was licensed in 1963, 500,000
cases of measles occurred in the United States each year.
Subsequently, the number of measles cases in the United
States declined dramatically, reaching a nadir in 1983.
An increase in cases was noted in 2008 as a result of transmis-
sion within communities of unvaccinated individuals.28

Immunization requirements for school age children and the
routine use of two doses of the vaccine have decreased the
number of measles cases over the past 20 years. However, in
2014 more cases were reported than in any year since 2000
whenmeasles was declared eliminated in the US. In 2014, there
were 23 outbreaks in the US with one large outbreak that
involved 383 cases in an unvaccinated Amish community.
Many of the other cases were associated with importation of
measles from the Philippines.29 Another large outbreak in 2015
was traced to Disney theme parks in Orange County,
California.30 In one study of 22 confirmed cases in the 2015
outbreak, there were 5 secondary cases among healthcare
personnel.31 In four of these cases, the individuals had prior
evidence of immunity and continued to work in spite of devel-
oping symptoms.

Despite the recommendation that all persons receive two
doses of measles vaccine unless they have a medical contra-
indication, and that all healthcare personnel should be
immune to measles, outbreaks and healthcare-associated
transmissions continue to occur.26,27,31–49 Steingart et al
reported that 8 of 31 persons in Clark County, Washington,
who acquired measles in 1996 were healthcare personnel, and
5 were patients or visitors in healthcare facilities.48 Compared
with adults in Clark County, the relative risk of measles in
healthcare personnel was 18.6 (95 percent confidence interval,
7.4–45.8; p < 0.001). Only 47 percent of facilities surveyed by
these authors had measles immunization policies, and only
21 percent met the ACIP recommendations and enforced
their policies. Kelly et al. described several outbreaks of
measles in Australian healthcare facilities. They concluded

that the outbreaks occurred because published guidelines for
preventing healthcare-associated measles were not followed.50

They suggested that transmission of measles in a healthcare
facility could be considered “a sentinel sign of system failure.”
Five to 10 percent of healthcare personnel are susceptible to
measles,13 including 4.7 percent of those born before 1957,
16 percent of those born in the 1960s, and 34 percent of those
born in the 1970s.45 Younger healthcare personnel (<30 years
old) are at higher risk of contracting measles in the healthcare
setting, and in some reports of outbreaks healthcare personnel
had higher attack rates than patients.51

Although measles exposures are infrequent, infection pre-
vention personnel still must develop policies to limit the spread
of measles if it is introduced into the hospital. A study con-
ducted by Enguidanos et al. suggests that infection prevention
programs may be ignoring measles because the incidence is
low.45 These investigators noted that 74 adults employed in
acute-care hospitals acquired measles during a community-
wide outbreak in 1987 through 1989. The investigators sur-
veyed all 102 infection prevention professionals in the acute
care hospitals in Los Angeles County to determine whether
infection prevention policies were adequate. Only 17 percent of
the hospitals required healthcare personnel to document
immunity to measles, and only 4 percent had policies that
covered students or volunteers. The investigators also surveyed
the healthcare personnel who became ill. Of these 74 persons,
46 percent worked in hospitals that did not have measles
infection prevention policies, 43 percent were born before
1957, and 31 percent were working in jobs that have not been
considered to increase the risk of measles exposure.45

All healthcare personnel should have presumptive evidence
of immunity to measles. Only documentation of 2 doses of
measles, mumps, rubella (MMR) vaccination (at least 28 days
apart), serologic evidence of immunity, or laboratory confir-
mation of prior infection should be accepted as evidence of
measles immunity.8 For healthcare personnel born before 1957
without any of the prior evidence of immunity, facilities should
consider MMR vaccination.52 When an exposure occurs, rapid
vaccination is required to stop transmission, and serologic
screening is not recommended in those circumstances.

As discussed previously, infection prevention personnel
should work with occupational health to develop a database of
healthcare personnel’s measles immune status. If such a database
is not available and a person with measles comes to the hospital,
the infection prevention staff must identify exposed personnel
and then determine whether these persons are immune.
Nonimmune patients who have been exposed to measles should
be placed on airborne precautions between day 5 and day 21 after
their exposure.12 Nonimmune family members and friends who
have been exposed to a person with measles should not come to
the hospital during the incubation period. Table 25.1 provides
information necessary for managing a measles exposure.

Rubella Virus
Rubella (German measles) is an acute exanthematous viral
infection that affects children and adults. Postnatal rubella,
which resembles a mild case of measles, is characterized by
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rash, fever, and lymphadenopathy. In contrast, rubella
acquired in pregnancy can cause fetal death, premature labor,
and severe congenital defects. Consequently, it is very impor-
tant to prevent spread of rubella in healthcare facilities.
However, the mild clinical symptoms associated with rubella
have, at times, facilitated healthcare-associated spread of
rubella virus because healthcare personnel have continued to
work while they were ill. The literature documents numerous
outbreaks of rubella in medical settings, some of which affected
many susceptible pregnant women.53–61 Furthermore, these
institutions had to invest large amounts of time and money
to control the outbreaks.57,59,61

The epidemiology of rubella has been changing. Data from
the CDC indicate that the incidence of rubella has been decreas-
ing among children less than 15 years old but increasing in adults,
primarily those born outside the United States.62,63 After univer-
sal vaccination was implemented in the US in 2004, endemic
rubella transmission was eliminated. From 2004 to 2012, 79 cases
of rubella and 6 cases of congenital rubella syndrome were
reported. Rubella virus continues to circulate elsewhere in the
world; thus the risk of imported cases of rubella remains.64

Rubella virus is spread in droplets that are shed from the
respiratory secretions of infected persons. Persons with rubella
are most contagious when the rash is erupting. In addition,
persons with subclinical illness (up to 50 percent of cases) also
may transmit the virus. To prevent healthcare-associated trans-
mission, patients with rubella should be placed on droplet pre-
cautions until 7 days after the onset of the rash. Infants with
congenital rubella shed large quantities of virus for many
months, despite having high titers of neutralizing antibody.
Such patients should be placed on droplet precautions each
time they are admitted during the first year of life unless naso-
pharyngeal and urine cultures after 3 months of age are negative.

Nonimmune patients who have been exposed to rubella
should be placed on droplet precautions between days 7 and
21 after their exposure.12 Nonimmune family members and
friends who have been exposed to a person with rubella should
not come to the hospital during the incubation period.

Despite vaccination campaigns, 10 percent to 20 percent of
hospital personnel may be susceptible to rubella.13 A recent
seroprevalence study of 642 healthcare personnel in Spain
showed that 97.2 percent had rubella antibodies.65 Older
healthcare personnel (30–44 years old) were significantly
more likely to have rubella antibodies than younger (<30
years old) healthcare personnel. The prevalence of rubella
antibodies in this study is higher than that found in most
other studies. Given the adverse effects of rubella virus on the
fetus, many healthcare facilities require healthcare personnel,
especially those working in obstetrics, to be immune to
rubella.34,53

Table 25.1 provides information infection prevention per-
sonnel need for evaluating exposures to persons with rubella.

Mumps Virus
Mumps is characterized by fever and parotitis. In postpubertal
men, mumps virus also can cause orchitis, which can be the
primary manifestation of the infection. The mumps virus is

transmitted through direct contact with contaminated respira-
tory secretions, inhalation of droplet nuclei, or through contact
with fomites contaminated by respiratory secretions.
Transmission of mumps virus requires more intimate contact
with the infected person than does transmission of either
measles virus or VZV. To prevent exposures in healthcare
facilities, persons with mumps should be placed on droplet
precautions until 9 days after parotid (or other glandular)
swelling began.12

The incidence of mumps decreased substantially in the
United States after the vaccine was licensed in 1967.5,34

In 2006, the US experienced a large epidemic of mumps,
which was centered in the Midwest.66,67 This community-
based outbreak caused numerous exposures in healthcare facil-
ities. During this outbreak, the ACIP changed its requirements
for evidence of mumps immunity among healthcare personnel.
Presumptive evidence of immunity for healthcare personnel
includes any of the following: 1) written documentation of
vaccination with 2 doses of live mumps or MMR vaccine
administered at least 28 days apart; 2) laboratory evidence of
immunity; or 3) laboratory confirmation of disease.8,52 For
healthcare personnel born before 1957 without evidence of
immunity, facilities should consider MMR vaccination (should
receive 2 doses during an outbreak). From 2009 to 2010, there
was an outbreak of mumps in a religious community in the
northeast US with approximately 3500 cases. In 2011, there was
another outbreak on a California university campus where
76 percent of cases occurred among individuals previously
vaccinated with 2 doses of MMR vaccine.68

Polgreen et al. studied the duration of shedding of the
mumps virus during an outbreak and found that the prob-
ability of mumps virus shedding decreased rapidly after the
onset of symptoms.69 However, they estimated that 8 percent
to 15 percent of patients are still shedding the virus five days
after the onset of symptoms and, thus, may still be contagious
during this period. They concluded that their statistical
model and the absence of positive culture results >9 days
after the onset of symptoms may support excluding health-
care personnel from work for up to 9 days after the onset of
symptoms, although current recommendations are to exclude
infected healthcare personnel for 5 days after onset of
parotitis.8

Most adults are immune to mumps, and approximately
90 percent of adults who have no history of mumps have
antibody to the virus.5 Thus, only a small proportion of health-
care personnel will be susceptible to mumps. For example,
Nichol and Olson found that only 6.7 percent of the medical
students they studied were nonimmune.70 Consequently, it
might be cost-beneficial to assess antibody titers of exposed
persons who have no history of mumps and who have not
received the mumps vaccine. Only those who are seronegative
would be excluded from patient care during the incubation
period (day 12 from first unprotected exposure through 25
after last day of unprotected exposure). Table 25.1 provides
information necessary to evaluate an exposure to a person with
mumps. Nonimmune patients who have been exposed to
mumps should be placed on droplet precautions between
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days 12 and 25 after their exposure.12 Nonimmune family
members and friends who have been exposed to a person
with mumps should not come to the hospital during the incu-
bation period.

Parvovirus B19
Erythema infectiosum, or fifth disease, is a common manifes-
tation of acute parvovirus B19 infection. Fifth disease acquired
its name because common childhood exanthems were num-
bered in the late 19th century. The first three illnesses were
scarlet fever, rubeola, and rubella, and the fourth was
a variation of scarlet fever known as Filatov-Dukes Disease.
Erythema infectiosum was the fifth disease, and roseola infan-
tum was the sixth. Erythema infectiosum is characterized by
mild systemic symptoms (fever in 15 percent to 30 percent),
followed in 1 to 4 days by an erythematous rash on the cheeks,
the “slapped cheek” appearance. Subsequently, an asymmetric
macular or maculopapular, lace-like erythematous rash can
involve the trunk and extremities.

Parvovirus B19 has a predilection for infecting rapidly
dividing cells, especially rapidly dividing red blood cells.
Thus, persons with sickle cell disease, hereditary spherocytosis,
pyruvate kinase deficiency, and other hemolytic anemias can
develop transient hemolytic crises when infected. Parvovirus
B19 can cause severe chronic anemia associated with red cell
aplasia in persons who are on maintenance chemotherapy for
acute lymphocytic leukemia, who have congenital immunode-
ficiencies, or who have acquired immunodeficiency syndrome.
Parvovirus B19 also can cause hydrops fetalis. However, most
parvovirus B19 infections during pregnancy do not affect the
fetus adversely. Several studies indicate that the risk of fetal
death is less than 10 percent in infected fetuses.5,71

Parvovirus B19 DNA has been found in the respiratory
secretions of viremic patients, but most persons are no longer
viremic when the rash appears. In general, healthcare person-
nel with parvovirus B19 infection do not need to be removed
from patient care because they are usually not diagnosed until
after the rash appears. Some hospitals might choose to restrict
healthcare personnel from caring for patients at high risk of
complications until the individual’s symptoms have resolved.
Persons with transient hemolytic crises and babies with
hydrops fetalis can remain viremic for prolonged periods.
These patients can be the source of infection for susceptible
patients or healthcare personnel and thus should be placed on
droplet precautions while they are hospitalized to prevent
spread of parvovirus B19.12 Lui et al. documented healthcare-
associated patient-to-patient transmission of this virus from
a renal transplant patient who apparently transmitted the virus
many weeks after the onset of symptoms.72

Transmission of parvovirus B19 is common in the
community.73 Outbreaks have occurred in day-care centers
and in elementary and junior high schools. Secondary spread
to susceptible household contacts also is frequent.
Documented transmission within hospitals has been
uncommon.74–79 However, when transmission occurs, a high
proportion (13 percent to 50 percent) of susceptible persons
may be infected.75–77,80 Transmission of parvovirus B19

usually requires prolonged, frequent, close contact. Adler and
colleagues investigated the rate of seroconversion to parvo-
virus B19 among persons employed either in schools or hospi-
tals during an endemic period.81 The investigators found that
the risk of seroconversion for persons who had daily contact
with school-aged children at home (ages 5–11 years) or at work
(ages 5–18 years) was five times higher than that for other
study participants. The overall rate of seroconversion was
5.2 percent for primary-school employees, 2.4 percent for
other school employees, and 0–0.5 percent for hospital
employees.

In general, routine infection prevention precautions should
minimize healthcare-associated transmission of this virus.77

A study by Cartter et al. of risk factors for parvovirus B19
infection in pregnant women demonstrated that the rate of
infection was highest among nurses who cared for patients
before they were isolated.82 These results suggest that isolation
precautions can prevent healthcare-associated spread of this
virus from infected patients. Ray et al. obtained serology for
parvovirus B19 infection from 32 nonimmune healthcare per-
sonnel who cared for two patients with transient aplastic crisis
before they were put in isolation and from 37 nonimmune
healthcare personnel who were not exposed.76 The incidence
of serologic evidence of recent parvovirus B19 infection was
3.1 percent among the exposed healthcare personnel and
8.1 percent among the healthcare personnel in the comparison
group (p = 0.06). On the basis of their data, Ray et al. concluded
that the risk of healthcare-associated transmission was low
even when isolation precautions are not implemented.

Table 25.1 provides information about how infection pre-
vention personnel could evaluate an exposure to parvovirus
B19. In addition, the article by Crowcroft and colleagues
reviews relevant literature and provides recommendations for
protecting “at-risk seronegative healthcare personnel” and “at-
risk patients.”79

Hepatitis A Virus
Hepatitis A is transmitted primarily by the fecal-oral route, but
transfusion-transmitted hepatitis A infection has also been
reported. Infected persons excrete the highest concentration
of virus in their stools during the 2 weeks before their symp-
toms begin. Most persons are no longer shedding the virus 1
week after they become jaundiced. However, infants can shed
the virus in their stools for months.

Healthcare-associated transmission of hepatitis A is rela-
tively uncommon. Most healthcare-associated outbreaks have
occurred after an infant or a young child has received blood
from a viremic but asymptomatic donor. The child often has an
asymptomatic infection.83–89 Healthcare-associated outbreaks
have occurred when healthcare personnel cared for an older
child or an adult who had vomiting, diarrhea, or fecal
incontinence.90–100

Healthcare personnel who are exposed to the stool of
infected patients are at greatest risk for acquiring hepatitis
A infection. Occasionally, patients, visitors, and healthcare
personnel could be at risk of acquiring hepatitis A if they eat
uncooked food prepared by a food handler who is shedding the
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virus. Several food-related healthcare-associated epidemics
have been reported.101,102

To prevent healthcare-associated transmission of hepati-
tis A virus, healthcare personnel should follow standard pre-
cautions (i.e., wear gowns and gloves whenever they might
contaminate their hands or clothes with a patient’s stool).
Healthcare personnel must perform hand hygiene after
doing any patient-care activities and after removing their
gloves. Adult patients with hepatitis A who are continent do
not require private rooms, but diapered or incontinent
persons should be placed in private rooms.12 Healthcare
personnel who cared for patients with hepatitis A do not
need to be restricted from work unless they develop hepatitis.
The risk of acquiring hepatitis from a patient is very low, and
the risk of transmission from infected healthcare personnel to
patients also is low. Healthcare personnel with hepatitis
A infection should not work during the first 7 days of their
symptomatic illnesses. Table 25.1 provides information infec-
tion prevention personnel need when evaluating an exposure
to hepatitis A.

The Guideline for Infection Control in Health Care
Personnel, 1998 states that “immunoglobulin given within
two weeks of exposure is greater than 85 percent effective in
preventing hepatitis A virus infection and may be advisable in
some outbreaks.”7 The usual dose of immune globulin is
0.02 mg/kg IM when given as postexposure prophylaxis.
The hepatitis A vaccine has helped terminate outbreaks in
the community, but its role in hospitals has not been deter-
mined. Healthcare personnel are not considered at increased
risk for hepatitis A virus infection from occupational
exposure.8

Influenza Virus
Healthcare personnel tend to think that transmission of influ-
enza virus occurs primarily in the community and not in the
hospital. However, Evans et al. identified 17 reports of health-
care-associated influenza transmission that were published
between 1959 and 1994.103 In 5 of these outbreaks, healthcare
personnel were implicated in transmitting the virus, and in 12
outbreaks healthcare personnel became infected with influenza
virus. There have subsequently been many additional reports
of healthcare-associated influenza outbreaks, including reports
where healthcare personnel were clearly affected. The affected
units included neonatal intensive care units, a pediatric unit,
a solid organ transplant unit, an adult bone marrow transplant
unit, a cancer unit, and an adult pulmonary unit. Thus,
patients, visitors, and healthcare personnel can spread influ-
enza virus in healthcare facilities.103–119 In the outbreak
described by Pachucki et al., 118 workers were affected, includ-
ing 8 percent of the nurses and 3 percent to 6 percent of the
doctors.105 Everts described two outbreaks of influenza
A affecting wards that treated and rehabilitated elderly
patients.119 The attack rate among patients was 48 percent on
one ward and 58 percent on the other; 46 percent of the ill
patients had lower respiratory tract involvement, and 7 percent
died. The attack rate among staff was 69 percent on one ward
and 36 percent on the other.

Healthcare-associated influenza probably goes unrecognized
in many instances. Clinicians and infection prevention personnel
should consider this diagnosis when healthcare personnel or
hospitalized patients develop symptoms of influenza during the
appropriate season. Table 25.1 describes how infection prevention
personnel could manage healthcare personnel who were exposed
to influenza. The role of postexposure prophylaxis with oseltami-
vir or zanamivir has not been defined for healthcare personnel
who are exposed to influenza in acute care facilities.120 Clinical
judgment is an important factor in making decisions regarding
postexposure prophylaxis. These decisions should take into
account the exposed individual’s risk for influenza complications
and the type and duration of contact. Postexposure prophylaxis is
not a substitute for influenza vaccination, and although it lowers
the risk for influenza, it does not eliminate it.

Influenza increases absenteeism among healthcare person-
nel and increases the costs associated with sick leave.
The Advisory Committee on Immunization Practices (ACIP)
recommends that everyone 6 months and older receive influ-
enza vaccine. Thus, all healthcare personnel should be vacci-
nated regardless of whether or not they have patient contact.121

Healthcare facilities are expected by The Joint Commission to
offer their all healthcare personnel influenza vaccine free of
charge to protect healthcare personnel and to prevent spread of
influenza within the healthcare facility.8 In 2013, the FDA
approved a vaccine produced using non-egg-based technology
that may be considered for individuals 18 to 49 years old with
severe egg allergy. Live attenuated influenza vaccines (LAIV),
delivered intranasally, are not commonly used in healthcare
facilities. Individuals can shed vaccine virus, but only one case
of transmission, occurring in a daycare setting, has been docu-
mented. Although no healthcare personnel associated trans-
mission events have been documented, it is recommended that
persons vaccinated with LAIV should not have close contact
with severely immunocompromised patients who require a
protective environment for 7 days after receiving the vaccine.
Many institutions use LAIV for non-clinical staff, when
recommended, particularly in times of shortage of the inject-
able form of influenza vaccine, given the stated concerns
regarding potential transmission to high risk patients. As of
2016, LAIV is not recommended due to concerns regarding
efficacy, though LAIV may be reevaluated in the future.122,123

In spite of offering healthcare personnel influenza vaccination
at no cost, acceptance remains low. There are many suggested
ways to increase participation (e.g., roving vaccination teams,
vaccine fairs, financial incentives, and pandemic preparedness
drills),124 but none have been consistently effective in improving
acceptance of the vaccine. Thus, there is much discussion
about requiring influenza vaccination for healthcare personnel
as a condition of employment. Among the benefits of influenza
vaccination are the reduction of influenza transmission in
healthcare settings and decreases in staff illness and absenteeism.

Creutzfeldt-Jakob Agent
Creutzfeldt-Jakob agent, a prion, has been transmitted in the
healthcare setting by brain-to-brain inoculation (e.g., through
contaminated instruments) and by contaminated tissues or
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tissue extracts. To date, there have been no documented
instances of transmission to healthcare personnel, and the
incidence of Creutzfeldt-Jakob disease (CJD) is not higher in
healthcare personnel than it is in the general population.127,128

A recent literature review of case reports of healthcare person-
nel with sporadic CJD from 1979 through 2011 found 66 cases
(including 8 physicians).129 The authors found a wide spec-
trum of healthcare personnel types and medical specialties
represented; specific activities that might put an individual at
risk were not documented in most cases.129

Criteria for defining exposures to the Creutzfeldt-Jakob
agent have not been developed. The World Health
Organization (WHO) categorizes the following tissues as having
high infectivity: brain, spinal cord, pituitary gland, dura mater
and eye (retina, optic nerve).130 WHO categorizes the following
tissues or fluids as having low infectivity: cerebrospinal fluid,
peripheral nerves, kidney, liver, lung, lymph nodes, spleen,
placenta, and blood (for variant CJD).131 WHO categorizes the
following tissues or fluids as having no detectable infectivity:
bone, gingival tissue, heart muscle, intestine, prostate, skeletal
muscle, testis, thyroid gland, tears, nasal mucous, saliva, sweat,
serous exudates, milk, semen, urine, and feces.129,131 See the
WHO reference131 for the full list of high, low and no detected
infectivity tissues, body fluids, secretions and excretions.

The highest-risk injuries involve high-risk tissues and nee-
dlestick injuries with inoculation. Exposures via mucous mem-
branes have the “theoretical risk” of transmitting the CJD
prion.WHO recommends the following procedures if an expo-
sure occurs:

• Wash exposed unbroken skin with detergent and abundant
quantities of warmwater (avoid scrubbing). Then rinse and
dry the affected area. Brief (1 minute) exposure to 0.1
N NaOH or a 1:10 bleach solution can be used for
maximum safety.

• After a needlestick or laceration, gently encourage
bleeding, wash (avoid scrubbing) as described above, rinse,
dry, cover with a dressing.

• After splashing an eye or mouth, irrigate the affected area
with saline (eye) or water (mouth).

• Report any exposures to the appropriate department.132

If an exposure occurs, infection prevention personnel
should create a list of all exposed staff, which should be saved
indefinitely in case anyone develops the disease. Staff from
hospital epidemiology and the occupational health service
should counsel exposed healthcare personnel. In addition,
infection prevention staff should work with staff from the
operating suite and central sterile supply to ensure that, if
possible, the reusable surgical instruments used on the index
case are recalled and reprocessed properly and that all con-
taminated equipment in other departments (e.g., Pathology) is
properly cleaned and disinfected.

The best exposure management for Creutzfeldt-Jakob agent
is to prevent exposures from occurring. Therefore, infection
prevention staff should work with persons from the operating
suite, the neurosurgery department, the ophthalmology depart-
ment, the pathology department, the laboratory, central sterile

supply, and the morgue to develop policies that prevent expo-
sures. Precautions should be used for all persons who undergo
invasive procedures or ophthalmologic exams and who are
known to have Creutzfeldt-Jakob disease or a progressive
dementia or who have a family history of prion disease,
Creutzfeldt-Jakob disease, fatal familial insomnia, or Gerstmann-
Sträussler-Scheinker disease.121,130,133 Precautions also should be
used for patients who have received gonadotropin or human
growth hormone extracted from cadaveric pituitary glands.133

Infection prevention personnel who are developing policies
should review recommendations written by Steelman and
HICPAC.133–135 These documents recommend methods for
protecting healthcare personnel from exposure to potentially
infectious tissues, limiting contamination of equipment and
the environment, and effectively eradicating prions from sur-
gical equipment. The guidelines on the care of surgical equip-
ment are extremely important because the Creutzfeldt-Jakob
agent is not inactivated/killed by routine chemical and physical
means of sterilization, including routine steam sterilization,
ethylene oxide sterilization, and dry heat sterilization; pro-
cesses using peracetic acid, hydrogen peroxide, ultraviolet
light, radiation, freezing, drying, or hot bead glass; and any
level of cleaning and disinfection with glutaraldehyde, dry heat
radiation, detergents, or formaldehyde. Of note, some of the
recommendations differ between the documents developed by
Steelman and HICPAC.

Variant CJD (vCJD) has become an important issue in the
United Kingdom and Europe.133,134,136,137 vCJD is thought to
be transmitted from beef infected with the agent of bovine
spongiform encephalopathy (BSE). The United States has not
identified BSE as a problem, and thus, many people in this
country are not concerned about vCJD. However, given the
ease with which people travel, the presence of chronic wasting
disease (another spongiform encephalopathy) in cervids in the
United States, and the lax regulation of the rendering industry,
infection prevention personnel should not ignore vCJD.

Unlike the CJD prion, the vCJD prion infects the lymphor-
eticular tissues. Thus, a tonsillar biopsy is the preferred diag-
nostic test, and a wider variety of tissues may be able to
transmit this agent. The Department of Health in the United
Kingdom has mandated that decontamination facilities be
upgraded and that all adenotonsillectomy procedures must
be performed using disposable instruments.137 In addition,
decontamination and sterilization of equipment is different
for vCJD than for CJD.138,139 Given that lymphoreticular tissue
is affected and that infected persons may not show symptoms
or signs of the disease for years, many hospitals in Europe have
changed their general decontamination and sterilization such
that vCJD will be inactivated/killed.

Bacterial Diseases
Mycobacterium tuberculosis
Mycobacterium tuberculosis is an acid-fast bacillus that is
spread through the air. This organism causes a primary
infection, which in normal hosts usually is not manifested
as clinical disease, and a recrudescent pulmonary or
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disseminated disease. Persons who are infected
with M. tuberculosis typically have positive tuberculin skin
tests or blood interferon gamma release assays but are not
necessarily contagious. Those who have active pulmonary
disease are infectious and are the persons who cause most
healthcare-associated exposures. On occasion, patients who
have active infections at other sites also can cause expo-
sures. For example, a patient with a large soft-tissue abscess
underwent incision, drainage, and irrigation in an operating
suite.140 Because he continued to have copious drainage, the
wound was cleaned with a pressurized irrigation system.
Subsequently, 59 employees were identified who converted
their tuberculin skin tests, and 9 persons acquired active
tuberculosis (5 employees, 2 patients, and 2 family members
of the index patient). Matlow et al. reported that 111
healthcare personnel were exposed to tuberculosis while
caring for an infant with peritoneal tuberculosis.141 Two
(5 percent) of the primary-care nurses but no doctors or
housekeepers had skin test conversions.

Persons are considered exposed to M. tuberculosis if they
shared air space with a patient who had active pulmonary
tuberculosis or who had an extrapulmonary site of infection
from which M. tuberculosis was aerosolized and healthcare
personnel were not wearing an N95 or better respirator.
During outbreaks a large proportion (3.6 percent to 100 per-
cent) of exposed persons may become tuberculin skin test
positive.140,142–144 In general, approximately 30 percent of per-
sons will become infected when they are exposed to a patient
whose sputum contains acid-fast bacilli, whereas only 10 per-
cent of persons will become infected when they are exposed to
an infected patient whose sputum does not contain visible
acid-fast bacilli.145

As with the other airborne infections –measles and chicken
pox – it is best to prevent exposures by screening patients in
clinics and on admission for symptoms and signs of tubercu-
losis. However, screening can be difficult because some
patients present with atypical signs or symptoms, and others
do not answer truthfully to screening questions designed to
identify patients who might have tuberculosis so that they can
be isolated before they expose persons in the healthcare setting.
Moreover, some patients present with tuberculosis at unusual
sites, and immunocompromised patients can have atypical
signs and symptoms.

Healthcare personnel continue to acquire M. tuberculosis
through occupational exposures.146–156 In countries where
tuberculosis is common, healthcare personnel may be at con-
siderable risk of acquiring tuberculosis.153–157 Persons who
move from countries with high incidences of tuberculosis to
countries with a low incidence can cause substantial exposures
in healthcare facilities.158 In addition, studies done in Canada
indicate that delays in diagnosis, inadequate ventilation (<2 air
exchanges per hour) in general patient rooms, the type of work
(nursing, respiratory therapy, physical therapy, and house-
keeping) and the duration of work all increase the risk of
transmission.147,159

The goal of an exposure workup is to identify all
patients, visitors, and healthcare personnel who were

exposed so that those who become infected can be treated
with antimycobacterial agents. Unfortunately, before being
diagnosed, the infectious person may have visited many
clinics and diagnostic laboratories or may have been hospi-
talized in a multipatient room. All persons who meet the
criteria for exposure should have baseline tuberculin skin
testing if they have not had a recent skin test (within 6
weeks in a high-prevalence area or 1 year in a low-
prevalence area). Healthcare personnel should be evaluated
by the occupational health service. Exposed patients and
visitors should be notified about the exposure and told to
contact their own physicians or should be offered the oppor-
tunity to have their skin tests done at the medical facility
where the exposure occurred. In addition, exposed patients’
primary physicians should receive letters informing them of
the exposure. Twelve weeks after the exposure, exposed
persons should have another skin test. If that skin test is
positive, they should be encouraged to take prophylaxis.143

Interferon gamma release assays may be used as an alter-
native to tuberculin skin testing for both diagnosis of latent
tuberculosis infection and in contact investigations following
a potential tuberculosis exposure to identify new
infections.160 These tests offer a higher specificity compared
to tuberculin skin testing and comparable sensitivity.
Additionally, these tests only require one visit and are less
subject to variability in test performance and interpretation.

Neisseria meningitidis
Neisseria meningitidis is a Gram-negative diplococcus that
causes meningitis and septicemia. Household contacts of per-
sons with invasive meningococcal disease are at 500 to 800
times greater risk of acquiring meningococcal infection than
are members of the general public.161 Other semiclosed or
closed populations, such as persons living in college dormi-
tories, chronic-care hospitals, nursery schools, and military
barracks, also are at high risk of infection.162 Despite caring
for patients with meningococcal infection, healthcare person-
nel are not at higher risk than members of the general popula-
tion for acquiring this infection.13

N. meningitidis is transmitted by respiratory droplets.
Thus, patients with suspected or confirmed meningococcal
infection should be placed on droplet precautions for the first
24 hours of treatment.12 Healthcare-associated transmission of
N. meningitidis, which has occurred rarely, may be more likely
to occur from patients who have meningococcal pneumonia
than from patients with meningitis or septicemia.163,164

Persons are considered exposed to N. meningitidis if they did
not wear a mask and had either prolonged close contact with
a person who had meningococcal disease or had contact with
the patient’s respiratory secretions. Exposed persons should
begin prophylactic treatment within 24 hours of their
exposure.5 Thus, immediately upon identifying a patient with
meningococcal disease, infection prevention personnel must
determine whether any healthcare personnel meet the criteria
for exposure. Healthcare personnel whomeet criteria for expo-
sure must be sent to the occupational health service at once to
receive a prescription for an appropriate antimicrobial agent.
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Despite the very low risk of transmission, healthcare per-
sonnel often are very anxious when they learn that a patient
with meningococcal disease has been admitted to their unit.
Healthcare personnel who do not meet the criteria for expo-
sure frequently demand prescriptions for prophylactic antimi-
crobial agents. If infection prevention personnel refuse to
oblige them, these healthcare personnel often have other phy-
sicians write prescriptions for them. However, prophylactic
treatment is not without complications (e.g., allergic reactions,
side effects of the medications, C. difficile colitis), and its
use should be discouraged when the criteria for exposure are
not met.

Bordetella Pertussis
The whole-cell pertussis vaccines dramatically altered the epi-
demiology of pertussis. Before the vaccines were introduced,
most adults were immune to pertussis because they had the
disease during childhood, and their immunity was probably
boosted by frequent exposures to infected persons. However,
most adults are now susceptible to pertussis because vaccine-
induced immunity disappears within 12 years after the last
vaccination.165 Consequently, the incidence of pertussis in
adults is now increasing,166–170 and adolescents and adults
have become the primary source of infection for susceptible
young children.169 In the United States the proportion of
persons with pertussis who are over 10 years of age increased
from 7.2 percent during 1992–1994 to over 50 percent during
1997–2000.171

Pertussis may be transmitted in the hospital by patients,
visitors, and healthcare personnel.172–181 Recently, a cross-
sectional study at a large quaternary care pediatric hospital
from 2002 to 2011 revealed the frequency of healthcare person-
nel exposure to pertussis.182 In this study, 1,193 healthcare
personnel were exposed to pertussis from 219 confirmed case
patients. Outbreaks also have occurred in other healthcare set-
tings, including homes for disabled persons183–185 and a nursing
home.170 During the outbreak in the nursing home, 11 (10 per-
cent) of 107 residents and 17 (14 percent) of 116 employees
developed clinical or laboratory-confirmed pertussis
infection.170 The mean age of persons with clinical infection
was 75 years for residents and 34 years for employees. Wright
et al. reported the results of a study in which they followed 106
resident physicians and 39 emergency room physicians over
time to see if their antibody levels to pertussis toxin and fila-
mentous hemagglutinin increased 50 percent (diagnostic of
pertussis infection) over a 1 to 3 year follow-up period.181 Two
residents (1.3 percent; 95%, CI 0 percent–3.5 percent) and 3
emergency medicine physicians (3.6 percent; 95% CI 0 percent
to 9.6 percent) had serologic evidence of recent pertussis infec-
tion. Only 2 of these 5 physicians had symptomatic illnesses.

Most adults with pertussis have persistent and sometimes
severe cough. These adults frequently are diagnosed as having
bronchitis. Thus, many exposures are not identified. Several
studies indicate that erythromycin treatment early in the
course of illness decreases the frequency of secondary
spread.184–186 However, physicians rarely see adult patients
early in their illness.

Several communities have experienced outbreaks of per-
tussis in the past five years.185,187–191 Patients involved in these
outbreaks have caused exposures when they were evaluated in
clinics or were admitted to a hospital. ACIP recommends
a one-time dose of the tetanus-diptheria-acelluar pertussis
(Tdap) vaccine, a generally well tolerated vaccine, to boost
the immunity of healthcare personnel.192,193 Table 25.1 illus-
trates how infection prevention personnel could evaluate an
exposure to a person with pertussis.5,194

Previously published guidelines have supported the admin-
istration of antimicrobial postexposure prophylaxis (PEP) or
close symptom monitoring for 21 days postexposure with
prompt treatment and work exclusion if symptoms
develop.192 Decisions regarding the administration of PEP
should take into consideration the type and intensity of expo-
sure, the potential consequences of infection and the risk of
secondary exposure as well as the ability to monitor exposed
healthcare personnel. A recently published randomized con-
trol trial found that among vaccinated healthcare personnel
exposed to pertussis, those who received antimicrobial PEP
were at decreased risk of new infection.195 However, this study
was small, and newly infected patients did not display clinical
evidence of infection and were unlikely to be implicated in
secondary transmission. Amacrolide such as azithromycin can
be administered as PEP in healthcare personnel identified as
close contacts to patients with pertussis provided there are no
contraindications.196

Group A Streptococcus
Although not typically considered a disease warranting postex-
posure intervention, there have been reports of outbreaks affect-
ing healthcare personnel.197–199 These outbreaks demonstrate
that group A Streptococcus can spread quickly to both patients
and healthcare personnel. Given that group A Streptococcus is on
occasion transmitted to healthcare personnel, prophylaxis may
be appropriate under some circumstances. Healthcare personnel
who are epidemiologically linked to an outbreak of group
A Streptococcus should be tested for colonization. Colonized
healthcare personnel should be suspended from work responsi-
bilities for 24 hours after receiving chemoprophylaxis.200

If healthcare personnel are colonized with the same strain as
the index patient, repeat testing for colonization is recom-
mended 7–10 days after completing chemoprophylaxis.

Ectoparasites
Infection prevention personnel alsomust investigate exposures
to ectoparasites such as lice and scabies.201 Healthcare person-
nel often react more irrationally to these exposures than they
do to exposures involving infectious agents and expect pro-
phylactic treatment when it is not necessary.

Lice
Pediculus humanus capitis, Pediculus humanus corporis, and
Phthirus pubis are found not infrequently on patients admitted
to healthcare facilities. These ectoparasites are transmitted by
direct contact with infested persons or their clothing. Persons
infested with lice should be placed on contact precautions until

David B. Banach, Hilary Babcock, and Louise-Marie Dembry

340



they have been treated.12,202 All clothing, bedding, hats, and
other personal-care items should be washed in hot water and
dried on the hot cycle because lice and their eggs cannot
survive temperatures above 53.5°C.9 Clothes that cannot be
washed should be dry cleaned or placed in a plastic bag for 2
weeks.9 Brushes and combs should be soaked in a pediculicide
shampoo.5 Healthcare personnel who have had direct contact
with the patient’s head (head lice) or clothes (body lice) should
be evaluated by the occupational health service. Because the
risk of acquiring lice in a healthcare facility is very low, only
staff who become infested should be treated with
a pediculicide.

Scabies
In contrast to lice, Sarcoptes scabiei can be transmitted easily
within healthcare facilities, especially if the index case has
crusted (Norwegian) scabies.203–218 Of note, several outbreaks
have occurred because patients with human immunodefi-
ciency syndrome and unrecognized Norwegian (crusted or
keratotic) scabies were admitted without the necessary
precautions.207,208,212,215,217

Exposures to scabies can be quite expensive. For example,
an outbreak of scabies occurred in an extended-care unit that
was attached to an acute care hospital. To terminate the out-
break, 78 residents and over 100 staff and familymembers were
treated at a cost of more than $20,000.209 Scabies spread within
the unit, in part because the protocol for control of this ecto-
parasite was inadequate. The policy was based on the assump-
tion that staff had previous experience with scabies exposures
and would know what to do. The outbreak described by
Obasanjo et al. was enormous (773 healthcare personnel and
204 patients were exposed) and was not terminated until pre-
cautions beyond those recommended by CDC were
implemented.213 These precautions included: 1) early identifi-
cation of infested patients; 2) prophylactic topical treatment of
all exposed healthcare personnel; 3) two treatments for
patients with Norwegian scabies; 4) barrier isolation precau-
tions until 24 hours after the second treatment; and 5) oral
ivermectin treatment for patients who failed conventional
therapy. Van Vliet et al. identified six reasons for spread of
scabies in healthcare facilities: 1) many patients who have
scabies are at risk of developing Norwegian scabies; 2) many
people have contact with these patients; 3) diagnosis is often
delayed; 4) the epidemiologic evaluation is often inadequate; 5)
treatment failures occur; and 6) follow-up is often
inadequate.210

Persons with scabies should be placed on contact precau-
tions until they are treated.12 Personnel who have cared for
patients with Norwegian scabies or during outbreaks of scabies
when transmission continues to occur should be evaluated in
the occupational health clinic, and those who had contact with
the patient’s skin should be treated. In “routine” cases of
scabies (i.e., noncrusted scabies and nonoutbreak situation),
exposed healthcare personnel should be treated only if they
acquire scabies. If two or more persons who live or work in
a long-term care facility acquire scabies, all residents and
healthcare personnel should be treated to prevent further

spread. Persons receiving effective therapy may have pruritus
for up to 2 weeks after therapy. Thus, infection prevention
personnel should not interpret pruritus occurring during this
time period as treatment failure.

The index patient’s bedding and clothes that contacted the
patient’s skin should be washed in hot water and dried on the
hot cycle.9 Clothes that cannot be washed can be stored in
a plastic bag for several days to a week because the mite cannot
survive more than 3 to 4 days in the environment.

Emerging Pathogens
Just when it seems that we in hospital epidemiology have
survived one crisis and are ready to restore some normalcy,
a new disease emerges and upsets our fragile equilibrium.
We anticipate that more organisms of epidemiologic
import within healthcare facilities will emerge as the global
population continues to grow and as world travel remains
rapid and common. We chose to discuss four viral diseases
in this category that infection prevention staff in the
US have had to spend considerable time addressing in the
past decade.

Smallpox
Smallpox (variola) is a serious, contagious, and sometimes fatal
infectious disease. Although smallpox was declared globally
eradicated in 1980, there is concern that smallpox virus may
be used for bioterrorism. There is no specific treatment for
smallpox disease, and the only prevention is vaccination.
The smallpox vaccine, which was routinely administered to
Americans until 1972, is highly effective in protecting against
the disease when given before or shortly after exposure to the
virus. Though protection by the live vaccinia virus vaccine is
long lived and may prevent death from illness in those who
were vaccinated over two decades ago, all children and most
adults are now considered susceptible unless they were recently
vaccinated.219 Because of concerns that smallpox could be used
as a bioweapon, a program of pre-event vaccination took place
in many hospitals in early 2003.219,220 This would allow for
recently vaccinated personnel to care for smallpox patients (or
patients with suspected smallpox) and to vaccinate other
healthcare personnel.

If smallpox virus was released into the community, one
would expect transmission to occur as an infected person’s
fever peaks and the skin rash starts. Persons with smallpox
are occasionally contagious during the prodrome phase, but
they become more contagious with the onset of the rash. Fever
usually begins 10–14 days after the initial infection (range 7–19
days), and the rash typically occurs about 2–4 days later.219

Infectious particles are released when oropharyngeal lesions
are sloughed (approximately one week duration).
Transmission via contact with material from the smallpox
pustules or crusted scabs can also occur; however, scabs are
much less infectious than respiratory secretions. Generally,
direct and fairly prolonged face-to-face contact is required to
spread smallpox virus from one person to another. Smallpox
also can be spread through direct contact with infected bodily
fluids or contaminated objects such as bedding or clothing.
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Rarely, smallpox has been spread by the airborne route in
enclosed settings such as buildings, buses, and trains.

Healthcare personnel would be considered exposed to
smallpox if they had unprotected contact with an infected
patient (no N95 respirator worn within 7 feet of patient and/
or no gloves for contact with skin lesions). Follow-up would
include monitoring healthcare personnel’s temperature twice
daily for 17 days following the last exposure date (including
vaccination days). It is likely that healthcare personnel exposed
to a case of smallpox would be quarantined and that infection
prevention guidelines created by public health officials at the
time would direct management of smallpox exposures.
At present, infection prevention and public health recommend
that healthcare personnel who have had the smallpox vaccine
recently should not be restricted from patient care.219

Severe Acute Respiratory Syndrome (SARS)
Worldwide, numerous healthcare personnel and patients
acquired severe acute respiratory syndrome (SARS) in health-
care facilities in 2003.221 According to WHO statistics, 1,707
healthcare workers were infected with SARS, accounting for
21 percent of all cases.222 In fact, healthcare facilities amplified
transmission beyond that seen in the community. In general,
transmission appears to have occurred after close contact with
symptomatic individuals before infection prevention measures
were implemented or if breaches in infection prevention prac-
tices occurred. Studies indicate that appropriate use of masks
or respirators, gloves and gowns, and hand hygiene signifi-
cantly decreased the risk of acquiring SARS while caring for
patients with SARS.223 However, some healthcare personnel
did acquire SARS despite wearing appropriate personal pro-
tective equipment (gown, mask, goggles or face shield, and
gloves) while helping intubate patients with SARS.224

The incubation period for SARS ranges from 2 to 10 days,
but most patients develop symptoms around day 4 or 5.225

To manage SARS exposures, infection prevention staff need
mechanisms for monitoring healthcare personnel for fever and
respiratory symptoms, managing asymptomatic exposed
healthcare personnel, symptomatic exposed healthcare person-
nel, and symptomatic exposed visitors.226 During the first
SARS outbreak in 2003, CDC did not recommendwork restric-
tions for asymptomatic exposed persons unless they had
unprotected high-risk exposures. CDC did recommend that
exposed healthcare personnel be monitored for respiratory
symptoms and fever (i.e., check temperature twice daily) for
10 days following their last exposure. If fever or respiratory
symptoms develop, healthcare personnel should notify their
healthcare provider, restrict their movements outside their
home, and reassess the situation in 72 hours. However,
a number of hospitals took a more restrictive approach, such
as placing healthcare personnel who had unprotected exposure
to patients with SARS on leave for 10 days from the last date of
exposure.

CDC recommended that healthcare personnel who have
unprotected high-risk exposures should be excluded from duty
for 10 days following the exposure. An unprotected high-risk
exposure is defined as being present in the room when

a probable or confirmed SARS patient underwent an aerosol-
generating procedure without complying with the recom-
mended infection prevention precautions. Symptomatic
exposed healthcare personnel who develop either fever or
respiratory symptoms within 10 days following exposure
should be excluded from duty and should be evaluated in
a manner that does not expose other persons to the SARS
virus. If symptoms improve or resolve in 72 hours after onset
of symptoms, the person may be allowed to return to duty after
consultation with infection prevention, occupational health,
and local public health staff. For persons who progress to
meet the case definition of SARS, infection prevention precau-
tions should be continued until 10 days after fever and respira-
tory symptoms have resolved.

To prevent exposures within healthcare facilities, infection
prevention staff should consider designing a process for
screening healthcare personnel who have traveled to areas
where the SARS virus is being transmitted. In addition, symp-
tomatic exposed visitors should not be allowed to visit their
family member or friend but should be evaluated to determine
whether they may have SARS. Thus, infection prevention per-
sonnel must design a way to identify visitors who might have
been exposed and to screen them for symptoms and signs of
SARS. To prevent transmission within the homes of exposed
healthcare personnel, infection prevention personnel should
counsel exposed persons to avoid contact with members of
their household (i.e., avoid physical contact, stay in a separate
part of the house, avoid eating together, and use separate
bathrooms) or to find alternative living arrangements for
household members during the 10 days following exposure.

Many of the lessons learned from the 2003 SARS experi-
ence, including the use of respiratory hygiene/cough etiquette,
are being applied to pandemic influenza planning and were use
in managing the 2009 novel influenza (H1N1) pandemic.

Middle East Respiratory Syndrome Coronavirus
First reported in 2012, Middle East Respiratory Syndrome
(MERS) is a potentially fatal disease caused by MERS corona-
virus (MERS-CoV).227 Initially identified in Saudi Arabia, epi-
demiological data has identified spread to over 30 countries,
including the United States. Symptomatic patients develop an
initial period of fevers, chills, cough and myalgias which can
progress to pneumonia, and in severe cases, respiratory failure
and circulatory shock. The incubation period ranges from 5–14
days,228 though a large percentage of individuals are believed to
have asymptomatic infection and may be potential reservoirs
for spreading the virus.

In the healthcare setting, preventing transmission of
MERS-CoV requires rapid identification of potential cases,
initiation of engineering and administrative controls, and the
use of personal protective equipment among healthcare per-
sonnel who may have contact with infected patients.
Recommended personal protective equipment that should be
used in the care of patients with MERS includes gown, gloves,
eye protection and a respirator, and care for these patients
should be in an airborne infection isolation room (similar
precautions as used for SARS). The CDC has issued interim
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guidance for the monitoring and management of exposed
healthcare personnel.229 Healthcare personnel who care for
patients with MERS-CoV should be closely monitored for
any symptoms for a period of 14 days after exposure, regardless
of their use of personal protective equipment. During this time
period, asymptomatic healthcare providers who have an
unprotected exposure should be excluded from work respon-
sibilities. Should symptoms develop during this 14 day period,
healthcare personnel, even those who had been using appro-
priate personal protective equipment, should be excluded from
any work responsibilities.

Ebola virus disease
In 2013 an epidemic of Ebola virus disease began in Western
Africa which resulted in over 10,000 deaths, including a large
number of healthcare personnel. The virus is predominantly
transmitted from person to person through direct contact with
blood and body fluids of infected individuals, though contact
with contaminated surfaces and objects is another important
means of transmission. As with the other infections described
in this chapter, early detection of infected patients and the
initiation of appropriate infection prevention strategies are
critical to preventing transmission within the healthcare set-
ting. Symptoms of Ebola virus disease typically begin within
6–12 days of exposure but may occur up to 21 days after
exposure.230

The CDC has issued guidance for the evaluation and man-
agement of healthcare personnel who are exposed to patients
with Ebola virus infection.231 Healthcare personnel who

provide care for infected patients using appropriate personal
protective equipment without breaches should be actively
monitored (i.e., fever and symptom monitoring), and if they
remain asymptomatic, they may continue with their routine
responsibilities. Individuals caring for a patient at a facility in
which a healthcare-associated Ebola transmission occurred or
those involved in a situation where a breach of infection pre-
vention procedures has occurred should be restricted from
patient care for 21 days after the unprotected exposure.
Additionally, any healthcare personnel who develop fever or
other symptoms suggestive of Ebola infection following any
Ebola exposure should be restricted fromwork responsibilities.

Conclusion
Exposure workups are an important responsibility for infec-
tion prevention personnel. If they evaluate exposures promptly
and effectively, infection prevention staff can prevent trans-
mission of infectious agents or ectoparasites to healthcare
personnel, patients, and visitors. Exposure workups consume
resources, such as time and money, which could be used for
other infection prevention activities. In addition, many expo-
sures could be averted if healthcare personnel are immune to
vaccine-preventable infections, if staff use isolation precau-
tions and personal protective equipment appropriately and
consistently, and if healthcare personnel do not come to
work when they have communicable illnesses. Thus, wise
infection prevention staff learn from their own experience
and develop policies and procedures to limit the number of
exposures in their institutions.
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Chapter

26
Employee Health and Infection Control
Tara N. Palmore, MD, and David K. Henderson, MD

A healthcare facility’s occupational medicine program is one of
three vital services that provide occupational medical and
safety support for its healthcare personnel. The other two
programs are the institution’s biosafety division and its hospi-
tal epidemiology service. These three departments work in
concert to ensure the health and safety of workers and patients
in healthcare institutions. This chapter reviews the intersection
of these three programs in screening staff for infectious dis-
eases, providing pre-exposure education and immunoprophy-
laxis, and in ensuring an adequate infrastructure for the safe
provision of care.

Serologic Screening and Immunization

Preplacement Examination
Prior to entry into the workplace, hospital personnel who
may have patient contact or work in patient care areas
should be evaluated by the occupational medicine service
to ensure their fitness for duty. The most important aspect
of this evaluation is the employee’s medical history. From
the perspective of the hospital epidemiologist, the critical
aspects of the employee’s medical history are his or her
communicable disease history (including immunization his-
tory) and the presence of underlying medical conditions
that place the employee at elevated risk for occupational
infection in the healthcare workplace. Whereas an employ-
ee’s report of past infection used to be considered suffi-
ciently reliable evidence of immunity to some infections (e.
g., varicella), healthcare provider documentation of disease
is now requisite in most settings. Substance abuse screening
is often part of this pre-employment evaluation. A focused
“entry-into-duty” physical examination is performed by
some occupational medical services; others require that the
employee’s personal physician provide the findings from a
recent examination.

Laboratory Evaluation
Routine, unfocused laboratory testing is of limited value in
screening potential employees who will have patient contact
or work in patient areas. Screening should be limited to dis-
eases that healthcare personnel are at high risk of acquiring or
transmitting in the occupational setting. Hepatitis B, measles,
mumps, rubella, pertussis, and varicella are vaccine-preventa-
ble infections that are prioritized for healthcare personnel
screening and immunization.1 Healthcare personnel should
also be screened for tuberculosis (TB) (see below).

Hepatitis B: Routine serologic screening for hepatitis B virus
(HBV) is generally not cost-effective, unless healthcare person-
nel have high personal risk of hepatitis B infection, such as
birth in a region with high HBV prevalence, human immuno-
deficiency virus (HIV) infection or other immunosuppressive
conditions, past high-risk substance abuse, and hemodialysis.1

Measles, mumps, rubella: Personnel born in 1957 or after
should be screened for antibody titers if they lack documenta-
tion of past infection, previous laboratory evidence of immu-
nity, and full immunization series.

Varicella: Personnel should be screened for antibody titers if
they lack documentation of past infection, previous laboratory
evidence of immunity, and full immunization series.1

Although commercially available varicella ELISAs are less sen-
sitive than the labor-intensive gold standard, the fluorescent
antibody to membrane assay (FAMA), they have acceptable
specificity and are considered adequate for screening health-
care personnel. Routine postvaccination serologic testing is not
recommended.2

Pertussis: Personnel should provide documentation of immu-
nization, but no screening serology is recommended.1

Screening for Prior Tuberculosis Infection
The occupational medicine, hospital epidemiology, and institu-
tional biosafety programs should work together to establish an
effective ongoing TB prevention program, including a TB surveil-
lance system. The scope of this program should be based on a
detailed risk assessment, taking into account the annual TB case
load, size of the hospital, history of TB transmission in the institu-
tion, and the prevalence of TB in the hospital’s community.3

Each new employee should receive pre-employment two-
step TB skin testing, unless the employee has a previous posi-
tive skin test result or documentation of previously treated TB.
Staff who have a history of latent TBmust receive a chest X-ray
or submit documentation of prior evaluation for active TB or
treatment of latent TB. Experienced occupational medicine
staff should evaluate TB skin test results using stringent, con-
sistent criteria. Staff who have received the Bacille Calmette-
Guerin (BCG) vaccine should generally be tested via interferon
gamma release assay (IGRA), such as T Spot TB or
Quantiferon Gold. The IGRAs do not cross-react with BCG,
but they do cross-react with Mycobacterium marinum, M.
szulgai, and M. kansasii, making false positives uncommon
but still possible.4 Discordance between TB skin test and
IGRA results occurs frequently, and reproducibility of low
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positive IGRA results is poor. Healthcare personnel who have
positive skin test or IGRA results should be managed accord-
ing to existing guidelines.3,4

Pre-Exposure Immunoprophylaxis
As noted above, healthcare personnel should have immunity
against certain key infectious diseases. Table 26.1 provides a
summary list of immunizations recommended for healthcare
personnel. Any healthcare worker whose job entails potential
exposure to blood, mucous membranes, or blood-containing
body fluids should have demonstrable immunity against HBV.
The occupational medicine and hospital epidemiology services
should work together to ensure that an efficient program is in
place to educate staff about the occupational risks of bloodborne
pathogen infection and to provide HBV immunization.
Immunization against measles, mumps, and rubella and vari-
cella is essential for all susceptible healthcare personnel. Since
adult immunity to pertussis has been demonstrated to be wan-
ing, pertussis vaccine is strongly recommended as a one-time
immunization for healthcare personnel – and for all adults.1,5

Influenza immunization deserves special emphasis as a cri-
tical patient safety intervention. Healthcare facilities should
require annual influenza immunization of all staff who have
patient contact or work in patient areas,1 including ancillary
staff such as housekeepers, clerks, and escort personnel. Annual
immunization of healthcare personnel is the single most effica-
cious strategy for reducing the risk for influenza transmission to
patients. Voluntary influenza immunization has only produced
low immunization rates,6 which have been associated with noso-
comial outbreaks of influenza.7 By contrast, higher immuniza-
tion rates have been associated with both a reduced incidence of
influenza-like illness and reduced mortality among patients.8–12

Additional beneficial effects of a successful influenza immuniza-
tion program include a decrease in worker absenteeism during
influenza epidemics and a decrease in healthcare costs.

In 2007 the Infectious Diseases Society of America (IDSA)
called for mandatory annual influenza immunization of
healthcare personnel, and in 2013 the IDSA, joined by the
Society for Healthcare Epidemiology of America (SHEA) and
the Pediatric Infectious Diseases Society, strengthened that
message with a recommendation that mandatory immuniza-
tion of personnel who have patient contact be a condition of
continued employment in healthcare facilities.13 In our own
institution, a mandatory influenza immunization program
yields 97 percent immunization rates among staff who have
face-to-face contact with patients. Staff who have serious med-
ical contraindication, such as a history of Guillain-Barre syn-
drome or severe allergic reaction to the vaccine, must present
documentation from a licensed provider in order to be exempt
from immunization. Those who have religious reasons for
declining immunization must complete a form to that effect.

Infectious Disease Surveillance for
Employees
The one infectious disease for which active surveillance is
almost uniformly recommended for healthcare personnel is

TB. In addition to ensuring that the TB control program is
tailored to the unique aspects of risk in their own environ-
ments, institutions should develop programs that address
the variable risks for exposure of individuals in differing
job categories. At a minimum, healthcare personnel who
have prior negative TB skin test or IGRA results should be
retested at appropriate intervals, on the basis of the insti-
tutional risk assessment, as recommended by the most
recent guidelines from the Centers for Disease Control
and Prevention (CDC) and the US Public Health Service.3

Staff members who, on the basis of their job categories, are
at higher risk for occupational exposure to TB (e.g., critical
care physicians and nurses, pulmonologists, anesthesiolo-
gists, and respiratory therapists) should be tested more
frequently. Employees who have underlying immunodefi-
ciencies that place them at high risk of developing active
TB may be discouraged from caring for patients who have
TB and may undergo more frequent surveillance than
others in their job category.

TB control programs are generally collaborative efforts that
include participation by the hospital epidemiology service, the
biosafety officer, and the occupational medicine service.
The roles of the occupational medicine service include pre-
employment testing, as described above, Occupational Safety
and Health Administration (OSHA)-mandated medical
evaluations for N95 respirator fit testing, ongoing surveillance,
and exposure management.

Additional details can be found in Chapter 27, on control
of TB.

Postexposure Prophylaxis for Occupational
Exposures to Bloodborne Pathogens
The occupational medical service is the first stop for any
employee who sustains a potential blood or body fluid
exposure. Assisted by published guidelines, occupational
medicine specialists evaluate the nature of the exposure,
the clinical status of the source patient (if known), and
the underlying health of the employee to determine the
risk of pathogen transmission and the need for postexpo-
sure prophylaxis. For HBV and influenza, postexposure
prophylaxis is simple and effective. For varicella zoster
virus, postexposure prophylaxis is more complex but still
highly effective. Hepatitis C treatment has changed drama-
tically since the last edition of this book, though efficacy in
the postexposure prophylaxis setting has not yet been
demonstrated with the new directly acting antiviral agents.
Occupational medicine providers work closely with infec-
tious diseases specialists to administer antiretroviral drugs
as postexposure prophylaxis to healthcare personnel who
have an exposure at high risk of transmitting HIV.
Postexposure management strategies for occupational expo-
sures to the major bloodborne pathogens (HBV, HCV, and
HIV) are discussed below. The management of other occu-
pational exposures and the issues relating to their postex-
posure management are discussed in Chapter 25, on
exposure workups.
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Table 26.1 Vaccinations recommended for hospital employees

Disease or
pathogen

Indication Vaccine and dosage Cautions

Diphtheria In an outbreak or following docu-
mented exposures for employees
who have not been vaccinated in the
past 10 years or who lack serological
evidence of immunity.

Td, 0.5 mL intramuscularly (or Tdap if
not boosted previously for pertussis;
see below).

Known hypersensitivity to thi-
merosal or any component of
the vaccine.

Hepatitis A Staff who have chronic liver disease,
travel internationally, work with sew-
age, or work in high-risk areas (e.g.,
dietary service, cafeteria, or hepatitis
ward) who do not have serologic evi-
dence of previous hepatitis A virus
infection.

Hepatitis A vaccine, 1.0 mL intra
muscularly at months 0 and 6–12.

Known hypersensitivity to any
component of the vaccine.

Hepatitis B Pre-exposure for all staff at risk for
occupational exposure to blood or
body fluids; postexposure for those
with potential needlestick or mucous
membrane exposure to hepatitis B if
not immune.

Hepatitis B recombinant vaccine, 1.0
mL intramuscularly (in the deltoid
muscle) at months 0, 1, and 6.

History of anaphylaxis to
baker’s yeast.

Influenza All hospital staff Inactivated trivalent or quadrivalent
influenza vaccine, 0.5 mL intramuscu-
larly annually; immunization with live
attenuated intranasal vaccine is
allowed in some healthcare facilities.

History of severe hypersensitiv-
ity to eggs or severe allergic
reaction to prior doses of influ-
enza vaccine. Theoretical risk of
transmitting live attenuated
vaccine strain to immunocom-
promised patients.

Measles All HCP who lack presumptive evi-
dence of immunity (never received
two live vaccines on or after their first
birthday or do not have serological
proof of immunity); consider immu-
nizing those born before 1957.

Two doses trivalent MMR, 0.5 mL
subcutaneously, at least 28 days apart.

Live vaccine. Pregnancy,
immunosuppression, history
of anaphylactic reaction to
gelatin or neomycin, recent
receipt of immune globulin.

Mumps All HCP who lack presumptive evi-
dence of immunity (never received
two live vaccines on or after their first
birthday or do not have serological
proof of immunity); consider immu-
nizing those born before 1957.

Two doses trivalent MMR, 0.5 mL
subcutaneously, at least 28 days apart.

Live vaccine. Pregnancy,
immunosuppression, history
of anaphylactic reaction to
gelatin or neomycin, recent
receipt of immune globulin.

Meningococcus Researchers or clinical microbiologists
who might be exposed to Neisseria
meningitidis isolates; institutional
outbreak.

One dose of meningococcus quadri-
valent conjugate vaccine (MenACWY),
0.5 mL intramuscularly, every five
years while at increased risk.

Safety in pregnancy uncertain;
sensitivity to thimerosal or any
other component of the
vaccine

Pertussis All HCP who have patient contact. Tdap 0.5 mL intramuscularly every 10
years.

Known hypersensitivity to any
component of the vaccine,
prior encephalop- athy asso-
ciated with primary
immunization.

Rubella All HCP who lack presumptive evi-
dence of immunity (never received
two live vaccines on or after their first
birthday or do not have serological
proof of immunity).

One dose trivalent MMR, 0.5 mL
subcutaneously.

Live vaccine. Pregnancy,
immunosuppression, history of
anaphylactic reaction to gelatin
or neomycin, recent receipt of
immune globulin. Risk for
rubella vaccine-associated fetal
malformations is low.
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HBV Exposure
Historically, prior to the development of the HBV vaccine,
hepatitis B represented one of the most significant occupa-
tional risks for healthcare providers (particularly those who
had occupational exposure to blood). As a result of exposures
to HBV in the workplace, healthcare personnel, and particu-
larly those whose workplace tasks involved frequent exposure
to blood, were at significantly increased risk for HBV infection
when compared with the population at large.

Transmission
HBV is transmitted parenterally, with percutaneous exposure
to infected blood the most important mode of occupational
transmission. Exposure to mucous membranes or nonintact
skin also may result in infection. HBV also can be transmitted
sexually and perinatally. Both acutely and chronically
infected individuals transmit infection; infected individuals
who have high viral loads and high levels of circulating hepa-
titis B e antigen (HBeAg) represent the greatest risk for
transmission. The risk for serologic evidence of transmission
following parenteral exposure to blood from a hepatitis B
surface antigen (HBsAg)-positive, HBeAg-positive patient is
37 percent to 62 percent per exposure, with a 22–31 percent
risk of developing clinical hepatitis. In contrast, the risk of
seroconversion following exposure to blood from a patient
who tests positive for HBsAg but negative for HBeAg is
approximately 23–37 percent, with a 1–6 percent risk of
developing clinical hepatitis.14,15

Criteria for Exposure
Any worker who sustains a percutaneous, mucous membrane,
or nonintact skin exposure to blood or body fluids that may
contain blood from an HBsAg-positive patient (or a patient
whose HBV serologic status cannot be determined) should be

considered exposed. Source patients with unknown serologic
status should be tested as soon as possible after the exposure.

Postexposure Prophylaxis
Unimmunized or Incompletely Immunized Healthcare
Personnel: If a healthcare worker who has not been immu-
nized with the HBV vaccine sustains an occupational exposure
to HBV, the worker should be given 0.06 mL/kg of hepatitis B
immune globulin intramuscularly. Ideally, this first dose
should be administered within 24 hours after the exposure,
and definitely within 7 days. The first dose of the HBV vaccine
series should be administered at the same time, followed by
additional doses 1 month later and 6 months later.16 The CDC
does not recommend measuring anti-HBs in unimmunized or
incompletely immunized personnel until at least one month
after the vaccine series has been completed.16 For personnel
who, for some reason, cannot be immunized, a second dose of
hepatitis B immune globulin should be administered 1 month
after the first dose (unless the source patient is found to be
HBsAg negative).

Immunized Healthcare Personnel: For previously immu-
nized healthcare personnel, the anti-HBs level should be
measured as soon as possible; those whose anti-HBs levels
are greater than 10 mIU/mL are considered protected.
Personnel who have anti-HBs levels below 10 mIU/mL
and who were never demonstrated to have had an adequate
vaccine response should be treated as if they are unpro-
tected and given two doses of hepatitis B immune globulin
a month apart and should repeat the vaccine series if they
previously received only one three-dose vaccine series. For
staff who are known to have had protective antibody levels
but whose levels have fallen below 10 mIU/mL, a booster
dose of vaccine is given, and titers checked one to two
months later.16

Table 26.1 (cont.)

Disease or
pathogen

Indication Vaccine and dosage Cautions

Tetanus Staff who sustain tetanus-prone
wounds, those who never completed
the initial vaccination series, and
those who have not received a boos-
ter dose.

Tdap 0.5 mL intramuscularly if no
Tdap in past 10 years or if uncertain
about timing of Tdap; one 0.5 mL
dose Td intramuscularly if received
Tdap in past 10 years but no tetanus
toxoid-containing vaccine in past five
years.

History of neurological or
hypersensitivity reaction fol-
lowing a previous dose.

Varicella HCP with patient contact who lack
evidence of immunity: no diagnosis or
history of chickenpox or herpes zoster
documented by a healthcare provi-
der, have not received two doses of
varicella vaccine, and a negative var-
icella titer.

Varicella vaccine, 0.5 mL subcuta-
neously at weeks 0 and 4–8.

Live vaccine. Pregnancy,
immunosuppression,
Hypersensitivity to vaccine,
gelatin, or neomycin. No sali-
cylates for six weeks after
receipt of vaccine.

NOTE: HCP, healthcare personnel; MMR, measles, mumps, and rubella vaccine; Td, tetanus and diphtheria toxoids; Tdap, tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis vaccine.
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More details on HBV pre-exposure and post-exposure
management are available in the CDC guidelines by Schillie
et al. that were published in 2013.16

Control Measures
Universal immunization of healthcare personnel against HBV
should be a primary goal of the occupational medicine service,
and education and vaccination campaigns should focus on
achieving that goal. Receipt of the full vaccine series provides
immunity in more than 93 percent of recipients, and should
mitigate the risk of HBV transmission from patients to health-
care personnel.

Whereas patient-to-healthcare worker transmission
occurs far more frequently than does healthcare worker-
to-patient transmission, the latter type of transmission does
occur, particularly when the healthcare worker is HBeAg
positive and conducts invasive procedures.17,18 SHEA
guidelines for the management of providers who are
infected with hepatitis B, hepatitis C, and/or HIV pub-
lished in 2011 recommended that providers who have
circulating HBe antigen or a viral burden greater than or
equal to 104 genome equivalents (GE) per mL use double
gloves for procedures and mucous membrane contact, and
avoid performing highly invasive, exposure-prone
procedures.19 The 2012 CDC guidelines recommended a
more conservative threshold of 103 GE/mL.20 Both guide-
lines recommend regular viral monitoring by occupational
medicine services19,20 and the involvement of an expert
review panel to advise on the healthcare provider’s parti-
cipation in procedures.21

In the United Kingdom, HBV-infected providers who are
negative for HBeAg but have HBV DNA levels between 103

and 105 GE/mL may conduct exposure-prone invasive proce-
dures if their viral burden can be suppressed below 103 GE/mL
on continuous antiviral therapy, and must be retested every
year to ensure that the viral load remains below 103 GE/mL.22

The major challenge associated with this latter recommenda-
tion is the development of an effective monitoring strategy to
make certain the circulating viral burden remains less than 103

GE/mL. The variability of various testing systems further com-
plicates monitoring.22

A European consortium developed a set of guidelines that
do not permit HBV-infected healthcare personnel who are
HBeAg positive to conduct exposure-prone procedures but
that do permit those who are HBeAg negative but have HBV
DNA levels of less than 104 GE/mL to perform such
procedures.23 According to these guidelines, such individuals
must be retested at least annually to make certain that the
circulating viral burden remains below 104 GE/mL.23 These
guidelines also do not allow healthcare personnel who are
identified as having transmitted HBV to perform exposure-
prone procedures and permit HBV-infected healthcare work-
ers who have been treated and have posttreatment DNA levels
that have fallen to less than 104 GE/mL to conduct exposure-
prone procedures, so long as the healthcare worker is retested
every 3 months to ensure that the viral burden remains below
104 GE/mL.23

HCV Exposure
Healthcare personnel are at risk for HCV infection as a result
of parenteral or mucous membrane exposures to blood from
patients infected with HCV. The risk of chronic infection in
acutely infected, untreated individuals is 50–80 percent,
depending on host and viral factors.24,25 Individuals who
develop chronic HCV infection are at risk for serious sequelae
of this infection, namely cirrhosis and hepatocellular carci-
noma. Whereas new antiviral treatment for hepatitis C infec-
tion may reduce the risk of these long-term sequelae, they can
still occur following effective therapy.26

Transmission
Occupational risk for HCV transmission is likely linked to the
same routes of transmission as those for HBV. Occupational
HCV infection has been most frequently associated with par-
enteral exposures. A few instances of mucousmembrane trans-
mission have been reported, and nonapparent parenteral
transmission (caused by exposure of nonintact skin to blood
of an HCV-infected individual) likely also occurs, albeit at a
substantially lower rate than is the case for HBV. The risk for
occupational infection associated with a single parenteral
exposure has been estimated to be nearly 2 percent.27,28

Criteria for Exposure
Occupational medicine staff should consider any healthcare
worker who has sustained a percutaneous, mucous membrane,
or nonintact skin exposure to blood, or a body fluid potentially
containing blood, from an HCV-infected patient as having been
exposed. As is the case for HBV infection, in instances in which
the source patient for an exposure is unknown, cannot be tested,
or is known to have epidemiological risk factors associated with
HCV infection, the worker also should be considered exposed.29

Postexposure Management
At present, there is no known effective postexposure prophy-
laxis for hepatitis C. All HCV-exposed individuals should be
tested at the time of exposure for antibody to HCV and for
HCV RNA (by PCR) and baseline liver enzymes. Personnel
should be monitored with serial antibody and viral load testing
every 2months or so. Those who develop reproducibly positive
tests should be referred for monitoring and, if spontaneous
clearance does not occur,30 treatment of acute hepatitis C with
immunomodulators or antiviral agents.

The healthcare worker also should be encouraged to seek
prompt medical attention for any symptoms suggestive of
systemic illness or acute hepatitis. Immune serum globulin
should not be administered for occupational exposures to
HCV, as neutralizing antibody has not shown to be effective
against hepatitis C infection, and donors for current immune
globulin preparations are screened for hepatitis C antibody
(anti-HCV) and eliminated from the donor pool if found to
be positive for anti-HCV.

Both “preemptive therapy” and “watchful waiting” strate-
gies have been proposed as reasonable strategies for postexpo-
sure management.27 As yet, data from studies of healthcare
workers treated with these approaches are too preliminary to
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provide the basis for a formal recommendation of an optimal
management strategy. At our own institution, we use the
“watchful waiting” strategy.

Control Measures
Avoidance of exposures through the routine use of universal
and standard precautions (i.e., primary prevention) is the only
effective preventive strategy currently available. Although
iatrogenic transmission of HCV from healthcare personnel to
patients has been uncommon, particularly in the United States,
recent years have seen several clusters of healthcare provider-
to-patient HCV transmission. Whereas provider-to-patient
transmission clusters occurring in the United Kingdom and
Europe have likely been attributable to surgical technique,
those documented in the United States have been more related
to intravenous drug use and drug diversion by the involved
healthcare worker.

Healthcare workers engaging in drug diversion typically
inject themselves from a patient supply of narcotics or anes-
thetic drugs, often repeatedly with the same needle, thereby
exposing the patient to their bloodborne pathogens.19,31,32

The experience in the United Kingdom has been quite distinc-
tive, in that HCV transmission from healthcare workers to
patients seems to have occurred primarily (though not exclu-
sively) in the context of exposure-prone procedures, and
involve gynecologists, cardiothoracic surgeons, orthopedists,
and anesthesiologists.33–42 Although the magnitude of risk for
iatrogenic HCV transmission is likely small, the well-docu-
mented transmission events have prompted measures to limit
highly viremic HCV-infected providers from the most expo-
sure-prone procedures.

The SHEA guidelines recommend that providers who have
HCV viral loads greater than or equal to 104 GE/mL use double
gloves for all procedures and mucous membrane contact, and
avoid performing themost invasive, exposure-prone procedures
and be referred to a hepatologist for possible treatment.19

European consensus guidelines from 2003 recommended only
that providers who perform exposure-prone procedures know
their HCV status.23 The increasing availability of effective and
curative antiviral therapies for HCV will almost assuredly result
in viremic infected providers being cured of their infections and
thus able to return to the operating room.

HIV Exposure
The risk of acquiring HIV infection is approximately 0.3 per-
cent per parenteral exposure and approximately 0.09 percent
after a mucous membrane exposure.43,44 Whereas this risk is
substantially smaller than that for other bloodborne infections,
the consequences of infection are life altering. For a thorough
discussion of the issues relating to nosocomial transmission of
HIV, see Henderson.45

Transmission
HIV is transmitted parenterally, sexually, and vertically
between mother and child (i.e., across the placenta, perinatally,
or through breastfeeding). Occupational transmission has
been reported after percutaneous, mucous membrane, and

nonintact skin exposure to HIV-infected blood. HIV is present
in much lower amounts in other blood cell–containing body
fluids, including inflammatory exudates, amniotic fluid, saliva,
and vaginal secretions. The risk of seroconversion following
mucous membrane or nonintact skin exposure is too low to be
estimated with precision.

Criteria for Exposure
As forHBV andHCV exposures, any healthcareworker who has
sustained a percutaneous, mucous membrane, or nonintact skin
exposure to the blood or body fluid potentially containing blood
from an HIV-infected patient should be considered exposed.
The risk for infection associated with any discrete exposure
depends on a number of variables, including the route of inocu-
lation, inoculum size, exposure severity, and the stage of the
source patient’s illness (i.e., circulating viral burden).

Postexposure Management and Postexposure Antiretroviral
Prophylaxis
The efficacy of antiretroviral chemoprophylaxis for occupa-
tional HIV exposure will likely never be definitively established
in a prospective clinical trial. Nonetheless, a variety of types of
studies provide indirect evidence of the efficacy of postexpo-
sure prophylaxis, including the efficacy of antiretroviral agents
in preventing retroviral infection in animal models, the effi-
cacy of antiretrovirals in preventing mother-to-child transmis-
sion, the results of the CDC’s retrospective case-control study
of occupational HIV infection, and our own clinical experience
using antiretroviral agents for postexposure prophylaxis at our
institution since 1988 (discussed in more detail in
Henderson).45 At approximately 3 to 5 year intervals, the US
Public Health Service revises its recommendations for chemo-
prophylaxis after occupational HIV exposure, taking into
account new information about the toxicity of established regi-
mens, the ability of exposed healthcare personnel to adhere to
the established regimens, the availability of new antiretroviral
agents, and patterns of antiretroviral resistance. The 2013
recommendations regarding postexposure management46 are
summarized in Table 26.2.

A hospital’s occupational postexposure prophylaxis pro-
gram should be up to date and efficient in order to earn the
confidence of healthcare personnel. The fact that treatment is
immediately accessible should be widely publicized through-
out the healthcare institution. All employees should be aware
of the postexposure prophylaxis program and how it works. At
our institution, we have distributed posters and flyers that
emphasize the program, and also include information about
the program in mandatory annual education sessions for clin-
ical staff. Occupational medicine staff must be very familiar
with what constitutes an exposure and must make certain that
they do not overprescribe antiretrovirals. Prescribing physi-
cians should carefully choose a regimen that can be taken by
the healthcare worker. More is not necessarily better, especially
if all of the drugs are vomited up. Prescribing physicians also
need to be cognizant of the source patient’s therapy and viral
burden (if this information is immediately available) and
should use this information in developing an optimal regimen.
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To the extent that it is possible, prescribers should become
familiar with the antiretroviral agents, their side effects, and
the appropriate strategies to manage toxicity. Prescribers
should anticipate and prophylactically treat side effects (e.g.,
providing antiemetics for nausea and antispasmodics for diar-
rhea). Prescribing staff also should carefully monitor all health-
care personnel who are taking antiretrovirals for the
development of signs of toxicity, as well as for adherence to
the regimen. Table 26.3 summarizes circumstances in which
consultative assistance from HIV specialists is recommended.
If no experts are immediately available, expert guidance is
available around the clock from PEPline, the National
Clinicians’ Postexposure Prophylaxis Hotline (sponsored by
the CDC and the University of California, San Francisco),
either by telephone (at 888–448–4911) or online (http://nccc
.ucsf.edu/clinician-consultation/pep-post-exposure-prophy
laxis/).

Other Considerations
Several additional issues must be taken into consideration
when considering HIV postexposure chemoprophylaxis.
Counseling and serologic testing of exposed personnel should
be performed as soon as possible after the exposure. These
services should be available 24 hours per day. All personnel
involved in postexposure evaluation and counseling, including
emergency department personnel, must be trained in and
familiar with institutional protocols. Follow-up serologic test-
ing should be performed at 6 weeks, 12 weeks, and 6 months
after the exposure. Some institutions (including our own) offer
additional testing at 1 year after the exposure. Exposed workers

should be instructed to return immediately for clinical evalua-
tion if they develop signs or symptoms of either drug toxicity
or of acute retroviral syndrome (e.g., fever, rash, and lympha-
denopathy). Occupational HIV exposure can cause severe psy-
chological symptoms, including depression, anxiety, anger,
fear, sleep disturbances, conversion symptoms, suicidal idea-
tion, and psychosis. Postexposure counselors should be alert to
these possibilities and be quick to refer the employee to spe-
cialists in crisis intervention and counseling, if necessary.

Healthcare Personnel-to-Patient Transmission
Transmission of HIV from healthcare worker to patient occurs
extremely uncommonly. Nonetheless, a few such cases have
been described in the literature.47–57 Current US Public Health
Service guidelines recommend that individual states either
adopt the 1991 CDC guidelines or construct guidelines that
are certified by the states as equivalent to the CDC guidelines.58

The SHEA infected provider guidelines published in 2010 have
become the standard that is followed widely, including by some
professional societies representing providers who perform
invasive procedures.59

The SHEA guidelines recommend that providers who have
HIV viral burdens of 5x102 GE/mL or greater use double gloves
for all procedures and mucous membrane contact, and avoid
performing the most invasive, exposure-prone procedures.
The guidelines recommend no restrictions for those who
have lower viral burdens, provided they adhere to infection
control precautions, comply with twice-yearly viral load mon-
itoring, and heed the advice of the expert review panel.19 The
United Kingdom’s National Health Service guidelines updated

Table 26.2 Circumstances in which expert consultation for HIV postexposure prophylaxis (PEP) is recommended46

Situation Action Caution

Delayed exposure report (i.e., more than 72
hours after time of exposure)

Use of PEP decided on case-by-case basis Benefits of PEP uncertain after this interval

Exposure from unknown source (e.g., nee-
dle in sharps container or laundry)

Use of PEP decided on case-by-case basis,
considering severity of exposure and epi-
demiologic likelihood of HIV exposure

Do not test needles or other sharp instru-
ments for HIV

Exposed person is known or suspected to
be pregnant

Choice of PEP regimen decided on case-
by-case basis

Provision of PEP should not be delayed
while awaiting expert consultation

Exposed person is breastfeeding Choice of PEP regimen decided on case-
by-case basis

Provision of PEP should not be delayed
while awaiting expert consultation

Known or suspected antiretroviral drug
resistance of source virus

Choice of PEP regimen will include drugs
to which the source virus is unlikely to be
resistant

Provision of PEP should not be delayed
while awaiting resistance testing of source
virus

Exposed person experiences toxicity of
initial PEP regimen

Symptoms (e.g., vomiting, diarrhea) are
often manageable without changing PEP
regimen, using antiemetics or antimotility
agents

Counseling and support for management
of side effects is important to reduce
anxiety and bolster ability to cope with
side effects

Exposed person has a serious underlying
medical illness

Risk of drug-drug interactions or drug
toxicity requires careful tailoring of PEP
regimen
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in 2014 require providers who perform exposure-prone pro-
cedures to undergo testing for HIV, HBV, and HCV. HIV-
infected providers who have viral burdens less than 102 GE/mL
on antiretroviral therapy or are elite controllers may perform
exposure-prone procedures with quarterly monitoring.60

Australian guidelines are more restrictive, proscribing expo-
sure-prone procedures by HIV-infected practitioners, even if
their viral loads are undetectable on antiretroviral therapy.61

The guidelines recommend testing of all healthcare personnel
and healthcare students, and prohibit dental students who are
infected with HIV or other bloodborne pathogens from con-
tinuing dental training.61

Individual state guidelines concerning providers infected
with bloodborne pathogens vary substantially, so practitioners
will need to be cognizant of local and state laws.

Education and Orientation
Employee education is another area in which the biosafety,
hospital epidemiology, and occupational medicine programs
work together to make their initial contacts with new per-
sonnel as effective as possible. New employee orientation
should contain basic information about infection control
and prevention and should provide a detailed list of
resources for additional information. Educational programs
for staff should emphasize the basic tenets of infection
control, such as use of universal or standard precautions,
optimal use of personal protective equipment, hand
hygiene, vaccine safety and efficacy, and identification of
healthcare personnel injuries (e.g., needlesticks) and com-
municable illnesses (e.g., conjunctivitis, varicella, skin and
soft-tissue infections, influenza-like illness, herpes zoster,
other childhood viral illnesses, jaundice, and diarrhea) that
require prompt evaluation by occupational medicine staff in
order to prevent spread to patients and other staff.

Outbreak Investigation
The occurrence of clusters of infections caused by the same
pathogen is another instance in which cooperation and close
collaboration among the occupational medicine, hospital epi-
demiology, and biosafety programs are essential. Depending
on the type of outbreak, the hospital epidemiology team will
likely conduct the “shoe-leather” investigation, identify health-
care personnel at risk, and refer them to the occupational
medicine service. Occupational medicine staff conduct careful
interviews, provide postexposure testing and treatment as
appropriate, and (in collaboration with hospital epidemiology
and biosafety personnel) try to identify factors that are asso-
ciated with a risk for transmission. During an outbreak, effec-
tive communication and daily interaction among these three
groups is essential to effective interdiction (see Chapter 11, on
outbreak investigations).

Noninfectious Adverse Events Among
Hospital Staff
The hospital epidemiology service should also work closely
with both the biosafety team and the occupational medicine
service to evaluate noninfectious adverse events occurring
among hospital staff. Clusters of certain kinds of events (e.g.,
needlestick injuries associated with similar circumstances of
exposure) can become the stimulus for institutional perfor-
mance improvement activities that can ultimately reduce the
risk of these events substantially. Following an occupational
HIV infection in a staff member that occurred in 1988, we
developed a working group to evaluate the circumstance of
every occupational exposure to blood that occurred in our
institution, with the expectation that a more complete under-
standing of the circumstances of these exposures might pro-
vide a path to performance improvement through the

Table 26.3 HIV postexposure prophylaxis (PEP) regimens46

Preferred regimen

Raltegravir PLUS Truvada (Tenofovir DF + emtracitabine)

Alternative regimens

Regimens combine one drug or drug pair from the left column with one pair of nucleoside/nucleotide reverse-transcriptase inhibitors from
the right column.1,2

Raltegravir

Darunavir + ritonavir Tenofovir DF + emtracitabine

Etravirine Tenofovir DF + lamivudine

Rilpivirine Zidovudine + lamivudine

Atazanavir + ritonavir Zidovudine + emtracitabine

Lopinavir/ritonavir

Alternatively, the fixed-dose combination regimen Stribild (elvitegravir, cobicistat, tenofovir DF, emtracitabine)
1 Prescribers unfamiliar with the agents and their toxicities should consult HIV experts.
2 Other antiretroviral drug combinations should be assembled only with expert consultation.
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continued education and training of our staff about risks and
risk reduction, instruction of staff about the appropriate use of
infection control precautions, the use of intrinsically safer
devices, and the modification of work practices associated
with exposures. Thus, as is the case for healthcare-associated
infections, noninfectious adverse events in the hospital also
have healthcare-associated epidemiology that, when deli-
neated, may provide insight into appropriate interventions
and risk-reduction strategies. The hospital epidemiologist is
ideally placed in the organization to facilitate the identification
of factors contributing risk for such adverse events and for
leading the team to design, implement, and evaluate the suc-
cess of interventions designed to mitigate those risks.

Emerging Infectious Diseases
Many occupational medical services in research-oriented
healthcare facilities have extensive experience managing
exposures among laboratory researchers who work with

communicable pathogens. The Ebola virus outbreak that
began in 2014 demonstrated the important role that occupa-
tional medical services can play in assuring worker and public
safety in the context of potential occupational exposures to
emerging pathogens. During the Ebola outbreak that began in
2014, occupational medicine services at US hospitals that
cared for Ebola-infected healthcare personnel worked closely
with public health officials to monitor healthcare staff for
fever and other early symptoms of Ebola infection. At our
institution, the occupational medical service managed the
employee monitoring program for the staff providing care
to the Ebola patients and also conducted pretravel counseling
and post-travel symptom monitoring for clinicians who tra-
veled to Ebola-affected countries. Although the monitoring
was a public health department responsibility, occupational
medicine services in these designated facilities were effec-
tively deputized to conduct the monitoring and followup for
personnel at their hospitals.62
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Chapter

27
Tuberculosis Infection Control in Healthcare Settings
Henry M. Blumberg, MD

Introduction and Historical Overview
The World Health Organization (WHO) estimates that there
are 9.6 million new tuberculosis (TB) cases and 1.5 million
deaths due to TB each year.1 Tuberculosis is the leading cause
of death due to an infectious disease, and the number of TB
deaths now exceeds the number of HIV-related deaths
each year (1.5 vs. 1.2 million per year). The overwhelming
majority of TB cases occur in low- and middle-income coun-
tries; <1% of all TB cases occur in the United States.

Tuberculosis is spread person to person by an airborne
route. Tuberculosis has been recognized and accepted by the
medical community as a potential occupational hazard only for
several decades.2 The risk of transmission of Mycobacterium
tuberculosis from patients with tuberculosis disease to other
hospitalized patients and healthcare workers (HCWs) was
established by the 1950s when, as noted by Myers et al., “a
rapid decline of tuberculosis in the general population made
the disease among physicians more conspicuous.”2,3 With the
introduction of effective chemotherapy in the 1950s and
a progressive decline in the incidence of tuberculosis in the
US until the mid-1980s, the risk of occupational infection and
clinical tuberculosis declined among US HCWs. With this
decline, less attention was paid toward TB infection control
measures in hospitals. Thus few healthcare facilities in the
US were prepared for the changing epidemiology of TB since
the mid-1980s.

Between 1985 and 1992, there was a resurgence of TB in the
US with a 20 percent increase in the number of reported cases.
This resurgence was fueled by the decay of the public health
infrastructure (due to underfunding) and the HIV epidemic.4–6

The surge of cases combined with neglect toward TB infection
control activities and ineffective control measures led to
a number of reports of nosocomial transmission of TB in
the late 1980s and early 1990s.7–20 A number of these explo-
sive and unfortunate outbreaks involved transmission of mul-
tidrug-resistant (MDR) resistant strains of M. tuberculosis
(resistance to at least both isoniazid and rifampin) to patients
and HCWs that was associated with significant morbidity and
mortality, especially among HIV-infected and other immu-
nocompromised persons.7 Outbreaks of MDR-TB and exten-
sively drug-resistant (XDR)-TB have also been reported from
lower and middle income countries (LMIC).21–27 XDR-TB is
defined as resistance to isoniazid and rifampin (MDR-TB)
plus a fluoroquinolone and at least one second line injectable
agent (such as amikacin, capreomycin, or kanamycin).
Transmission of TB is ongoing in many locations in high-

burden, low- and middle-income countries and may not be
fully recognized because of lack of adequate laboratory infra-
structure and surveillance of HCWs for TB. This is reflected
by much higher rates of TB and latent TB infection among
HCWs in resource-limited settings.28,29

Nosocomial transmission of XDR-TB at a small rural hos-
pital in Kwazulu-Natal province in South Africa in 2005 and
2006 highlights the devastating nature of outbreaks of highly
drug-resistant TB and brought attention of the impact of
healthcare-associated TB transmission to the global
community.21,22 In the initial report, 52 of 53 persons (patients
and healthcare workers at the hospital) who acquired XDR-TB
died, and all those tested were HIV co-infected21. A follow-up
report on this outbreak noted that among 148 patients with
XDR-TB, 98 percent were HIV-infected, and genotyping iden-
tified a predominant cluster comprising 96 percent
of M. tuberculosis isolates.22 Network analysis demonstrated
a high degree of interconnectedness that resulted in multiple
generations of nosocomial transmission. Similarities were seen
between this XDR-TB outbreak in South Africa and outbreaks
of MDR-TB reported from the US in the late 1980s and early
1990s.7,8

Several factors have contributed to outbreaks of TB, includ-
ing MDR- and XDR-TB in hospitals and other institutional
settings (Tables 27.1 and 27.2).7,22,30–35 Failure to implement
effective TB infection control strategies has resulted in delays
in the suspicion and diagnosis of TB, identification of drug
resistance, and in initiation of appropriate therapy; this has
resulted in lack of separation or delayed separation of infec-
tious patients from others. In addition, inadvertent clustering
of patients with infectious TB (often unrecognized and not
diagnosed) with susceptible immunocompromised patients
(most often HIV-infected persons) has facilitated and ampli-
fied nosocomial transmission of TB, including highly drug-
resistant TB. Second, environmental controls were often non-
existent (e.g., in low and middle-income country settings) or
inadequate. For example, airborne infection isolation rooms
did not exist or when present, had positive rather than negative
pressure, air recirculated from isolation rooms to other areas,
doors to isolation rooms were left open, isolation precautions
were discontinued too soon, and HCWs did not wear adequate
respiratory protection.34 A lack of adequate laboratory infra-
structure has also contributed to healthcare-associated TB
transmission. In many settings, especially in resource-limited
areas, there is lack of resources for the rapid diagnosis of TB
and rapid diagnosis of MDR-TB through the use of nucleic
acid amplification tests.
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Implementation of effective TB infection control
measures36,37 based on a hierarchy of control measures
(administrative controls, environmental controls, and personal
respiratory protection), which are now recommended by the
Centers for Disease Control and Prevention (CDC), WHO,
and others30–32 and the decreasing incidence of TB in the
community since 1992 have led to a dramatic decrease in the
risk of transmission of TB in healthcare settings in the US.38–41

The control of TB in healthcare settings in the US contributed
to enhanced control in the community, which was also facili-
tated by rebuilding of the public health infrastructure and
expanded use of directly observed therapy (DOT) beginning
in the 1990s.42 CDC last updated TB infection control guide-
lines for the US in 2005 (“Guidelines for Preventing the
Transmission of Mycobacterium tuberculosis in Healthcare
Settings”).31 The 2005 guidelines do not fully address the
changing epidemiology of TB in the US and the current low
risk of most US HCWs and may result in over-testing of low-
risk healthcare workers for latent TB infection, which can lead
to false positive results, especially when the pretest probability
of infection is quite low.43 This is a particular issue when
interferon-gamma release assays are used for serial testing of
low-risk HCWs.44 Despite the decreasing incidence of TB in
the US since 199245 and lower risk of transmission in
US healthcare facilities, TB infection control remains an
important responsibility of healthcare personnel. Reports
have highlighted delays in the diagnosis of patients with TB

Table 27.1 Factors facilitating nosocomial transmission of tuberculosis (TB)

1. Inefficient infection-control procedures

A. Delayed suspicion and diagnosis

• Clustering of patients with unsuspected TB with sus-
ceptible immunocompromised patients including per-
sons living with HIV

• Delayed recognition of TB in HIV-infected patients
because of “atypical” presentation or low clinical suspi-
cion leading to misdiagnosis (HIV+ or HIV-)

• Failure to recognize and isolate patients with active
pulmonary disease

B. Failure to recognize ongoing infectiousness of patients

2. Laboratory delays in identification and susceptibility testing
of M. tuberculosis isolates

3. Inadequate airborne infection (respiratory) isolation facilities and
engineering controls

Lack of airborne infection (respiratory) isolation rooms

Recirculation of air from airborne infection isolation rooms to
other parts of the hospital

4. Delayed initiation of effective antituberculosis therapy

[Adapted from references7,30–32]

Table 27.2 Factors that may facilitate nosocomial transmission of tuberculosis (TB) in low- and middle-income countries

Area Factor

Factors that increase
risk for nosocomial
exposure

• Delayed diagnosis of patients with infectious TB and lack of laboratory infrastructure to provide a rapid diagnosis

• Overwhelming numbers of TB patients and repeated exposure to patients with smear-positive TB

• Unnecessary or prolonged hospitalization of patients with smear-positive pulmonary TB

• Delays in initiating anti-TB treatment for those with active TB disease

• Poor adherence to treatment, use of suboptimal treatment regimens, and lack of adequate patient support to improve
adherence

• Interruptions in supply of TB medications in healthcare facilities

Lack of effective
infection-control
procedures

• Failure to recognize and isolate or separate patients with active pulmonary TB

• Laboratory delays in identification of TB, and poor use of tests such as sputummicroscopy to identify infectious TB cases

• Clustering patients with TB with susceptible and vulnerable patients (e.g., HIV-infected patients)

• Lack of HIV testing services and delayed recognition of TB in HIV-infected patients because of atypical presentation and
low level of clinical suspicion

• Inadequate airborne infection (respiratory) isolation facilities and environmental controls

• Overcrowded hospital wards and outpatient departments

• Poorly ventilated wards and rooms

• Lack of airborne infection isolation rooms

Henry M. Blumberg
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that have contributed to prolonged infectiousness of index
cases and TB outbreaks in the US.46,47 Failure to be vigilant
and recognize undiagnosed patients with TB has resulted in
nosocomial transmission in the US in the twenty-first century,
even in an era of improved TB control as noted in reports from
CDC and others.1,48

Unlike the United States, Canada and other high-income,
low-incidence countries, exposure to and acquisition of
tuberculosis remains a major occupational hazard in high
TB burden, resource-limited areas.28,29,49–52 Unfortunately,
despite guidelines by WHO about prevention of healthcare-
associated transmission of TB in resource-limited areas, in
the past little attention has been given to TB infection control
measures in most low- and middle-income countries.30,33

Acquisition of TB by HCWs in low- and middle-income
countries has too often been accepted as an occupational
hazard in resource-limited countries.53 However, given the
emergence and spread of MDR- and XDR strains of TB,
including outbreaks of XDR-TB in South Africa affecting
both patients and HCWs and associated with high morbidity
and mortality, TB infection control measures can no longer
be ignored.21,22,50 Political commitment for support of TB
infection control has not generally been a priority for the
international community or funders. Advocacy by HCWs and
others33 is essential in efforts to enhance TB infection control,
especially in high-burden, low-resource areas where HIV/TB
co-infection is prevalent. Furthermore, effective global
control of MDR- and XDR-TB will also require implementa-
tion of measures to prevent institutional spread of drug-
resistant TB.

This chapter is not intended to provide an exhaustive
summary of TB infection control measures; the 2005 CDC
guidelines outline recommendations for US healthcare

facilities, while more recent 2014 Canadian guidelines provide
updated recommendations that may better reflect the current
epidemiology of TB in North America, especially the negative
consequences of over-testing of low-risk healthcare workers.31,32

The WHO TB infection control recommendations focused on
resource-limited countries.30 Guidelines and suggestions on
how to implement TB infection control measures in resource-
limited settings have been published and need greater attention
by the international community.54,55

This chapter outlines the basic framework for developing
a TB control program including how to assess the risk of TB
transmission in a healthcare setting, how to prioritize control
measures based on effectiveness, and how to meet current
US regulatory requirements. Also highlighted are some of the
challenges for TB infection control in high-incidence,
resource-limited areas.

Institutional Controls for the Prevention of
Nosocomial Tuberculosis
Nosocomial TB is driven by the prevalence of disease in the
community served by the hospital or healthcare system56 and
the efficacy of TB infection control measures instituted. Rates
of TB in the US have decreased significantly since 199245 but
still vary widely by geographic area. Frequently, urban areas57

and areas with large numbers of foreign-born persons from TB
endemic areas have the highest rates of TB disease. The global
epidemic of TB has had a significant impact upon the US;
66 percent of US TB cases occurred among foreign-born per-
sons in 201558; foreign-born persons account for 85 percent of
MDR TB cases reported in the US.45

An effective TB infection control program requires early
identification, separation of potentially infectious persons by

Table 27.2 (cont.)

Area Factor

• Lack of personal protection equipment (e.g., respirators)

• Lack of screening programs to detect and treat latent TB infection and active TB among healthcare workers

• Lack of commitment on the part of hospitals to invest in infection control programs

• Lack of national guidelines on nosocomial TB tailored to the local country’s healthcare environment

Gaps in knowledge and
awareness • Lack of awareness about nosocomial TB transmission in healthcare settings

• Lack of political will to provide adequate resources to implement effective TB infection control measures

• Belief by some hospital administrators and healthcare workers that nosocomial infection is an occupational hazard that
cannot be avoided

• Lack of educational programs on occupational safety and hygiene

• Poor patient education regarding cough etiquette and sputum disposal

Adapted from reference (53).
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airborne infection isolation, rapid diagnosis, and early initia-
tion of effective treatment of active TB disease.30–32,54

The termination of outbreaks in the US and prevention of
nosocomial transmission of TB followed implementation of
effective infection control programs.31,36,37,59 Policies and pro-
cedures regarding TB infection control should be developed by
all healthcare facilities that reflect their risk and patient popu-
lation served. All healthcare settings should implement an
effective TB infection-control program designed to detect dis-
ease early and to isolate or geographically separate patients
with known or suspected TB and promptly refer or treat those
who have TB disease. The major goals of a TB infection control
program are outlined in Table 27.3.

A Assignment of Responsibility
The first step in establishing an effective TB infection control
program is for an institution to assign responsibility to
a specific person or persons and ensure they have the authority

and support to implement such a program. The person or
persons should have expertise or access to expertise in the
areas of infection control and healthcare epidemiology, public
health, occupational health, engineering, and clinical micro-
biology. Frequently this responsibility is given to institution’s
Infection Control Committee. The group should develop writ-
ten tuberculosis infection control policies based on the institu-
tion’s risk assessment. Policies and procedures should be
reviewed on at least an annual basis and updated as indicated.
At large institutions located in urban areas that care for sizable
numbers of patients with active TB, it has been helpful to
designate an individual (e.g., one of the Infection Control
Practitioners) to serve as the coordinator of TB infection con-
trol activities.

B Risk Assessment
All healthcare settings should conduct regular, periodic (at
least annual) TB risk assessments regardless of whether or
not patients with suspected or confirmed TB disease will
receive care at their institution. The TB risk assessment deter-
mines the risk of nosocomial transmission ofM. tuberculosis in
the healthcare setting by examining a numbers of factors,
including 1) community incidence of TB disease; 2) number
of patients with TB presenting for care at the healthcare facil-
ity, regardless of whether they receive care in the setting or are
transferred to another healthcare setting; 3) timeliness of the
recognition, isolation, and evaluation of patients with sus-
pected or confirmed TB; and 4) evidence for transmission
of M. tuberculosis in the setting. Local and state public health
departments can help infection control personnel obtain infor-
mation about their community’s TB profile. Other sources of
information on TB cases include extended-care facilities,
schools, homeless shelters, and prisons. Even if there are no
reported cases of TB in a community, infection control staff
still should determine if patients with TB may have been
admitted or treated in the facility. Good sources for this infor-
mation are the microbiology laboratory’s database, infection
control records, and medical records databases containing
discharge diagnoses, autopsy, and surgical pathology reports.

CDC has recommended using a risk classification system
for US healthcare settings based on the size of the institution
and the number of persons with active TB disease seen at the
institution; this CDC-recommended system includes low-risk,
medium risk, or ongoing transmission categories.31 While risk
assessment is important, the parameters used to determine the
degree of risk in these CDC guidelines are somewhat arbitrary
and not evidence based, as discussed below. In general, a risk
classification is determined for the entire setting although in
certain circumstances such as a large healthcare organization
that encompasses several sites, specific areas can be defined by
geography, functional units, or location.

CDC guidelines31 recommend that hospitals with >200
beds that provide care for <6 patients with TB per year are
categorized as low-risk while those that care for >6 patients
with TB per year are considered medium risk (regardless of
occupational risk to HCWs based on results of tuberculin skin
testing). For inpatient settings with <200 beds, those that

Table 27.3 Major goals in the control and prevention of nosocomial
tuberculosis

1. Implementation of a hierarchy of tuberculosis infection con-
trol measures (see Table 27.3).

2. Airborne infection isolation (AII) of patients as soon as tuber-
culosis is suspected, whether during emergency care or on
admission to the institution.

3. Start empirical antituberculosis therapy as soon as tubercu-
losis is suspected with an appropriate regimen (generally,
a four-drug regimen of rifampin, isoniazid, pyrazinamide, and
ethambutol will be employed unless there is high suspicion
for multidrug-resistant [MDR]-TB.)

4. Comply with airborne infection isolation procedures during
the patient’s hospitalization until laboratory and clinical evi-
dence excludes the possibility of tuberculosis or the risk of
transmission.

5. Conduct laboratory studies as soon as possible to confirm or
exclude the presence of tuberculosis and to identify multi-
drug-resistant strains of M. tuberculosis; molecular diagnostic
tests can help provide rapid assessment of whether a patient
has tuberculosis.

6. Enhance occupational health services to monitor for tuber-
culosis infection and disease in healthcare workers.

7. Discharge patients with tuberculosis from acute care only
when arrangements have been made for appropriate isola-
tion from contact with susceptible individuals (e.g., in a stable
home or another stable location with no new persons
exposed).

8. Cooperate closely with public health and other community
agencies to provide resources that ensure the completion of
therapy (e.g., directly observed therapy).

9. Tuberculosis-related healthcare worker education to support
the above goals.

Adapted from reference (31).
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provide care to <3 patients with TB in the past year are
considered low-risk, and those with >3 TB cases in the
past year are considered medium risk. Outpatient clinics, out-
reach or home health settings that provide care to <3 patients
with TB per year are considered low risk, and those that provide
care for >3 patients are considered medium risk. Tuberculosis
clinics and outreach programs as well as other outpatient
settings where care of persons with TB is provided should be
classified asmedium risk. Any institution, clinic, or setting with
evidence of patient-to-patient or patient-to-healthcare worker
transmission of M. tuberculosis or evidence of ongoing noso-
comial transmission of TB should be classified as potential
ongoing transmission until appropriate infection control mea-
sures have been implemented and transmission has been
demonstrated to have been stopped. Potential ongoing trans-
mission should be a temporary classification only. When noso-
comial transmission of TB is suspected, an immediate
investigation, active and corrective steps should be implemen-
ted. This may include consultation with public health officials
or other experts in healthcare epidemiology and infection
control. Evidence of potential nosocomial transmission of TB
includes clusters of new positive tests for latent TB infection
(tuberculin skin test [TST] or interferon-γ release assays
[IGRA] including the QuantiFERON-TB Gold in Tube or
TSPOT.TB tests) among healthcare workers, increased rates
of healthcare worker TST or IGRA conversions, a HCW with
potentially infectious TB, unrecognized disease in patients or
HCWs, or recognition of an identical strain of M. tuberculosis
in patient or HCW with TB disease.

Based on the finding of the risk assessment, the appropriate
level of administrative, environmental, and respiratory protec-
tion policies to prevent occupational exposure to and nosoco-
mial transmission of TB can be determined. CDC recommends
that the frequency of diagnostic testing for latent TB infection
(with either the TST or IGRA) of HCWs be based on the
finding of the risk assessment and is discussed in additional
detail below. Unfortunately, current CDC TB infection control
guidelines published in 200531 likely misclassify many institu-
tions into the “medium” risk category that will lead to over-
testing of low-risk HCWs for latent TB infection in serial
(annual) testing programs. This can lead to the majority of
positive tests (TST or IGRA) being false positive results due to
testing of very low-risk HCWs, even when using a highly
sensitive and specific diagnostic test.43,60

Hierarchy of Tuberculosis Infection Control
Measures
A “hierarchy of controls” that include administrative controls,
engineering controls, and respiratory protection (Table 27.4)
are recommended by CDC, the Public Health Agency of
Canada, and WHO to prevent nosocomial transmission of
tuberculosis.30–32 Implementation of this hierarchy has been
noted to be effective in terminating outbreaks and preventing
nosocomial transmission of TB.30,31,36,38 An infection control
program should achieve the following goals: early identifica-
tion of patients with TB disease, prompt airborne infection

isolation that ensures patients who may have infectious TB are
separated from other patients, and prompt diagnosis and effec-
tive treatment of persons with active disease (or rapid transfer
of the patient to another facility that treats patients with TB if
the admitting facility does not). The specific control measures
can be prioritized based on their relative effectiveness in redu-
cing risk of transmission and are discussed below.

A Administrative Controls
Administrative controls are the most important TB infection
control measures36 and consist of measures to reduce the risk
of exposure to persons with infectious TB (Table 27.4).
A healthcare facility should implement administrative controls
first, because these controls most effectively reduce the risk of
nosocomial transmission.36,38,41,61 Administrative controls
include developing and implementing effective policies and
protocols to assure that persons likely to have TB disease are
identified rapidly, isolated properly, evaluated clinically, and
treated appropriately. This requires that HCWs carefully eval-
uate patients upon their initial encounter and promptly isolate
any patient who they suspect may have TB until laboratory and
clinical evidence eliminates this diagnosis. Hospitals can
implement an early identification and isolation protocol
more efficiently by authorizing both nurses and physicians to
isolate patients with suspected TB and by developing policies
that allow staff to automatically isolate certain patients (e.g.,

Table 27.4 Hierarchy of tuberculosis infection control measures

1. Administrative controls (most essential component)

• Careful screening of patients, isolation, early diagnosis, and
treatment

• Healthcare worker–directed measures

• Comprehensive tuberculin skin testing program for
healthcare workers

• Healthcare worker education

2. Environmental controls

• Airborne Infection Isolation (i.e., negative pressure) rooms;
a single pass ventilation system is preferred; use HEPA
filtration If recirculation of air is necessary

• Ultraviolet germicidal irradiation (UVGI) can be used as
a supplement or adjunct to other environmental controls
(e.g., ventilation) in settings where persons with undiag-
nosed and infectious TB could potentially contaminate the
air (e.g., waiting rooms, emergency rooms, corridors, cen-
tral areas) or as an adjunct to negative pressure ventilation
in rooms or areas where suspected or confirmed infectious
TB patients are isolated or high-risk procedures are per-
formed (e.g., bronchoscopy, sputum induction)

3. Personal respiratory protection equipment (including use of
N-95 respirators)

Adapted from references (30–32).
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patients for whom TB is in the differential diagnosis or from
whom specimens are ordered for acid-fast bacilli (AFB) smear,
culture, and/or for nucleic acid amplification tests).36,62 Many
institutions have implemented policies that include mandatory
airborne infection isolation (AII) for certain patients in order
to facilitate the success of administrative controls.2,36,63

Moreover, because patients with HIV infection may present
with atypical signs and symptoms, some facilities isolate all
patients with HIV infection who have clinical symptoms sug-
gestive of TB (e.g., fever, cough, and/or an abnormal chest
radiograph) until appropriate diagnostic tests are negative for
TB. For example, at Grady Memorial Hospital in Atlanta,
which cares for relatively large numbers of patients with TB,
including those who are HIV co-infected, the airborne infec-
tion isolation policy requires that all patients admitted to the
hospital with known TB, those with TB in the differential
diagnosis or who have sputum or respiratory specimens for
AFB ordered; and those who are HIV infected and have an
abnormal chest radiograph (CXR), be placed in airborne infec-
tion isolation until TB is ruled out. Generally, the diagnosis is
excluded by obtaining two or three negative AFB smears of
sputum or other respiratory specimens and/or negative nucleic
acid amplification test results (e.g., Xpert MTB/RIF).64–66

Airborne infection isolation precautions policies and proce-
dures should be developed based on the local epidemiology of
the disease in the community served by a particular facility.

The protocol for early identification of patients with TB
and patient population served by a healthcare facility will
determine the number of negative-pressure airborne infection
isolation rooms required. It should be anticipated that some
patients who do not have TB disease will be isolated to prevent
nosocomial transmission of M. tuberculosis. At Grady
Memorial Hospital in Atlanta, which provides care to more
patients with TB than any other hospital in the Southeast, the
“rule out” ratio of patients isolated to patients found to have
TB disease was reported to be 10:1 although this ratio may
increase if TB case rates continue to fall.63 Reports from other
US institutions suggested a range of 8:1 to 14:1 in the 1990s.67

In a low prevalence Midwestern state (Iowa), a group of inves-
tigators predicted that as many as 93 patients without TB
would be isolated for every case diagnosed.68 The expected
“rule out” ratio is not well defined, especially in recent years,
and likely varies by geographic area based on the prevalence of
tuberculosis in the community and at the facility served.
However, because there is little or no margin of error when
detecting persons with TB in that a single person with undiag-
nosed disease can lead to an outbreak,31,69 a high sensitivity is
required and therefore some degree of “overisolation” is to be
expected. At large institutions, increased efficiency in the eva-
luation of patients who subsequently “rule out” for TB has been
demonstrated by clustering AII rooms on a respiratory isola-
tion ward.63 While CDC TB infection control guidelines
recommend obtaining three sputum samples for AFB smear
and culture when evaluating patients for pulmonary tubercu-
losis, some institutions in the US and elsewhere have switched
to obtaining two samples in an effort to enhance efficiency
given that the addition of a third specimen adds little to the

sensitivity of a TB diagnosis.31,70–72 In addition, the Food and
Drug Administration (FDA) has approved use of the Xpert
MTB/RIF assay (a nucleic acid amplification test that employs
real-time PCR technology)73 to include testing of either one or
two sputum specimens as an alternative to examination of
serial acid-fast stained sputum smears to aid in the decision
of whether continued airborne infection isolation is
warranted.65 This change reflects the outcome of a recent mul-
ticenter international study demonstrating that negative Xpert
MTB/ RIF assay results from either one or two sputum speci-
mens are highly predictive of the results of two or three nega-
tive acid-fast sputum smears.74 A single Xpert MTB/RIF assay
result detected approximately 97 percent of patients who were
AFB smear–positive and culture-confirmed as infected
with M. tuberculosis, and a single negative Xpert MTB/RIF
assay result predicted the absence of AFB smear–positive pul-
monary TB with a negative predictive value of 99.7 percent.

Several of the measures mentioned above can enhance
efficiency and provide significant cost savings to the institution
and better use of AII rooms, which are often in limited supply.

In addition, it should be noted that individuals with sus-
pected or known infectious TB should wear a surgical mask
when not in an airborne infection isolation (negative pressure)
room or a local exhaust ventilation enclosure (for example,
when transported to have a procedure or diagnostic test).31

The purpose of the surgical mask is to block aerosols produced
by coughing, talking, and breathing. In general, the time outside
of an airborne infection isolation room should be minimized
and compliance with wearing a mask should be monitored.

Administrative Controls in Resource-Limited Areas:
Unfortunately, adequate TB infection control measures have
generally not been implemented at healthcare facilities inmany
resource-limited settings. Health system factors including lack
of staff, lack of space to separate infectious patients from those
without TB (e.g., absence of airborne infection isolation
rooms), and lack of adequate resources and infrastructure
(including laboratory infrastructure) are among the
barriers.75 Healthcare workers in resource-limited countries
are often very knowledgeable and familiar with the risk of
occupational exposure to tuberculosis and have concerns
about their risk of contracting tuberculosis.33,76–79

Strengthening health systems and the political will is an essen-
tial component in improving patient and healthcare worker
safety at healthcare facilities in resource-limited areas.
Demonstration projects on how best to implement effective
TB infection control measures in resource-limited areas are
urgently needed. One proposed approach that provides
a framework for the implementation of administrative controls
in resource-limited areas is called F-A-S-T (Table 27.5).54

The availability of rapid molecular diagnostic tests such as
the Xpert MTB/RIF73 provides the laboratory infrastructure
that can support rapid diagnosis of pulmonary TB among
patients at the time of admission to healthcare facilities. This
will allow for cohorting of patients at resource-limited facilities
by the presence of drug susceptible TB versus MDR-TB. A few
demonstration projects are currently in progress in high-
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burden, low- and middle-income countries,54 but data are
urgently needed on the effectiveness of this approach. If this
approach is shown to be an effective method of implementing
administrative controls, resources need to be made available to
scale up this intervention in resource-limited areas.

Surveillance for Latent Tuberculosis Infection
Surveillance for latent TB infection (LTBI) in HCWs is
a component of the administrative controls. The appropriate
frequency of performing diagnostic tests (either tuberculin
skin testing or commercially available and FDA-approved
interferon-gamma release assays [IGRAs] including
QuantiFERON-TB Gold in Tube or TSPOT.TB) of HCWs
should be determined by a risk assessment that reflects the
occupational risk of acquisition of M. tuberculosis among
HCWs. Given the low positive predictive value of diagnostic
tests when testing low-risk and low-prevalence populations for
LTBI, frequent (serial) testing of HCWs in low-risk settings in
North America is not recommended because it will lead to false
positive results.43,44,60 However, because current CDC guide-
lines define “medium” risk to be present in all healthcare
facilities that have >200 beds and see 6 or more patients with
TB, the CDC recommendation31 of annual testing of
US HCWs working at “medium” risk facilities results in over-
testing of many low-risk HCWs in the US.60,80

All HCWs should undergo baseline testing with
a diagnostic test for LTBI (TST or IGRA). For those who
have a TST performed, two-step testing is recommended at
the time of employment if the HCW has not been previously
tested in the preceding year. Two-step baseline tuberculin
skin testing can help infection control staff identify LTBI in
new personnel who otherwise would be classified as recent
conversions. Two-step testing is not required if an IGRA is

used. Current guidelines from CDC on the use of IGRAs
recommend that either a TST or IGRA can be used for serial
testing of HCWs.81 However, recent reports have demon-
strated that serial testing of low-risk HCWs with IGRAs
results in high rates of false positive tests rather than a true
conversion and recent infection and frequent reversion of
these tests.44 Because of multiple reports suggesting false
positive conversions among healthcare workers when using
IGRAs for serial testing among low-risk US and Canadian
healthcare workers, the Public Health Agency and Canadian
Thoracic Society have recommended that IGRAs not be used
for serial testing of healthcare workers (i.e., in North
America).32,44,82–85 CDC 2005 guidelines31 would benefit
from revisions that incorporate data from these studies.
Interestingly, when carrying out serial testing of low-risk
US healthcare workers, the TST performed significantly bet-
ter than IGRAs in a head-to-head comparison, but reversions
of TST conversions were also seen.44 These results emphasize
the needs to refine current CDC guidelines on frequency of
testing and the need for serial testing of low-risk
US healthcare workers. Canadian TB infection control guide-
lines do in fact recommend that the frequency of testing of
healthcare workers be switched if the risk is low; in particular
they recommend that if the annual risk of HCW infection is
<0.5% that consideration should be given to decreasing fre-
quency of testing to every other year or establish criteria for
only annual testing of selected “high-risk” HCWs at an insti-
tution that overall is low risk.32

It is not recommended that HCWs in “low-risk” settings
undergo routine periodic follow up testing because as noted
above, serial testing of low-risk healthcare workers will result
in primarily false positive results (with any type of diagnostic
test for LTBI). For low-risk healthcare workers as defined by
CDC based on their recommended risk assessment, CDC
recommends follow-up testing is recommended only if there
is an exposure to a patient with active TB (i.e., patient not
initially isolated but later found to have laryngeal or pulmon-
ary tuberculosis).31 CDC recommends that HCWs working at
“medium risk” settings should undergo baseline and annual
testing as well as testing after a tuberculosis exposure episode.
Institutions with ongoing nosocomial transmission should
carry out diagnostic testing for LTBI of at-risk HCWs every
three months until it is documented that the transmission has
been terminated.31 For institutions with high risk for ongoing
transmission, intensive surveillance for healthcare work infec-
tion by testing for LTBI conversions is one way to assess the
efficacy of an infection control program and demonstrate
termination of transmission in situations where there has
been ongoing nosocomial transmission.

When performing TST of HCWs, the Mantoux method
should be used. PPD is injected intradermally (0.1 mL of 5
tuberculin units), and the degree of induration is recorded
in mm at 48 to 72 hours after placement.86 HCWs with
a positive TST or IGRA (either at baseline or during follow-
up testing) should have a chest radiograph performed to
exclude active disease. If an abnormal CXR is found, the
HCW should be removed from the work setting until active

Table 27.5 F-A-S-T: a refocused, intensified, administrative tuberculosis
transmission control strategy for resource-limited areas

Find TB cases – rapid diagnosis of TB cases on admission

• Focus on rapid molecular diagnosis using rapid molecular
diagnostic tests such as the Gene Xpert MTB/RIF

• Sputum smear – can be rapid, but limited diagnostic capacity

Active TB case finding

• Focus on cough surveillance at all entrance points to
a healthcare facility

Separate patients with active TB from others to reduce exposure

• Building design and engineering

• Cough hygiene and triage

Treat effectively, based on rapid Drug Susceptibility Testing (DST)

• Focus on rapid molecular DST – such as the Xpert MTB/RIF,
which can provide rapid TB diagnosis and rifampin resistance
(which is generally a marker for MDR-TB)

Adapted from reference (54).
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TB disease is excluded. Those with a negative chest radiograph
found to have LTBI who are at increased risk for progression to
active disease (e.g., true recent conversion, HIV co-infection or
other underlying medical conditions, etc.),86,87 should be
strongly encouraged to take and complete therapy for LTBI
(see Treatment below). Infection control staff working closely
with employee health staff should consider several issues when
developing a program for diagnostic testing for LTBI among
HCWs. Institutions should assume responsibility for surveil-
lance and mandate testing of all HCWs working at a particular
institution (including unpaid staff, students, and volunteers)
and not just employees. This is particularly important in an era
of outsourcing whenmanyHCWsmay not be employees of the
institution that they are working at. For institutions where
routine follow-up testing is warranted based on risk, diagnostic
test results should be recorded in the individual employee’s
health record and in an aggregate database of all results. TST
(or IGRA) conversion rates should be calculated for the facility
as a whole and, if appropriate, for specific areas of the facility
and for occupational groups. Conversion rates should be cal-
culated by dividing the number of TST (or IGRA)-test conver-
sions among healthcare workers in each area or group (i.e., the
numerator) by the total number of previously TST (or IGRA)-
negative healthcare workers tested in each area or group (i.e.,
the denominator). In collaboration with occupational health
staff, infection control and prevention personnel should inter-
pret TST (or IGRA) conversion rates. Because of the substan-
tial risk of false positive tests when the IGRA is used for serial
testing of low-risk HCWs,44 it is important for programs to
determine if the IGRA should even be used for serial testing
and whether an increase in the number of “conversions” are
real or related to the use of serial IGRA. False positive conver-
sions have also been reported when healthcare facilities
switched brands of tuberculin they used for serial testing of
HCWs (from Tubersol to Aplisol).88,89 This is likely due to the
difference in specificity between the two brands of
tuberculin.90

If healthcare workers have a conversion (positive test fol-
lowing a previous negative test) when testing for LTBI (TST or
IGRA), infection control and prevention staff should investi-
gate to determine whether the likely source is in the facility or
in the community. Of note, in areas that have low rates of TB in
the community and/or have implemented effective TB infec-
tion control measures, HCWs in some facilities are more
likely to be exposed to TB in the community than in the
hospital.39,91,92 One challenge of TB screening programs for
HCWs is to ensure that staff report to employee health for
LTBI diagnostic testing and for follow-up assessment. Some
facilities have improved compliance by offering testing at the
work site. Others have tied testing to issuance of employee
identification badges that are required to work at the facility
and to the physician-credentialing process.

Education
HCW education is an important component of an effective TB
infection control program.31 HCWs should receive training
and education on the variety of components of an effective

TB infection control program and their responsibilities in
implementing and carrying out the institution’s infection con-
trol plan. HCWs need to appreciate the risk of occupational
exposure to patients with TB as well as the measures (e.g.,
hierarchy of controls) and policies adopted by the healthcare
facilities to prevent nosocomial transmission. TB education
should be provided upon employment and then each
subsequent year. Basic information should be provided to all
HCWs, and more in-depth education and training can be
provided on a targeted basis to HCWs working in areas or
settings where patients at risk or with TB may receive care.
OSHA requires that US healthcare facilities provide annual
training, and one way a number of institutions have incorpo-
rated this is into OSHA-mandated bloodborne pathogen
training.

Extended Care Facilities
Many of the considerations for control of TB in hospitals apply
to extended care facilities (ECFs) including the risk assessment
recommendations. Elderly persons residing in a nursing home
are at a higher risk of developing active TB than those living at
home in the community.93,94 Older adults residing in ECFs are
more likely to have comorbidities associated with the risk of
reactivation, and residence in congregate settings can promote
transmission.95 As in the hospital setting, effective TB control
measures for ECFs include a high index of suspicion, prompt
detection of active TB cases, isolating infectious cases, initiat-
ing appropriate therapy, identifying and evaluating contacts,
and, when appropriate, conducting targeted testing and treat-
ment of LTBI. Generally, ECFs do not have airborne infection
isolation rooms, and therefore patients with suspected TB
should be referred to an acute care hospital and not cared for
at an ECF while they are infectious. Public health guidelines
include recommendations for all residents (and HCWs) enter-
ing long-term care facilities to have a baseline diagnostic test
for LTBI performed (either a TST or IGRA) unless documen-
ted to be previously positive.31,93 The risk will vary based on the
location and setting of the LTCF and the community it ser-
vices. A cost-effectiveness analysis performed in a low-risk
setting in Canada questioned the cost effectiveness of screening
programs in LTCFs in low TB incidence and low-risk areas.95

If a TST is used as the diagnostic test for TB screening at the
time of resident entry into an ECF, two-step testing should be
performed unless the newly admitted patient had previously
received a TST during the prior 12 months. Persons found to
have a positive TST or IGRA should have a chest radiograph
performed and if negative, be evaluated for treatment of
LTBI.86

B Environmental Controls
The second level of controls are environmental controls that
reduce or eliminateM. tuberculosis–laden droplet nuclei in the
air. These controls include local exhaust ventilation, general or
central ventilation, air filtration with high-efficiency particu-
late air (HEPA) filters, and air disinfection with ultraviolet
germicidal irradiation (UVGI).
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Local Exhaust Ventilation
Local exhaust ventilation is a source control method used for
capturing airborne contaminants including infectious droplet
nuclei or other infectious particles before they are dispersed
into the general environment. Local exhaust ventilation using
a booth, hood, or tent can be an efficient engineering control
technique, because it captures a contaminant at its source.
Local exhaust ventilation should be used for cough-inducing
(e.g., sputum induction booth) and aerosol-generating proce-
dures (e.g., bronchoscopy). If local exhaust ventilation is not
feasible, cough-inducing and aerosol-generating procedures
should be performed in a room that meets the requirements
of an airborne infection isolation room.

General Ventilation
General ventilation includes mechanisms that dilute and
remove contaminated air and control the direction of airflow
to prevent an infectious source from contaminating the air in
nearby areas. These mechanisms include maintaining negative
pressure and circulating air to dilute and remove infectious
droplet nuclei (e.g., room air exchanges). Airflow should be
from cleaner areas to more contaminated areas;31,96 thus air
should flow from corridors into AII rooms to prevent the
spread of tuberculosis. AII rooms are used to house patients
with suspected or confirmed TB being cared for at a healthcare
facility. Airborne infection isolation rooms should have nega-
tive pressure to prevent the escape of droplet nuclei, and CDC
recommends a minimum of 6 air exchanges per hour (and 12
air changes per hour if feasible), to decrease the concentration
of infectious particles. For newly constructed or renovated
facilities, a minimum of 12 air exchanges per hour for AII
rooms is recommended by CDC.31 A single-pass ventilation
system is preferred; in such cases after air passes through the
room or area, 100 percent of that air is exhausted to the out-
side. If this is not possible, HEPA filtration must be employed
to filter air from an AII room that is recirculated into the
general ventilation system. HEPA filtration must also be used
when discharging air from local exhaust ventilation booths or
enclosures (e.g., sputum induction booths).

The number of airborne infection isolation rooms and the
location of these rooms (e.g., inpatient wards, emergency
department, intensive care unit, etc.) should be determined
based on results of the risk assessment. Grouping of airborne
infection isolation rooms in one area (e.g., respiratory isolation
ward) may facilitate the care of patients with suspected or
proven TB63 and the installation and maintenance of optimal
environmental controls. Airborne infection isolation rooms
should be checked regularly to ensure they are under negative
pressure using smoke tubes or other devices. CDC recom-
mends that these rooms be checked before occupancy and
then daily while occupied by a patient with suspected or con-
firmed TB. When negative pressure is required, CDC recom-
mends the pressure differential should be >0.01 inch of water
gauge compared with adjacent areas. Detailed recommenda-
tions for designing and operating ventilation systems have
been published.31,96–98 A maintenance plan that outlines the

responsibility and authority for maintenance of the environ-
mental controls and addresses staff training needs should be
part of the written tuberculosis control plan. Standard operat-
ing procedures should include the notification of infection
control personnel before performing maintenance on ventila-
tion systems serving TB patient care areas.

Portable Air Filtration Units
Portable room-air recirculation units (which are often referred
to as portable air filtration units or portable high-efficiency
particulate air [HEPA] filters) appear to be effective in remov-
ing bioaerosols and aerosolized particles from room air,99,100

and therefore may be helpful in reducing airborne disease
transmission. If portable devices are used, units with relatively
high volumetric airflow rates that provide maximum flow
through the HEPA filter are preferred. Portable HEPA units
should be designed to achieve >12 equivalent air exchanges
per hour, ensure adequate air mixing in all areas of the rooms,
and be compatible with the ventilation system.31 Placement of
the units is important and should be selected to optimize the
recirculation of AII room air through the HEPA filter. These
portable units are not a permanent solution but may be useful
as an interim measure and enable hospitals to establish TB
isolation rooms in outpatient departments and areas when
other TB isolation rooms are in use. In addition, facilities
that do not have isolation rooms can use these units to convert
general patient rooms to TB isolation rooms. Effectiveness of
these portable units is affected by the room’s configuration, the
furniture and persons in the room, and the placement of the
HEPA filtration unit relative to the supply air vent and exhaust
grilles. Portable air filtration units may also include ultraviolet
germicidal irradiation as discussed below.

Ultraviolet Germicidal Irradiation
Ultraviolet germicidal irradiation (UVGI) is an air-cleaning
technology that can be used in a room or corridor to irradiate
the air in the upper portion of the room (upper air irradiation),
installed in a duct to irradiate air passing through the duct
(duct irradiation), or incorporated into room air-recirculation
units. The effective use of UVGI is associated with exposure
of M. tuberculosis, as contained in an infectious droplet, to
a sufficient dose of UV-C at 253.7 nm to ensure
inactivation.31 Germicidal lamps used in upper-room UVGI
systems consist of low-pressure mercury vapor enclosed in
special UV-transmitting glass tubes. Approximately 95 percent
of the energy from these lamps is radiated at 253.7 nm in the
UV-C range.101 The CDC considers UVGI to be
a supplementary measure for TB control and recommends
against UVGI being used as a substitute for negative pressure
or HEPA filtration.31,101 Others have advocated more vigor-
ously for an expanded role of UVGI for TB infection control
and have suggested that it is the most cost-effective way to
achieve high levels of air disinfection.102–104 Reports from
investigations carried out in Peru and South Africa indicate
that that upper room UV lights, combined with adequate air
mixing prevented most airborne TB transmission to guinea
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pigs exposed to hospital room air (from rooms with patients
with active TB disease).104,105 This approach has been pro-
posed as a relatively low-cost intervention for use in low- and
middle-income countries as well as areas where other types of
environmental controls are hard to implement such as waiting
rooms and other overcrowded settings in healthcare
facilities.102,104 Concerns exist about proper maintenance of
UVGI in low- and middle-income countries as well as the
impact of high humidity on the efficacy of UVGI.

Air-cleaning technologies, such as UVGI and HEPA filtra-
tion, can be used to increase equivalent air changes per hour
(ACH) in waiting areas and AII rooms. Air mixing, air velocity,
relative humidity, UVGI intensity, and lamp configuration
affect the efficacy of UVGI systems. In practical terms, it can
be difficult to achieve the desired effects unless the system is
properly designed. It is strongly recommended that healthcare
facility managers consult a UVGI system designer to address
safety and efficacy considerations before such a system is
procured and installed.31,101 Experts who can be consulted
include industrial hygienists, engineers, and health physicists.

In upper-room air irradiation, UVGI lamps are suspended
from the ceiling or mounted on the wall with a shield at the
bottom of the lamp to direct the rays upward. As the air
circulates, nonirradiated air moves from the lower to the
upper part of the room, and irradiated air moves from the
upper to the lower part of the room. For upper-room air
systems, airborne microorganisms in the lower, occupied
areas of the room must move to the upper part of the room
to be killed or inactivated by upper-air UVGI. For optimal
efficacy of upper-air UVGI, relative humidity should be main-
tained at <60 percent, a level that is consistent with current
recommendations for providing acceptable indoor air quality
and minimizing environmental microbial contamination in
indoor environments.106 The most useful places to consider
using UVGI include locations in high TB prevalence areas that
are difficult to control through ventilationmeasures alone such
as waiting rooms, emergency rooms, corridors, and other
central areas of a facility where patients with undiagnosed TB
could contaminate the air, including operating rooms and
adjacent corridors where procedures are performed on
patients with TB disease. Details about the types of UVGI,
their applications, and limitations can be found in CDC and
NIOSH guidelines, and in other resources.31,101–103,107

Suggestions on the use of UVGI in high TB incidence,
resource-limited areas have been published.102

There are a number of health and safety issues related to the
use of upper room UVGI lamps. For example, short-term
overexposure to UV radiation can cause erythema, photoker-
atitis, and conjunctivitis. If UVGI is used (e.g., in upper air
UVGI systems), it is important that the UVGI fixtures be
designed and installed to ensure that UVGI exposures to occu-
pants are below current safe exposure levels. Health-hazard
evaluations by CDC/NIOSH have identified potential pro-
blems at some facilities using UVGI systems.31,101 These
include overexposure of HCWs to UVGI and inadequate
maintenance, training, labeling, and use of personal protective
equipment (PPE). It is believed that inmost instances, properly

designed, installed, and maintained UVGI fixtures provide
protection frommost, if not all, of the direct UVGI in the lower
room.103 When UVGI is used, it is important that these sys-
tems be monitored and maintained appropriately and that
HCWs receive appropriate education about UVGI safety.

C Personal Respiratory Protection
Personal respiratory protection is the last step in the hierarchy
of TB infection control measures. It is recommended that
personal respiratory equipment (e.g., N-95 respirators) be
used by HCWs when entering high-risk areas where exposure
to airborne M. tuberculosis may occur (e.g., AII rooms, rooms
where cough-producing or aerosol-producing procedures are
performed, including the bronchoscopy suite where proce-
dures are performed on patients with suspected or proven
tuberculosis).30,31 Although recommended as part of
a combination of TB infection control measures, the efficacy
of masks or respirators in preventing tuberculosis infection or
disease in healthcare workers has not been demonstrated; in
efforts to terminate outbreaks, multiple interventions were
implemented simultaneously.108

The most controversial area of TB infection control has
involved personal respiratory protection because of federal
mandates from the OSHA regarding fit-testing, and due to
lack of data on the precise level of effectiveness of respiratory
protection in protecting HCWs fromM. tuberculosis transmis-
sion in healthcare settings has not been determined. Prior to
1996, OSHA had mandated the use of HEPA respirators in
healthcare facilities. Two cost-effectiveness analyses performed
at the University of Virginia suggested that HEPA respirators
would offer negligible additional efficacy at a great cost (e.g.,
$7 million per case of tuberculosis prevented).109,110 Current
recommendations from US federal agencies involved in this
issue (National Institute for Occupational Safety and Health
[NIOSH], OSHA, and the CDC) are in agreement that the
minimal acceptable respiratory protection is a NIOSH-
certified N-95 respirator.31

In 1997, OSHA published a proposed standard for occupa-
tional exposure to TB.111 The Institute of Medicine (IOM) was
subsequently asked by the US Congress to evaluate the risk of
TB among HCWs and the impact of the proposed OSHA TB
standard. The IOM published a report in 2001 entitled,
“Tuberculosis in the Workplace.”38 The IOM report ques-
tioned the validity of the OSHA risk assessment that the stan-
dard was based on and noted that the risk of occupational
exposure to TB and HCW risk of occupationally acquired
infection had decreased significantly following implementa-
tion of CDC-recommended TB infection control guidelines
and given the decreasing incidence of TB in the community.
The IOM report also concluded that the CDC 1994 TB infec-
tion control guidelines112 were effective in terminating out-
breaks and preventing nosocomial infection of TB.
Occupational risk to healthcare workers in most
US healthcare facilities has continued to decrease over the
past two decades, given a combination of reduced incidence
of TB in the community and implementation of effective TB
infection control measures. In 2003, OSHA announced that it
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has decided to withdraw this proposal,113 because “it does not
believe a standard would substantially reduce the occupational
risk of TB infection.” Despite not issuing a separate TB stan-
dard, OSHA maintains regulatory control over TB in health-
care settings under the Code of Federal Regulations (CFR)
Title 29, Part 1910.134 and Section 5(a)(1) of the OSH Act,
often referred to as the General Duty clause.114 The impact of
this decision is that healthcare facilities are now required by
OSHA to perform annual fit-testing of all healthcare workers
who use N-95 respirators rather than just at the time of
employment as had been the case previously.115

Fit-testing of N-95 respirators has been a contentious
issue. Observational studies have demonstrated that TB out-
breaks in the US were terminated prior to the availability or
use of N-95 or HEPA respirators or use of fit-testing.56 Fit-
testing is time consuming, logistically difficult, and can be
expensive at large institutions that may have thousands of
HCWs. There are no definitive data of the benefit of fit-
testing, and recent publications by NIOSH have demon-
strated a variety of problems with fit-testing. Coffey et al.
reported that when the most rigorous criterion of fit-testing
was used (the 1 percent pass/fail criterion recommended by
the American National Standards Institute and required by
OSHA), a substantial majority of tested individuals failed the
fit-test for 17 of 21 brands of N-95 respirators tested; thus
most individuals could not be “successfully” fitted.38,116

There are a number of different methodologies available for
fit-testing although in healthcare facilities, the qualitative fit
method is most commonly used. In an additional investiga-
tion, Coffey et al. compared five methods for fit testing N-95
respirators, using both qualitative and quantitative
methods.117 The authors found wide variation in results
between these fit-testing methods and that none of the five
methods met criteria for determining whether a fit-test ade-
quately screened out poorly fitting respirators. They con-
cluded that the accuracy of fit-testing methods and the
fitting characteristics of N-95 respirators need to be
improved.

Coffey and colleagues at NIOSH also have reported on the
fitting characteristics of 18 different models of N-95 respirators
using 4 different analytical methods used to measure the per-
formance of N95-respirators.118 Only 3 of the 18 N-95 respira-
tors had good-fitting characteristics and met the expected level
of protection without fit-testing. Passing a fit-test however did
not guarantee the wearer an adequately fitting respirator.
There was no significant additional benefit of fit-testing for
those models of respirators with good-fitting characteristics.
Poor-fitting respirators with fit-testing continued to be inferior
to good-fitting respirators without fit-testing. Thus, those
respirators with good-fitting characteristics provided better
protection out of the box without fit-testing than did respira-
tors with poor-fitting respirators after fit-testing. These find-
ings led the authors from NIOSH to conclude that given the
“current state of fit-testing, it may be of more benefit to the
user to wear a respirator model with good-fitting characteris-
tics without fit-testing than to wear a respirator model with
poor-fitting characteristics after passing a fit-test.”118 In 1995,

NIOSH published new certification regulations for particulate
respirators; a list of NIOSH-approved N-95 respirators is avail-
able on the CDC website.119 Unfortunately, there is no provi-
sion requiring good fit characteristics as part of the NIOSH
certification process.

OSHA requires healthcare facilities in which HCWs use
respiratory protection to develop, implement, and maintain
a respiratory-protection program.31 OSHA permits a HCW to
reuse a respirator as long as it maintains its structural and
functional integrity and the filter material is not damaged or
soiled. Each facility should include in its TB control program
policy a protocol that defines when a disposable respirator
must be discarded (e.g., if it becomes contaminated with
blood or other body fluids). Healthcare facilities should
strongly consider selecting a brand of N-95 respirator based
on its fitting characteristics as outlined by Coffey et al.118

In addition to selecting N-95 respirators, each healthcare facil-
ity needs a complete respiratory protection program.
Components of the OSHA respiratory protection standard
require that an institution:

• Assign responsibility for the program to a specific person
or group.

• Write procedures for all aspects of the program.
• Screen all employees for medical conditions that prevent

them from wearing respirators.
• Train and educate employees about respiratory protocols

(and TB infection control measures).
• Fit-test the respirators on each employee (on an annual

basis) and have employees check the fit each time they use
a respirator.

• Develop policies and procedures that describe how to
inspect, maintain, and reuse respirators, and define when
respirators are contaminated and must be discarded.

• Evaluate the program periodically.

Despite the limitations of fit-testing,38,116–118,120–122 OSHA
regulations require fit-testing of healthcare workers be per-
formed on an annual basis. Several different fit-testing meth-
ods are available117,121 although a qualitative fit-testing
method is generally used for fit-testing disposable N-95
respirators at most US healthcare facilities. This method
involves exposing the employee to saccharin. It is been recom-
mended that healthcare facilities should follow the manufac-
turer’s instructions and recommendations for fit-testing31.
OSHA requires that healthcare facilities screen employees to
determine whether they can wear respirators. Other than
severe cardiac or pulmonary disease, few medical conditions
should preclude the use of disposable respirators. Many facil-
ities use a general questionnaire to screen employees for med-
ical conditions and to determine whether an employee should
be evaluated further. Personal respiratory protection (e.g.,
N-95 respirators) should be used by persons entering rooms
in which patients with suspected or confirmed infectious TB
are being isolated (e.g., airborne infection isolation rooms),
persons present during cough-inducing or aerosol-generating
procedures performed on patients with suspected or con-
firmed infectious TB, and persons in other settings where
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administrative and environmental controls are not likely to
protect them from inhaling infectious airborne droplet nuclei.
This includes emergency medical technicians and other per-
sons who transport patients who might have infectious TB in
ambulances or other vehicles and persons who provide urgent
surgical or dental care to patients who might have infectious
TB. In addition, laboratory workers conducting aerosol-
producing procedures involving specimens that might
contain M. tuberculosis should also use respiratory protection.
Detailed recommendations about the environment (including
use of a biosafety cabinet and other biosafety procedures) used
for carrying out such procedures have been published by CDC
and the National Institutes of Health.123 It is recommended
that visitors to isolation rooms or other areas where patients
with suspected or confirmed infectious tuberculosis are pre-
sent should wear a N-95 respirator. Visitors can be given N-95
respirators and instructed in their use, but do not need to be
fit-tested.

As discussed above, OSHA’s minimum requirement for
respiratory protection is the N95 respirator. However, parti-
cular situations may warrant more-protective respirators.
Modeling studies have suggested that the benefits of respira-
tory protection are directly proportional to the presence of the
risk.124 For example, personnel who perform extremely high-
risk procedures, such as bronchoscopy on patients with known
or suspectedMDR-TBmay need additional respiratory protec-
tion. One example of a more-protective respirator is a powered
air-purifying respirator (PAPR). NIOSH has published a guide
on respirators for TB that describes the type of respirators that
are available.125

Laboratory Diagnosis
Laboratory tests (e.g., AFB smear and culture and/ormolecular
diagnostic tests) are necessary to confirm or exclude the diag-
nosis of tuberculosis and to identify drug-resistant isolates of
M. tuberculosis.126–128 If a clinical laboratory cannot perform
the most rapid tests, the hospital may need to send specimens
to a referral laboratory. The healthcare facilitymust ensure that
arrangements comply with the CDC’s guidelines for transport-
ing specimens and reporting results (e.g., AFB smear results
should be reported within 24 hours of specimen collection).129

The use of nucleic acid amplification tests (NAATs) provide
rapid diagnosis of TB and can indicate the presence of drug-
resistant disease (e.g., rifampin resistance, generally a marker
for MDR-TB, can be identified through use of the FDA-
approved Xpert MTB/RIF test).73,130,131 This can facilitate
initiation of more appropriate therapy, better patient out-
comes, and enhance infection control efforts, especially in
low- and middle-income countries or other areas where rates
of MDR-TB are high.132,133 In the US, NAATs have proven
useful and cost-effective in certain circumstances such as those
encountered at Grady Memorial Hospital in Atlanta, which is
located in a relatively high HIV/TB prevalence area and where
recovery of nontuberculous mycobacteria is common among
HIV-infected patients.62 Given the relatively low positive pre-
dictive value of a positive AFB smear of sputum for TB from an
HIV-infected person in this setting, the NAAT is useful in

identifying whether M. tuberculosis is present and can help
facilitate more appropriate and efficient care of patients.62

CDC and WHO have published updated guidelines on the
use of nucleic acid amplification tests.66,134 These tests have
a high sensitivity and specificity when performed on AFB
smear positive specimens and a somewhat lower sensitivity
when performed on smear-negative, culture-positive respira-
tory specimens.62,73,130,131 Those patients who are AFB respira-
tory smear-positive but found to not have TB based on nucleic
acid amplification test results (and clinically not thought to
have TB) could have isolation and therapy discontinued in an
expeditious fashion.62,135

Current CDC guidelines recommend obtaining three
respiratory specimens (e.g., sputum) 8 to 24 hours apart
when evaluating a patient with suspected pulmonary
tuberculosis.31,136 However, the utility of the third specimen
in diagnosing pulmonary tuberculosis is minimal.70,71 This has
led some healthcare facilities in the US to switch to obtaining
two respiratory specimens when “ruling out” patients for
tuberculosis in an effort to further enhance efficiency and use
of AII rooms and reduce costs. In addition, in 2015 the
US Food and Drug Administration (FDA) approved an
expanded use of the Xpert MTB/RIF nucleic amplification
assay that includes testing of either one or two sputum speci-
mens as an alternative to examination of serial acid-fast stained
sputum smears to aid in the decision of whether continued
airborne infection isolation is warranted for patients with
suspected pulmonary tuberculosis.65 This decision was based
on the availability of further data that showed that a negative
Xpert MTB/RIF test (1 or 2 tests) was highly predictive of the
results of 2 or 3 negative AFB smears of sputum. A single
negative Xpert test predicted the absence of AFB smear
positive pulmonary TB with a negative predictive value of
99.7 percent. A single Xpert MTB/RIF detected 97 percent of
patients who were AFB smear-positive and culture-
positive for M. tuberculosis; two serial Xpert tests detected
100 percent.65 Further data regarding the impact of Xpert on
AII room utilization in the US and other high-income coun-
tries is needed. The availability of a rapid diagnostic test in
settings where TB diagnostics have been limited (often limited
to only smear microscopy), provides a mechanism to enhance
TB infection control and implement rapid screening and
cohorting and separation of patients with drug-susceptible
TB and MDR-TB from those without TB.54

Treatment of Tuberculosis Disease and
Latent Tuberculosis Infection
Clinicians should start empirical therapy as soon as they sus-
pect that the patient has TB disease. The current recommenda-
tion is to begin therapy with a four-drug regimen (isoniazid,
rifampin, pyrazinamide, and ethambutol)54,126 unless there is
high suspicion for or a rapid molecular diagnostic test suggests
MDR-TB. Definitive therapy depends on results of drug sus-
ceptibility testing results. The American Thoracic Society, the
Infectious Diseases Society of America (IDSA), and CDC have
published guidelines on the treatment of tuberculosis disease
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that provide detailed guidance for the treatment of TB in North
America.126 A recent review provides an updated
perspective.137 Directly observed therapy is an important com-
ponent of therapy and has been reported to improve comple-
tion rates and outcome.138,139

Treatment of LTBI has been demonstrated to be effective in
reducing the risk of progression to active disease and is recom-
mended for those individuals at increased risk of progression,
including HCWs.87,140,141 Recommendations for the treatment
of LTBI have been published and updated (Table 27.6);87,142–144

CDC recommended regimens for the treatment of LTBI include
isoniazid for nine months, rifampin for four months, or 12
weeks of weekly isoniazid plus rifapentine (given by directly
observed therapy).145,146

Despite the benefits of therapy for the treatment of LTBI,
HCWs have historically had poor rates of initiation and comple-
tion of LTBI therapy with themajority of HCWs not initiating or
completing therapy.147–149 However, in the context of
a comprehensive TB infection control program150 and programs
that have focused efforts on delivering LTBI therapy to
HCWs,151 much higher rates of initiation and completion have
been reported. For example, 98 percent of healthcare workers
with LTBI initiated isoniazid therapy and 82 percent completed
therapy at Barnes-Jewish Hospital in St. Louis. The authors of

this study attributed their high initiation and completion rates to
active follow up, consisting of physician counseling andmonthly
phone consultations by nurses at the institution’s occupational
health department along with free services and medication.
Foreign-born HCWs who had received bacille Calmette-Guerin
(BCG) were less likely to complete LTBI therapy in the St. Louis
study, and the authors recommend addressing cultural barriers
that may lead to refusal and/or nonadherence with therapy.
Some have suggested that use of an IGRA test152 (e.g., at baseline
testing) may enhance acceptance of LTBI therapy among for-
eign-born BCG-vaccinated HCWs.153

Improved infection control measures and decreasing inci-
dence of TB since 1992 in the US have led to a significant
reduction in HCW risk.38,60 Following the establishment of
effective TB control measures in hospitals, for many HCWs
community factors pose a greater risk for infection than occu-
pational exposure.39,92 Atmany institutions, a large proportion
of HCWs are foreign-born and may be found to have LTBI at
the time of employment, presumably due to in large part to
infection acquired in their higher-incidence home country.
Thus in part, surveillance for LTBI among HCWs at the time
of employment is part of a public health strategy for treating
those with LTBI who may be at increased risk for progression
(e.g., immigrants to the US within the past five years).

Table 27.6 Abbreviated guidelines for the treatment of latent tuberculosis infection

Drug Interval and
duration

Comments*

Isoniazid
Daily for 9
months**+

Twice weekly for 9
months**+

In HIV-infected persons, isoniazid may be administered concurrently with nucleoside reverse transcriptase
inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), integrase inhibitors, and protease
inhibitors.

Directly observed therapy (DOT must be used with twice-weekly dosing.

Isoniazid
Daily for 6
months**

Twice weekly for 6
months**

6 mo regimen not recommended by CDC for HIV-infected persons in the US, those with fibrotic lesions on
chest radiographs, or children.

DOT must be used with twice-weekly dosing.

Rifampin Daily for 4
months Used for persons who are contacts of patients with isoniazid-resistant, rifampin-susceptible TB; can also be

used for the treatment of LTBI due to presumed drug-susceptible strains of M. tuberculosis.

In HIV-infected persons, most protease inhibitors or delavirdine should not be administered concurrently
with rifampin. Rifabutin with appropriate dose adjustments can be used with some protease inhibitors and
NNRTIs (except delavirdine). Clinicians should consult web-based updates for the latest specific recom-
mendations.*

Isoniazid (INH)
plus
rifapentine*

Weekly for 12
weeks

DOT should be used for this weekly regimen. This regimen is not recommended for the following
patients: children aged <2 years, because the safety and pharmacokinetics of rifapentine have
not been established for them; HIV-infected patients receiving antiretroviral treatment, because
the drug interactions have not been studied; pregnant women or women expecting to become
pregnant during treatment, because safety in pregnancy is unknown; and patients who have
LTBI with presumed isoniazid or rifampin resistance.

*. Interactions with human immunodeficiency virus (HIV)-related drugs are updated frequently and are available at www.aidsinfo.nih.gov/guidelines.
+. Recommended regimen for persons aged <18 years.
**. Recommended regimen for pregnant women.Adapted from references (87,144,146).
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Discharge Planning and Collaboration with
Public Health
Healthcare facilities and local and state public health officials
have responsibilities to work closely with each other to further
TB control in the community and state. Public health officials
can provide important data to healthcare facilities regarding
incidence of TB in the community that is needed for the
institution’s risk assessment. All US states require that TB
cases be reported; often the physician caring for the patient is
responsible for this. Frequently infection control departments
have assumed this responsibility for their facility to ensure that
reporting occurs in a timely fashion. Healthcare facilities and
public health officials also need to work closely with regards to
discharge planning in order to ensure a seamless transition of
care from an inpatient setting to an outpatient clinic (e.g., TB
Clinic at the patient’s local health department) and to help
ensure that patients are not lost to follow-up after discharge.
A written policy or critical pathway management of TB patient
discharges that provides guidance as to what constitutes an
appropriate transfer (for programs that do not provide care to
patients with proven or suspected TB but refer to other sites) or
discharge (for sites that do provide care) should be established
and included as part of a TB infection control program.56 For
example these measures may include ensuring that 1) patients
are discharged on an appropriate antituberculosis regimen; 2)
have arrangements to ensure close follow-up after discharge
(e.g., patient is contacted in the hospital by the public health
outreach worker who will provide directly observed therapy
following hospital discharge; 3) meet appropriate criteria for
discharge (e.g., be medically ready for discharge and have
a stable home or other stable location if potentially infectious).
Public health officials are responsible for carrying out contact
investigations among close contacts of active TB cases (includ-
ing both family and nonfamily close contacts) where the index
or source case is infectious.154 Healthcare facilities are respon-
sible for carrying out contact investigation among exposed
HCWs when an infectious TB case was not appropriately
placed in airborne infection isolation on admission to the
hospital.

Summary
Much progress has been made over the past two decades in
greatly reducing the risk of occupational exposure to TB and
occupationally acquired infection due to M. tuberculosis in the
US and Canada. CDC-recommended guidelines (i.e., a three-
level hierarchy of controls that include administrative controls,
environmental controls, and use of respiratory protective

equipment) have been shown to be effective in terminating out-
breaks and in preventing nosocomial transmission of TB.31,32,36

The improved safety for HCWs (and patients) has been due to
a combination of improved infection control measures imple-
mented in US and Canadian hospitals and a decrease in the
incidence of TB in the community. The annual risk of TST
conversion among HCWs has been reported to be <4 per
1000 person years worked, even in higher–TB prevalence
areas in the US.39 More recent data suggest that the risk in
the US can be as low as 1 per 1000 person years worked.80

Recommendations made in this chapter focus on TB infection
control for the United States (and would be applicable to other
high-income and low TB incidence countries including
Canada). CDC last published detailed TB infection control
guidelines in 200531 and revisions are needed with regards of
when serial testing of US healthcare workers should be per-
formed, given the low incidence of TB infection and the low
positive predictive value of diagnostic tests when testing low-
risk populations. Updated Canadian guidelines help address
this issue.32 Despite substantial progress made in the US over
the past two decades, a number of controversial areas remain,
especially regarding respiratory protection and fit-testing. It is
important that guidelines and regulatory requirements be evi-
denced based and that research continue into unresolved
scientific issues. Finally, HCWs must remain vigilant. Even in
an era of decreasing TB in the US and Canada, failure to
consider the diagnosis and take appropriate infection control
measures can lead to nosocomial transmission.

While the risk of occupational acquisition of M. tubercu-
losis is very low for the vast majority of US HCWs, nosoco-
mial transmission of tuberculosis remains a serious public
health problem in high TB incidence areas in low- and
middle-income countries where the vast majority of TB
cases occur. There remains a substantial risk of occupational
acquisition of TB among HCWs in low- and middle-income
countries.28,29,33,51,52 The emergence of MDR- and XDR-TB
and devastating outbreaks among HIV-infected persons has
raised awareness about the importance of infection control
measures throughout the world. However, fundamental changes
in how patients are cared for are needed in LMIC in order to
adequately address TB infection control. Urgent attention,
including adequate resources, is needed to implement effective
TB infection control measures in high-burden, resource-limited
areas. This includes an urgent need for demonstration projects
on how best to implement TB infection control measures (espe-
cially administrative controls) in high-burden resource-limited
countries54 and the need to scale up implementation of effective
TB infection control measures.
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Chapter

28
Patient Safety
Darren R. Linkin, MD, MSCE, and Patrick J. Brennan, MD

There is a strong and continually growing interest in patient
safety in the United States. Fortunately, for healthcare epide-
miologists, the practice of infection prevention is already
a patient safety effort: surveillance for adverse events and
interventions to prevent harm to patients in the future.
In this chapter, we discuss the history and importance of
patient safety, terms and techniques unique to the field, and
the role of infection prevention and control.

Space Shuttle Disasters: The Importance of
System Errors
The crash of the Challenger space shuttle in 1986 resulted in an
investigation that found substantial problems with how the
National Aeronautics and Space Administration (NASA)man-
aged significant safety threats in the space shuttle program.
In particular, it was found that problems with the O-rings that
led to the crash had been known but ignored by NASA for
years preceding the disaster.1

On February 1, 2003, the Columbia became the second
space shuttle to be destroyed in flight, killing all on board.
This is one of a number of prominent disasters that highlights
the complex nature of the problems that affect safety.
An investigation found that a falling foam chunk from another
part of the shuttle damaged the heat-resistant surface of the left
wing, allowing superheated air into the structure of the
damaged wing, which eventually led to the destruction of the
shuttle. Foam debris was known to have fallen in a similar
manner from the space shuttle on multiple earlier flights, but
the problemwas never adequately addressed. During the flight,
after the foam debris was spotted on video of the shuttle’s take-
off, engineers repeatedly asked for photographs of the shuttle
wing to be obtained so they could assess for damage. Because of
lack of communication and a culture of downplaying potential
risks, NASA management did not allow the photographs to be
taken.

Errors in management and politics also predated the last
flight of the Columbia. The NASA safety program personnel
reported to managers who ran the program that was being
assessed, which created a lack of independence in those evalu-
ating and reporting on safety issues. There was a lack of
strategic planning by NASA and the executive branch of the
federal government. The space shuttle was originally designed
as part of a broader (American) space station plan that was
rejected; a large amount of money and effort was funneled into
a space shuttle program that had little reason to exist.
The budget approved by Congress, however, was insufficient

to allow for a robust safety program. In summary, the
Columbia disaster was primarily the result of multiple pre-
existing errors in the system for how the space shuttle program
was run by NASA and the US government.2

Many poor infection prevention outcomes apparently
“caused” by individual healthcare workers can similarly be
traced back to latent system errors. For instance, inadequate
sterile technique during placement of a central venous catheter
(an individual error) that leads to a catheter-associated blood-
stream infection (an adverse event) may actually be attributed
to factors such as inadequate training, missing or incorrect
equipment parts or additions to central-line insertion kits,
and understaffing (such that there is no assistant and/or
a fatigued staff member performing the line insertion), which
are all potential latent system errors.

Introduction to Patient Safety
While the field of safety has been an active source of investiga-
tion and planning in nonmedical fields since the 1960s, it was
only recently that the issue gained national attention in the
medical industry. In 1999, the Institute of Medicine (IOM)
released a report that estimated that 44,000–98,000 inpatients
die each year from medical errors.3 Even the lower estimate
would make medical errors the eighth-leading cause of death
in the United States, ahead of motor vehicle accidents and
breast cancer. The cost of adverse events due to medical errors
is estimated to be between $17 billion and $29 billion per year;
the lower estimate is 2 percent of US annual healthcare
expenditures.3 Clearly, medical errors lead to substantial mor-
tality and cost. The well-publicized IOM report3 brought
a renewed focus on patient safety, as well as an outpouring of
studies and reviews addressing the topic. However, the
response of the healthcare industry to introduce patient safety
practices was slow, leading to external pressures on healthcare
organizations to examine and improve the safety of patients.
Regulation came in the form of patient safety requirements for
healthcare organizations from the Joint Commission (formerly
the Joint Commission on Accreditation of Healthcare
Organizations, or JCAHO).4 In addition, many states now
mandate public reporting of healthcare-associated
infections.5 Businesses have also joined in the fray: the
Leapfrog Group, a consortium of large businesses that pur-
chase healthcare for their employees, recommends that its
patients be cared for in hospitals that have taken particular
patient safety measures, such as using computerized physician-
order entry.6
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Compared with the healthcare industry, other industries
have a far better safety record. For instance, for air travel, the
fatality rate is 0.43 deaths per million opportunities, and the
baggage mishandling rate is approximately 1 instance per 100
opportunities. The accuracy of inpatient medication delivery
and the adequate use of postmyocardial infarction medication
are compromised in more than1 opportunity in 10. These
differences were noted in the IOM report.3 The report sug-
gested that significant improvements in patient safety were
needed and would require large changes in the paradigm of
how safety is addressed in healthcare organizations.

Patient safety is more than the use of computer physician-
order entry or other interventions to prevent errors. It is
a fundamental change in the way errors and adverse events
are viewed. Previously, individuals have been singled out as the
cause of an adverse event, leading to an organizational culture
that emphasized blame and resulted in silence by healthcare
workers when errors or adverse events weremade. In the newer
paradigm for patient safety, it is assumed that most workers are
trying to do good work within the constraints of their job and
that problems with the system are often the cause of adverse
events. Optimally, a nonpunitive culture should emphasize
reporting of problems and improving the design of systems
so that adverse events in patients will be prevented.7

Patient Safety Terminology
To further understand errors and their consequences, a basic
understanding of terms used in the safety field is necessary.
Examples and definitions are given in Table 28.1.

Although errors may lead to adverse events, each can occur
without the other. The failure to give appropriate perioperative
antibiotics is an error that does not invariably lead to
a postoperative surgical site infection (an adverse event). This
error is then a near miss. Conversely, surgical site infection can
occur even in the absence of errors. But, if an infection is due to
an error, it is a preventable adverse event.

Postsurgical Wound Infection Outbreak:
A Medical Adverse Event
An example of an adverse event relating to infection control
was reported by the Agency for Healthcare Research and
Quality in its online morbidity and mortality forum.8

The case vignette describes an increase in postoperative sternal
wound infections. An investigation by the infection prevention
team determined that the outbreak was occurring in patients
operated on by one surgeon and his team. When observed
during surgery, this team used “sloppy” technique, including

Table 28.1 Patient-safety terminology

Term Definition Example

Error The failure of a planned action to be completed as
intended (i.e., error of execution) or the use of a wrong
plan to achieve an aim (i.e., error of planning)

Error of execution: right medication administered to the
wrong patient by a nurse

Error of planning: wrong medication ordered by
a physician

Active error An error by an individual at the “front line” of a complex
process

Nurse administers a toxic dose of an aminoglycoside
(that was incorrectly ordered and dispensed)

Slip Mistake An error of implementation (i.e., failure to perform
a semiautomatic, low-level behavior)

Failure to order contact isolation for an inpatient with
a new culture growing vancomycin-resistant
Enterococcus

Latent error An error of higher functioning during a nonstereotypic
behavior

Physician made the wrong diagnosis although the right
diagnosis was evident

Adverse event A system error that leads to adverse events if combined
with another factor or factors

Chronic understaffing of nursing, which may increase
the risk of subsequent active errors by overworked
nurses

An unexpected negative outcome of a process; in the
case of healthcare, the processes are medical
interventions

Postoperative pneumonia in an otherwise healthy
patient

Preventable
adverse event

An adverse event caused by an error Postoperative wound infection after failure to adminis-
ter appropriate perioperative antibiotic prophylaxis

Sentinel event An adverse event that is serious and unexpected Death from postoperative pneumonia in an otherwise
healthy patient

Near miss An error that does not result in a preventable adverse
event but could if the error were repeated in the future

Use of inadequately sterilized surgical instruments that
does not lead to a subsequent infection in the patient

NOTE: Information is from Kohn et al.3 and Reason.26
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having loose hair and jewelry while performing surgery.
Although contamination of surgical wounds by the operating
room personnel was not proven in this case, studies have
suggested that bacteria shed from surgical personnel – includ-
ing from skin and hair9,10 – is common and has led to out-
breaks of postoperative infection.11,12 Although the operating
room staff committed active errors (e.g., not properly covering
their hair and not removing jewelry), these were likely related
to errors in the system. For instance, the culture of the operat-
ing room (i.e., the entire surgical team) and leadership of the
operating room (i.e., the individual surgeon and surgical chief)
permitted sloppy personal surgical attire. Other potential sys-
tem errors may have included lack of sleep and rest by surgical
team members, a rushed schedule that compromised safe
practices in order to facilitate rapid patient turnover, lack of
access to properly fitting head coverings, and inadequate train-
ing of the operating room staff in infection control procedures.

Latent System Errors
In both examples given above, one individual did not act in
error alone. Instead, there were multiple active errors because
there were several latent errors in the system. For instance, in
the Columbia disaster, there were many faulty decisions made
before and during the flight. However, these decisions were
made in a system of poor communication (between engineers
and managers) and a culture that downplayed risks instead of
actively exploring potential problems. The investigation con-
cluded that the disaster was primarily the result of NASA’s
“culture,” not the act of any one individual.2 In the instance of
the outbreak of sternal wound infections, bacteria shed from
the hair of multiple individuals likely caused the wound con-
tamination. These errors could only occur because of latent
errors in training, leadership, group culture, and/or patient
scheduling.

Adverse events are usually preceded by an active error by
an individual. However, these errors are typically the result of
latent errors that both increase the risk of the active error (e.g.,
understaffing) and allow the error(s) to progress to adverse
events (e.g., lack of engineering or procedural safety checks).
Thus, system errors are thought to account for most adverse
events.7

Multiple errors usually need to occur together for major
adverse events to occur. James Reason’s “Swiss cheese” model
analogizes the multiple errors that precede an adverse event to
holes in slices of Swiss cheese lined up like dominoes.13

The layers of cheese represent multiple barriers and safeguards
for preventing adverse events from taking place. The holes in
the cheese are active and latent errors. A hole in any one slice
does not lead to an adverse event. Only when the holes in
multiple layers momentarily line up (i.e., when multiple active
and latent errors occur together) do adverse events happen.

Techniques for Detecting and Investigating
Adverse Events
Since sentinel events represent severe adverse events, they are
worthy of investigation, to prevent further injuries or deaths.

Two techniques used to investigate past and potential future
adverse events are root cause analysis (RCA) and failure modes
and effects analysis (FMEA). Infection prevention programs
have traditionally used surveillance to compare infection rates
against past rates (“benchmarks”) at a single institution or
from other medical centers, such as those available through
the National Healthcare Safety Network (NHSN) program at
the Centers for Disease Control and Prevention (CDC).14,15

After a discussion of RCAs and FMEAs, we contrast these
methods with “benchmarking,” and describe how the three
approaches are complementary. While full instruction on
how to perform an RCA and a FMEA is beyond the scope of
this chapter, we provide a conceptual overview of the techni-
ques, illustrated with theoretical examples that may be encoun-
tered in infection control.

RCA
RCA is used to investigate a sentinel event in order to deter-
mine and correct its causes, and thus to prevent the event or
decrease the likelihood that the event will recur. An RCA starts
with creation of a flow diagram of events that led to the adverse
event. Next, a separate cause and effect diagram is made.
Starting with the adverse event, the RCA team traces the causes
of the event backward sequentially, elaborating the “roots of
the tree” to determine underlying root causes of the event.
Causal statements are then constructed to describe how
a root cause(s) led to the adverse event(s), with emphasis on
latent system errors. Finally, recommendations are made for
how to correct the root causes to prevent the adverse event
from recurring. It is important that the investigators both
review the medical record and interview people involved in
the process or event under study.15

An investigation of an unexpected death from
a postsurgical wound infection could be performed using an
RCA. In fact, the Joint Commission mandates that an RCA be
performed for all such sentinel events (whether the event is
infection related or not). The flow of events is mapped, starting
with the need for surgery, through the details of the infection
control practices and perioperative antibiotic prophylaxis
used, and concluding with the postoperative diagnosis and
the management of the infection up through the time of
death. A causal diagram would elaborate the root cause of the
infection-related death; for example: death from infection,
caused by (1) wound contamination, caused by lack of hospital
guidelines mandating that surgical attire cover all head and
face hair; and (another branch) caused by (2) preoperative
administration of antibiotics that was started after the skin
incision, caused by a schedule that did not allow time for
preoperative administration of antibiotics. Causal statements
and recommendations may include the following: “Death from
wound infection was caused by lack of adequate procedures for
protection from wound contamination and lack of proper
timing of preoperative antibiotics. Recommendation will be
for use of a surgical checklist prior to skin incision that
includes checking for proper surgical attire by entire surgical
team and completion of preoperative antibiotic administration
prior to skin incision.”
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FMEA
In general terms, FMEA is a systematic method of identi-
fying and preventing product, equipment, and process
problems before they occur. Each way a system can fail is
called a “failure mode.” Each failure mode has a potential
“effect” (adverse event). As with an RCA, the first step is
creating a flow chart of the system. Next, the FMEA team
brainstorms to think of failure modes for each step and
their potential effect(s). As with an RCA, people involved
with the process under study should be interviewed (and/
or included on the team). The “severity” of the effect, risk
of “occurrence,” and ease of “detection” are then assessed
on a scale (e.g., a scale of 1 to 10, where 10 is the worst).
Each effect is then assigned a risk priority number (RPN)
which is the product of the 3 scores (the severity score
multiplied by the occurrence score multiplied by the detec-
tion score). In our example, the RPN (or “criticality”) of
the effect will be on a scale from 1 to 1,000. The potential
effects of a system are then ranked from highest to lowest
RPN score. The effects with the highest RPN – and all
effects with an absolutely high RPN – are targeted for
corrective action. After the intervention(s), the RPNs of
the effects are recalculated; these are referred to as the
“resulting RPNs.” Corrective actions should continue
until the RPN or resulting RPN for all potential effects is
at an acceptable level. An acceptable RPN level is not
a number set in stone. The team performing the FMEA
has to decide what an acceptable level of risk is in the
system they are evaluating.

An example of an FMEA is the evaluation of
a hospital’s system for sterilizing surgical instruments.

There are many steps in the process, including cleaning,
sterilization, and the evaluation of sterilization using bio-
logical tests (i.e., determining if the sterilizer properly
killed a standard test sample of bacteria). Failure to list
all sterilized instruments in a log may be a common occur-
rence (occurrence score, 7), but it is easily detected (detec-
tion score, 2) and does not lead to a severe effect (severity
score, 2), giving a low RPN of 28 (i.e., 7 × 2 × 2). Failure
to exchange the ethylene oxide canister in the ethylene
oxide sterilizer during a sterilizer run may be an uncom-
mon occurrence (occurrence score, 3), but it may be diffi-
cult to detect without an automatic alarm system
(detection score, 8), and operating with nonsterile instru-
ments is likely to have a severe effect (severity score, 8),
leading to a relatively higher RPN of 192 (i.e., 3 × 8 × 8).
An FMEA of this system would first target the latter step
for corrective action.

Contrasting RCA, FMEA, and Benchmarking
The advantages and disadvantages of using these three
investigative techniques are listed in Table 28.2.
Surveillance with benchmarking detects trends in infection
rates even without an unexpected death or disability (i.e.,
without a sentinel event). An RCA can uncover system
errors that may not be explored in an outbreak case-
control study that focuses on patient-level risk factors.
Since it can be triggered by a single sentinel event, an
RCA investigation can also be initiated sooner, before
a benchmarking-based system would have detected the
new problem. Finally, an FMEA investigates the potential
for adverse events that have not yet occurred, preventing

Table 28.2 Comparison of techniques for detecting and investigating adverse events

Method Advantages Disadvantages

Surveillance and benchmarking (and out-
break investigation)

• Detects trends in adverse events that
are not sentinel events

• Detects patient-level risk factors
• Yields quantitative results

• Requires multiple events to trigger
an investigation, with harm to those
patients

• May not detect system-level errors
• Time-consuming and costly

Root cause analysis • Can initiate after one sentinel event
• Detects system errors

• Requires waiting until sentinel event
occurs, such that at least 1 patient is
harmed

• Qualitative results may be susceptible to
hindsight bias

• May not detect patient-level risk
factors

Failure modes and effects analysis • Can be initiated prior to an adverse or
sentinel event

• Detects system errors

• Time-consuming and costly
• Risk of potential events may not be
anticipated until errors occur

• Qualitative results may be susceptible to
hindsight bias

• May not detect patient-level
risk factors

• Time-consuming and costly
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patient harm before it happens. Thus, the three techniques
are complementary.

Healthcare-associated infections have traditionally been
tracked using surveillance with benchmarking, then inves-
tigated with a retrospective cohort study or a case control
study. An outcome is (at least in part) attributed to or
“caused by” a risk factor if the probability of finding the
observed association between risk factor by chance alone is
less than 0.05 (i.e., if the P value is less than .05).16 This
quantitative approach can be contrasted with the qualita-
tive techniques of RCA and FMEA, which base decisions
on the consensus of an investigative team. However, the
determination of the actual “causality” is done on the basis
of the sum of the available evidence using Hill’s classic
criteria,17 and it is not typically established by a single
study. Furthermore, the results of any investigation need
to be interpreted in the context of the study methods.
While epidemiologists may be more comfortable with the
results of a quantitative study, both qualitative and quanti-
tative techniques have a useful role in investigating health-
care-associated infections.

Other Approaches to Improving Safety
In addition to the use of FMEAs and RCAs, there are
multiple other quality improvement systems that have
been adapted for use in the medical setting. For example,
“Six Sigma” is an approach focused on reducing the error
rate to less than 3.4 errors per 1 million events (i.e., 6
standard deviations [sigma] from the mean) by “design,
measure, analyze and improving” processes (for ongoing
processes); in one study, Six Sigma methodology improved
hospital hand hygiene compliance18 Another example is
Toyota Production Systems (TPS), which seeks to reduce
“overburden” and “inconsistency” in order to decrease
waste and thus improve the efficiency of a process. TPS
and real-time error reporting across a large healthcare sys-
tem was used by the Pittsburgh Regional Healthcare
Initiatives to decrease infection rates.19 Another example is
Positive Deviance, which identifies individuals in a group
with an uncommon approach that leads to a better solution
or outcome without using more resources. Along with TPS,
Positive Deviance was utilized by selected Veterans Affairs
hospital sites as part of a national Veterans Affairs colla-
borative to decrease the incidence of methicillin-resistant
Staphylococcus aureus transmission and infections (personal
observation, D.R.L.). These approaches represent potential
systems of improvement or cultural change that can be
learned and potentially adapted to improve hospital patient
safety with respect to infections.

Infection Control and Patient Safety
The field of infection control is already working toward
improving patient safety by focusing on the prevention of
healthcare-associated infections. The Joint Commission’s
National Patient Safety Goal “7” is to “Prevent (healthcare-
associated) Infection(s)” (through adherence to “proven

guidelines”).4 Reviewers have emphasized the role of infection
control as a critical component of patient safety.21,22

The following list gives examples of infection control activities
that promote patient safety by decreasing the risk of health-
care-associated infections.

1. Surveillance for healthcare-associated infections with
feedback of data on infection rates to clinicians

2. Investigating and controlling outbreaks
3. Ensuring proper sterilization or disinfection of equipment

for procedures and surgeries
4. Vaccination of vulnerable patients against preventable

infectious diseases
5. Evaluating and improving infection control practices that

protect patients

A. Fostering adherence to hand hygiene recommendations
B. Ensuring proper placement and care of invasive devices

(e.g., central venous catheters)
C. Using contact isolation precautions for patients with

infectious diseases that are spread by healthcare workers
D. Ensuring proper adherence to environmental infection

control procedures by operating room staff (e.g.,
complete coverage of head and face hair)

E. Administering perioperative antibiotic prophylaxis
when indicated

F. Ensuring judicious use of antimicrobials
G. Vaccination of staff against influenza

Joint Commission Regulations Addressing
Infection Control
The Joint Commission is the major source of accreditation
and stands at the intersection of patient safety and infection
control. It first published 6 National Patient Safety Goals that
became effective on January 1, 2003. For 2010, there are now
16 goals, of which 2 directly address issues in infection
prevention.4 Goal 7 is “Reduce the risk of healthcare-
associated infections.” There are 5 requirements to this goal,
2 of which we review here in detail. Requirement 07.01.01 is
“Meeting hand hygiene guidelines.” Compliance with either
CDC or World Health Organization hand hygiene guidelines
by the hospital will be assessed by interviews and observations
of hospital staff. If there is more than a “sporadic” miss in
compliance by staff, the hospital will be scored as noncom-
pliant. The hand hygiene recommendations of the most
recent World Health Organization guidelines (published in
2009) are discussed and summarized in Chapter 9 of this
book.

The second requirement (07.02.01) is “Manage as sentinel
events all identified cases of unanticipated death or major
permanent loss of function associated with a healthcare-
acquired infection.” In their regulations, the Joint
Commission specifies that all sentinel events must be eval-
uated with an RCA. The Joint Commission emphasizes that
this requirement is not new; it simply clarifies that an unan-
ticipated death or loss of function should be reported even if
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it is due to a healthcare-associated infection. Whether
a death is “unanticipated” depends on the patient’s condition
on admission. The death of an otherwise healthy adult
admitted for an elective procedure would be unanticipated.
If the patient was not likely to survive the hospitalization
because of their medical conditions at baseline and at admis-
sion, then their death would not be a sentinel event.
Importantly, the Joint Commission emphasizes that this
requirement should not increase the surveillance already
being performed (by infection preventionists and/or other
hospital personnel). Thus, a hospital’s current sentinel
event reporting system should clearly include events due to
healthcare-associated infections. Another potential source of
surveillance for these types of sentinel events is for infection
preventionists to report whether infections discovered
through surveillance activities are related to subsequent
patient deaths.

The second National Patient Safety Goal that directly
addresses issues in infection prevention is Goal 10, which is
“Reduce the risk of influenza and pneumococcal disease in insti-
tutionalized older adults.” This goal has two requirements: the
first (10.01.01) is to develop protocols to identify whether to
administer vaccine and to vaccinate patients at “high risk” for
influenza and for pneumococcal disease, and the second
(10.02.01) is to develop protocols to identify new cases of
influenza and manage an outbreak.

Information Technology and Sentinel Event
Reporting
The role of technology in improving the quality and safety of
patient care in general has been emphasized in recent reviews
and reports publications.7,23 One example is electronic report-
ing of adverse events by healthcare workers to the hospitals.
This approach provides several advantages over alternatives
(e.g., paper-based reports). The hospital’s internal computer
network can be readily accessed at computer workstations, and
the information is quickly transmitted to administrators
(including healthcare epidemiologists) who can respond to
the events. The reports can also be transmitted directly into
a database. Thus, single sentinel events as well as trends in
adverse events can be communicated efficiently, allowing for
rapid response by the hospital administration and infection
control team. Another example is infection control surveil-
lance software that allow for real-time alerts based on electro-
nically available data.24

Getting Started: Patient Safety and Infection
Control at Your Healthcare Institution
1. By performing surveillance for healthcare-associated

infections, investigating outbreaks, and promoting good
infection control practices, you are already contributing to
patient safety.

2. Ensure that a mechanism for reporting and investigating
healthcare-associated infection sentinel events is in place

at your hospital. Various mechanisms are possible,
including passive surveillance by healthcare workers
(through a telephone hotline, paper form, or computer-
based form) or active surveillance by the infection control
team or other hospital-based personnel, potentially with
the assistance of surveillance software. Other
administrators may primarily run sentinelevent
reporting, but input from infection control will be vital.
The infection control team should also become familiar
with RCA and FMEA techniques and may be called upon
by the hospital to lead or at least participate on teams
performing these investigations.

3. Establish a nonpunitive culture with regard to medical
errors. Healthcare workers do not report to work with the
intention of making mistakes. However, they routinely
perform complex tasks under less-than-ideal conditions
(e.g., with inadequate training or as part of an understaffed
department). Active errors by healthcare workers that led
to adverse events were likely caused by (or allowed to
happen by) system errors in how care is delivered.
Although active errors should be evaluated and corrected
with improvements in systems, including retraining of
staff, they should not result in punitive action against the
healthcare worker. Only in such a nonpunitive culture will
errors and adverse events be reported, allowing for
investigation and system corrections to protect future
patients.6

Conversely, there are blameworthy behaviors that merit
action by healthcare organizations (personal communication,
James Bagian). The behaviors include errors by healthcare
workers that occur because the worker is impaired by alcohol
or other drugs, because the worker is working outside the
scope of their responsibility, because of reckless behavior, or
because of intentionally harmful behavior. A nonpunitive
environment does not mean that people are not responsible
for their actions but that staff who commit errors will be
encouraged to report mistakes and slips rather than hide
them for fear of reprisal and with the assurance that they
will be valued for their reporting.

Other Resources for FMEA and RCA
The review article by Spath,25 “Using failure mode and effects
analysis to improve patient safety,” summarizes the history and
methodology of FMEA using simple language and concepts.

The Veterans Affairs Patient SafetyWeb site26 has explana-
tions and instructions for performing RCAs and FMEAs, as
well as links to other resources. The site describes a trade-
marked FMEA methodology referred to as a Healthcare
FMEA.

The chapter “Making Health Care Safer: A Critical Analysis
of Patient Safety Practices,” in the report on patient safety from
the Agency for Healthcare Research and Quality,27 describes
the RCA process, then critically evaluates the evidence sup-
porting its use as a tool to investigate medical sentinel events
and to improve patient safety.

Patient Safety
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Chapter

29
Infection Prevention in Design, Renovation,
and Construction
Loie Ruhl Couch, RN, BS, CIC, Loreen A. Herwaldt, MD,
and Linda L. Dickey, RN, MPH, CIC

Construction, renovation, andmaintenance in healthcare facil-
ities challenge infection prevention personnel. These activities
can increase the risk of healthcare-associated infections.
Obviously these activities increase the risk to patients, but the
construction activity itself is not the only consideration.
Construction and renovation projects in healthcare facilities
must meet guidelines and regulations established by the local
(i.e., city and county) governments and state governments, as
well as those established by the federal government and by
regulatory and accreditation agencies. The infection preven-
tionist must collaborate with engineers, architects, administra-
tors, nurse managers, physicians, construction personnel, and
maintenance staff before, during, and after the project.

Duringmaintenance, renovation, and construction, bacter-
ial or fungal microorganisms in the dust and dirt can contam-
inate air handling or water systems, which can transmit these
organisms to susceptible persons. Seemingly benign activities
or changes in the healthcare environment can increase the risk
of infection for these patients. While bigger construction and
renovation projects usually receive the most attention, infec-
tion prevention staff should not forget that simple daily activ-
ities that may be considered general maintenance, can also put
patients at risk for healthcare-associated infections. For exam-
ple, moving a ceiling tile to replace a telephone line or pulling
up an old carpet can release Aspergillus spores into the air and
ventilation system. Activities such as cutting into walls may
disturb mold growing in areas where the plumbing or the
windows leaked. Capping off a plumbing line or shutting
down the water system for repairs can create dead spaces in
the system, leading to the growth of Legionella species.

When important systems such as plumbing or air handling
are nonfunctional, routine prevention measures, such as hand
washing, may be difficult to maintain. Restarting these systems
after maintenance or renovations also may increase the risk of
infections such as legionnaire’s disease. Furthermore, routine
clinical practice and traffic patterns may need to be substan-
tially modified during construction projects to ensure that
basic infection prevention precautions are maintained.
Current patient populations in hospitals, clinics, and care
centers are sicker than those in the past. The numbers of
elderly patients, immunocompromised patients, and patients
with significant underlying illnesses have increased, and these
patients are at high risk of acquiring infections associated with
maintenance, renovation, and construction. Thus, the infec-
tion prevention staff, especially the infection preventionist,
have a tremendous opportunity and responsibility to protect
patients, visitors, and staff members during such projects. This

chapter identifies the potential risks involved in maintenance,
renovation, and construction activities and provides practical
solutions to decrease these risks. Although not specifically
discussed in this chapter, excavation and demolition projects
near patient-care areas create similar infection prevention
issues. Infection prevention personnel who must deal with
such projects should read the article on demolition issues by
Streifel et al.1

Role of the Infection Prevention Team
The primary goal of the infection prevention team during
maintenance, renovation, or construction in healthcare facil-
ities is to protect susceptible patients, visitors, and healthcare
workers from acquiring infections. The 2014 Facilities
Guidelines Institute (FGI) Guidelines for Design &
Construction of Hospitals and Outpatient Facilities and the
Residential Guideline, as well as the 2015 APIC Construction
and Renovation Manual,2 all excellent resources, suggest that
the role of the infection prevention team is to provide infection
prevention expertise throughout a project (i.e., from predesign
until the area is commissioned and ready for occupation and
use). Thus, infection prevention personnel should participate
in construction projects from the inception, so that they can
identify potential infection prevention problems created by the
project and can design solutions prospectively. In addition,
infection prevention personnel should understand the purpose
of the project (which should be described within the functional
program), so they can assess whether or not the design will
facilitate good infection prevention practice.

The infection prevention team must collaborate with the
architects, engineers, and maintenance staff to develop com-
prehensive maintenance, renovation, and construction policies
that define the procedures necessary to maintain a safe envir-
onment. An infection control risk assessment (ICRA) is an
essential part of these policies.2,3 The ICRA helps infection
prevention personnel and other members of
a multidisciplinary planning team determine the infectious
risks associated with each project. By forcing the team to
identify the patient populations at risk and the magnitude of
the project, the ICRA helps the team identify important pre-
ventive strategies such as which type of barriers are necessary,
whether workers need to wear protective attire and use special
entrances and exits, and whether obtaining particle counts is
necessary.

During construction projects, infection prevention person-
nel will be asked to evaluate numerous designs and products.
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Often, they will be asked to determine how much space is
necessary for a certain function, which products should be
used (e.g., vinyl floor covering or carpet), and what air hand-
ling requirements must be met, and any of a number of other
questions. To avoid costly mistakes, infection prevention per-
sonnel must ask many questions to determine core issues; how
the product, equipment, room, or clinic will be used; what
possible solutions are available; what the budgetary limitations
are; and what infection prevention principles or external reg-
ulations apply. In addition, infection prevention personnel
may need to review the medical literature, governmental
codes, guidelines from architectural and engineering societies
and accrediting agencies, and product descriptions to deter-
mine which of the products or designs are within the project’s
budget and also balances the infection prevention require-
ments with patient and employee safety and satisfaction.

As healthcare budgets shrink, the expertise of infection
prevention personnel will become more important during
construction and renovation projects. Simultaneously, infec-
tion prevention personnel will feel increasing pressure to
choose the least expensive products or design. Despite the
pressures, theymust remember their primary goals and recom-
mend the products or design that will achieve these goals most
effectively. The appropriate products or designs may be more
expensive initially, but, in the long run, they probably will be
less costly, as they may prevent outbreaks or may last longer
and require less maintenance.

Infection prevention personnel often are the only clinical
personnel who work on all construction and renovation pro-
jects. Thus, they may have to be the watchdogs for the entire
project tomake sure that the design and the constructionmeets
the appropriate standards.

Many of the comments above are based on common sense.
However, our experience and the medical literature testify that
common sense answers often are not chosen during construc-
tion projects (4–34). Table 29.1 lists design and construction
errors that the authors of this chapter have encountered in the
practice of infection prevention.

Risks Associated with Maintenance,
Renovation, and Construction

Persons at Risk of Acquiring Construction-Related
Infections
In a healthcare setting, special precautions are needed to pro-
tect susceptible or immunocompromised patients from acquir-
ing infections related to maintenance, renovation, or
construction. The persons who are most susceptible to these
infections have immunologic disorders (infection with human
immunodeficiency virus or congenital immune deficiency syn-
dromes) or are receiving immunosuppressive therapy (radia-
tion, chemotherapy, steroids, anti–organ rejection drugs,
antitumor necrosis factor antibodies). Patients with severe
neutropenia (defined as an absolute neutrophil count of 500
cells/mL or less), such as patients who have undergone allo-
geneic or autologous hematopoietic stem cell transplant or
patients with leukemia who are receiving intensive chemother-
apy, are at highest risk of these infections.35 However, patients
with underlying diseases such as chronic obstructive pulmon-
ary disease, cancer, cardiac failure, or diabetes are also at
increased risk, compared with healthy individuals.6

Organisms That Cause Construction-Related
Infections
The two microorganisms that are often noted with outbreaks
of healthcare-associated infection during construction-type
activities are Legionella species4–7 and Aspergillus species.6–34

Legionella species are ubiquitous aquatic microorganisms that
can be isolated from 20 to 40 percent of freshwater environ-
ments and from soil and dust.

There are 42 species of Legionella and 54 serogroups.
Legionella pneumophila serogroup 1 causes 90 percent of the
10,000–20,000 cases of legionnaire’s disease. Common sources
of Legionella associated with outbreaks include heating and air-
conditioning systems, cooling towers, and plumbing systems
contaminated with Legionella species. These organisms are
most commonly transmitted by inhaled aerosols. During con-
struction, Legionella organisms can be introduced directly into
the water when pipes are disrupted and become contaminated
with soil. If a water system is already contaminated, organisms
in the biofilm can be released into the water by changes in
water pressure (e.g., when a plumbing system is repressurized).

Table 29.1 Examples of design and construction omissions or errors that
affect infection prevention

• No AII rooms in a unit likely to provide care for patients with
airborne diseases

• Entrance to dirty utility room is through clean utility room

• Air intakes placed too close to exhausts

• Incorrect number of air exchanges

• Air-handling system functions only during the week or on
particular days of the week

• No redundancy built in for critical air-flow areas (e.g., ORs, BMT)

• Air vents not re-opened after construction completed

• Carpet placed in areas where spills likely to occur

• Wet-vacuum system in the operating suite pulls water up one
floor into a holding tank rather than down one floor

• Aerators on faucets

• Sinks too small or shallow

• Sinks located in inaccessible places

• Patient rooms or treatment rooms without sinks

• Alcohol hand rub locations not included in room layout

• No forced air available in endoscope processing area
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Legionella can multiply rapidly in stagnant water. Therefore,
pipes that have not been used for a considerable period of time
should be flushed for more than 5 minutes before the water is
used.37 In general, outbreaks of legionellosis have been related
to contaminated water. However, one outbreak was associated
with the installation of a lawn sprinkler system; investigators
postulated that L. pneumophila was aerosolized during excava-
tion and inhaled by susceptible people, who developed legion-
naire’s disease.6

Fungi are ubiquitous in both indoor and outdoor environ-
ments. There are approximately 900 fungal species that cause
mycosis,38 but Aspergillus fumigatus and Aspergillus flavus are
the species that cause invasive disease most frequently.
Aspergillus species can be found anywhere in a hospital; how-
ever, during construction activities, dust, dirt, and debris that
harbor these organisms can be released into the air in quan-
tities that can be harmful to susceptible patients. In general,
healthy persons are not susceptible to Aspergillus infection, but
immunocompromised patients may become severely ill and
may die from it. Case fatality rates from a literature review
show that cerebral Aspergillosis has a 99 percent mortality rate,
whereas pulmonary Aspergillosis has an 86 percent mortality
rate and sinus Aspergillosis has a 66 percent mortality rate.57

Additional Construction-Related Health Risks
There are other problems with fungi and mold that can occur
during maintenance and renovation of healthcare facilities.
Fungi may be growing behind walls, above false ceilings, or
in any area that may have had water leaks or high humidity.
Mold grows quickly and can contaminate water-soaked build-
ing materials within 48 hours.58 Organisms such as
Penicillium,39 Fusarium, Trichoderma, and Memnoniella spe-
cies and Stachybotrys chartarum can produce potent mycotox-
ins that are harmful to persons who inhale them or touch them
with bare skin. Mold-related illness can range from mild aller-
gic rhinitis symptoms – with symptoms such as runny nose,
sneezing, and itchy eyes to hypersensitivity pneumonitis, an
allergic reaction to mold that becomes worse with repeated
exposures and can cause permanent lung damage. Toxins
produced by molds can cause a severe illness called “organic
dust toxic syndrome,”which can start after exposure to a single
heavy dose of allergen. The signs and symptoms are abrupt
onset of fever, influenza- like symptoms, and respiratory diffi-
culty within hours after exposure.

If employees discover discoloration or a musty odor in an
area that is undergoing maintenance or is being renovated, the
area needs to be assessed, and mold remediation must be done
before the project is finished. The workers should tape a tight
barrier of plastic around the affected area and report it imme-
diately to the project manager. Only persons trained in mold
remediation should clean the area. If the area is small, trained
maintenance or housekeeping staff wearing goggles without
venting holes, N-95 respirators, and gloves can clean the area
with a mild detergent or a 10 percent solution of bleach
(sodium hypochlorite). Large areas of mold may need to be
addressed by a professional mold remediation contractor who
uses protective attire and engineering controls, such as barriers

and high efficiency particulate air (HEPA)–filtered, negative-
airflow machines. Organizational policies should define when
these special precautions are needed.40

Overview of Guidelines, Standards, and
Regulations
A number of agencies have produced important resources for
infection prevention personnel who are helping with mainte-
nance, renovation, and construction projects. The most impor-
tant documents are provided by the organizations listed in
Tables 29.2 29.3, and 29.4. When reviewing these resources,
facility design or means/methods of construction must be con-
sidered within the context of requirements by the local authority
having jurisdiction (local or state building authority).

Facility Guidelines Institute
The Facilities Guidelines Institute (FGI), with assistance from
the American Society of Health Care Engineering and
ASHRAE, has developed guidelines on the design and con-
struction of inpatient, ambulatory, long-term care, residential
health, and support care facilities.3 These documents, pub-
lished every four years by the FGI, are used by more than 42
states and several federal agencies, including the Joint

Table 29.2 Organizations that provide important resources for infection
prevention personnel who are helping with maintenance, renovation, and
construction projects

Organization URL

Facilities Guidelines Institute www.fgiguidelines
.org/

Association of Professionals in
Infection Control and Epidemiology

www.apic.org/

American Society for Healthcare
Engineering of the American
Hospital Association

www.ashe.org

American Society of Heating,
Refrigeration, and Air- Conditioning
Engineers

www.ashrae.org

AORN www.aorn.org/

Centers for Disease Control and
Prevention

www.cdc.gov/

The Joint Commission www
.jointcommission.org/

Occupational Safety and Health
Agency

www.osha.gov/

The Center for Health Design
Knowledge Repository, (Citations
related to healthcare built environ-
ments and Key Point Summaries):

www.healthdesign
.org/knowledge-
repository

Center for Health Design Toolboxes: www.healthdesign
.org/topics
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Table 29.3 Guidelines, recommendations, and standards

SOURCE Key points Summary/information

AIA Guidelines Infection control risk
assessment (ICRA)

AIA Guidelines (Sect. 1.5–2.1.1).

Toilet rooms Patient access without entering a hallway (Sect. 2.1–2.2.1)
Staff toilets (Sect. 2.1–2.4.2)

Hand-washing stations Required in all patient bathrooms (Sect 2.1–2.1.2) In nursing locations, hand-
washing stations shall be conveniently accessible to the nurse station, medication
station, and nourishment area. (Sect 2.1–3.1.5.5).

Emergency
department

At least one airborne infection isolation (AII) room (Sect. 2.1–5.1.2.6).

Finishes Floor materials shall be readily cleanable and appropriately wear-resistant for the
location (Sect. 2.1–7.2.3.2). Wall finishes shall be washable and, in the proximity of
plumbing fixtures, shall be smooth and moisture-resistant. (Sect. 2.1–7.2.3.3).

Ventilation
requirements

Table 2.1–5 lists all the special requirements needed for room ventilation.

Clean and soiled
workrooms

Such rooms shall be separate from and have no direct connection with clean work
rooms or clean supply rooms. (Sect. 2.1–2.3.8).

Housekeeping rooms Housekeeping rooms shall be directly accessible from the unit or floor they serve
and may serve more than one nursing unit on a floor. (Sect 2.1–2.3.10.1).

Airborne infection iso-
lation room(s) and pro-
tective environment
rooms

The ICRA shall address number, location, and type of airborne infection isolation
and protective environment rooms. (Sect. 1.5–2.2.1.1).

Protective environ-
ment rooms

Each protective environment room shall have an area for hand-washing, gowning,
and storage of clean and soiled materials located directly outside or immediately
inside the entry door to the room. (Sect. 2.1–3.2.3.50).

Clean linen storage
Location of the designated area within the clean workroom, a separate closet, or an
approved distribution system on each floor shall be permitted.

If a closed cart system is used, storage of clean linen carts in an alcove shall be permitted.
This cart storage must be out of the path of normal traffic and under staff control. (Sect.
2.1–2.3.9.1).

CDC Guidelines for
Environmental
Infection Control in
Healthcare Facilities:
Recommendations –
Air Section II

ICRA Convene a multidisciplinary team including infection prevention to coordinate
the project.

Education Educate the construction team about dispersal of fungal spores

Mandatory adherence
agreements

Written in to the contract or contractor safety policy.

Infection prevention
surveillance

Review microbiologic data and other means of surveillance for fungal infections.

Control measures Define scope of activity; determine barrier/infection prevention requirements;
relocate patients/staff; conduct measures to prevent contamination through
HVAC systems; create negative air pressure in work zones and monitor barriers.

Monitor the construc-
tion environment

Infection prevention professional should make rounds on a routine basis.
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Table 29.3 (cont.)

SOURCE Key points Summary/information

Conduct epidemiolo-
gic investigations in
cases of healthcare
acquired Aspergillus
infections or other fun-
gal disease

Use airborne particle sampling to evaluate barrier integrity; conduct an environ-
mental assessment as indicated; perform conductive measures to eliminate
fungal contamination.

CDC Guidelines:
Recommendations
Water Section VII
Cooling Towers &
Evaporative
Condensers

Planning construction
of new healthcare
facilities

Locate cooling towers so that drift is directed away from air-intake system; design
to minimize the volume of aerosol drift

CDC Guidelines:
Recommendations –
Environmental Services

Construction activities Develop strategies for pest control

The Joint Commission
2004 Standard: EC.7.10
The hospital plans for
managing utilities

Promote a safe, con-
trolled environment of
care
Reduce the potential
for hospital-acquired
illness

Develop a process for designing, installing, and maintaining appropriate utility
systems – e.g., domestic water, cooling towers, and ventilation systems including
pressure relationships, air exchanges, air filtration efficiencies.
Control of elements used in healthcare: biological agents, gases, fumes, dust.

The Joint Commission
2004 Standard: EC.8.30
The organization man-
ages the design and
building of the envir-
onment when it is
renovated, altered or
newly created

This standard refers to
the AIA Guidelines,
state and county regu-
lations and codes or
standards that provide
equivalent design
standards, ICRA
Identify hazards that
could compromise
patient care

Follow AIA Guidelines for Design and Construction of Hospital and Healthcare
Facilities and local rules and regulations.
Development of an ICRA to address the effect of construction activities on air
quality, infection prevention and control, utility requirements, noise, vibration and
emergency. procedures.

Table 29.4 HVAC and water guidelines

Design element Facility type Guidelines or other references

HVAC Systems Hospital Part 4 (ASHRAE 170)

Outpatient facilities Part 4 (ASHRAE 170)

Water / Plumbing Systems FGI Guidelines

Potable Water System Hospital 2.1–8.4.2.3

Outpatient facilities 3.1–8.4.2.3

Heated potable water distribution system Hospital 2.1–8.4.2.5, Table 2.1–3

Outpatient facilities 3.1–8.4.2.5

Dialysis Hospital 2.1–8.4.2.2
2.2–3
10.6.15

Outpatient facilities 3.10–8.4.1.2

Drainage systems / condensate/ floor drains Hospital 2.1–8.4.2.6
2.1–8.4.2.7
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Commission, to regulate healthcare facility design and con-
struction within the United States (see the 2015 APIC Infection
Prevention Manual for Construction and Renovation for
a listing of state authorities having jurisdiction and the status
of adoption of the FGI Guidelines).

The Hospital and Outpatient Facilities document addresses
general acute care hospitals, critical access hospitals, psychia-
tric hospitals, rehabilitation hospitals, primary outpatient care
centers, freestanding diagnostic and treatment facilities,

ambulatory surgery centers, office surgical facilities, cancer
treatment centers, endoscopy facilities, and dialysis facilities.

This document provides requirements for design of fea-
tures that are of specific interest to infection prevention,
including but not limited to requirements for the design of
hand hygiene sinks, guidance on the selection of surfaces,
requirements for design of operating rooms (including hybrid)
and procedure rooms, requirements for the design of protec-
tive environment and airborne infection isolation rooms.

Table 29.4 (cont.)

Design element Facility type Guidelines or other references

Outpatient facilities 3.1–8.4.2.6
3.1–8.4.2.7

Emergency eyewash and emergency
shower stations

Hospital 2.1–8.4.3.8

Outpatient facilities 3.1–8.4.3.8

Hand-washing stations (plumbed sinks) and
hand sanitation dispensers

Hospital 2.1–2.6.8, 2.1–8.4.3.4
2.2–2.2.6.8
2.1–7.2.2.8
2.1–8.4.3.2

Nursing Units 2.2–2.2.2.5, 2.2–2.2.6.5, 2.2–2.6.2.5

NICU/Nursery 2.2–2.10.2.5, 2.2–2.12.2.4

Cancer treatment / infusion therapy 2.2–3.10.2.5

Imaging 2.2–3.4.4.5, 2.2–3.4.5.3

Outpatient treatment / exam rooms 3.1–3.2.2.3
3.1–3.2.3.3

Mobile units 3.13–3.1.5

Hand scrub facilities (scrub sinks) Hospital 2.1–3.3
2.1–8.4.3.6

Outpatient facilities 3.1–3.3
3.1–8.4.3.6

Ice machines Hospital 2.1–2.6.8, 2.1–8.4.3.4

Outpatient facilities 3.1–8.4.3.4

Sinks – clinical Hospital 2.1–8.4.3.5

Outpatient facilities 3.1–8.4.3.5

Showers/bathing facilities Hospital 2.1–8.4.3.3

Outpatient facilities 3.1–8.4.3.3

Surfaces and Furnishings

Surfaces Hospital 2.1–7.2.3

Outpatient facilities 3.1–7.2.3

Furnishings Hospital 2.1–7.2.4

Outpatient facilities 3.1–7.2.4
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The Residential Health, Care and Support Facilities Guideline
provides minimum requirements for the design and construc-
tion of nursing homes, hospice facilities, assisted living
facilities, independent living settings, adult day care facilities,
wellness centers and outpatient rehabilitation centers. This
document provides excellent guidance on supporting person-
centered care while maintaining infection prevention practices.

Both documents incorporate the ANSI/ASHRAE/ASHE
Standard 170 “Ventilation of Healthcare Facilities” into the
guidelines.

CDC/HICPAC Guideline
The Centers for Disease Control and Prevention (CDC) and the
Healthcare Infection Control Practices Advisory Committee
(HICPAC) published a guideline on environmental infection
control in healthcare facilities in 2003, an extensive document
that describes environmental infection prevention strategies and
engineering controls to help prevent transmission of infectious
agents.41 Discussions of construction issues are interspersed
throughout the document, but most of the recommendations
regarding construction are in the section “Recommendations –
Air: Section II, Construction, Renovation, Remediation, Repair,
and Demolition” (see Table 29.3).

The Joint Commission Standard
The Joint Commission (formerly the Joint Commission on
Accreditation for Healthcare Organizations [JCAHO]) evaluates
and accredits nearly 17,000 healthcare organizations and pro-
grams in the United States. The Joint Commission cites the FGI
Guidelines in their standard onmanagement of the environment
of care42 and recommends that healthcare organizations follow
the guidelines when planning to renovate existing space or con-
struct new facilities. The Joint Commission’s surveyors assess
whether healthcare facilities comply with the Environment of
Care Standard,42 the FGI Guidelines,3 and the CDC’s
recommendations41 for protecting patients, visitors, and health-
care workers during maintenance, renovation, and construction
projects (see Table 29.3).

Infection Control Risk Assessment (ICRA)

Team Development
Whether the project involves remodeling an existing area or
building a new one, the staff members must complete an ICRA
before the project begins. A multidisciplinary team that
includes individuals with expertise in infection prevention,
risk management, facility design, construction, heating, venti-
lating, and air-conditioning (HVAC), and safety (Figure 29.1)
should complete the ICRA to ensure that the project meets all
the standards and codes.3 Infection prevention personnel
should help complete the ICRA and should participate in
projects from their inception so that they can identify infection
prevention issues early and they can make suggestions pro-
spectively, rather than after the design is complete.

Notification of Team Members
Infection prevention personnel should be notified of all major
and/or high-risk projects so that they can determine which
precautions are needed. However, infection prevention per-
sonnel must be available to consult on any project.2

Maintenance personnel can do minor maintenance and reno-
vation projects that have low risk for patients without direct
input from the infection prevention team, if policies have been
previously developed describing how to manage the infection
prevention risks created by these projects and if education on
ICRA expectations has been provided to maintenance person-
nel who will do these minor projects. Barnes- Jewish Hospital,
St. Louis, Missouri, requires that an ICRA be completed for all
projects, regardless of size. Additionally, the facility mainte-
nance department has been educated about ICRAs and the
infection prevention requirements needed for each project.

It is a common misconception that infection prevention
considerations only apply to the construction phase of
a project. However, the design of a project can have significant
bearing on infection prevention practices and infection trans-
mission. Infection prevention considerations should also be
included during commissioning. The FGI Guidelines specifi-
cally recommend performing a Safety Risk Assessment (SRA)
in the earliest stages of project planning. The SRA includes
several safety considerations, including infection prevention.
Each facility needs a mechanism whereby infection prevention
personnel are engaged in the SRA process during early plan-
ning phases of a project. In small hospitals, the person respon-
sible for renovation and construction could simply call the
infection preventionist and invite him or her to the first meet-
ing or could notify the infection preventionist and other per-
sons who should be on the team at a meeting of another
committee such as the Environment of Care, Risk or Safety
Committee. Large hospitals that have many projects under way
at the same time should develop a more formal process for
notifying infection prevention personnel and other ICRA team
members to ensure that they can participate. To facilitate plan-
ning, some healthcare facilities hold regularly scheduled meet-
ings at which new projects are discussed and updates are
provided on current projects. Project managers should be
educated as to the importance of having infection prevention
input early in the process. After all, design changes are much
cheaper before construction begins.

The multidisciplinary team must address the following key
points when completing the ICRA:2,9

1. The team must assess the type of patients treated in the
affected area (i.e., their risk factors for infection) and the
services that are provided there. In particular, the team
should ask whether the area or facility cares for patients
who are highly immunocompromised.

2. The team should assess whether essential services, such as
power, medical gas, water, sewer, and fire protection, might
be disrupted, and it should develop a contingency plan to
provide these services if one ormore of them are affected by
the project.
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3. The team should evaluate areas that are above, below, and
adjacent to the affected area and determine whether any
phase of the project will affect these areas adversely.
The team must develop a plan to minimize problems and
infection risks on the other units.

4. The team must determine whether the patients on the
affected or nearby units need to be relocated during the
project to protect them from possible infectious risks or to
provide an environment conducive to healing (e.g., to limit
noise). Also consider if essential environmental controls
(e.g., changes to the HVAC system to control
pressurization in the construction area) will affect adjacent
spaces. Any disruption of key operational spaces (e.g.,
soiled utility, EVS closets, clean storage, linen storage) must
have alternative plans for provision if the unit is to remain
operational during construction.

5. The team must decide what types of barriers are necessary
to decrease the risk of infection and should assign
responsibility for inspecting the barriers and the cleanliness
of both the work area and the area immediately adjacent.
The barriers and detailed descriptions of other infection
control measures should be included in the project

specifications so that the costs of these measures can be
included in the cost of the project.

6. The team must discuss how the ventilation system will
be affected by the project and must determine what
measures should be taken to protect the ventilation
system and to maintain good quality air in the
surrounding areas. For example, the team should
determine whether the supply and return ducts need to
be sealed. They should also ensure that the ventilation
system around the affected area is balanced and that
appropriate pressure relationships are maintained.
On the basis of the types of patients or activities (e.g.,
lab, pharmacy) in adjacent areas, the team should
decide whether to obtain particle counts before and
during the project. The most critical measure during
construction activity is for pressurization, if the risk
assessment determines the construction zone must be
negatively pressurized during the high-dust phases of
construction work.

These questions are formalized in the ICRA matrix. This is
a tool that can help infection prevention personnel and other
members of the multidisciplinary team systematically identify

Project 
Manager

Project

Customer –
Department 
Manager, 
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Architect Administration

Patient/ 
Family 

Advocates

Contractor

Technical Group

Infection 
Prevention

Security
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Respiratory Care

Pharmacy
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Dietary

Figure 29.1 Infection Control Risk Assessment
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the infection precautions needed for the project. In one style of
ICRA matrix (Figure 29.2), the first task is to identify the type
of construction project activity. There are four types (A–D)
that range from noninvasive procedures or simple inspection
to major demolition and construction projects. Next (step 2)
the team must identify the areas (locations) affected by the
project and thereby determine how susceptible the patients in
these areas are to construction-related infections (i.e., deter-
mine the patients’ level of risk). These locations should be
customized for each facility. Subsequently, (step 3), the team
uses the information about the project type and the patients’
risk group to determine the class of precautions necessary for
the project. The matrix specifies the precautions necessary for
each classification. Again, although the matrix may include
usual precautions, each risk assessment should be customized
to include or exclude requirements based on the scope,

location, and risks within the area. The matrix requires the
team to answer questions about the project that will help them
prospectively identify the most important infection prevention
issues.

Appendix: Identify and communicate the responsibility for
project monitoring that includes infection control concerns and
risks. The ICRA may be modified throughout the project.
Revisions must be communicated to the Project Manager.

Some institutions may allow an ICRA to be performed
without infection prevention involvement if the scope of
work is small (e.g., typical maintenance and renovation
work). Figure 29.3 provides an example of another type of
ICRA matrix that is tailored to the institution but allows non-
clinical personnel to assess the potential risks for the specified
task.

Steps 1–3 Adapted with permission of CHI Baylor St. Luke’s Medical Center, Houston TX.
Steps 4–14 Adapted with permission Fairview University Medical Center, Minneapolis MN.
Forms modified and provided courtesy of Judene Bartley, ECSI Inc. Beverly Hills MI.

Step One: 
Using the following table, identify  the Type of Construction Project Activity (Type A-D)

TYPE A

Inspection and Noninvasive Activities.  

Includes, but is not limited to:

TYPE B

Small scale, short duration activities that create minimal dust

Includes, but is not limited to:

TYPE C

Work that generates a moderate to high level of dust or requires demolition or 
removal of any fixed building components or assemblies

Includes, but is not limited to:

TYPE D

Major demolition and construction projects

Includes, but is not limited to: 

Step 1 _______________________________________________________________________

Removing ceiling tiles for visual inspection limited to 1 tile per 50 square feet 

Painting (but not sanding)

Working on wall coverings, electrical trim work, minor plumbing, and activities that 
do not generate dust or require cutting into walls or access to ceilings other than for 
visual inspection.

Installing telephone and computer cabling

Accessing chase spaces

Cutting into walls or ceilings where dust migration can be controlled.

Sanding walls for painting or wall covering

Removing floorcoverings, ceiling tiles, and casework

Constructing new walls 

Working on ducts or electrical wiring above ceilings (minor)

Moving or placing cables (major) 

Any activity that cannot be completed within a single workshift.

Activities that require consecutive work shifts

Activities that require heavy demolition or removal of a complete cabling system

New construction.

Figure 29.2 Infection Control Risk Assessment Matrix of Precautions for Construction and Renovation.
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The ICRAmatrix is only a guide. The teammust assess each
project individually and must flexibly apply the principles in
the matrix. Not all projects fit exactly into the parameters listed
in the matrix. Thus, infection prevention personnel and the
team must use their best judgment when their project falls
between classifications. Additionally, the ICRA may be
a fluid document, changing with the different stages of the
project. Unit staff, architects, engineers, maintenance person-
nel, and construction workers must be educated about infec-
tion risks associated with construction and about appropriate
methods for minimizing these risks. Education is a continual
process, because different hospital staff members will be
involved in each project and because many people involved
with maintenance, renovation, and construction are contract
workers. Educational materials in multiple languages may be
developed to discuss basic infection prevention issues in

construction. Another helpful tool may be to develop
a checklist that itemizes infection prevention essentials, to
answer particular questions and prevent problems that occur
frequently (e.g., the number and location of sinks, the type of
ceiling tiles to use, and the types of flooring and wall coverings
to use).

Healthcare facilities should include the infection preven-
tion requirements in the written contract for the project, so
the contractors know what they are expected to do. Note that
while the requirements will likely need tailoring once the
contractor is selected for the project, inclusion in the con-
struction documents provides expectations for fair bidding.
If the construction team consistently ignores infection pre-
vention policies, the hospital should levy a fine and/or the
contractors should not be allowed to do other projects in the
hospital.

Step Two:
Using the following table, identify the Patient Risk Groups that will be affected.
If more than one risk group will be affected, select the higher risk group:

Low risk Medium risk High risk Highest risk

Office areas

Pediatrics

Step 2_____________________________________________________________

Step Three:  Match the

Patient Risk Group (Low, Medium, High, Highest ) with the planned …

Construction Project Type (A, B, C, D ) on the following matrix, to find the …

Class of Precautions (I, II, III or IV ) or level of infection control activities required.  

Class I–IV Precautions are delineated on the following page.

IC Matrix – Class of Precautions: Construction Project by Patient Risk

Construction project type

Patient risk group TYPE A TYPE B TYPE C TYPE D

LOW risk group I II II III/IV

MEDIUM risk group I II III IV

HIGH risk group I II III/IV IV

II III/IV III/IV IVHIGHEST risk group 

Note: Infection Control approval will be required when the Construction Activity and Risk Level indicate that  

Class III or Class IV control procedures are necessary.

Cardiology Cardiac Care Unit Any area caring for 
immunocompromised 
patients

Burn Unit

Cardiac Catheter Lab

Central Sterile Supply

Intensive Care Units

Medical Unit

Negative pressure isolation 
rooms

Oncology

Operating rooms including 
C-section rooms

Emergency Room

Labor & Delivery

Laboratories (specimen)

Newborn Nursery

Outpatient Surgery

Pharmacy

Post-Anesthesia Care 
Unit

Surgical Units

Echocardiography

Endoscopy

Nuclear Medicine

Physical Therapy

Radiology/MRI

Respiratory Therapy

Other patient care 
areas not identified in 
High Risk or Highest  
Risk categories

Figure 29.2 (cont.)

Loie Ruhl Couch, Loreen A. Herwaldt, and Linda L. Dickey

396



Additionally, contractors need to be aware that if proper
infection prevention requirements are not followed and there
is a clear patient safety risk, the infection preventionist may
halt work on the project.

Infection Prevention Construction Permit
Infection prevention expectations that have been determined
during risk assessment should be clearly documented and
provided as part of the construction documents for bidding.
Some organizations refer to this documentation as an Infection
Prevention Construction Permit (example provided in
Figure 29.4). The permit identifies the project’s location, start
and end date, project manager, the type of construction

activity, the patient risk group, the class selected for the parti-
cular project, and the necessary precautions. Complex projects
are likely to require multiple permits throughout various
phases, as plans must be tailored to specific locations and
scope of work. Either the infection prevention team or the
project manager should keep this permit on file, and the con-
tractor should maintain a copy at the job site.

Construction Site Monitoring Tool
Both the Owner (or the Owner’s representative) and the con-
tractor should inspect the work site to make sure that the
construction workers are following the requirements of the
ICRA permit. An example of a Construction Site Monitoring

Description of Required Infection Control Precautions by Class

During construction project Upon completion of project

C
L

A
S

S
 I 1. Use methods that minimize dust.

2. Immediately replace a ceiling tile displaced for visual 
inspection.

1. Clean work area when task is completed.

C
L

A
S

S
 II

1. Prevent dust from dispersing into air.
2. Use mist (water) on work surfaces to control dust 

while cutting.
3. Seal unused doors with duct tape.
4. Block off and seal air vents.
5. Place dust mat at entrance and exit of work area
6. Remove or isolate HVAC system in work areas.
7. Contain construction waste in tightly covered 

containers before transport.

1. Wipe work surfaces with disinfectant.

2. Wet mop and/or vacuum area with HEPA filtered 
vacuum before leaving.

3. Re-integrate HVAC system.

C
L

A
S

S
 II

I

1. Isolate HVAC system in area where work is being 
done to prevent contamination.

2. Complete all critical barriers, ie., sheetrock, plywood, 
plastic, to seal work area from non-work area or use 
control cube method before construction begins.

3. Maintain negative air pressure within work site; use 
HEPA equipped air filtration units.

4. Contain construction waste in tightly covered 
containers before transport. Cover transport 
receptacles or carts.  

1. Do not remove barriers from work area until 
completed project is inspected by the owner’s Safety 
Department and Infection Control Department and 
thoroughly cleaned by the owner’s Environmental 
Services Department. 

2. Remove barrier materials carefully to minimize 
spreading dirt and debris created by construction.

3. Vacuum work area with HEPA filtered vacuums.

4. Wet mop area with disinfectant.  Do not sweep.

5. Re-integrate HVAC system.

C
L

A
S

S
 IV

1. Isolate HVAC system in area where work is being 
done to prevent contamination of duct system.

2. Complete all critical barriers, ie., sheetrock, plywood, 
plastic, to seal area from non-work area or implement 
control cube method before construction begins.

3. Maintain negative air pressure within work site; use 
HEPA-equipped air filtration units.

4. Seal holes, pipes, conduits, and punctures.

5. Construct anteroom. All personnel must use 
anteroom so they can be vacuumed using a HEPA 
vacuum cleaner before leaving work site or they can 
wear cloth or paper coveralls that are removed each
time they leave the work site.

6. All personnel entering work site are required to wear 
shoe covers and change them each time they exit the 
work area.

7. Contain construction waste before transport in tightly 
covered containers. Cover transport receptacles or 
carts.  

1. Do not remove barriers from work area until 
completed project is inspected by the owner’s Safety 
Department and Infection Control Department and 
thoroughly cleaned by the owner’s Environmental 
Services Department.

2. Remove barrier material carefully to minimize 
spreading dirt and debris created by construction.

3. Vacuum work area with HEPA-filtered vacuums.

4. Wet mop area with disinfectant.  Do not sweep.

5. Re-integrate HVAC system.

Step 3

Figure 29.2 (cont.)
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Tool is provided in Figure 29.5. This documentation is useful
for noting compliance with infection prevention expectations
or lapses that could correlate with epidemiologic findings. If an
infection occurs that is thought to be associated with construc-
tion activity, documentation of compliance with ICRA permit
requirements will be essential, should legal action ensue.

Each facility should determine how often the site should be
inspected and who will do the inspections. The hospital’s size,
the type of project, and the nature of surrounding patient-care
areas will affect this decision. In a small hospital, daily mon-
itoring may be feasible. In a larger hospital, weekly monitoring
may be more feasible. However, if the project is done in
a highly sensitive area, such as a bone marrow transplant unit
or an operating suite, more frequent inspections may be neces-
sary. The frequency and focus of inspections will also vary with
the stages of a project. If staff on the surrounding units are

taught which critical factors to report, they can assist in mon-
itoring the site almost continuously and supplement the over-
sight effort. If the unit staff members note breaches in infection
prevention practice, they can contact the ProjectManager, who
should immediately address the issue. If the issue is not
addressed in a timely manner, Infection Prevention should be
notified.

Commissioning
Commissioning a space assures that the area is appropri-
ately functioning and ready for occupancy. A checklist
such as the Unit/Area Opening Worksheet (Figure 29.6)
is a basic checklist that can provide questions and inspec-
tion points for infection prevention personnel to use in
determining whether a unit or area is ready for occupancy.

Step 4. Identify the areas surrounding the project area, assessing potential impact

Unit below Unit above Lateral Lateral Behind Front

risk group risk group risk group risk group risk group risk group

Step 5. Identify specific site of activity, e.g., patient rooms, medication room, etc.
_____________________________________________________________________________

Step 6. Identify issues related to ventilation, plumbing, electrical systems (e.g., Are outages
likely to occur during the project?).

_____________________________________________________________________________

Step 7. Identify necessary containment measures based on the classification of the project.
What types of barriers (e.g., solids wall barriers) are needed? Is HEPA filtration required?
_____________________________________________________________________________
(Note: Renovation/construction area shall be isolated from the occupied areas during construction and shall be at  
negative pressure with respect to surrounding areas.)

Step 8.  Consider potential risk of water damage. Is there a risk due to compromising 
              structural integrity (e.g., wall, ceiling, roof) ?

Step 9.  Work hours: Can or will the work be done during non-patient care hours?

Step 10. Do plans allow for adequate number of isolation/negative airflow rooms?

Step 11. Do the plans allow for the required number & type of handwashing sinks? 

Step 12. Does the infection control staff agree with the minimum number of sinks for this project?
               (Verify against AIA Guidelines for types and area.) 

Step 13. Does the infection control staff agree with the plans relative to clean and soiled utility 
               rooms?

Step 14. Plan to discuss the following containment issues with the project team: traffic flow, 
               housekeeping, debris removal (how and when), etc.
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________

Appendix: Identify and communicate the responsibility for project monitoring that includes infection 
control concerns and risks. The ICRA may be modified throughout the project. Revisions 

must be communicated to the Project Manager

Figure 29.2 (cont.)
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INFECTION CONTROL CONSTRUCTION PERMIT

Permit No:

Location of Construction: Project Start Date:

Project Coordinator: Estimated Duration:

Contractor Performing Work Permit Expiration Date:

Supervisor: Telephone:

YES NO CONSTRUCTION ACTIVITY YES NO INFECTION CONTROL RISK GROUP

TYPE A: Inspection, non-invasive activity GROUP 1: Low Risk

TYPE B: Small scale, short duration,
               moderate to high levels

GROUP 2: Medium Risk

TYPE C: Activity generates moderate to high levels of 
               dust, requires greater 1  work shift for completion

GROUP 3: Medium/High Risk

TYPE D: Extended duration and major construction activities 
               requiring consecutive work shifts

GROUP 4: Highest Risk

CLASS I

During Construction
1. Use methods that minimize dust.
2. Immediately replace any ceiling tile displaced for visual 
    inspection.

Upon Completion of Construction
1. Clean work area when task is completed.

CLASS II 1. Prevent dust from dispersing into air.
2. Use mist (water) on work surfaces to control dust while cutting.
3. Seal unused doors with duct tape.
4. Block off and seal air vents.
5. Place dust mat at entrance and exit of work area.
6. Remove or isolate HVAC system in work areas.
7. Contain construction waste in tightly covered containers before 
    transport.

1. Wipe work surfaces with disinfectant.
2. Wet mop and/or vacuum with HEPA filtered vacuum before 
    leaving work area.
3. Re-integrate HVAC system.

CLASS III 1. Isolate HVAC system in area where work is being done to prevent 
    contamination of the duct system.
2. Complete all critical barriers or implement control cube method 
    before construction begins.
3. Maintain negative air pressure within work site; use HEPA 
    equipped air filtration units.
4. Contain construction waste in tightly covered containers before 
    transport. Cover transport receptacles or carts.

1. Don’t remove barriers until project is inspected and 
    thoroughly cleaned.
2. Remove barrier materials carefully to minimize spreading dirt 
    and debris created by construction.
3. Vacuum work area with HEPA filtered vacuums.
4. Wet mop with disinfectant.  Do not sweep.
5. Re-integrate HVAC system.

Date

Initial

CLASS IV 1. Isolate HVAC system in area where work is being done to prevent 
    contamination of duct system.
2. Complete all critical barriers or implement control cube method 
    before construction begins.
3. Maintain negative air pressure within work site; use HEPA 
    equipped air filtration units.
4. Seal holes, pipes, conduits, and punctures appropriately.
5. Construct anteroom. All personnel must go through ante-room 
    and be vacuumed with a HEPA vacuum cleaner before leaving 
    work site or they can wear cloth or paper coveralls that are 
    removed each time they leave the work site.
6. All personnel entering work site are required to wear shoe covers 
    and change them each time they exit the work site.
7. Contain construction waste before transport in tightly covered 
    containers. Cover transport receptacles or carts. 

1. Do not remove barriers from work area until completed 
    project is inspected and thoroughly cleaned.
2. Remove barrier materials carefully to minimize spreading dirt 
    and debris created by construction.
3. Vacuum work area with HEPA filtered vacuums.
4. Wet mop with disinfectant.
5. Re-integrate HVAC system.

Date

Initial

Additional Requirements:

___________
Date   Initials 

___________       Exceptions/Additions to this permit      Date    
Initials are noted by attached memoranda

Permit Request By: Permit Authorized By:

Date: Date: 

Figure 29.4 Sample infection control construction permit

Loie Ruhl Couch, Loreen A. Herwaldt, and Linda L. Dickey
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Be aware, however, that it is not the responsibility of
infection prevention to commission a space; professionals
should be contracted to evaluate the expected functioning
and safety of all utility systems.

Major Infection Prevention Issues to
Consider During Planning of Projects

Air Handling Systems
Generally, air handling systems do not transmit nosocomial
pathogens. However, at times these systems can transmit
pathogens such asMycobacterium tuberculosis, Aspergillus spe-
cies, Legionella pneumophila, and Varicella zoster virus. Air
handling systems can increase the risk of infection in other
ways. For example, if the humidity level is high and the number
of air exchanges is inadequate, mold growth may develop, or
walls, ceilings, and vents may drip water onto sterile supplies or

clean surfaces. Thus, infection prevention personnel should
make sure that the air handling systems planned for new or
renovated buildings will meet basic infection prevention
requirements.

There is a new challenge to healthcare organizations in the
HVAC realm. There have been a series of conflicting and vague
standards and guidelines issued from different organizations.
The guidance from ASHRAE (American Society of Heating,
Refrigerating and Air-Conditioning Engineers) suggests that
design requirements are not the same as clinical practice
requirements. A joint HVAC task force has been created to
address these concerns and will issue clarifying guidance for
both healthcare organizations as well as surveying organiza-
tions. At the time of this writing, this guidance is not yet
available.

During the schematic design phase infection prevention
personnel and the HVAC Design Engineer should ensure
that the air handling systems will be adequate to provide the

CONSTRUCTION SITE SURVEY TOOL

Date:________________ Time:________ Time:________

Barriers

Construction signs posted for the area Yes   No Yes   No

Doors properly closed and sealed Yes   No Yes   No

Floor area clean, no dust tracked Yes   No Yes   No

Air handling

All windows closed behind barrier Yes   No Yes   No

Negative air at barrier entrance Yes   No Yes   No

Negative air machine running Yes   No Yes   No

Project area

Debris removed in covered container daily Yes   No Yes   No

Designated route used for debris removal Yes   No Yes   No

Trash in appropriate container Yes   No Yes   No

Routine cleaning done on job site Yes   No Yes   No

Traffic control
Restricted to construction workers and necessary staff only Yes   No Yes   No

All doors and exits free of debris Yes   No Yes   No

Dress code

Appropriate for the area (OR, CSS, OB, BMTU) Yes   No Yes   No

Required to enter Yes   No Yes   No

Required to leave Yes   No Yes   No

OR = operating room; CSS = central sterile supply; OB = obstetrics; BMTU = bone marrow transplant unit

Comments:

Surveyor:__________________________________________________________________

Figure 29.5 Construction site survey tool

Infection Prevention in Design, Renovation, and Construction
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ventilation required for that area.3 Exact requirements can vary
by state, and may change with updates in guidelines, so the
latest guidance should be sought before finalizing require-
ments. In general, patient rooms should have 6 air changes
per hour (ACH), of which 2 ACH must be outside air.
Operating rooms and cesarean section delivery rooms require
15 ACH with 3 ACH of outside air. The relative humidity in
operating rooms should be 30–60 percent, and the airflow
should move from the operating room to adjacent areas.
Airborne Infection Isolation (AII) rooms require 12 ACH
with 2 ACH of outside air and negative airflow with respect
to adjacent areas (i.e., air flows to the adjacent areas). Air from
these rooms should be exhausted to the outside away from air
intakes or be recirculated after passing through HEPA filters.

In addition, rooms in which high- risk procedures (such as
bronchoscopy and aerosolized pentamidine treatments) are
performed should have negative air-pressure with respect to
adjacent areas. Bronchoscopy suites are required to have 12
ACH with outside air comprising 2 ACH. If a room that has
special ventilation is renovated, the engineers should measure
the number of air changes per hour and the pressure relation-
ships before and after the renovation to ensure that the reno-
vation did not disrupt the air handling system within the
room.43

Code requirements should ensure that exterior air intakes
are placed in appropriate locations in relation to exhaust out-
lets. Intakes should be located away from cooling towers, trash
compactors, loading docks, heliports, exhaust from biological

INFECTION CONTROL UNIT/AREA OPENING WORKSHEET

Area Surveyed________________________________ Date______________

Surveyors are to check yes, no, or N/A for each criteria.  A satisfactory review is required prior to reopening 
any unit/department.

Criteria Yes No N/A Comments
I.  Contractor Final Cleanup

a. Horizontal surfaces free of 
residual construction dust

b. Installed equipment and 
cabinets properly cleaned

c. Barriers cleaned and removed
II.  HVAC System

a. HVAC system cleaned if not isolated
b. New filters in place and operational 
c. HVAC system balanced as specified

III.  Plumbing System
a. No visible leaks
b. Plumbing system flushed within 24 

hours prior to occupancy
c. Sinks functional

IV.  Equipment
a. Soap/towel dispensers/hand 

sanitizers installed and filled
b. Refrigerators – checklist for 

temperature control
c. Ice machine cleaned and flushed

V.  Final Cleaning
a. Housekeeping final cleaning 

completed
VI.  Environmental Rounds

a. Completion of Environmental Rounds
Surveyors – Additional Comments:

Date______________

Satisfactory Review
Unsatisfactory Review

Unit Administrator___________________
Infection Control____________________
Facilities Management_______________
Housekeeping______________________

Figure 29.6 Infection control unit/area opening worksheet

Loie Ruhl Couch, Loreen A. Herwaldt, and Linda L. Dickey
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safety hoods,44 ethylene oxide sterilizers, aerators, and incin-
erators. Personnel from infection prevention and engineering
should evaluate the design and operation of ventilation systems
carefully to ensure that potentially contaminated air is dis-
charged safely, to prevent airborne disease transmission.45

The commissioning agent should tour the air intake and
exhaust sites to ensure filters are properly fitted and the system
is functioning as designed.

Isolation Rooms
Given the resurgence of tuberculosis and the emergence of
multidrug-resistant bacterial pathogens and new viral patho-
gens, infection prevention personnel must ensure that the
number, type, and placement of isolation rooms is adequate.
The advent of new syndromes such as Severe Acute
Respiratory Syndrome (SARS) or Middle Eastern Respiratory
Syndrome (MERS) suggests that healthcare facilities may need
more AII rooms than previously indicated. In the past, some
facilities have transferred patients with tuberculosis rather
than create a sufficient number of new AII rooms. However,
it may not be possible (or safe) to transport patients with SARS
or MERS from one facility to another, and each facility may
need AII rooms to accommodate such patients.

As of 2010, single bed rooms are a minimum standard in
the FGI Guidelines. Infection prevention personnel should
assess the community population served by the facility to
determine how many AII rooms are necessary. Typically,
a hospital should have 1 isolation bed for every 30 acute care
beds.3 In general, isolation rooms for patients with nonrespira-
tory diseases do not require special ventilation features. If the
isolation room has an anteroom, both the room and the ante-
room should have hand washing sinks. Nurse-server cabinets
or isolation carts may be helpful design considerations to store
necessary supplies, such as gowns, masks, and gloves.

Patients who have infectious diseases that are spread by
respiratory droplets or droplet nuclei often are seen first in the
emergency department or an outpatient clinic. Thus, appro-
priate isolation rooms in waiting areas would be beneficial in
these settings. The FGI Guidelines3 state that emergency
departments need at least 1 AII isolation room for patient care.

Some hospitals use flexible ventilation systems that allow
patient-care rooms to have either neutral or negative air-
pressure. For such rooms, care must be taken to ensure the
airflow is appropriate for the patient in the room. The FGI
Guidelines no longer allow switchable air pressurization. Each
AII room must have a hand washing station and storage area
for clean and soiled material located directly outside or imme-
diately inside the entry door. Each room must have a separate
toilet room with a tub or shower and a hand washing station.
The door must have a self-closing device, and penetrations in
walls, ceilings, and floors must be tightly sealed so that room is
maintained at negative air-pressure with respect to the sur-
rounding environment.45,47 A permanent monitor must assess
the air pressure status of the room continuously, and when the
room is in use for airborne precautions the negative pressure
must be verified daily. This may be achieved manually or
through building automation. Anterooms are not required

for AII rooms, except for those intended for immunosup-
pressed patients who need AII. Infection prevention personnel
must evaluate proposed AII isolation rooms during the design
phase, because retrofitting regular patient rooms to meet the
requirements of AII isolation rooms can be very costly.

Protective Environments
Protective environments include operating rooms and bone
marrow transplant rooms. These areas must remain as free of
airborne infectious agents as possible. The airflow within these
areas must flow from clean to less-clean (positive pressure).43

Hand Washing Facilities
Each patient-care room, procedure room, and toilet room
needs at least 1 hand washing sink, which should be located
as close to the room’s exit as possible. Sinks should be large
enough to prevent splashing. The FGI Guidelines provide
specific parameters for sink design. All sinks must have an
associated soap dispenser (built-in stainless steel soap dispen-
sers should not be used) and a method to dry hands located at
a level that is comfortable for the user. If disposable towels are
used, a trash receptacle should be placed near the sink, so paper
towels can be discarded properly. Alcohol-based hand rub
dispensers should be located away from electrical outlets and
switches.48 Consistency of placement of hand hygiene stations
and gel dispensers can facilitate use. Also, when designing
a space, place hand hygiene facilities so they are visible and
convenient for use, not hidden behind doors or curtains.

A variety of mechanisms exist to control water flow.
Conventional hand controls are the least expensive but may not
be appropriate for all areas. Foot, knee, or electric-eye controls
allow staff members to wash their hands or scrub without touch-
ing the sink (“no-touch” methods). Such sinks would be appro-
priate in operating suites, isolation rooms, and critical-care units.
The electric-eye devices are more expensive than the foot or knee
controls. In addition, consider automated flushing features for
electronic faucets that may be in locations of infrequent use;
otherwise, stagnant water will develop biofilm within the faucet.
Infection prevention personnel should help unit staff and archi-
tects select the best equipment for the location and purpose.

Water Supply and Plumbing
Occasionally, the hospital’s water supply will be disrupted
intentionally or accidentally during construction projects.
Hospitals should have emergency plans that are activated if
the water supply to the hospital is disrupted or contaminated.
Infection prevention personnel should help develop this plan,
because water is crucial to many infection prevention practices
and because contaminated water can spread pathogenic organ-
isms. During the summer of 1993, the University of Iowa
Hospitals and Clinics, in Iowa City, was faced with the possi-
bility of losing its water supply because the Iowa River was
flooding. The hospital’s contingency plan included water con-
servation measures, such as shutting down drinking fountains
and ice machines, replacing showers and full-tub or bed baths
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with partial baths, using alcohol-based hand cleaners rather
than soap and water, and serving meals on disposable dishes.
The alternative water system was a well, which was tested for
coliform organisms, nitrates, and iron. The hospital’s plant
operations department was prepared to adjust the plumbing
system in order to use the well water. Hospitals that do not
have wells must design alternative plans. If the water supply
will be disrupted only for a short time, staff can fill large plastic
containers with water to be used while the water system is
turned off. If the water supply will be off for a longer period
of time, the hospital may need to have a company deliver
bottled water. During emergencies, agencies such as the
US National Guard may be able to provide water. If, during
a construction project, the water supply will be turned off for
more than 4 hours, the contractor should do this work during
times of nonpeak water use, such as evenings, nights, or
weekends.

Space for Personal Protective Equipment
All patient-care areas should store personal protective equip-
ment, such as gloves, gowns, masks, and face shields in areas
where they are readily accessible. A container for disposal of
sharp devices (sharps) must be accessible to workers who use,
maintain, or dispose of sharps. The number of containers must
be adequate, the size must be large enough for the sharps that
will be disposed in that area, and healthcare workers must be
able to safely access the opening when they need to discard
a sharp. The opening in the sharps containers should be
132–142 cm (52–56 inches) above the floor for use by health-
care workers who are standing, or 96–107 cm (38–42 inches)
above the floor for use by healthcare workers who are sitting.49

Waste
Infection prevention personnel should help clinical staff plan
how urine and feces will be discarded in patient care areas,
clinics, and laboratories. Consideration should be made for
storage of waste collection devices such as bedpans and urinals,
if not single-use disposable. A variety of bedpan flushing
devices are available, such as spray hoses and spray arms.
Some of these options create splash hazards, clean poorly, or
allow water to pool in hoses or nozzles. Alternatives such as
disposable pulp bedpan liners can be quite expensive. Soiled
utility rooms should contain a clinical sink or a flushing-rim
fixture and also a separate hand washing sink. Additionally,
containers must be available for biohazardous and nonbioha-
zardous waste. There may be local regulatory agency require-
ments relating to biohazardous waste. A nonbiohazardous
waste container must be large enough to prevent overfilling
and must be located so it is easily accessible to both staff who
generate the waste and staff who remove the waste.

Finishes

General Considerations
During the design development phase, infection prevention
personnel should help the clinicians and architects choose the

finishes: for example, flooring, wall coverings, and ceiling tiles.
Ideal finishes are those that are washable and easy to clean.3

Porous or textured materials can be difficult to clean and thus
may allow bacteria and fungi to grow. The finishes should be
durable and able to withstand repeated cleaning. In addition,
counter tops, backsplashes, and floors should have as few joints
as possible, so they are easy to clean.

Ceilings
Ceiling tiles should be appropriate for the areas in which they
are being placed. Acoustical tiles may be used in hallways,
waiting rooms, and standard patient rooms. Ceilings in semi-
restricted areas, such as central sterile supply, radiology pro-
cedure rooms, minor surgical procedure rooms, and clean
corridors in operating suites, should not be perforated or
have crevices where mold and bacteria could grow.
The ceiling must be made of smooth, nonabsorptive material
that can be washed and is capable of withstanding cleaning
with chemicals. Perforated, serrated, cut, or highly textured
ceilings are not permitted. In restricted areas, such as operating
rooms, all ceilings should be capable of withstanding cleaning
chemicals.3 Cracks and perforations are not allowed. Ceilings
in protective isolation rooms should also be cleanable.

Floors
Floors should be easy to clean and should resist wear. Floors
where food is prepared should be water-resistant, and floors
that are walked on while wet should have a nonslip surface.
The housekeeping department should use their cleaning pro-
cedures on samples of flooring to determine whether the
materials can withstand cleaning and disinfection with germi-
cidal cleaning solutions. Floors in operating rooms and deliv-
ery rooms used for cesarean section delivery should be
monolithic and should not have joints. Floors in kitchens,
soiled work rooms and other areas that are frequently washed
with water should have tightly sealed joints.

Carpets decrease noise and have become popular in health-
care facilities. There is no conclusive evidence that links carpet
to illness, but carpets can harbor microorganisms.
Additionally, the vacuuming of the carpet can create micro-
bursts of dust and potentially put patients at risk. Carpets
should not be used in isolation rooms, protective environ-
ments, operating rooms, critical care units, kitchens, labora-
tories, autopsy rooms, or dialysis units. The CDC recommends
that carpet should not be used in any high traffic areas or in
areas where people might spill liquids.41,56

Walls
Walls should be washable and the finish should be smooth.
Wall finishes in areas where blood or body fluids could splatter
(e.g., operating rooms and cardiac catheterization laboratories)
should be fluid resistant and easy to clean. Wall finishes
around plumbing fixtures should be smooth and water
resistant.3 Wall bases and floors, especially around small
pipes, should not have joints or should have joints that are
sealed tightly.3 In food preparation areas, walls should be free

Loie Ruhl Couch, Loreen A. Herwaldt, and Linda L. Dickey

404



of spaces that harbor insects and rodents. In operating rooms,
cesarean section delivery rooms, and sterile processing rooms,
walls should not have fissures, open joints, or crevices that
permit dirt particles to enter the room.

Counter Tops
Counter tops should typically be composed of a nonporous
solid material, such as thermoset polymer or stainless steel.
Laminate, even with a protective sealant, can easily absorb
water, resulting in mold growth, discoloration, and warping.

Minimizing the Risk of Infection During
Projects

Air Handling Systems
Infection prevention personnel should collaborate with the
facility’s HVAC specialist to decide whether the HVAC system
needs to be isolated during construction. During renovation or
construction projects, selected air intakes (particularly those
near excavation sites) and air ducts in the construction area
need to be protected from dust by 1 of 3 methods: shutting
them down, equipping themwith additional filters, or covering
them with plastic. Engineering or maintenance personnel also
should check air filters frequently and change them when
necessary. Air handling units in areas that care for highly
immunocompromised patients should contain HEPA filters,
to decrease the amount of particulate matter and the number
of microbes in the air.

For most high-risk projects in Class III or Class IV, accord-
ing to the ICRA matrix, the airflow should move from outside
the construction site into the site, because air should flow from
a clean area into a dirty area. Negative air pressure, or airflow
into the construction site, can be achieved by placing a HEPA-
filtered negative-airflow machine within the work zone.
Ideally, the air from this machine would be exhausted directly
to the outside. If this is not possible, the air can be exhausted
into a dedicated exhaust vent of the existing air system. Do not
exhaust construction air into the building return air system.
A pressure monitor should be placed within the work zone to
ensure that this area is maintained at negative air pressure with
respect to the adjacent areas. A simple visual monitor, such as
a flutter strip, is adequate and can be used by area staff as well
as the contractor to monitor the space. The contractor is
responsible to monitor the airflow and to make sure the
HEPA filters are clean and working properly.

A HEPA-filtered negative-airflow machine may be
required for other projects. For example, such machines
would be necessary during work on the ceilings within patient-
care areas in Group 3 (i.e., medium high risk) or Group 4
(highest risk) of the ICRA matrix for Class I or Class II con-
struction activities. For lower-risk projects that may not pro-
duce much dust or are located in lower-risk areas, HEPA
machines can be used to “scrub” the air in a construction
zone without the requirement of negative pressurization.
Each contractor should own one or more of these machines,
and healthcare maintenance departments should have at least

one machine that they can use during maintenance activities
that generate dust. It is vital that these machines be maintained
and their filtration verified using a particle counter.

The air quality must be maintained and monitored care-
fully in areas where immunocompromised patients are cared
for, including patients receiving treatment for malignancies,
patients with bone marrow or solid organ transplants, and
premature neonates. We recommend that infection preven-
tion personnel work with staff in the appropriate departments
to develop policies that describe in detail what must be done
when any modifications, renovations, demolition, or con-
struction are done in their areas of the facility. Activities as
seemingly minor as installing computer cables or conduits in
the ceiling space could stir up Aspergillus-laden dust that
would be hazardous for immunocompromised patients.
When work is being done in areas that house immunocom-
promised patients, some precautions are needed in addition
to those used in all patient care areas (see the subsection on
barriers, below). For example, existing air ducts and the space
above the ceiling tiles must be cleaned with a HEPA-filtered
vacuum cleaner before undertaking any project that involves
opening these areas. The area inside the barrier must be
cleaned and vacuumed (with a HEPA-filtered vacuum clea-
ner) before the barrier is removed and again after the barrier
is removed. In addition to these precautions, portable HEPA
filters can be placed in patients’ rooms to ensure that the air is
as clean as possible (“air scrubbing”). Facilities that cannot
implement appropriate precautions must close these units or
move patients to other areas of the hospital that can
provide an appropriate level of safety for the duration of the
project.

Controlling Dust and Dirt
Construction and renovation projects create tremendous
amounts of dust or debris that may carry microorganisms,
such as Aspergillus spores.55 Infection prevention personnel
must collaborate with other staff to devise ways to prevent
the dust and dirt from contaminating clean or sterile patient-
care surfaces, supplies, and equipment. Some general measures
to limit dust and dirt and to minimize the risk of fungal
infections in healthcare facilities during maintenance, renova-
tion, or construction include the following:

• Wet mop the area just outside the door to the construction
site daily, or more often if necessary.

• Use a HEPA-filtered vacuum to clean adjacent carpeted
areas daily, or more often if necessary.

• Shampoo carpets when the construction project is
completed.

• Transport debris in containers with tight-fitting lids, or
cover debris with a wet sheet.

• Remove debris as it is created; do not let it accumulate.
• Do not haul debris through patient-care areas, if possible.
• Remove debris through a window when construction

occurs above the first (ground) floor, if possible.
• Remove debris after normal work hours, if possible,

through an exit restricted to the construction crew.
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• Designate an entrance, an elevator, and a hallway for use
only by construction workers.

• If workers must traverse high-risk patient-care areas, they
must remove dust from their bodies and clothes and then
put on gowns, shoe covers, and head covers before walking
through the unit. In particular areas of the hospital (e.g., the
operating suite), workers may need to wear protective
clothing while working in the construction site during
times of heaviest contamination, then removing this garb
prior to redonning to exit the construction zone to move
through the patient care area.

• For small projects, the construction-tool carts should be
cleaned before entering the unit and left at the exit through
the barrier (see the subsection on barriers, below). For
larger projects, the carts and equipment should go into the
area and stay behind the barrier until the project is done.
Before removing carts and equipment from inside the
barrier, the construction crew should clean the items and
cover them (e.g., with moist sheets) during times of heavy
dust generation. They should be moved off the unit by the
designated route. Ideally the path of debris should not be
through a patient unit; if a window chute is feasible, this is
preferable.

Barriers
Barriers are needed during maintenance, renovation, and con-
struction projects to minimize the dispersion of dust.
Commercially available, portable drop-down cubicle barriers
can be used for small, quick jobs, such as removing ceiling tiles
to install computer cables. These units are equipped with either
small HEPA-filtered negative-airflowmachines or connections
for HEPA vacuums so that the space inside each cubicle is at
negative air pressure with respect to the surrounding area.
A closed door that is sealed with tape is an adequate barrier
for enclosed short-term projects that generate minimal dust.

Plastic sheeting that is 3–8 mil (0.08–0.2 mm) thick or
canvas barriers made specifically for dust control can be used
for short- term projects that have minimal traffic and do not
require fire rating. If plastic is used, contractors must inspect
the integrity of the barrier several times during a work shift and
they must repair holes, tears, or any defects in the plastic or
canvas barrier immediately. A door can be created in the
plastic barrier with a zipper or with an overlap of the plastic
of 61 cm (2 feet). Anterooms, made of plastic, allow workers to
don or remove protective attire or clean dust and debris off of
their clothes and their carts before they leave the construction
zone and enter a patient-care area. Solid drywall barriers that
are taped and finished are required for longer, more extensive
projects. If the area is a high-risk area (e.g., a bone marrow
transplant unit or an operating suite), plastic barriers should be
erected, and the drywall barriers should be built behind the
plastic barriers. Plastic barriers should be wiped down with
a moist cloth before they are removed.

Facilities that are undergoing construction or renovation in
particularly sensitive areas (e.g., bone marrow transplant units
if patients are on the unit) may want to document that the

barriers are adequate. Particle counters that determine the
number of particles suspended in the air can be used for this
purpose. The infection prevention personnel on the multidis-
ciplinary team should determine during the ICRA whether it is
necessary to obtain particle counts. Particle counts should be
obtained outdoors and compared with the indoor counts to
ensure that the filters are functioning properly. Thereafter,
particle counts should be obtained at intervals that are ade-
quate for the scope and schedule of the project, such as in the
areas adjacent to the work site before construction begins,
during several days at the start of the project, and weekly
until completion. Cultures of air samples are not as useful for
this task and should be reserved for special circumstances (e.g.,
before opening a bone marrow transplant unit after construc-
tion) to document that the environment is not contaminated
by fungi.

The work site should be kept as clean as possible to enhance
the effectiveness of the barriers. HEPA-filtered vacuums
should be used for cleaning the construction site and the work-
ers’ clothing before they leave the work site. If HEPA-filtered
vacuums are not available, the site can be wet mopped, but it
should never be swept, because sweeping disperses dust into
the air. In addition, sticky “walk-off” mats should be placed
just inside the entrance to the work site to clean shoes and the
wheels of equipment. The dirty mats should be pulled fre-
quently. Oftentimes these mats are inadequate during heavy
demolition. Moist “walk-off” mats do not adequately remove
dust from the wheels of carts as they exit a work site. For these
circumstances, disposable wet blankets may be used to trap
dust on wheels and feet. These should be changed and disposed
of when tracking is noted.

Traffic Patterns
To reduce the amount of dust and dirt in the hospital and the
risk of exposure to infectious agents, patients, visitors, and staff
may need to traverse the hospital by alternate routes. Infection
prevention personnel should help identify the appropriate
detours before construction begins. Staff should design (and
signal) these routes in a logical manner, so that they do not
inadvertently increase the risk of nosocomial infection or of
noninfectious hazards, such as falls. They also should consider
whether housekeeping personnel can maintain the new route,
whether the new route interferes with the work done in the
area, and whether the route meets minimum aesthetic require-
ments. If construction is necessary in or near operating suites,
surgical personnel must be able to move from place to place
without contaminating their surgical attire (scrubs).

The routes by which inanimate items are transported
throughout the hospital may need to be altered during con-
struction. In general, all materials, including food, linens,
medical supplies and equipment, and janitorial supplies and
equipment, must be handled in a manner that minimizes the
risk of contamination.52 Before the construction project
begins, infection prevention personnel should help the staff
from the affected units plan the routes by which various sup-
plies and equipment will be transported. Clean or sterile
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supplies and equipment must be transported to storage areas
by a route that minimizes contamination from the construc-
tion site and prevents contact with soiled or contaminated
trash and linens. To prevent unnecessary contamination with
dirt and dust, used supplies and equipment should bemoved in
enclosed containers from the point of use to the point at which
they will be processed.

Traffic patterns in critical areas, such as the operating
suite, labor and delivery rooms, nurseries, laboratories, and
pharmacies, may not be easy to alter to meet these infection
prevention requirements. In such circumstances, the con-
struction crew may need to work during off hours and on
weekends. If infection prevention requirements still cannot
be met, some areas may need to relocated or closed
temporarily.

Storage Areas
During construction, basic principles of infection prevention
still apply. Thus, clinical areas must maintain appropriate
storage areas, which may be difficult, because the allotted
space may be small or may lack essential features. Before
construction begins, infection prevention personnel should
help the staff identify the locations in which they will store
equipment and supplies. Temporary storage areas should allow
staff to do the following:

• Easily monitor the supplies (e.g., look at expiration dates)
• Store sterile supplies and equipment away from soiled

items (separate clean and dirty areas must be maintained)
• Store clean or sterile supplies at an appropriate distance

from sinks to prevent the supplies from becoming wet
• Store contaminated wastes in a designated dirty area

outside of direct patient-care areas
• Move items without placing them on the floor (have

adequate work space)

In addition, the temporary storage space should be clean,
have adequate temperature and humidity control, and should
be free of insects and rodents.

An outbreak of 4 surgical and burn wound infections that
occurred when a large tertiary-care hospital renovated its
central inventory control area illustrates the importance of
storing supplies properly during construction.22

The investigators identified several Aspergillus species on
the outside of packages of materials from the main floor of
Inventory Control: on bags of intravenous preparations, the
outsides of sterile paper wrappers, and storage bins in the
pharmacy, which was adjacent to the area under construction;
and on the outsides of packages containing burn dressings,
elastic adhesive, Elastoplast (Beiersdorf AG), gloves, and dis-
posable scissors that were stored on the burn unit and in the
intensive care unit. The investigators postulated that the
supply boxes were contaminated during construction.
The outside of the packages became contaminated when the
boxes were opened, and the fungus was inoculated directly
into the patients’ wounds when the packages were torn open
during dressing changes.53

Final Check
After the project is completed, the area should be inspected to
ensure that all requirements have been met. In some organiza-
tions, infection prevention personnel may be consulted to
verify the following steps have been taken:

1. Check the location of soap, alcohol-based hand hygiene
products, towel dispensers, the sharps disposal container,
and the wastebasket. Aesthetics must be challenged if they
don’t support infection prevention best practices.

2. Check all areas to ensure that the appropriate flooring,
ceiling tiles, and wall finishes have been installed.

3. Check all procedure rooms, kitchens, and utility rooms to
ensure that they have the appropriate washable flooring
and splash guards on sinks.

4. Inspect water faucets to ensure that they do not have
aerators.

5. Check pressure and drainage in the water system.
6. Have personnel from maintenance or housekeeping run all

faucets the day before patients occupy the unit to decrease
the risk of infection from Legionella species.

7. Evaluate the direction of airflow in negative air pressure
rooms and ensure that the air pressure monitors are placed
and functioning properly.

8. Review theHVAC balance reports to ensure that the system
meets the specification.

In sensitive areas, such as a bone marrow transplant unit or
operating rooms, air sampling can be performed with an air
sampling device, such as the SAS compact air sampler (PBI
International), to check for contaminated air. Alternatively,
sampling can be done by placing settle plates in various areas
throughout the room for 30 minutes to 1 hour while the
ventilation system is running and the room is vacant.
The door should be closed and taped shut, so that persons do
not enter the room while the settle plates are in place. If the
ventilation system is running properly, the settle plates should
be negative for pathogenic microbial growth.44

Cost of Construction-Related Infection
Control Measures
There is no rule of thumb to determine the cost of the ICRA
and the infection prevention measures. Douglas Erickson,
a fellow of the American Society for Healthcare Engineering,
estimated that when the ICRA was first introduced, costs per
contract increased by 25 percent, but by last year this figure was
down to 5 percent. He noted recently that some contractors
were reporting that these measures actually reduced costs
because they increased the pace of the project and prevented
delays (D. Erickson, personal communication).

The most accurate way to determine the cost of infection
prevention measures is to add the cost of all the components
(i.e., the barriers, the HEPA-filtered negative- airflow
machines, vacuums, “walk-off” mats, modifications to the
HVAC system, cleaning of the work zone and surrounding
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areas, monitoring of air pressure, and protective attire). Other
costs to consider are special methods needed to minimize
noise, vibration, and dust. For example, chipping masonry by
hand rather than with a rotary hammer will take more time but
will protect nearby patients from excessive noise and vibration.
Generally, infection prevention precautions for large projects
are best priced on the basis of a fixed set-up cost (i.e., the cost of
barriers and duct work) plus the cost per day (i.e., the daily cost
of renting negative-airflow machines, maintaining barriers,
cleaning work zones, and replacing “walk-off” mats).
The longer the project takes, the greater the cost. However,
the cost of a project cannot be compared to the cost of
a potentially fatal healthcare-acquired infection or the reputa-
tional cost that may ensue should infections occur and become
public news.

Infection prevention precautions can make otherwise sim-
ple projects, such as carpet replacement and installing electri-
cal wiring, more complicated and costly. For example, a project
to replace 35,000 square feet (3,252 m2) of flooring at the
authors’ hospital was bid at $ 147,000 without infection pre-
vention measures and $ 180,000 once infection prevention
precautions were included. The infection prevention measures
added $ 33,000 to the cost of the project, which was about $ 1
extra per square foot, or an increase of 22 percent over the cost
of conventional carpet replacement. At Barnes-Jewish Hospital
(St. Louis, Missouri), a carpet replacement project on the bone
marrow transplant unit was bid without taking infection pre-
vention precautions into account. Fortunately, the project was
discussed with the infection preventionist, and, after looking at
all of the costs and options, staff decided to install new carpet
over the old carpet. When the unit is renovated in the future,
the patients will be moved and both layers of carpet can be
removed safely.

Conclusion
Construction and renovation projects pose special challenges
for infection prevention personnel. In many hospitals, they are
the only clinical staff members who assist in all construction
and renovation projects. We would encourage infection pre-
vention personnel to be involved in all phases of these projects
to avert outbreaks of infection and to ensure that newly con-
structed or renovated areas allow staff to follow good infection
prevention practices. We would also encourage infection pre-
vention personnel to maintain good relationships with the
architects, contractors, facility maintenance personnel, and
others involved in construction and renovation of healthcare
facilities so that together they can ensure that the area is safe
and well designed.

We think the role of infection prevention personnel in
these projects will increase as the clinical complexity of hospi-
talized patients and the proportion with immunosuppression
increase at the same time that hospitals are required to
decrease their budgets drastically and regulatory and accredit-
ing agencies are increasing the number of infection prevention
guidelines. Infection prevention aspects of construction and
renovation projects require large amounts of time and hard
work.Wewould argue that the time and energy invested before
and during the project will save hours of time, huge sums of
money, and the lives of patients and healthcare workers after
the project is finished.

Acknowledgments
We recognize Sherry A. David, RN, BS, CIC, and Jose
A. Fernandez, RA, and Loreen A. Herwald, MD for their
contributions to this chapter in earlier editions of this
textbook.

References
1. Streifel AJ, Lauer JL, Vesley B, Juni B,

Rhame FS. Aspergillus fumigatus and
other thermotolerant fungi generated
by hospital building demolition.
Appl Environ Microbiol
1983;46:375–378.

2. Association for Professionals in
Infection Control and Epidemiology
(APIC). Infection Prevention Manual
for Construction and Renovation,
2015. 1st ed. Washington, DC;
2015:2–3.

3. Facilities Guidelines Institute 2014
Guidelines for Design and Construction of
Hospitals and Outpatient Facilities. 2014
ed. Chicago, Ill., FGI; 2014. Available at:
www.fgiguidelines.org/guidelines2014
_HOP.php.

4. Mermel LA, Josephson S, Giorgio C,
et al. Association of legionnaires’ disease
with construction: contamination of
potable water? Infect Control Hosp
Epidemiol. 1995;16:76–91.

5. Parry MF, Stampleman L,
Hutchinson JH, et al. Waterborne
Legionella bozemanii and nosocomial
pneumonia in immuno-suppressed
patients. Ann Intern Med.
1985;103:205–210.

6. Thacker SB, Bennett JV, Tsai TF, et al.
An outbreak in 1965 of severe
respiratory illness caused by
legionnaires’ disease bacterium. J Infect
Dis. 1978;138:512–519.

7. Haley CE, Cohen ML, Halter J, et al.
Nosocomial legionnaire’s disease:
a continuing common-source epidemic
at Wadsworth Medical Center. Ann
Intern Med. 1979;90:583–586.

8. Kistemann T, Huneburg H, Exner M,
Vacata V, Engelhart S. Role of increased
environmental aspergillus exposure for
patients with chronic obstructive
pulmonary disease (COPD) treated with
corticosteroids in an intensive care unit.
Int J Hyg Environ Health.
2002;204:347–351.

9. Oren I, Haddad N, Finkelstein R,
Rowe JM. Invasive pulmonary
aspergillosis in neutropenic
patients during hospital construction:
before and after chemoprophylaxis
and institutions of HEPA filters.
Am J Hematol. 2001;66(4):
257–262.

10. Bryce EA, Walker M, Scharf S, et al.
An outbreak of cutaneous aspergillosis
in a tertiary-care hospital. Infect
Control Hosp Epidemiol.
1996;17:170–172.

11. Lueg EA, Ballagh RH, Forte V. Analysis
of the recent cluster of invasive fungal
sinusitis at the Toronto Hospital for
Sick Children. J Otolaryngol.
1996;25:366–370.

12. Loo VG, Bertrand C, Dixon C, et al.
Control of construction-associated
nosocomial aspergillosis in an
antiquated hematology unit. Infect
Control Hosp Epidemiol.
1996;17:360–364.

Loie Ruhl Couch, Loreen A. Herwaldt, and Linda L. Dickey

408



13. Sessa A, Meroni M, Battini G, et al.
Nosocomial outbreak of Aspergillus
fumigatus infection among patients in
a renal unit? Nephrol Dial Transplant.
1996;11:1322–1324.

14. Alvarez M, Lopez Ponga B, Raon C,
et al. Nosocomial outbreak caused
by Scedosporium prolificans
(inflatum): four fatal cases of leukemic
patients. J Clin Microbiol. 1995;33:
3290–3295.

15. Berg R. Nosocomial aspergillosis
during hospital remodel. In: Soule BM,
Larson EL, Preston GA, eds. Infections
and Nursing Practice: Prevention and
Control. St. Louis: Mosby; 1995:
271–274.

16. American Health Consultants.
Aspergillosis: a deadly dust may be in
the wind during renovations. Hosp
Infect Control. 1995;22:125–126.

17. American Health Consultants.
Construction breaches tied to bone
marrow infections. Hosp Infect Control.
1995;22:130–131.

18. Iwen PC, Davis JC, Reed EC, et al.
Airborne fungal spore monitoring in
a protective environment during
construction and correlation with an
outbreak of invasive aspergillosis. Infect
Control Hosp Epidemiol.
1994;15:303–306.

19. Gerson SL, Parker P, Jacobs MR, et al.
Aspergillosis due to carpet
contamination. Infect Control Hosp
Epidemiol. 1994; 15:221–223.

20. Flynn PM, Williams BG,
Hethrington SV, Williams BF,
Giannini MA, Pearson TA. Aspergillus
terreus during hospital renovation
[letter]. Infect Control Hosp Epidemiol.
1993;14: 363–365.

21. Dewhurst AG, Cooper MJ, Khan SM,
et al. Invasive aspergillosis in
immunosuppressed patients: potential
hazard of hospital building work. BMJ
1990;301:802–804.

22. Jackson L, Klotz SA, Normand RE.
A pseudoepidemic of Sporothrix
cyanescens pneumonia occurring
during renovation of a bronchoscopy
suite. J Med Vet Mycol. 1990;28:
455–459.

23. Hospital Infection Control. APIC
coverage: dust from construction site
carries pathogen into unit. Hosp Infect
Control. 1990;17:73.

24. Humphreys H, Johnson EM,
Warnock DW, Willats SM, Winter RJ,
Speller DC. An outbreak of
aspergillosis in a general intensive
therapy unit. J Hosp Infect.
1991;18:167–168.

25. Barnes RA, Rogers TR. Control of an
outbreak of nosocomial aspergillosis by
laminar air-flow isolation. J Hosp Infect.
1989; 14:89–94.

26. Weems JJ, David, BJ, Tablan OC, et al.
Construction activity: an independent
risk factor for invasive aspergillosis and
zygomycosis in patients with
hematologic malignancy. Infection
Control 1987;8:71–75.

27. Perraud M, Piens MA, Nicoloyannis N,
Girard P, Sepetjan M, Garin JP.
Invasive nosocomial pulmonary
aspergillosis: risk factors and hospital
building works. Epidemiol Infect.
1987;99:407–412.

28. Opal SM, Asp AA, Cannady PB Jr,
Morse PL, Burton LJ, Hammer PG II.
Efficacy of infection control measures
during a nosocomial outbreak of
disseminated aspergillosis associated
with hospital construction. J Infect Dis.
1986;153:634–637.

29. Krasinski K, Holzman RS, Hanna B,
Greco MA, Graff M, Bhogal M.
Nosocomial fungal infection during
hospital renovation. Infect Control.
1985;6(7):278–282.

30. Grossman ME, Fithian EC, Behrens C,
et al. Primary cutaneous aspergillosis in
six leukemic children. J Am Acad
Dermatol. 1985;12(2 part 1):313–318.

31. Sarubbi FA, Kopf HB,WilsonMB, et al.
Increased recovery of Aspergillus flavus
from respiratory specimens during
hospital construction. Am Rev Respir
Dis. 1982;125:31–38.

32. Lentino JR, Rosenkranz MA,
Michaels JA, Kurup VP, Rose HD,
Rytel MW. Nosocomial aspergillosis:
a retrospective review of air-borne
disease secondary to road construction
and contaminated air conditioners. Am
J Epidemiol. 1982;116:430–437.

33. Arnow PM, Sadigh M, Costas C, et al.
Endemic and epidemic aspergillosis
associated with in-hospital replication
of aspergillus organisms. J Infect Dis.
1991;164:998–1002.

34. Aisner J, Schimpff S, Bennett J, et al.
Aspergillus infections in cancer
patients. JAMA. 1976;235:411–412.

35. Centers for Disease Control and
Prevention. Infectious Disease Society
of America, American Society of Blood
and Marrow Transplantation.
Guidelines for preventing
opportunistic infections among
hematopoietic stem cell transplant
recipients. MMWR Recomm Rep.
2000;49(RR-10):1–125.

36. Miscellaneous gram-negative bacilli. In:
Murray PR, Rosenthal KS,

Kobayashi GS, Pfaller MA. Medical
Microbiology. 4th ed. St. Louis: Mosby;
2002:325–333.

37. American Society of Heating,
Refrigerating and Air-Conditioning
Engineers (ASHRAE). Minimizing the
Risk of Legionellosis Associated with
Building Water Systems. ASHRAE
Guideline 12–2000. Atlanta, GA:
ASHRAE; 2000. Available at: www
.ashrae.org/publications/page/1285.
Accessed September 16, 2009.

38. Opportunistic mycoses. In: Murray PR,
Rosenthal KS, Kobayashi GS,
Pfaller MA. Medical Microbiology. 4th
ed. St. Louis: Mosby; 2002:664–672.

39. Fox BC, Chamberlin L, Kulich P, et al.
Heavy contamination of operating
room air by Penicillium species:
identification of the source and
attempts at decontamination. Am
J Infect Control. 1990;18:300–306.

40. D’Andrea C, New York City
Department of Health and Mental
Hygiene Bureau of Environmental and
Occupational Disease and
Epidemiology. Guidelines on Assessment
and Remediation of Fungi in Indoor
Environments. New York: 2000:1–17.

41. Centers for Disease Control and
Prevention (CDC), Health- care
Infection Control Practices Advisory
Committee. Guide- lines for
environmental infection control in
healthcare facilities: recommendations
of CDC and the Healthcare Infection
Control Practices Advisory Committee
(HICPAC). MMWR Recomm Rep.
2003;52(RR-10):1–44.

42. The Joint Commission. Comprehensive
Accreditation Manual for Hospitals:
The Official Handbook. Chicago:
The Joint Commission;2015.

43. Streifel A. Healthcare IAQ guidance for
infection control. HPAC Engineering.
2000;72(Apr-May):28–36.

44. Soule BM, ed. The APIC Curriculum for
Infection Control Practice, Vol II.
Dubuque, Ia.: Kendall/Hunt
Publishing; 1983.

45. Neill HM. Isolation-room ventilation
critical to control disease. Health Facil
Manage. 1992;5:30–38.

46. Langley JM, Hanakowski M,
Bortolussi R. Demand for isolation beds
in a pediatric hospital. Am J Infect
Control. 1994;22: 207–211.

47. Centers for Disease Control and
Prevention. Guidelines for preventing
the transmission of Mycobacterium
tuberculosis in health care facilities,
1994. MMWR Recomm Rep. 1994; 43
(RR-13):1–132.

Infection Prevention in Design, Renovation, and Construction

409



48. Boyce JM, Pittet D, Healthcare Infection
Control Practices Advisory Committee,
HICPAC/SHEA/APIC/IDSA Hand
Hygiene Task Force. Guideline for hand
hygiene in healthcare settings.MMWR
Recomm Rep. 2002;51(RR-16):1–45.

49. US Department of Health and Human
Services (DHHS), National Institute for
National Safety and Health (NIOSH).
Selecting, evaluating and using sharps
disposal containers. DHHS (NIOSH)
publication 97–111. Cincinnati, OH:
NIOSH; 1998.

50. Madden CS. Environmental
considerations in critical care interiors.
Crit Care Nurs Q. 1991;14(1):43–49.

51. Opal SM, Asp AA, Cannady PB Jr,
Morse PL, Burton LJ, Hammer PG II.

Efficacy of infection control measures
during a nosocomial outbreak of
disseminated aspergillosis associated
with hospital construction. J Infect Dis.
1986; 153:634–637.

52. Fitch H. Hospital and industry can
benefit by sharing contamination
control knowledge. Clean Rooms.
1993;7:8–9.

53. Bryce EA, Walker M, Scharf S, et al.
An outbreak of cutaneous
aspergillosis in a tertiary-care hospital.
Infect Control Hosp Epidemiol.
1996;17:170–172.

54. Downs P. Infection control expert
hosted by local architecture,
engineering firms. CNR News 2003.
Available at: www.stlconstruction.com.

55. Haiduven D. Nosocomial aspergillosis
and building construction. Med Mycol.
2009;47(Suppl 1):S1–S6.

56. Noskin GA, Peterson LR. Engineering
infection control through facility
design. Emerg Infect Dis.
2001;7:354–357

57. Lin S, Schranz, J, Teutsch S.
Aspergillosos case-fatality rate:
systemic review of the literature.
Clinical Infectious Diseases
2001;32:358–366.

58. FEMA brochure, Dealing with Mold
& Mildew in Your Flood Damaged
Home. Available at:www.fema.gov/pdf
/rebuild/recover/fema_mold_broch
ure_english.pdf.

Loie Ruhl Couch, Loreen A. Herwaldt, and Linda L. Dickey

410



Chapter

30
Regulatory Issues Concerning Healthcare
Epidemiology and Infection Prevention
Stephen Weber, MD, and Pranavi Sreeramoju, MD

Introduction
With a growing appreciation of the toll and seriousness of
healthcare-associated infections (HAI), key stakeholders have
demanded a more strict and prescriptive approach to regulating
the prevention and management of infections that complicate
healthcare. As a result, there has been a growing degree of
regulatory activism on the part of policy makers that has slowly
but inexorably raised expectations for infection prevention lea-
ders. Healthcare epidemiologists and infection prevention profes-
sionals find themselves in the challenging situation of advocating
for patients and evidence-based practice while simultaneously
navigating an increasingly complex regulatory landscape.

Leading an effective and compliant infection prevention pro-
gram presents a series of complicated and sometimes conflicting
questions to even themost seasoned expert.What are the federal,
state, and local regulations and policies with which the program
must be compliant? What are the reporting requirements for
HAI, notifiable conditions, clusters, outbreaks, and sentinel
events? How does performance with respect to processes and
outcomes affect the likelihood for financial penalties and incen-
tives in pay-for-performance and value-based programs? In the
sections that follow, we discuss the history and background of
infection prevention policies and introduce major policy makers
to provide context for the sometimes arcane and overlapping
alphabet soup of authorities with which the infection prevention
provider must be familiar. In the subsequent section, we discuss
how these different agencies and programs affect the work of
hospital-based infection prevention, specifically expectations
around accreditation compliance and site visits, public reporting,
and progressively more rigorous performance standards. These
sections are followed by a discussion of future trends in infection
prevention policy and a discussion of advocacy and how health-
care epidemiologists and infection prevention professionals can
and should contribute to the discourse that shapes policy.

For the most part, the discussion will focus on policies and
practices in the United States, while recognizing that standards
and expectations vary considerably in Europe and other parts
of the world. Furthermore, in that so much of the regulatory
activism around HAI has up until recently focused on acute
care hospitals, the chapter similarly adopts this emphasis.

History: The Origins of Infection Prevention
Regulation
The regulations and statutes around the prevention and man-
agement of HAI have a long history rooted in public health law,

consumer protection, and healthcare regulation and oversight.
One basic expectation of government and policy is to prevent
undue and avoidable harm to individuals. That communicable
disease represents one such harm is well established in case law
and policy across most western societies. Historically, the pre-
mium placed on preventing contagion among citizens has been
valued so highly that policy makers have favored interrupting
transmission over expectations of freedom of movement and
congregation. Examples of this include the approach to quar-
antine; whether in the context of medieval ships arriving in
port to more contemporary examples of pathogens such as
measles, smallpox, and most recently Ebola.

Analogous expectations to prevent infection are similarly
placed on both public and private entities licensed by govern-
ment to conduct business with the public. Food safety laws,
whether applied at the level of producer, wholesaler, retailer,
preparer, or server have been powerful motivators for
improved methods and standards in service to consumers in
both the United States and much of the developed world.
While challenges in execution and enforcement persist, the
precedent stands that individuals have a reasonable expecta-
tion to be protected from illness originating in the food they eat
and the products and services they purchase.

With these established precedents in mind, it may be
surprising to consider that prevention of HAI and multidrug-
resistant organisms (MDRO) has emerged as a focus for
regulators and lawmakers only in the past several decades.
Of course, this contemporary focus reflects the relatively
recent appreciation of the scope and consequences of these
frequently morbid infections. A similarly recent understand-
ing that many of these infections are preventable has further
enabled contemporary activism.

The approach to regulating infection prevention has grown
somewhat organically and reactively in the US through
a variety of federal, state, or local sources and mechanisms.
As a result, HAI regulations have at times left the practicing
healthcare epidemiologist and infection prevention profes-
sional to reconcile an array of recommendations, standards,
and laws that frequently vary among locales. The Centers for
Disease Control and Prevention (CDC) has emerged with
a primary charge around public health at the national level in
the US and now is at the center of supporting innovative
practice and policies for preventing HAI and MDRO.
The Joint Commission (TJC) now has a principal enforcement
arm in holding providers to rigorous standards as defined by
the Centers for Medicare and Medicaid Services (CMS).
The substantial impact that TJC, CMS, and other federal
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agencies have on infection prevention practice will be dis-
cussed at length later in the chapter.

Beginning in the early 2000s, legislators at the state and
local level became active in regulating and setting policies
around infection prevention. This was in part prompted by
the visibility given to HAI risks articulated by the media and
patient advocacy groups, also discussed later in the chapter.
Much of this early state legislative activity focused on transpar-
ency around the frequency of HAI and MDRO infections.

Finally, policymakers have continued to increase the pres-
sure with measures that directly link provider reimbursement
with performance in reducing HAI. With the Deficit Reduction
Act of 2005, the first financial penalties were applied to hospitals
that failed to prevent specific conditions that were not present or
detected at the time of hospital admission. These pay-for-
performance measures have proliferated and are a key driver
as the US healthcare system moves from a model of reimburse-
ment for volume to one that rewards value.

Oversight: Governmental and Related
Agencies with Regulatory Authority

Overview
The healthcare epidemiologist and infection prevention pro-
fessional must interact with a large number of government
agencies and other nongovernmental entities on an ongoing
basis. That said, the interface with these outside organizations
is shared with multiple other institutional departments such as
government affairs, regulatory compliance, risk management,
human resources, finance, laboratory, occupational health,
pharmacy, equipment and device sterilization and processing,
and nutrition and food services. It is important that hospital-
based infection prevention leaders establish and sustain
a collaborative relationship with colleagues and leaders from
these departments in order to ensure that the overall approach
to the extramural agencies described below is coherent and
integrated. These entities are introduced here and discussed in
greater detail later in the section.

The Department of Health andHuman Services (HHS) is the
principal US governmental agency for protecting the health of all
Americans and is the primary federal agency that affects infection
prevention policy and practice. HHS oversees a broad portfolio
related to human health: research, public health, food and drug
safety, and reimbursement and regulations for federal insurance
programs (including Medicare and Medicaid).1 Key agencies
within the HHS are the CDC, CMS, the Food and Drug
Administration (FDA), the Agency for Healthcare Research
and Quality (AHRQ), the National Institutes of Health (NIH),
and the Health Resource Service Administration (HRSA).
Occasionally, the Office of Inspector General (OIG) within
HHS may influence the work of a healthcare epidemiologist
through requests for information on how threats to public policy
are addressed and integrity of billing and compliance as it relates
to healthcare quality.

In addition to HHS, infection prevention leaders should
become familiar with a number of other departments within

the US government including the Department of Labor,
which protects the health of the workforce including health-
care workers through the Occupational Safety and Health
Administration (OSHA) and the Department of Veterans
Affairs, which is responsible for the health and wellness of
veterans of the USmilitary services. The regulations and expec-
tations of other federal agencies may occasionally come to bear
on the leaders of infection prevention in specific circum-
stances. For example, the Environmental Protection Agency
(EPA) is responsible for examining disinfectants used in
healthcare, and the Department of Transportation governed
the transportation of regulated medical waste during the Ebola
epidemic in the US.

The official written record of all US federal statutes is the
United States Code (USC).2 The Code of Federal Regulations
(CFR) is an annual codification of the general and permanent
rules published in the Federal Register by the executive depart-
ments and agencies of the federal government.3 Title 42 in USC
or CFR is applicable to public health and welfare, and most
regulations applicable to infection prevention are contained in
this title.

The enforcement of federal policies and expectations around
infection prevention is supported by the activities of a number of
nongovernmental agencies, principal among them being TJC
(formerly the Joint Commission for the Accreditation of
Healthcare Organizations). CMS has authorized “deeming
authority” to such groups and in doing so has assigned to
them the responsibility for ensuring that US healthcare organi-
zations maintain high standards of clinical care and operations
that are in accord with CMS expectations. Maintenance of
a favorable accreditation status is a condition for receipt of
reimbursement from CMS and is therefore essential to the
successful operation of any acute care facility.

In the following section, the specific roles and activities of
these key agencies are examined in greater detail. In addition,
an extensive list of these and other relevant agencies is pro-
vided in Table 30.1.

The Centers for Disease Control and Prevention
(CDC)
Although the CDC does not have direct regulatory or enfor-
cing authority on healthcare facilities and practice, there is
a general expectation that CDC guidance be applied in the
care of patients and in clinical operations in the US.
Ultimately, it is CDC guidelines that drive regulations and
accreditation standards around infection control as enforced
by agencies such as CMS and TJC. The CDC also develops and
employs surveillance definitions for HAI and MDRO, as well
as approaches to outbreak investigation and control, public
health preparedness regarding bioterrorism, communicable
diseases such as tuberculosis and influenza, and pandemic
infectious diseases and emerging pathogens such as H1N1
influenza, Ebola, Middle East Respiratory Syndrome (MERS)
and Zika virus. Much of this work is articulated and codified
by the CDC’s Healthcare Infection Control Practices
Advisory Committee (HICPAC).

Stephen Weber and Pranavi Sreeramoju
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Accrediting agencies generally expect hospitals and provi-
ders to incorporate CDC guidelines (e.g., hand hygiene, MDRO
control, isolation precautions, and bloodborne pathogen expo-
sure prevention) and National Health Safety Network (NHSN)
surveillance definitions into local policies within healthcare
systems and explain deviations from the CDC guidance where
they exist. The CDC has influence with state and local public
health departments; with whom the healthcare epidemiologist
should establish positive working relationships.4

In addition, the CDC also has several initiatives to improve
the health of the public, including the antimicrobial steward-
ship core elements for acute care hospitals and nursing homes
and the 6/18 Initiative targeting six common and costly health
conditions (including HAI) with 18 proven specific interven-
tions. Familiarity with these initiatives may help in program
planning to advance the infection prevention policies and
practices of a hospital or healthcare system.

The Centers for Medicare and Medicaid Services
(CMS)
Much of the authority and influence of CMS is leveraged by the
agency’s oversight of reimbursement for Medicare and
Medicaid programs through its 10 regional offices. The regio-
nal offices maintain close working relationships with state
health departments. Ultimately, in the case of a CMS site
visit, it is frequently surveyors from the state agency who arrive
to conduct the formal accreditation visit.

CMS develops “Conditions of Participation (CoP)” and
“Conditions for Coverage,” which are minimum health and
safety standards that healthcare organizations must meet in
order to be CMS-certified and receive reimbursement. CMS
also maintains standards for infection prevention and control
in hospitals, ambulatory surgical centers, long-term care facil-
ities, and home care agencies and enforces compliance with
these as conditions for payment. An Infection Control
Condition citation can risk a hospital’s CMS standing and/or
closure to new patient admissions, a possibility that carries
considerable implications even for financially sound organiza-
tions. Recently, CMS proposed a major revision, a CoP for
Infection Prevention and Control and Antimicrobial
Stewardship for acute care hospitals, as well as an Infection
Control CoP for long-term care facilities. The updates to the
CMS regulations are published in the Federal Register and on
the CMS website.5

CMS may grant deeming status to accrediting organiza-
tions as long as they have and enforce standards that meet the
federal CoP. TJC remains the most recognizable accrediting
agency in the US and is discussed in the following section.
Others with deeming authority include the American
Osteopathic Association’s Healthcare Facilities Accreditation
Program and National Integrated Accreditation for Healthcare
Organizations, the Center for Improvement in Healthcare
Quality and the accreditation program of Det Norske Veritas
Healthcare, which is the first accrediting agency to integrate
the International Organization for Standards’ ISO 9001 quality
management system standards with CMS CoP.

In addition to accreditation and compliance with best
practices through the CoP, CMS makes policies to govern
mandatory reporting, public reporting, and financial reimbur-
sement rules under its inpatient prospective payment system
(IPPS). From time to time, CMS also announces Request for
Proposals for innovation projects and administers government
programs such as the state 1115 waiver program (also called
the Delivery System Reform Incentive Payment [DSRIP] pro-
gram) that offer opportunities to voluntarily undertake large-
scale transformation projects related to quality improvement.

The Joint Commission (TJC)
TJC is an independent, not-for-profit organization founded in
1951. It evaluates, accredits, and certifies more than 20,500
healthcare organizations and programs in the United States.
TJC sets specific standards for infection prevention and con-
trol. The standards are revised and published annually in the
Comprehensive Accreditation Manual for Hospitals, which
can be purchased in paper or electronic format.6 The infection
prevention and control team must be familiar with the stan-
dards and collaborate with other hospital departments to
adjust policies and procedures in an ongoing manner.
Standards impacting the infection prevention and control pro-
gram are not limited to the section designated “Infection
Prevention and Control.” Sections on patient rights, informa-
tion management, environment, emergency management, lea-
dership, and others often involve infection prevention and
control program activities.

TJC established the National Patient Safety Goals in 2002
to stimulate organizational improvement activities for the
most pressing patient safety issues. The National Patient
Safety Goals are updated at least once annually by TJC and
include specific patient safety indicators and requirements
that are typically later incorporated into Infection Control
Standards. Many of the goals have impact on the infection
prevention and control program, such as those pertaining to
hand hygiene compliance and the prevention of device-
associated infections, infections with MDRO, and surgical
site infections.

Occupational Safety and Health Administration
(OSHA)
OSHA is the federal agency authorized to conduct workplace
inspections in order to determine whether employers are com-
plying with the agency’s safety and health standards.
The General Duty Clause of the Occupational Safety and
Health Act of 1970 requires that employers provide every
worker with a safe and healthful workplace. OSHA may
adopt a specific standard or regulation, such as the
Bloodborne Pathogens standard, on which it bases all its
inspections and enforcement actions. OSHA also has the
authority to inspect work sites for occupational risks of tuber-
culosis. All standards are easily accessed from the OSHA
Internet site.7 Additional details are discussed under the sec-
tion on OSHA survey.
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State Government and Public Health Departments
The state administrative code is a compilation of all state
agency rules passed by the state legislature. The applicable
state rules and regulations vary widely from state to state and
are published in the State Register. The agencies, including
state health departments, that pass these rules are responsible
for enforcing them. Rules applicable to infection prevention
may include mandatory state reporting of HAI, notifiable
conditions, healthcare worker vaccinations, rules governing
informed consent prior to obtaining specimens from
a person who was a source of bloodborne pathogen exposure,
and detention of a person who could potentially be a source of
communicable disease. For example, California has recently
mandated antimicrobial stewardship programs in hospitals,
while many other states compel active surveillance for
methicillin-resistant Staphylococcus aureus (MRSA) and other
MDRO.

State rules also govern building codes that inform infection
prevention practices in healthcare facilities (e.g., minimum
number of air changes per hour in specially engineered areas
like airborne infective isolation rooms) as well as infection
control pre-construction risk assessment before renovation,
remodeling or new hospital construction.

Local Departments of Public Health
The infection prevention department often serves as the liaison
between the health system and local public health authorities.
Applicable federal and state public health requirements are
usually channeled via the local public health department.
The relationships between the local and the state department
of health are variable, and the infection prevention leader is
advised to learn the relationship between these entities.

Interested Parties: Other Key Stakeholders
in Shaping Infection Prevention Policy
While a clear understanding of the key federal and state poli-
cies and policymakers is essential, this knowledge alone does
not offer a full perspective on just how policies come into
being. Ultimately, the regulations that govern infection pre-
vention practices are the result of a complex interplay between
scientific knowledge, clinical experience, politics, and advo-
cacy. It is essential to understand this environment and the
context fromwhich these policies and regulations emerge, both
in order to appreciate the nuance and intent of expectations,
and also to allow for meaningful engagement in influencing
future policy (see end of this chapter). A good starting point in
this understanding is a review of some of the other key stake-
holders in the process.

Over the past 20 years, the role of grassroots patient advo-
cacy groups in the development of new policies related to
infection prevention has grown significantly. Often, these
efforts are prompted by the personal experience of a single
individual or groups of individuals who have been affected by
the specific infection. For example, a group that has been
highly visible in advocating for more aggressive control

strategies for MRSA in the US has been the MRSA Survivor’s
Network. Recently, social media has facilitated the efforts for
such movements.

Over the past several years, such grassroots activism has
been accelerated through more formal organization and sup-
port from regional and national advocacy groups.
The distinction between consumer and patient advocacy has
been blurred with respect to the crisis of HAI. Chief among
these organizations is the Consumer’s Union (CU). Founded
in 1936 with a primary focus on product safety and consumer
rights, the CU became involved in HAI through their Safe
Patient Project.8 This initiative aims to help patients find the
highest-quality healthcare by promoting disclosure of infec-
tion rates and harm events. Through high profile awareness
programs, direct activism with policy makers and by mobiliz-
ing and energizing a broad base of consumer support, CU has
emerged as an important influence on US infection prevention
policies and regulations.

A sometimes-uncomfortable reality of policy making in
healthcare is the interposition of commercial interests in the
development of policy and regulations. While much of the
sometimes critical attention at the interface of commerce and
care delivery has been focused on large pharmaceutical com-
panies and device manufacturers, there is a growing number of
service, industrial, and engineering firms that specialize in
developing products that intend to support the work of pre-
vention of HAI and MDRO. There are numerous examples
including manufacturers and distributors of disinfectants, tex-
tiles, screening assays, and devices to reduce the risk of cross-
contamination. In addition, as the financial impact of poor
performance in infection prevention is magnified, a cottage
industry of consultants and advisors has become available to
health system leaders.

On balance, the commercial sector has helped produce
some of the pioneering tools to innovate and advance the
cause of eliminating HAI and MDRO. However, with the real
pressures of sustaining a financial margin, in service to share-
holders in the case of publicly held companies, there is also
a pressing motivation to drive returns and ultimately increase
market share. One of the most powerful shortcuts to these
objectives is the enactment of public policy or regulations
that compel the use of a particular product or specific practice
that in essence creates instant market leadership. For products
or firms at the vanguard of technology or innovation, and
especially where intellectual property laws protect the technol-
ogy, the windfall can be extraordinary. Investments in lobbying
and political activism correspond to these interests.

Understanding this influence of industry on policy and
practice renders it especially important for healthcare epide-
miologists to carefully manage relationships with commercial
entities and to ensure that real or perceived conflicts of interest
are handled both cautiously and transparently. Gifts, favors,
and promotions, while ostensibly aligned to the common goals
of safety and improved outcomes, should be avoided diligently.
Failure to do so damages credibility and may ultimately stand
as a barrier to the adoption of rational and evidence-based
practices.
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Of course, the impact of commercial interests on the
US healthcare system goes far beyond those who manufacture
drugs and technology. Indeed, with at least 18 percent of the
US gross domestic product spent on healthcare, the focus of
nearly every industry is on reducing healthcare costs as
a means of improving the bottom line. In some cases, such as
for the commercial insurance industry, the challenge is direct.
Reimbursement reform has pressured insurance companies to
not only become more efficient and effective but also to recon-
sider their entire business model. In some ways, the distinction
between provider and payer organizations has blurred. Part
and parcel of this have been changes to contracting that puts
more pressure on delivering value by reducing expenses while
improving outcomes. A patient readmitted for HAI is enor-
mously costly to an insurance provider. In risk-based contract-
ing, this expense is passed on to the provider, and ultimately
the infection prevention team to ensure that such events are
rare.

This concern for expense applies not only to payers, but
also to those who pay the payers. Large employers who main-
tain insurance plans for their employees demand the best
return on their investment. Incorporating high expectations
for performance can be the difference between a profitable and
an unsuccessful quarter for even the largest industrial entities.
It was for this reason that a number of large employers have
collaborated to support and sustain the Leapfrog Group,
a well-recognized arbiter of expectations and ratings of health-
care providers.9 With so much at stake, that both insurance
providers and large employers are among the strongest advo-
cates for improved quality in healthcare comes as no surprise.

Practically speaking, there is a final, but often forgotten,
group of stakeholders that strongly influence infection preven-
tion regulations, and indeed all of public policy. It is essential
for those who wish to shape and influence infection prevention
policy to appreciate the important role played by the personal
priorities and perspective of individual policy makers and their
teams. In their efforts to advance their individual agenda and
aspirations, politicians, legislators, their appointees, and aides
endeavor to identify issues that resonate with their constitu-
encies. They gravitate to personal stories and experiences, from
their own lives or those that they represent, that can drive
a narrative of concern, responsiveness, and activism. They
are influenced by the experience of their peers, often informed
bymeetings of national and regional societies of legislators and
legislative aides. In this environment, HAI and MDRO pre-
vention has emerged as a hot topic in many jurisdictions. With
so much at stake, and with so many regulatory agencies and
powerful interests aligned to drive high performance in infec-
tion prevention, it is important to consider how these pressures
and expectations impact the day-to-day work of hospital-based
infection prevention.

The Impact of Public Policy on the Work
of Hospital-Based Infection Prevention
There exists a set of foundational activities that serves as the
basis of an effective infection prevention program, including

but not limited to hand hygiene promotion, other transmission
control programs, and occupational health and safety and
training and education. It is these practices and policies,
adhered to with high reliability by trained providers, that are
most tightly governed and scrutinized by regulations and pub-
lic health policy. With this in mind, the role of the accredita-
tion survey or site visit, when these procedures and standards
are closely examined, assumes special significance and serves
as the most tangible interface between practice and regulations
for most hospitals and health systems. In this section we will
focus on preparation and readiness for surveys and site visits.
First, a general approach is introduced. Then, specific observa-
tions about the survey practices and expectations for specific
groups are discussed. This section ends with a discussion of the
impact of regulation on a variety of infection prevention activ-
ities outside of the context of an accreditation visit, including
surveillance and performance improvement.

General Approach to Surveys and Site Visits
The best way to prepare for any regulatory survey is to fully
understand the rules and regulations, include these elements in
annual and ongoing infection control risk assessment and
plans, and to implement them regardless of whether a survey
is imminent. Having an active program of “continual readi-
ness” greatly reduces the sometimes frenetic just-in-time pre-
paration that marks such visits at too many hospitals and
health systems. Generally, every health system has a depart-
ment and personnel that oversee regulatory activities and con-
tinual readiness for site visits. It is helpful for the infection
prevention leader to maintain an active relationship with this
department in order to stay informed about the full spectrum
of regulatory activities in the organization. It is also helpful to
maintain a strong collaborative relationship with departments
such as environmental services, occupational health, sterile
processing, kitchen and nutrition services, and antimicrobial
stewardship programs because a violation in any of these could
potentially be cited directly under infection control. Reviewing
previous survey findings for the health system or comparable
health systems is helpful for shaping continual readiness
efforts.

For any site visit or survey, the infection prevention pro-
gram documentation and the minutes and records of the
organization’s infection control committee need to reflect
that the program encompasses all areas of the health system,
that all key stakeholders are engaged and providing input into
policies, that there is follow through on all issues identified,
that the health system leadership is fully engaged and suppor-
tive, and that the infection prevention department has
the necessary resources for the responsibilities assigned.
Examples of infection prevention practices the surveyors
would observe and evaluate are hand hygiene, appropriate
use of personal protective equipment (PPE), appropriate sto-
rage and disinfection and/or sterilization of medical
equipment, vaccination of staff and licensed independent prac-
titioners, management of infected employees and patients who
are potentially contagious, and preparedness for an influx of
potentially infectious patients, including coordination with the
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community and the communications plan. Hand hygiene stan-
dards are frequently difficult to meet and document. In addi-
tion to reviewing policies and data, surveyors will tour patient
care areas to identify episodes of noncompliance. If personnel
are observed to omit appropriate hand hygiene practices, then
the surveyor may score the hospital as noncompliant with that
element. Although this seems like a simple issue, this is one of
the more common citations. The surveyors take a similar
approach to proper use of PPE. The best approach is to have
a program that evaluates and promotes appropriate hand
hygiene and proper use of PPE on a continuous basis.
A continuous monitoring process should include some “secret
shopper” observers who are unlikely to be recognized by
employees.

It is important that infection prevention leaders highlight
their best projects to the surveyors even if there were no
directly related questions. Accrediting agencies require the
hospital to follow its own policies. Therefore, infection pre-
vention policies need to be practical and implementable.
The surveyors also focus on how infection prevention require-
ments are disseminated throughout the organization, and they
may call on frontline clinicians to ask how they would handle
a particular situation like cleaning up a blood spill or when they
were last screened for tuberculosis. The surveyors also focus on
how healthcare personnel are educated and continually
trained.

Last but not the least, it is helpful to remember that sur-
veyors bring their experiences and personalities with them.
They spend a great deal of time away from home and fre-
quently endure stressful, even hostile, situations. Courtesy
and hospitality will create a good working environment.
Most surveyors appreciate time at the end of the day to sum-
marize their work and begin written reports. Meetings and
tours should begin on time. Committee minutes and policies
should be organized and easy to access. Presentations should
be concise and given by knowledgeable individuals.

CMS Survey
Although CMS confers “deeming authority” to accrediting
agencies and accepts their accreditation recommendations, it
will conduct inspections in hospitals for a variety of reasons.
Random validation surveys are carried out in 5 percent of
organizations after an accrediting agency (e.g., TJC) survey.
These are full, comprehensive surveys that may involve many
surveyors and can last a full week, depending on the size of the
facility.

State surveyors will conduct a full survey if a hospital does
not participate in a survey of an accrediting agency, “for cause”
as a follow-up on a complaint to CMS or the state, or before
restoring full licensure and/or certification if the hospital has
lost them following any survey. A partial survey is done as
a follow-up to complaint investigations and focuses on specific
standard(s).

The key to preparation is being familiar with the Infection
Control Conditions and Standards and ensuring that all
aspects of the condition are accounted for in the written pro-
gram of the institution’s infection prevention program.

The Infection Control CoP states that “the hospital must pro-
vide a sanitary environment to avoid sources and transmission
of infections and communicable diseases.” It further specifies
that there must be an active program for the prevention, con-
trol, and investigation of infections and communicable dis-
eases. Policy standards state that an individual must be
designated as infection control officer to develop and imple-
ment policies around infection prevention. There is also
a standard related to responsibilities of the chief executive
officer, medical staff, and director of nursing services that
they must ensure that the hospital-wide quality assurance
program and training programs address problems identified
by the infection control officer or officers, and be responsible
for the implementation of successful corrective action plans in
affected problem areas.

“Interpretive Guidelines” is a guidance document intended
to assist the surveyor. It is immensely helpful for healthcare
epidemiologists and infection prevention departments to serve
as a checklist for preparation and continual readiness for
a CMS survey. It is important to recognize that the expecta-
tions are mostly qualitative or categorical. CMS also requires
linking the Infection Control Standards to the Quality
Assurance and Performance Improvements standards. CMS
puts a great deal of focus on surveyors’ observations as they
move through the facility as well as the documentation, parti-
cularly on any action taken for an identified problem.
Therefore, impressions matter a great deal.

It is helpful to know the CMS regulatory terminology so
that the survey reports are more understandable. For example,
the Infection Control CoP is filed in the CFR under Title 42
(relates to Public Health) Chapter IV (relates to CMS) 482.42
(482 relates to acute care hospitals, and 42 under 482 relates to
infection control). While the CoP represents the entire expec-
tation, specific parts of the condition are called standards.
The CMS term for noncompliance is deficiency, which may
be a condition-level deficiency, a standard-level deficiency, or
immediate jeopardy if there is an immediate threat to health
and safety. Extreme noncompliance in one standard can be
cited as a condition-level deficiency or even immediate jeo-
pardy. Tags are a reference for CoP items in the summary
report of survey completed by the CMS. An A-tag is
a Federal/CMS tag (e.g., A-tags for infection prevention may
be A-0747, A-0749, A-0750, A-0756). An X-tag is a state tag to
identify findings a CMS surveyor may find as a violation of the
State Administrative Code.

Upon meeting the CoP, CMS usually transfers the deeming
authority to TJC, which is discussed in detail in the next
section.

Joint Commission Survey
Surveys for maintaining hospital accreditation are unan-
nounced and occur approximately every three years. The sur-
vey team usually includes a physician, a nurse, and a life safety
code specialist or hospital administrator who has senior man-
agement experience. Prior to the on-site visit, the survey team
reviews multiple sets of information from the institution such
as the data on “core” measures submitted to TJC through its
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ORYX® initiative, interim reports from the hospital based on
the results of the institution’s quality improvement program
and the previous TJC survey, information on the facility’s
programs, and reported sentinel events.

TJC surveyors tour patient care areas to observe compli-
ance with the facility’s policies and procedures, TJC standards
for Infection Control and Antimicrobial Stewardship, and
pertinent National Patient Safety Goals. Surveyors use “patient
tracers” who follow the patient through all of the facility’s care
processes, to assess whether staff understand and follow infec-
tion prevention standards and comply with policies such as
hand hygiene and isolation requirements. Surveyors will
review the annual infection control risk assessment and plan,
and also review medical records and interview patients.
Surveyors tend to prefer measurable goals for the program
and quantitative evaluation annually.

During the “infection control tracer,” which occurs near
the end of the survey, surveyors will interview the infection
prevention staff about issues they have uncovered regarding
employee knowledge or policy and procedure breaches. At the
end of the visit, surveyors meet with the hospital leadership
team to summarize their findings and provide a preliminary
report. TJC has a central committee that issues formal notices
of noncompliance and determines the accreditation status of
the hospital.

In general, surveyors score performance on a standard as
either “compliant” or “not compliant.” Standards are made up
of individual elements of performance, each of which is also
scored. Elements that are not applicable to an institution are
not scored. Each element of performance is scored as an “A”
standard (Yes or No for compliance) or as a “C” standard for
which multiple observations are required for a score of non-
compliance. Some standards require a “measurement of suc-
cess.” Two components are scored for each element of
performance: compliance with the standard and the track
record of compliance. The track record of compliance refers
to the underlying processes and program design that support
performance. Elements of performance may be scored as satis-
factory, partial, or insufficient compliance. Partial or insuffi-
cient compliance will result in a “Requirement for
Improvement” (usually referred to as an “RFI”). Standards
are weighted on the basis of how critical the issue is to the
safety of patients. There are two levels of “criticality”: immedi-
ate impact requirements and less immediate impact
requirements.

Each Requirement for Improvement must be addressed by
submission of “Evidence of Standards Compliance.”
Immediate impact requirements must be addressed within 45
days, whereas less immediate impact requirements must be
addressed within 60 days. Failure to submit an acceptable
Evidence of Standards Compliance within the specified time
frame will lead to an unfavorable accreditation decision.
A second site visit may be required for hospitals that have
a large number of citations or that have citations in highly
critical areas.

Ultimately, TJC will use the information obtained from the
site visit and the organization’s response and corrective actions

to determine which accreditation category the institution should
receive: Accreditation, Preliminary Accreditation, Provisional
Accreditation, Conditional Accreditation, Preliminary Denial
of Accreditation, or Denial of Accreditation. The decision pro-
cess takes into account the size and complexity of the organiza-
tion and the institution’s response to deficiencies identified by
TJC. If the institution receives aDenial of Accreditation, this will
result in an independent CMS review. TJC does have an appeal
process if the organization disputes the survey findings.

Case Study: Parkland Health and Hospital System,
Dallas, Texas; 2011–2013
Parkland Health and Hospital System in Dallas, Texas is
a public tertiary care academic health system with a 784-bed
hospital with six intensive care units, a busy emergency depart-
ment with 200,000 visits annually, and a level I trauma center.
Physician services are provided by faculty from the University
of Texas Southwestern Medical Center. When the health sys-
tem was surveyed by the CMS in 2011, the health system’s
accreditation had been previously renewed by TJC for three
years in 2010, and there had been no concerning findings
related to infection prevention at that time. Following a “for
cause” survey at Parkland, an unannounced full hospital survey
was conducted on July 11–21, 2011. The hospital was notified
on August 10, 2011, that the conditions in the hospital repre-
sented “Immediate Jeopardy” and placed patients at risk for
severe infection and possibly subsequent death. In the Tag 42
CFR 482.42 Infection Control A747 of the CMS report, the
surveyors stated that infection prevention practices were not
adhered to by physicians, nursing staff, and other personnel.
Specific findings included lack of hand hygiene after use of
gloves, leaving masks hanging on the neck in the perioperative
areas, lack of standardization in operating room attire, perso-
nal food items in the nursing stations, instances of improperly
disposed infectious waste in patient rooms, and trash bagged
but not covered in the transport gondolas. The immediate
jeopardy finding was replaced with a Condition level finding
upon a second survey a month later.

During the month between the two full CMS surveys, the
infection prevention department conducted refresher training
for the entire organization and increased audits for infection
prevention practices. The second full CMS survey was imme-
diately followed by a full TJC survey that identified additional
deficiencies related to Standard # IC.02.02.01 EP 2 and EP 4
that addresses medical equipment, devices and supplies, spe-
cifically related to endoscopes, Ambu bags, and disinfection
protocols.www.hospitalinspections.org/.

Following the results of these surveys, Parkland entered
a “Systems Improvement Agreement” for an 18-month period
from September 30, 2011, to April 30, 2013, with CMS, which
required corrective actions under the oversight of a CMS-
approved third party agency. The corrective action plan
included 499 items, including more than 60 specific to infec-
tion control such as daily hand hygiene audits, monthly audit
of the environment in all clinical areas, monitoring use of
personal protective equipment, and revision of all infection
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prevention policies. In addition, the infection prevention
department used a surveyor decision tool in order to prepare
for the re-survey in 2013. The tool included more than 200
items related to structures and processes, antimicrobial stew-
ardship, occupational health, disinfection and sterilization,
critical care, and procedures.

The full, unannounced CMS survey occurred in June 2013.
During the survey, surveyors identified multiple opportunities
for improvement in the hospital kitchen, such as ineffective
labeling and disposal of expired foods, improper methods of
cooling and maintaining temperatures, and deficiencies in
maintenance of equipment. To restore compliance, infection
preventionists did clinical rounds with dietary services man-
agement daily to help identify areas of improvement, and
offered guidance in an effort to better protect patients, visitors,
and staff from food borne illnesses. Infection preventionists
also became certified food managers. CMS restored deemed
status for Parkland on August 22, 2013 and transferred survey
jurisdiction back to TJC.

Key lessons for hospital-based infection prevention leaders:
1. Visible infection control practices by healthcare personnel
offer a “window” to everything else in the health system. 2.
The experience afforded greater visibility to infection preven-
tion within Parkland and its surrounding region and acceler-
ated implementation of certain infection prevention measures
such as documentation of sterilization and disinfection com-
petencies and healthcare worker vaccinations. 3. The experi-
ence served as a strong reminder of the importance of being
continually ready for a regulatory and accreditation survey and
not allowing complacency after a successful survey.

Occupational Safety and Health Administration
(OSHA) Survey
As OSHA oversees protection of healthcare personnel, the
infection prevention program is expected to weigh in on
infection-related occupational health issues such as respira-
tory protection, tuberculosis screening, prevention of blood-
borne pathogen exposure and postexposure management.
Preparation for an OSHA survey includes checking with the
hospital regulatory and legal departments to understand the
applicability of OSHA standards in the organization and its
employees and licensed independent practitioners. A com-
plete OSHA survey may include review of hazardous chemi-
cals, radiation safety, and hazard notification in addition to
infection-related occupational health items. An OSHA survey
is conducted by its certified safety and health officials
(CSHOs), and the key standards they assess for a hospital
are the respiratory protection and bloodborne pathogen stan-
dards. OSHA holds the employer accountable for maintain-
ing workplace safety. Ideally, a group that includes
representatives from infection prevention, safety, occupa-
tional health, risk management, and administration ensures
compliance with OSHA standards.

The specific OSHA standards are respiratory protection (29
CFR 1910.134; 29 CFR)10; hazard notification (29 CFR
1910.145); record keeping (29 CFR 1910.20), which requires

that facilities allow CSHO access to employee exposure and
medical records; and 29 CFR 1904, which requires a log of
occupational injuries and illnesses, called the “OSHA 300 log.”
OSHA can issue citations under the General Duty clause if the
CSHO can demonstrate that the employer failed to keep the
workplace free of a recognized hazard that was causing, or was
likely to cause, death or serious physical harm and that
a feasible and useful method of abatement existed.

Twenty-four states have state-approved OSHA plans.
These state-level plans must incorporate regulations that are
“at least as effective” (at least as strict) as those set forth by
OSHA at the federal level. It is critical to be knowledgeable of
state and federal differences since many states enact regula-
tions that go beyond federal rules.

If any deficiencies are found during the survey, the area
director of OSHA will send citations and notices of proposed
penalties to the hospital by certified mail. The hospital must
post these citations on or near the areas where the alleged
violations occurred. Penalties vary according to the seriousness
of the violation. The area director may propose substantial
fines for willful or repeated violations of a standard. Both the
hospital and the employees have the right to appeal and should
do so, since this is the expected process OSHA uses for resolu-
tion. Employees may request an informal review if OSHA
decides not to issue a citation and also may contest the time
frame allowed for the hospital to correct the hazardous condi-
tions. If the facility decides to contest a citation, an abatement
period, or a proposed penalty, it must submit a written “Notice
of Contest” to the area director within 15 working days from
the time of the citation. The area director will forward this
notice to the Occupational Safety and Health Review
Commission (which operates independently of OSHA); this
commission will assign the case to an administrative law judge.

Healthcare epidemiologists should develop a cordial work-
ing relationship with their regional or state OSHA.
By understanding the occupational health paradigm, finding
common ground, and promoting dialogue, healthcare facilities
can change a “regulatory burden” into a proactive safety pro-
gram that affects the overall safety culture of an organization.

Regulations Governing Hospital Surveillance for
Infections and MDRO
While expertise in surveillancemethodology is a general expec-
tation for healthcare epidemiologists, regulatory expectations
and policy leave little room for creativity and innovation at the
level of an individual hospital or health system. Public report-
ing and transparency with regulatory agencies compel indivi-
duals and organizations to adopt standardized metrics for
quantifying HAI processes and outcomes. Following surveil-
lance specifications such as case definitions and applicable
populations is essential, and failure to meet these requirements
can result in a notice of deficiency from the mandating agency.
The CMS Hospital Compare website serves as a clearing house
for many infection preventionmeasures, including central-line
associated bloodstream infection (CLABSI), catheter-
associated urinary tract infection (CAUTI) surgical site

Stephen Weber and Pranavi Sreeramoju

422



infection (SSI), and MDRO including Clostridium difficile
infection and MRSA.10

Regulatory agencies require that the NHSN definitions be
used for surveillance of infections even though these criteria
are acknowledged to be imperfect. Other measures often
reported include hand hygiene compliance, healthcare worker
influenza vaccination and care improvement processes such as
timing of perioperative prophylactic antimicrobial agents and
adherence to sepsis care bundle. Process measures like mon-
itoring antimicrobial usage are not yet required at this time,
although it would be worthwhile to become familiar with the
antibiotic use module of the NHSN. Table 30.2 list key metrics
covered by different programs.

Pay-for-Performance and Value-Based Care
Programs
The main financial incentive leveraged by the US federal gov-
ernment through CMS for acute care hospitals is the IPPS.
The overall goal of the IPPS is to improve health, improve care,
and decrease costs. Currently, the components of the IPPS that
include HAI-related quality outcomes and process measures
include: (1) preventable healthcare-acquired conditions
(HAC) not present on admission (POA); (2) excess readmis-
sions; (3) HAC reduction program, excess readmissions;
(3) value-based purchasing (VBP); and (4) inpatient quality
reporting (IQR). Different components of IPPS rules modify
payments to hospitals for providing patient care either upward
(incentive) or downward (penalty). Generally speaking, when
the metrics used for these programs are based on coded data,
the opportunities for improvement are clinical, coding or
documentation, whereas for surveillance-based metrics, the
opportunities are mainly clinical. Several of these measures
are described below.

Preventable HAC Not POA: Under this program, any ICU
patient coded in administrative data as having CLABSI or
CAUTI that was not present on admission will have reimbur-
sement decreased if the code related to CLABSI or CAUTI was
responsible for moving the patient’s reimbursement category
to a higher payment category.

Excess Readmissions: CMS calculates excess readmissions
ratio for each hospital and adjusts payments negatively
based on the amount of excess readmissions. Infections,
including those acquired during prior hospitalization,
have been shown to contribute significantly to the fre-
quency of readmissions. It is important to understand
what proportion of readmissions is caused by an HAI in
one’s hospital.

Healthcare-Associated Condition (HAC) Reduction
Program: Under this program, CMS calculates a HAC score
for each hospital, and any hospital in the worst quartile will
have a reduction in payment. The penalty is 2 percent begin-
ning in 2017. The HAI standardized infection ratio (SIR) per
NHSN data (CLABSI, CAUTI, SSI after abdominal hysterect-
omy and colon surgery, MRSA lab-ID and C. difficile lab-ID) is
weighted 75 percent, and the AHRQ PSI-90 (an aggregate

measure of several “patient safety indicators” including
PSI-13, which is based on coding data for postoperative sepsis)
is weighted 25 percent. There is a 2-year time lag for this
measure, and hospitals are penalized for performance two
years prior to the payment year. The amount of reduction
and the relative weight for individual measures is specified in
the CMS IPPS rule.

Value-Based Purchasing Program:Under this program, CMS
calculates a VBP performance score for each hospital, and the
hospital gets an incentive commensurate with the performance
score. The performance score is based on four domains –
Safety, Clinical Processes and Care Coordination, Patient
Experience, and Efficiency. The score includes points for
good performance, faster rate of improvement, and consis-
tency of performance across all measures. Hospitals are ranked
by VBP performance score and will receive an incentive com-
mensurate with performance score. The measures included in
the safety domain are NHSN SIR for CLABSI, CAUTI, abdom-
inal hysterectomy SSI, colon surgery SSI, MRSA lab-ID and
C. difficile lab-ID, and AHRQ PSI-90. The weight for the safety
domain is 25 percent in FY2018. Beginning in FY2019 for both
HAC Reduction and VBP programs, the reference year for
NHSN SIR will be 2015.

Inpatient Quality Reporting (IQR) Program: The IQR pro-
gram is pay-for-reporting and not pay-for-performance.
As such, hospitals are incentivized for reporting quality data.
At the time of writing, infection metrics affected by this pro-
gram are all the HAI reportable to NHSN, influenza vaccina-
tion among healthcare personnel, and severe sepsis and septic
shock management bundle per chart abstraction.

It is important for the healthcare epidemiologist to
understand the components of these programs related to
HAI in order to maximize performance on these metrics.
It is also useful to learn local exceptions (e.g., the state of
Maryland is exempt from VBP) and presence of other
programs in one’s health system that are driven or affected
financially by CMS (e.g., delivery system reform incentive
payment program also known as the “1115 waiver pro-
gram” for quality transformational initiatives in hospitals
in certain states like California, Texas and New York).
Knowledge of these details helps articulate the value of
infection prevention and the value of the healthcare
epidemiologist.

Policy and Regulatory Implications for the
Environment of Care, Outbreak Control, and
Occupational Health and Safety
Providing a safe environment of care is one of the cornerstone
regulatory practices of infection control programs. This vast
undertaking includes everything from routine heating, ventila-
tion and air conditioning functions to the specialized environ-
ment in procedural areas, and also includes monitoring of
construction sites including new hospital buildings. In many
cases, the regulatory language around providing for a safe
environment of care is somewhat unclear and subject to
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Table 30.2 Key performance measures related to infection prevention and control examined by external agencies in the US
Of note, antimicrobial use reporting via NHSN is proposed for inclusion in CMS pay for reporting and TJC standards at the time of writing this chapter.

Selected metrics with regulatory and
financial implications

Agency Type of policy measure

(NHSN surveillance definitions used unless stated otherwise)

CLABSI in ICUs and select wards CMS Mandatory Reporting, Public Reporting, HAC Reduction Program,
Value-Based Purchasing

TJC National Patient Safety Goals

State Health
Department

Mandatory Reporting, Public Reporting

CAUTI in ICUs CMS Mandatory Reporting, Public Reporting, HAC Reduction Program,
Value-Based Purchasing

TJC National Patient Safety Goals

State Health
Department

Mandatory Reporting, Public Reporting

VCAI (coding data) CMS Preventable HAC, not POA

CAUTI (coding data) CMS Preventable HAC, not POA

SSI-HYST, COLO CMS Mandatory Reporting, Public Reporting, HAC Reduction Program,
Value-Based Purchasing

TJC National Patient Safety Goals

State Health
Department

Mandatory Reporting, Public Reporting

SSI-KPRO, HPRO CMS Mandatory Reporting, Public Reporting

TJC National Patient Safety Goals

State Health
Department

Mandatory Reporting, Public Reporting

SSI-PVBY, AAA, CABG, CEA CMS Mandatory Reporting, Public Reporting

MRSA lab-ID CMS Mandatory Reporting, Public Reporting, HAC Reduction Program,
Value-Based Purchasing

TJC National Patient Safety Goals

CDI lab-ID CMS Mandatory Reporting, Public Reporting, HAC Reduction Program,
Value-Based Purchasing

TJC National Patient Safety Goals

Severe sepsis and septic shock management
bundle
(coding and chart review data)

CMS Pay for Reporting

Post-op sepsis PSI-13 (coding data) CMS Mandatory Reporting, Public Reporting

Peri-operative antibiotics, SCIP-urinary
catheter
(coding and chart review data)

CMS Mandatory Reporting, Public Reporting

HCW influenza vaccination CMS Mandatory Reporting, Public Reporting

Patient influenza vaccination at discharge
(chart review data)

CMS Mandatory Reporting, Public Reporting

HCAHPS – environment and hand hygiene
(Press Ganey survey)

CMS Mandatory Reporting, Public Reporting
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broad interpretation. One example is the need for air sampling
in the absence of an outbreak or epidemic. In addition, regula-
tions require that the infection control committee provide
approval for hospital disinfectants. Monitoring thoroughness
of room cleaning, although not directly mandated, is necessary
to monitor the environment of care.

From a regulatory standpoint, for outbreak investigation
and control, the hospital is required to have a policy stating the
authority for infection control and a high-level overview of the
approach that will be used. Quarantine laws apply for isolation
for tuberculosis. For emerging pathogens, guidance is usually
evolving. In these situations, consulting risk management and
legal experts may be necessary.

Future Trends in the Regulatory
Management of Infection Prevention

Regulating Mandatory Practices
When the earlier edition of this chapter was written, the issue
of legislative mandates of specific infection prevention prac-
tices was timely, in light of a series of measures related to
mandatory screening for MRSA. The ensuing years have pro-
vided an opportunity to reflect not only on the impact of such
legislation but also to examine how this approach has been
modified and applied since that time, with one example being
influenza vaccination for healthcare workers. In doing so, one
can still ask the question if regulating mandatory practices is
generally acceptable, or whether the merit of such a mandate is
largely determined by the specific nature of the practice itself.

In the large natural experiment regarding the application of
mandatory MRSA screening laws, the outcome has not been
conclusive and is subject to considerable interpretation.
Publically reported infection rates remain high, and the burden
of disease on individual patients is almost immeasurable.
These results are confounded by insufficient information
about the manner in which the “mandated” practices have
actually been followed, the impact of widespread use of anti-
microbial agents with activity against MRSA as empirical ther-
apy, inadequate and unvalidated data about potential harms as
a result of the new laws and disagreement about the optimal
means by which to measure success.

Taken together, this experience fails to answer the question of
the efficacy of mandatory MRSA screening. Skeptics argue that
the expense of executing this mandate outweighs any measurable
benefit and likely draws resources away from other interventions.
Advocates counter by arguing that inefficiencies and a lack of
rigor and commitment in application likely contributed to the
unsatisfactory outcome. While this debate is not easily settled, it
does point out the hazards of this approach in that without
proper support and consensus, such questions will remain after
the application of anymandatory practice.

Regulating Staffing, Structures, and Expertise
One approach to avoid some of the issues around mandating
specific practices is to instead adopt expectations regarding
staffing or structure. In general, this approach is thought to

establish a minimal standard for organizational expertise in
support of infection prevention while preserving the capacity
for local risk assessment and targeted resource allocation.
Originally, this approach was proposed to apply to establishing
a minimum number of infection prevention providers per
acute care hospital bed. This position, while endorsed by pro-
fessional societies and some advocacy groups, has been largely
rejected in practice owing to cost concerns, practicality, as well
as a lack of clear evidence to justify these thresholds. Largely
viewed as a compromise to this approach, but also reflecting
the increasing awareness of the infection risk across the care
continuum, accreditation standards have been established for
multiple settings of care, compelling various committee struc-
tures and designations to ensure some degree of local authority
over infection prevention. However, time spent at multiple
healthcare facilities governed by these standards demonstrates
the uneven nature with which these less rigorous standards are
applied.

Over the past several years, antimicrobial stewardship has
been highlighted as a crucial element of a comprehensive infec-
tion prevention strategy.11 As a result, the establishment of
stewardship programs in acute care hospitals, long-term care
facilities, and even in the ambulatory setting has been strongly
and persuasively championed by multiple stakeholders and
experts.

But even when mandating promising and widely touted
practices such as antimicrobial stewardship, the devil, as in
all regulatory matters, is in the details. Fundamental questions
about the nature and activities of an effective stewardship
program have not been rigorously tested and defined. What
activities constitute an active program: surveillance, reporting,
interventions? Of available interventions (such as pre-
approval, pharmacy substitution, consultation), which work
best in which settings? How will the effectiveness of such
programs, once mandated, be assessed? Even the question of
who is qualified to lead an antimicrobial stewardship program
is not resolved.

The uncertainty around defining qualified leadership of
antimicrobial stewardship programs simultaneously highlights
another potential policy lever for strengthening the infrastruc-
ture of infection prevention and healthcare epidemiology in
the US and other jurisdictions. At present, with the exception
of a modest number of states and local jurisdiction (most
notably California), there are almost no established standards
or qualifications of training or experience to establish an indi-
vidual’s expertise in infection prevention and healthcare epi-
demiology. In the case of physician leaders, this heterogeneity
is in part a result of supply. There are simply not a sufficient
number of individuals who have completed dedicated training
in these disciplines.

Pay-for-Performance and Reimbursement
Pressures
While strictly speaking not the product of specific regulatory
activity targeting HAI, the proliferation of incentives for value-
based reimbursement can have an impact oninfection
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prevention practice. When considering the future of infection
prevention policy making, it is important to acknowledge the
extent to which such measures and initiatives are apt to pro-
liferate in the future. In principle, the premise of aligning
reimbursement with outcomes should be attractive to clini-
cians and healthcare organizations. That said, the more wide-
spread adoption of these measures as a primary tool for
protecting patients and reducing infections has been limited
by the validity of available measures, challenges in risk adjust-
ment, and other technical challenges.

As reporting standards became more evidence based (most
notably through the proliferation of the CDC’s NHSN), related
metrics have become more standardized. This in turn has
allowed for a more rigorous and broad application of expecta-
tions for providers. Payers and providers alike will be aligned
to promote the development of even more sophisticated mea-
sures that best reflect variations in care across an increasingly
integrated delivery system. Infection prevention professionals
and healthcare epidemiologists should be at the vanguard of
this movement and progress.

Advocacy for Rational Public Policy in
Infection Prevention
Much of this chapter has focused on how the healthcare
epidemiologist and infection prevention professional can
best respond to the policy and regulatory pressures.
However, the relationship between policy and practice need
not be one-directional, and experts in the field need not
passively accept and acquiesce to the expectations of other
powerful stakeholders.

In this final section, we introduce strategies and activities
through which the infection prevention provider can take
a more active role in influencing both existing and proposed
public policy and regulation. While some may protest that
their day jobs are busy enough, the question is whether
practicing providers can afford to play such a minor role in
shaping the policies and expectations that have a tremendous
impact.

Organizational Policies and Practices as a Model
US Supreme Court Justice Louis Brandeis highlighted that all
US states can serve as “laboratories of democracy,” providing
valuable experience and evidence that should influence the
application of specific strategies and tactics at a broader level.
In much the same way, innovation and dissemination of the
work of institutional-level infection prevention and control are
absolutely essential to driving future policy and practice.
Virtually every impactful piece of infection prevention policy
and regulation had its roots in the experience and practice of
individual providers, programs, and organizations.

The work of infection prevention providers at the level of
individual healthcare facilities can be amplified beyond just the
protection of patients under their direct care. Rather, where
innovation is applied to develop an effective new practice,
technique, or approach, it is incumbent on local experts to
assess performance rigorously and to disseminate the results

and findings more broadly. Even outside the context of
a controlled investigation, methods should be described and
applied in a standardized fashion, meaningful metrics should
be employed, and conclusions should be drawn from the
experience should be appropriate.

No matter the results of the intervention (effective or not),
the experience should be shared with other providers. Such
knowledge transfer need not be restricted to national scientific
meetings, but can occur in local roundtables, professional
gatherings, and even informal discussions with peers. When
executed in this manner, innovation follows a natural path
from the provider at the bedside to sophisticated scrutiny in
a controlled research environment. For those practices with
broad application and implications, then and only then could
consideration be given to embedding innovations into broader
practice through policies and regulations.

Leveraging Organization Resources
In addition to leading by example through the development
and deployment of innovative new methods and approaches,
the practicing healthcare epidemiologist and infection pre-
vention professional has other means at their disposal to
influence policy in the context of their existing organizational
responsibilities.

As discussed, effective performance in preventing HAI and
stopping the spread of MDRO is increasingly aligned with the
financial incentives of healthcare organizations, and especially
acute care hospitals. Governmental pay-for-performance mea-
sures, public reporting requirements, and performance incen-
tives or penalties built into commercial payer contracts all
compel hospitals and other providers to ensure that perfor-
mance in HAI prevention is optimized.

While this linkage might be most important for “making
the business case” for infection prevention and ensuring that
appropriate internal resources are marshaled in support of this
work, there is a reciprocal arrangement that should be acti-
vated and developed. Specifically, hospitals and health systems,
through their investments in government affairs, managed
care relationships and public relations programs, have an
opportunity to influence and shape the local and national
discourse on HAI control policy and regulations. Infection
prevention professionals should encourage this type of orga-
nizational engagement.

Engaging through Professional Societies
Professional societies play an important role in the practice of
infection prevention and healthcare epidemiology. Through
development and publication of practice guidelines, organi-
zation of national meetings at which ideas and innovation are
spread and support for the professional development of indi-
viduals in our fields, organizations such as the Society
for Healthcare Epidemiology of America (SHEA), the
Association for Professionals in Infection Control (APIC),
and others have proven vital to the advancement of knowl-
edge and practice in infection prevention and healthcare
epidemiology.

Stephen Weber and Pranavi Sreeramoju

426



Individual Activism
Having discussed the influence that healthcare epidemiologists
and infection prevention professionals have through their
work, their institution and professional societies, this section
and chapter ends with the individual actions available to all
readers to shape future US infection prevention policy. These
individual actions, absent the need for specific affiliations or
positions, are ultimately at the root of effective legislation and
regulation in a democratic society.

Political activism offers a range of opportunities to shape
policy. The ultimate incentive for political figures and the
individuals that they employ is the opportunity for election
and re-election. Individually, each action may seem quite small
and potentially not very influential; however when matched
with similar activities across the entire constituency, the effect
can be substantial and may significantly influence policy.

At all levels, politicians and policymakers aim to be acces-
sible to the concerns and issues of those that they represent.
Staffers and indeed entire offices are established in order to
manage “constituent relations.” It is difficult, if not impossible,
to quantify the specific influence and weight that comes from
outreach through communication with the office of congress-
man, state legislators, and even municipal council measures.
Those who have experience in organizing successful commu-
nication campaigns offer the following points of advice when
reaching out to political figures and policy makers:

1. Reach out in as personal a style and method manner as
possible. Most legislators make themselves available
through public forums and more intimate settings for
conversations with the individuals they represent. Where

that is not possible, written outreach can also have an
impact.

2. Requests should be personalized and tell a story. In this
space, personal and patient stories and experience can be
powerful motivators of action.

3. Target outreach to the individuals who represent you
where you vote. While it is tempting to reach out to
committee chairs and other legislative leaders, the
relationship between elected official and voter is a direct
one that should be developed and fostered as a means of
influencing policy.

4. It is also a good idea to reach out to hospital
government affairs professionals and/or professional
society public policy officers before preparing to meet
elected officials or their staff, as they may have helpful
additional helpful advice and perspective, including
knowledge of the personal preferences and outlook of
key elected officials.

The chapter closes with perhaps the most idealistic
option available to those who wish to shape policy. Engage
in the election process. Understand the issues and select
candidates on the basis of the themes already discussed,
even if you do not plan to provide any support other than
your vote. In doing so, don’t be reluctant to share your
opinion with other voters. Infection prevention profes-
sionals and healthcare epidemiologists are often opinion
leaders in their social circle and peer groups. Given the
importance of these issues not just to our profession but
also to our patients, we should not be reluctant to take
a public stand on matters.
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