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�e �eld of infectious diseases is ever changing with emerging pathogens, 
globalization of people and microbes, escalating antimicrobial resistance, 
increasing cohorts of children living with immunocompromising con-
ditions, novel diagnostic methods, expanding therapeutic options, and 
continuous development of vaccines and strategies for implementation. 
As the conditions on the ground become increasingly complex, so do the 
roles of infectious diseases experts. On a micro-level, we are entrusted 
to plan the approach to an individual patient with a potentially previ-
ously undescribed infection, while on a macro-level we are challenged 
to expand the �eld’s knowledge, educate others, and steward the public’s 
health.

Our goal is to provide a comprehensive, reliable, up-to-date reference 
focused on evidence-based, practical information that is required to care 
for neonates, infants, children, and adolescents with any infectious dis-
ease. We aim to guide the clinician to understand the problem, diagnose 
the etiology, and e�ectively manage the patient to optimize outcome. Our 
scope also includes strategies for prevention and control of infectious dis-
eases and for antimicrobial stewardship that will aid in the management 
of individual patients and will provide a basis for policy development for 
institutions. Features permeating the sixth edition include direct links to 
the referenced primary medical literature in your eBook and addresses 
for web-based resources, such as to access updates of guidelines, to obtain 
a restricted therapeutic agent, or to access an expert to aid in manage-
ment of a rare disease. We have substantially expanded the use of tables, 
�gures, image-illustrated cases, scan- and slide-ready graphics and algo-
rithms, and Key Points boxes to optimize rapid visual access to important 
information.

We have engaged subject-speci�c experts to author all chapters and have 
imposed a prescribed, predictable, and focused format that will reliably 
reward the reader with answers to the question, what should I do next? 
With a substantial number of authors from the Centers for Disease Con-
trol and Prevention, the American Academy of Pediatrics’ Committee on 
Infectious Diseases and the Section on Infectious Diseases, the Pediatric 
Infectious Diseases Society, and infection prevention advisory groups, 
we have attempted to present consistent recommendations and to build a 
compendium of best practices. Examples of new content are highlighted 
here, within the context of the four major sections of the book.

Part I. Understanding, Controlling, and Preventing Infectious Diseas-
es: a primer in biostatistics; expanded use of immunoglobulin products; 
latest vaccine recommendations and schedules for immunizations for 
healthy and special hosts, and adverse event–reporting systems; listings 
of resources in electronic, telephone, and paper media; up-to-date recom-
mendations for infection prevention and control for hospitals and o�ces; 
special considerations for children who are in out-of-home care, are ex-
posed to pets and exotic animals, or who are traveling or immigrating.

Part II. Clinical Syndromes and Cardinal Features of Infectious Dis-
eases: Approach to Diagnosis and Initial Management: new content on 
conditions that mimic infectious diseases (such as hemophagocytic lym-
phohistiocytosis, macrophage activation syndrome, and SARS-CoV-2 
related conditions and vaccine adverse events); developmental stages of 
innate and adaptive immunity; recognition and management of infec-
tions and risks due to congenital and acquired immunocompromising 
conditions; expanded chapters on infections related to receipt of biologic 
response modi�er therapy and corticosteroids; expanded content on cen-
tral nervous system infectious and parainfectious conditions; a new chap-
ter on maternal chorioamnionitis and its perinatal impact; new morbidi-
ties and evidence-based approaches to preventing healthcare-associated 
infections.

Part III. Etiologic Agents of Infectious Diseases: signi�cant new entries 
related to molecular and metagenomic diagnostics, antimicrobial resis-
tance, and therapies for bacterial infections, especially infections due to 
staphylococci, pneumococci, gonococci, mycobacteria, and gram-nega-
tive bacilli; SARS-CoV-2 and Zika viruses, new antiviral therapies, new 
vaccines, and some under development; evidence and guidance where 
evidence is incomplete for use and monitoring of agents to treat fungal 
infections; comprehensive and latest guidance for management of proto-
zoal infections, including toxoplasmosis, malaria, and other pathogens 
of immigrants.

Part IV. Laboratory Diagnosis and �erapy of Infectious Diseases: 
through the burgeoning world of molecular diagnostics, the best tests for 
laboratory identi�cation of infectious agents; di�erentiating features of 
commonly used laboratory tests to measure the in�ammatory response 
and predict the cause; new insights into principles of use of anti-infective 
therapies; expanded primer on the pharmacodynamic basis of optimal 
use of antimicrobial agents; mechanisms and best laboratory techniques to 
detect newly emerging antimicrobial resistance; new antimicrobial agents 
for treating bacterial, fungal, viral, and parasitic infections.

�e primary audience for our textbook is the subspecialist in infectious 
diseases who provides care for or advises on policy regarding infants, 
children, and adolescents. We hope that our book also serves as a daily 
“consultant” for pediatricians and family physicians and a valuable 
resource for surgeons, clinical microbiologists, experts in infection con-
trol, health policy makers, and other health professionals who care for 
and about children.

Sarah S. Long
Charles G. Prober

Marc Fischer
David W. Kimberlin

Preface
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PART

 I
Understanding, Controlling, and Preventing Infectious Diseases

SECTION A: Epidemiology and Control of Infectious Diseases

Epidemiology is the study of the distribution and determinants of disease 
or other health-related states or events in speci�ed populations and the 
application of this study to the control of health problems.1 A key com-
ponent of this de�nition is that epidemiology focuses on populations, 
an emphasis that distinguishes epidemiology from clinical case studies, 
which focus on individual subjects.

Health events can be characterized by their distribution (descriptive 
epidemiology) and by factors that in�uence their occurrence (analytic 
epidemiology). In both descriptive and analytic epidemiology, health-
related questions are addressed using quantitative methods to identify 
patterns or associations from which inferences can be drawn and inter-
ventions developed, applied, and assessed.

DESCRIPTIVE EPIDEMIOLOGY

Surveillance

�e goals of descriptive epidemiology are to de�ne the frequency of 
health-related events and determine their distribution by person, place, 
and time. �e foundation of descriptive epidemiology is surveillance, or 
case detection. Retrospective surveillance identi�es health events from 
existing data, such as clinical or laboratory records, hospital discharge 
data, and death certi�cates. Prospective surveillance identi�es and col-
lects information about cases as they occur, for example, through ongoing 
laboratory-based reporting.

With passive surveillance, case reports are supplied voluntarily by clini-
cians, laboratories, health departments, or other sources. �e complete-
ness and accuracy of passive reporting are a�ected by whether reporting 
is legally mandated, the ease of establishing a de�nitive diagnosis for the 
disease under surveillance, illness severity, interest in and awareness of 
the medical condition among the public and the medical community, and 
by whether a report will elicit a public health response. Because more 
severe illness is more likely to be diagnosed and reported, the severity 
and clinical spectrum of passively reported cases o�en di�er from those 
of all cases of an illness. Weekly and annual state counts of passively 
collected reports of nationally noti�able diseases are available on the 
National Noti�able Diseases System (NNDSS) Data and Statistics web 
page (https://wwwn.cdc.gov/nndss/data-and-statistics.html).

In active surveillance, an e�ort is made to ascertain all cases of a condi-
tion occurring in a de�ned population. Active case �nding can be pro-
spective (through routine contacts with reporting sources), retrospective 
(through record audit), or both. Population-based active surveillance, in 
which all cases in a de�ned geographic area are identi�ed and reported, 
provides the most complete and unbiased ascertainment of disease and is 
optimal for describing the rate of a disease and its clinical spectrum. By 
contrast, active surveillance conducted at only one or several participat-
ing facilities, o�en referred to as sentinel surveillance, can yield biased 
information on disease frequency or spectrum based on the representa-
tiveness of the patient population and the size of the sample obtained. �e 
range and severity of clinical symptoms also in�uence whether active sur-
veillance is able to ascertain all cases of a disease; individuals with mild 
disease may not present to a physician for diagnosis. 

Case Definition

Establishing a standard case de�nition is a necessary �rst step for sur-
veillance and description of the epidemiology of a disease or health 
event.2 Formulation of a case de�nition is particularly important when 
laboratory diagnostic testing results are not de�nitive. More restric-
tive case de�nitions have greater speci�city and minimize misclassi-
�cation of persons without the condition of interest as cases; however, 
they can exclude true cases and may be most useful when investigating 
a newly recognized condition, in which the ability to determine etiol-
ogy, pathogenesis, or risk factors is decreased by inclusion of noncases 
in the study population. A more inclusive de�nition can be important 
in an outbreak setting to increase sensitivity to detect potential cases 
for further investigation or to inform application of preventive inter-
ventions (e.g., reactive vaccination campaigns). Multiple research or 
public health objectives can be addressed by developing a tiered case 
de�nition that incorporates varying degrees of diagnostic certainty for 
con�rmed, probable, and suspected cases. �e Council of State and Ter-
ritorial Epidemiologists (CSTE) provides uniform surveillance case de�-
nitions for nationally noti�able infectious and noninfectious conditions 
(https://wwwn.cdc.gov/nndss/case-de�nitions.html). 

Sensitivity, Specificity, and Predictive Value

Sensitivity, speci�city, and predictive values can be used to quantify the 
performance of a case de�nition or the results of a diagnostic test or algo-
rithm (Table 1.1). Sensitivity and speci�city are intrinsic measures of a 
case de�nition or diagnostic test, whereas predictive values vary with the 
prevalence of a condition within a population. Even with a highly speci�c 
diagnostic test, if a disease is uncommon among the people tested, a large 
proportion of positive test results will be false positives, and the positive 
predictive value will be low (Table 1.2). If the test is applied more selec-
tively, such that the proportion of people tested who truly have disease 
is greater, the test’s predictive value will be improved. �us, predictive 
values depend both on test sensitivity and speci�city, and on the disease 
prevalence in the population in which the test is applied, also called the 
pre-test probability.

O�en, the sensitivity and speci�city of a test are inversely related. 
Selecting the optimal balance of sensitivity and speci�city depends on the 
purpose for which the test is used. Generally, a screening test should be 
highly sensitive, whereas a follow-up con�rmatory test should be highly 
speci�c. 

Incidence and Prevalence

Characterizing disease frequency is one of the most important aspects of 
descriptive epidemiology. Frequency measures typically include a count 
of new or existing cases of disease as the numerator and a quanti�ca-
tion of the population at risk as the denominator. Cumulative incidence 
is expressed as a proportion and describes the number of new cases of 
an illness occurring in a �xed at-risk population over a speci�ed period 
of time. �e incidence density or incidence rate is the rate of new cases 

1 Principles of Epidemiology and Public Health
Lucy A. McNamara and Stacey W. Martin
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of disease in a dynamic at-risk population; the denominator typically is 
expressed as the population-time at-risk (e.g., person-time).

Because the occurrence of many infections varies with season, extrap-
olating annual incidence from cases detected during a short observation 
period can be inaccurate. In describing the risk of acquiring illness dur-
ing a disease outbreak, the attack rate, de�ned as the number of new cases 
of disease occurring in a speci�ed population and time period, is a useful 
measure. Finally, the case-fatality rate, or proportion of cases of a disease 
that result in death, is used to quantify the mortality resulting from a 
disease in a particular population and time period.

Prevalence refers to the proportion of the population having a con-
dition at a speci�c point in time. As such, it is a better measure of 
disease burden for chronic conditions than is incidence or attack rate, 
which identify only new (incident) cases. Prevalent cases of disease 
can be ascertained in a cross-sectional survey, whereas determining 
incidence requires longitudinal surveillance. When disease prevalence 
(P) is low and incidence (I) and duration (D) are stable, prevalence 
is a function of disease incidence multiplied by its average duration 
(P = I × D). 

Describing Illness by Person, Place, and Time

Characterizing disease by person, place, and time is o�en useful. Demo-
graphic variables, including age, sex, socioeconomic status, and race or 
ethnicity, o�en are associated with the risk of disease. Describing a dis-
ease by place can help de�ne risk groups, for example, when an illness is 
caused by an environmental exposure or is vector borne, or during an 
outbreak with a point source exposure. Time also is a useful descriptor of 
disease occurrence. Evaluating long-term (secular) trends provides infor-
mation that can be used to identify emerging health problems or to assess 

the impact of prevention programs. �e timing of illness in outbreaks can 
be displayed in an epidemic curve (Fig. 1.1) and can be useful in de�n-
ing the mode of transmission or incubation period, or for assessing the 
e�ectiveness of control measures. 

ANALYTIC EPIDEMIOLOGY

Study Design

�e goal of analytic epidemiologic studies is to assess for and quantify 
the association between an exposure and a health outcome. �is goal can 
be addressed in experimental or observational studies. In experimental 
studies, hypotheses are tested by systematically allocating an exposure of 
interest to subjects in separate groups to achieve the desired comparison. 
Such studies include randomized, controlled, double-blind treatment 
trials as well as laboratory experiments. By carefully controlling study 
variables, investigators can restrict di�erences among groups and thereby 
increase the likelihood that the observed di�erences are a consequence 
of the speci�c factor being studied. Because experiments are prospective, 
the temporal sequence of exposure and outcome can be established, mak-
ing it possible to de�ne cause and e�ect.

By contrast, observational studies test hypotheses using observational 
methods to assess exposures and outcomes among individual subjects in 

TABLE 1.2  Positive and Negative Predictive Values for a Hypothetical 

Diagnostic Test Having a Sensitivity of 90% and a Specificity of 90%

Proportion With 

Condition

Positive Predictive 

Value

Negative Predictive 

Value

1% 8% >99%

10% 50% 99%

20% 69% 97%

50% 90% 90%
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FIGURE 1.1. Example of an epidemic curve for a common source outbreak 

with continuous exposure. Cases of hepatitis A by date of onset in Fayetteville, 

Arkansas, from November to December 1979. (From Centers for Disease Control 

and Prevention, unpublished data.)

TABLE 1.1  Definitions and Formulas for the Calculation of Important Epidemiologic Parameters

Measures of test 

accuracy

Sensitivity: Proportion of true positive (diseased) with a 

positive test result

A/(A + C)

Specificity: Proportion of true negative (nondiseased) with a 

negative test result

D/(B + D)

Positive predictive value (PPV): Proportion of positive test 

results that are true positives

A/(A + B)

Negative predictive value (NPV): Proportion of negative test 

results that are true negatives

D/(C + D)

Measures of data 

dispersion and 

precision

Variance: Statistic describing variability among individual 

members of a population
[ ][ )

]

( )

( ) ( )

1 1 1
2

2
2 2

n x x

x x x xn

− − +

− + + −…

Standard deviation (SD): A second, more commonly used 

statistic describing variability among individual members 

of a population

Variance

Standard error (SE): Statistic describing the variability 

of sample-based point estimates (P) around the true 

population value being estimated

SD

√n

Confidence interval: A range of values that is believed to 

contain the true value within a defined level of certainty 

(usually 95%)

—
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populations and to identify statistical associations from which inferences 
regarding causation are drawn. Although observational studies can-
not be controlled to the same degree as experiments, they are practical 
in circumstances in which exposures or behaviors cannot be assigned. 
Moreover, the results o�en are more generalizable to a real population 
having a wide range of attributes. �e 3 basic types of observational stud-
ies are cohort studies, cross-sectional studies, and case-control studies 
(Table 1.3). Hybrid study designs, incorporating components of these 3 
types, also have been developed.3 In planning observational studies, care 
must be taken in the selection of participants to minimize the possibility 
of bias. Selection bias results when study subjects have di�ering prob-
abilities of being selected and the probability of selection is related to the 
risk factors or outcomes under evaluation.

In contrast to experimental or observational studies that analyze infor-
mation about individual subjects, ecologic studies draw inferences from 
data on a population level. Causal inferences from ecologic studies must 
be made with caution because relationships observed on a population 
level do not necessarily apply on the individual level (a problem known 
as the ecologic fallacy). Because of these drawbacks, ecologic studies are 
suited best for generating hypotheses that can be tested using other study 
methods.

Cohort Studies

In a cohort study, subjects are categorized based on their exposure to a 
suspected risk factor and are observed for the development of disease or 
other health-related outcome. Associations between exposure and dis-
ease are expressed by the relative risk of disease, or risk ratio, in exposed 
and unexposed groups (Table 1.4). Cohort studies typically are pro-
spective, with exposure de�ned before disease occurs. However, cohort 
studies also can be retrospective, in which the cohort is selected a�er 
the outcome has occurred. In this case, exposures are determined from 
existing records that preceded the outcome, and thus the directional-
ity of the exposure-disease relationship is still forward. Characterizing 
exposures before development of disease is a major bene�t of cohort 
studies because this approach minimizes selection bias and simpli�es 
inference of cause and e�ect. Another advantage of cohort studies is that 
they can be used to assess multiple potential outcomes resulting from 

an exposure. However, in a cohort study it can be di�cult to investigate 
multiple exposures as risk factors for a single outcome. Cohort studies 
also are impractical for studying rare diseases or conditions with a long 
latent period between exposure and the onset of clinical illness. In gen-
eral, cohort studies are unsuited for investigating risk factors for new or 
rare diseases or for generating new hypotheses about possible exposure-
disease relationships.

Cohort studies provide data not only on whether an outcome occurs 
but also, for those experiencing the outcome, on when it occurs. Analysis 
of time-to-event data for outcomes such as death or illness is a power-
ful approach to assess or compare the impacts of preventive or therapeu-
tic interventions. �e probability of remaining event-free over time can 
be expressed in a survival curve where the event-free probability is ini-
tially 1 and declines in a step-function as the outcomes of interest occur 
(Fig. 1.2A). Time-to-event data also can be displayed as the cumulative 
hazard of an event occurring among members of a cohort that increases 
from 0 at enrollment (Fig. 1.2B). �ese 2 approaches are related in that 
the hazard re�ects the incident event rate, whereas survival re�ects the 
cumulative nonoccurrence of that outcome.4,5 With time-to-event analy-
sis, the association between exposure and disease o�en is expressed as a 
hazard ratio. Like relative risk, the hazard ratio is a comparative measure 
of risk between exposed and unexposed groups. �e primary di�erence 
is that the hazard ratio compares event experience over the entire time 
period, whereas the relative risk compares cumulative event occurrence 
at the study endpoint.6 

Cross-Sectional Studies

In a cross-sectional study, or survey, a sample is selected, and at a single 
point in time exposures and outcome are determined. Outcomes can 
include disease status or behaviors and beliefs, and multiple exposures 
can be evaluated as explanations for the outcome. Associations are char-
acterized by the prevalence ratio, similar to the risk ratio in cohort stud-
ies. Because neither exposures nor outcomes are used in selection of the 
study group, prevalence is an estimate of that in the overall population 
from which the sample was drawn. National survey data characterizing 
health status, behaviors, and medical care are available from the National 
Center for Health Statistics (http://www.cdc.gov/nchs/index.htm). 

TABLE 1.3  Types of Observational Studies and Their Advantages and Disadvantages

Type of Study Design and Characteristics Advantages Disadvantages

Cohort Prospective or retrospective Ideal for outbreak investigations in defined 

populations

Unsuited for rare diseases or those with 

long latency

Select study group Prospective design ensures that exposure 

preceded disease

Expensive

Observe for exposures and disease Selection of study group is unbiased by 

knowledge of disease status

Can require long follow-up periods

Outcome measures used: Relative risk (RR) or 

hazard ratio (HR) of disease given exposure

RR and HR accurately describe risk given 

an exposure

Difficult to investigate multiple exposures

Cross-sectional Nondirectional Rapid, easy to perform, and inexpensive Timing of exposure and disease can be 

difficult to determine

Select study group Ideal to determine knowledge, attitudes, 

and behaviors

Biases can affect recall of past exposures

Determine exposure and disease status

Outcome measures used: Prevalence ratio for 

disease given exposure

Case-control Retrospective Rapid, easy to perform, and inexpensive Timing of exposure and disease can be 

difficult to determine

Identify cases with disease Ideal for studying rare diseases, those with 

long latency, new diseases

Biases can occur in selecting cases and 

controls and determining exposures

Identify controls without disease OR only provides an estimate of the RR if 

disease is rare

Determine exposures in cases and controls

Outcome measures used: Odds ratio (OR) for 

an exposure given disease

http://www.cdc.gov/nchs/index.htm
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Case-Control Studies

In a case-control study, the investigator identi�es a group of people with a 
disease or outcome of interest (cases) and compares their exposures with 
those in a selected group of people who do not have disease (controls). 
Di�erences between the groups are expressed by an odds ratio, which 
compares the odds of an exposure in case and control groups (Table 1.4). 
�e odds ratio is not the same as a risk ratio; however, it provides an 
estimate of the risk ratio if the disease or outcome in question is rare. 
Case-control studies are retrospective in that disease status is known and 
serves as the basis for selecting the 2 comparison groups; exposures are 
then determined by reviewing available records or by interview.

A major advantage of case-control studies is their e�ciency in study-
ing uncommon diseases or diseases with a long latency. Case-control 
studies also can evaluate multiple exposures that may contribute to a 
single outcome; study subjects frequently can be identi�ed from existing 
sources (e.g., hospital or laboratory records, disease registries, or surveil-
lance reports), and a�er identi�cation of suitable control subjects, data 
on previous exposures can be collected rapidly. Case-control studies also 
have several drawbacks. Bias can be introduced during selection of cases 
and controls and in determining exposures retrospectively, and inferring 
causation from statistically signi�cant associations can in some situations 
be complicated by di�culty in determining the temporal sequence of 
exposure and disease. 

Causal Inference and the Impact of Bias

�e impact of potential bias is particularly important in observational 
studies. �e validity of a study is the degree to which inferences drawn 
from a study are warranted. Internal validity refers to the correctness of 
study conclusions for the population from which the study sample was 
drawn, whereas external validity refers to the extent to which the study 
results can be generalized beyond the population sampled. �e validity of 
a study can be a�ected by bias, or systematic error, in selecting the study 
participants (sampling), in ascertaining their exposures, or in analyzing 
and interpreting study data. For errors to result in bias, they must be sys-
tematic, or directional. Nonsystematic error (random misclassi�cation) 
decreases the ability of a study to identify a true association but does not 
usually result in detection of a spurious association.

Several sources of bias can occur in selection of study participants 
(Box 1.1).7 Diagnosis bias results when persons with a given exposure are 
more likely to be diagnosed as having disease than are people without 
the exposure (or vice versa); this can occur because diagnostic testing 
is more or less likely to be done based on exposure or because the inter-
pretation of a test may be a�ected by knowledge of exposure status. For 

hospital-based studies, di�erential referral also can bias selection of a 
study sample. �is bias would occur if, for example, the frequency of an 
exposure varied with socioeconomic status and a hospital predominantly 
admitted persons from either a high-income group or a low-income 
group. Bias also can occur when eligible subjects refuse to participate in 
a study.

Determination of exposures can also be a�ected by several types of 
bias. Recall of exposures can be di�erent for persons who have had an 
illness compared with people who were well. �is bias occurs in either 
direction: patients may be more likely to remember an exposure that 
they associate with their illness (e.g., what was eaten before an episode 
of diarrhea) or less likely to recall an exposure if a severe illness a�ected 
memory. Interviewers can introduce bias by questioning cases and con-
trols di�erently about their exposures. Misclassi�cation of exposures can 
also result from errors in measurement such as can occur with the use of 
an inaccurate laboratory test. Although systematic misclassi�cation can 
result in bias, misclassi�cation of exposure o�en is random rather than 
systematic.

Even a carefully designed study that minimizes potential biases can 
lead to erroneous causal inferences. An exposure can falsely appear to be 
associated with disease because it is closely linked to the true, but unde-
termined, risk factor. For example, race o�en is found to be associated 
with the risk of a disease, but in many instances the true risk factor is 
likely an unmeasured variable that is associated with race, such as socio-
economic status. �e risk of making incorrect inferences can be mini-
mized by considering certain general criteria for establishing causation. 
�ese criteria include the strength of an association, the presence of a 
dose-response e�ect, a clear temporal sequence of exposure to disease, 
the consistency of �ndings with those of other studies, and the biologic 
plausibility of the hypothesis.8 

Statistical Analysis

Characteristics of Populations and Samples

While epidemiologic analysis seeks to draw valid conclusions about popu-
lations, the entire population rarely is included in a study. An assumption 
underlying statistical analysis is that the sample evaluated was selected 
randomly from the population. O�en, this criterion is not met and calls 
into question the appropriateness and interpretation of statistical analyses.

�e mean, median, and mode describe central values for samples and 
populations. �e arithmetic mean is the average, determined by sum-
ming individual values and dividing by the sample size. When data are 
not normally distributed, or skewed, calculation of a geometric mean can 
limit the impact of outlying values. �e geometric mean is calculated by 

TABLE 1.4  Measures of Association, Risk, and Impact

Absolute measures of 

association and risk

Absolute risk reduction (ARR), excess risk, or at-

tributable risk: Difference in the incidence of the 

outcome between exposed and unexposed

(A/(A + B)) − (C/(C + D))

Number needed to treat (NNT): Number of indi-

vidual subjects who must receive an intervention 

(or exposure) to prevent one negative outcome

1/ARR

Relative measures of 

association and risk

Relative risk or risk ratio (RR): Risk (probability) of 

a health event in those with a given exposure 

divided by the risk in those without the exposure

A A B

C C D)

( )

(

+

+

Odds ratio (OR): Odds of a given exposure among 

those with a health event divided by odds of 

exposure among those without the health event

AD/BC

Measure of impact Population attributable fraction: The proportion 

of disease in a population that results from the 

specific exposure

[Pe (RR − 1)]/[1 + Pe (RR − 1)] 

[ Proportion exposed, Pe = (A + B)/ 

(A + B + C + D)]

Vaccine efficacy/effectiveness (VE): The percentage 

reduction in incidence of a disease among per-

sons who have received a vaccine compared with 

the incidence in persons who have not received 

the vaccine

(1 − RR) × 100

or

(1 − OR) × 100
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taking the nth root of the product of all the individual values, where n is 
the total number of individual values. For example, immunogenicity of 
vaccines is usually expressed by the geometric mean titer. �e median, or 
middle value, is another way to describe nonnormally distributed data. 
�e mode, or most commonly occurring value in a sample, rarely is used.

Several measures can be used to describe the variability in a sample. 
�e range describes the di�erence between the highest and lowest value, 
whereas the interquartile range de�nes the di�erence between the 25th 
and 75th percentiles. Variation among individual elements most o�en 
is characterized by the variance or standard deviation. �e variance is 
the mean of the squared deviation of each observation from the sam-
ple’s mean. �e standard deviation is the square root of the variance 

(Table  1.1). For a normally distributed population, 68% of values fall 
within 1 standard deviation of the mean, and 95% of values fall within 
1.96 standard deviations.

When analyzing a sample, the mean or other statistics describing the 
sample represent a point estimate of that parameter for the entire popula-
tion. If another random sample were drawn from the same population, 
the point estimate for the parameter of interest likely would be di�er-
ent, depending on the variability in the population and the sample size 
selected. �e standard error is used to describe the precision of a point 
estimate (e.g., mean, odds ratio, relative risk) and depends on sample 
standard deviation and the sample size (Table 1.1).

A con�dence interval de�nes a range of values that includes the true 
population value within a de�ned level of certainty. Most o�en, the 95% 
con�dence interval is presented (Table 1.1). 

Absolute and Relative Measures of Association

Measures of association are used to assess the strength of an association 
between an exposure and an outcome. In a cohort study, the absolute risk 
reduction (also known as excess risk, attributable risk, or risk di�erence) 
is the di�erence in the incidence of the outcome between exposed and 
unexposed subjects. �e number needed to treat (NNT) is a measure of the 
number of individual subjects who must receive a treatment to prevent a 
single negative outcome and is calculated as the reciprocal of the absolute 
risk reduction. In addition to absolute measures, relative measures also 
are useful for describing the strength of an association. In a cohort study 
or survey, the relative risk or risk ratio compares the risk of disease for 
subjects with versus subjects without an exposure (Table  1.4). In case-
control studies, association is assessed by the odds ratio, which compares 
the odds of exposure among subjects with and without a disease or health 
outcome; when disease is uncommon (<10%) in both exposed and unex-
posed groups, the odds ratio approximates the relative risk. For time-
to-event analyses, the comparative risk is expressed as the hazard ratio. 
Odds ratios, relative risks, and hazard ratios >1 signify increased risk 
given exposure, and values <1 suggest that exposure decreases the risk 
of an outcome. Because observational studies generally do not include 
all members of a population, these measures of association represent an 
estimate of the true value within the entire population. Statistical analyses 
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FIGURE 1.2. Example of Kaplan-Meier and cumulative hazard curves. (A) 

Survival plot for critically ill patients with Streptococcus pneumoniae bacteremia 

treated with monotherapy or combination therapy. (B) Cumulative hazard of 

tympanostomy tube placement from 2 months until 4–5 years of age in children 

who received pneumococcal conjugate vaccine (PncCRM) or a control vaccine 

(hepatitis B vaccine [HBV]). ([A] Redrawn from Baddour LM, Yu VL, Klugman KP, 

et al. Combination antibiotic therapy lowers mortality among severely ill patients 

with pneumococcal bacteremia. Am J Respir Crit Care Med. 2004;170:440–444. 

[B] Redrawn from Palmu AAI, Verho J, Jokinen J, et al. The seven-valent 

pneumococcal conjugate vaccine reduced tympanostomy tube placement in 

children. Pediatr Infect Dis J. 2004;23:732–738.)

BOX 1.1 Potential Sources of Bias in Observational Studiesa

BIAS IN CASE ASCERTAINMENT AND CASE/CONTROL 

SELECTION

	•	 	Surveillance	bias:	differential	surveillance	or	reporting	for	exposed	
and unexposed

	•	 	Diagnosis	bias:	differential	use	of	diagnostic	tests	in	exposed	and	
unexposed

	•	 	Referral	bias:	differential	admission	to	hospital	based	on	an	expo-

sure or a variable associated with exposure

	•	 	Selection	bias:	differential	sampling	of	cases	based	on	an	exposure	
or a variable associated with exposure

	•	 	Nonresponse	bias:	differential	outcome	or	exposures	of	respond-

ers and nonresponders

	•	 	Survival	bias:	differential	exposures	between	those	who	survive	to	
be included in a study and those who die following an illness

	•	 	Misclassification	bias:	systematic	error	in	classification	of	disease	
status 

BIAS IN ESTIMATION OF EXPOSURE

	•	 	Recall	bias:	differential	recall	of	exposures	based	on	disease	
status

	•	 	Interviewer	bias:	differential	ascertainment	of	exposures	based	on	
disease status

	•	 	Misclassification	bias:	systematic	errors	in	measurement	or	
 classification of exposure

aA more complete listing is provided by Sackett.7
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can help guide investigators in making causal inferences based on point 
estimates of these measures of association. 

Statistical Significance

Statistical tests are applied to assess the likelihood that the study results 
were obtained by chance alone rather than representing a true di�er-
ence within the population. Most investigators consider a P value <0.05 
as being statistically signi�cant, indicating a <5% risk that the observed 
association is the result of chance alone (designated a type I error, the 
probability of which is the alpha level). Although use of this cuto� for 
signi�cance testing has become conventional, ignoring higher P values 
can lead to missing a real and important association, whereas blind faith 
in the signi�cance of lower P values can lead to erroneous conclusions. 
Statistical testing should contribute to, but not replace, criteria for evalu-
ating possible causation.

Statistical signi�cance also can be de�ned based on 95% con�dence 
intervals, which approximately correspond to a P value of 0.05. An odds 
ratio, relative risk, or hazard ratio is considered statistically signi�cant if 
the 95% con�dence interval does not include 1. An advantage of using 
con�dence intervals to de�ne statistical signi�cance is that they provide 
information on whether a �nding is statistically signi�cant and on the 
possible range of values for the point estimate in the population, with 
95% certainty.

One pitfall in interpreting statistical signi�cance is ignoring the mag-
nitude of an e�ect in favor of its “signi�cance.” A very large, overpowered 
study can identify as signi�cant a small, perhaps trivial, di�erence among 
study groups. Some epidemiologists have proposed that, despite statisti-
cal signi�cance, odds ratios <2 or 3 in an observational study should not 
be interpreted because unidenti�ed bias or confounding could account 
for a di�erence of this magnitude.9 Conversely, the relative risk or odds 
ratio associating an exposure and outcome can be large, but if the expo-
sure is uncommon in both groups, it cannot explain most cases of ill-
ness. �e public health importance of an exposure can be described by 
the population-attributable fraction, or the proportion of the disease in a 
population that is related to the exposure of interest. 

Sample Size

Another type of error in epidemiologic studies is when a study fails to 
identify a true risk factor as statistically signi�cant (designated a type II 
error, the probability of which is the beta level). �e probability of a type 
II error is higher when the sample size is small. O�en, the type II error 
rate is set at 0.2, indicating acceptance of a 20% likelihood that a true dif-
ference exists but would not be identi�ed by the study. Statistical power is 
de�ned as 1 − β and is the complement of the probability of committing a 
type II error (β); that is, power is the probability of correctly identifying a 
di�erence of speci�ed size among groups, if such a di�erence truly exists. 
�e problem of inadequate sample size in clinical studies was highlighted 
in an analysis of “negative” randomized controlled trials reported in 3 
leading medical journals between 1975 and 1990. Of 70 reports, only 16% 
and 36% had su�cient statistical power (80%) to detect a true 25% or 
50% relative di�erence, respectively, among treatment groups.10

In calculating sample sizes for testing hypotheses, investigators must 
select acceptable rates of type I and type II errors and de�ne the magni-
tude of the di�erence in outcomes that is deemed clinically important. 
Sample size calculations can be performed using a range of computer so�-
ware. �e program Epi-Info can be used to perform sample size calcula-
tions as well as other statistical functions and is available at no charge from 
the Centers for Disease Control and Prevention (www.cdc.gov/epiinfo/).

Ensuring an adequate sample size is particularly important for stud-
ies attempting to prove equivalence or noninferiority of a new treatment 
compared with standard therapy. Food and Drug Administration guid-
ance recommends that noninferiority trials adopt a null hypothesis that a 
di�erence exists among treatments; this hypothesis is rejected if the lower 
95% con�dence limit for the new treatment is within a speci�ed margin 
of the point estimate for standard therapy. Because the null hypotheses 
can never be proven or accepted, the failure to reject a null hypothesis of 
no di�erence among treatments or exposure does not prove equivalence. 
�e importance of this distinction is illustrated by an analysis of 25 stud-
ies claiming equivalence of therapies for pediatric bacterial meningitis. 
Twenty-three studies claimed equivalence based on a failure to detect a 

signi�cant di�erence among treatment groups. However, only 3 of these 
trials were adequately powered to exclude a 10% di�erence in mortality, 
thus showing that many studies potentially missed a clinically signi�cant 
di�erence.11

In some situations, an investigator would want to detect a signi�cant 
di�erence among study groups as soon as possible, for example, when a 
therapeutic or preventive intervention could be applied once a risk group 
is identi�ed or when concerns exist about the safety of a drug or vaccine. 
One approach to this situation is to include in the study design an interim 
analysis a�er a speci�ed number of subjects are evaluated. Because the 
likelihood of identifying chance di�erences as signi�cant increases with 
the number of analyses, it is recommended that the threshold for de�ning 
statistical signi�cance should become more stringent as the number of 
planned analyses increases.12 If each interim analysis can lead the inves-
tigators to stop the trial, this study design is considered a group sequen-
tial method.13 Another example of a group sequential design is when 
concordance or discordance in outcome is tabulated for each matched 
set exposed to alternate treatments. Results for each set are plotted on a 
graph, and data collection continues until a preset threshold for a signi�-
cant di�erence among study groups is crossed or no signi�cant di�erence 
is detected at a given power.12 

Statistical Inference

Statistical testing is used to determine the signi�cance of di�erences 
among study groups, and thus it provides guidance on whether to accept 
or reject the null hypothesis. Although providing details of speci�c statis-
tical tests is outside the scope of this chapter, Table 1.5 gives examples of 
statistical tests that can be applied in analyzing di�erent types of exposure 
and outcome variables.

Using appropriate analytic and statistical methods is important in 
identifying signi�cant predictors of an outcome (i.e., risk factors) cor-
rectly. Confounding variables are associated with the disease of inter-
est and with other exposure variables and are not part of the causal 
pathway between the other exposure(s) and the outcome. For example, 
consider a study attempting to determine whether meningococcal vac-
cination decreases nasopharyngeal carriage of Neisseria meningitidis. If 
frequent attendance at social events is associated with increased car-
riage and also with a decreased chance of receiving vaccine, then failure 
to adjust for social event attendance as a confounding variable could 
lead to overestimation of the relationship between vaccination and car-
riage reduction. Meanwhile, e�ect modi�ers interact with other risk fac-
tors to a�ect their impact on outcome but may or may not be associated 
with the outcome on their own. Frequently, age is an e�ect modi�er, 
with an exposure associated signi�cantly with an outcome in one age 
group but not in another.

Several approaches are used to control for confounding variables and 
e�ect modi�ers. In study design, an extraneous variable can be controlled 

TABLE 1.5  Types of Statistical Tests Used to Evaluate the Significance 

of Associations Among Categorical and Continuous Variables

Independent 

 Variable (Exposure, 

Risk  Factor)

Dependent Variable (Disease, Outcome)

Categorical and 

Dichotomous Continuous

CATEGORICAL

Dichotomous Chi-square test Student t-test (parametric)

Fisher exact test Wilcoxon rank sum test 

(nonparametric)

>2 categories Chi-square test Analysis of variance 

 (parametric)

Kruskal-Wallis test 

 (nonparametric)

CONTINUOUS Logistic regression Linear regression

Correlation (Pearson: 

parametric; Spearman: 

nonparametric)

http://www.cdc.gov/epiinfo/
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for by randomization, restricting sampling to one category of the variable 
or by frequency matching to obtain similar proportions of cases and con-
trols in each stratum of the variable. A more extreme form of matching is 
to select control subjects who are similar to individual cases for extrane-
ous variables (e.g., age, sex, underlying disease) and to analyze whether 
exposures are concordant or discordant within matched sets. A newer 
approach to study design is the case-crossover14 or case series15 analysis. 
In this method, exposures occurring in a de�ned risk period before the 
outcome are compared with exposures occurring outside the risk window 
for the same individual subjects. �is approach has been adapted to the 
study of adverse events a�er vaccination. If the vaccine causes the event, 
the rate of the event will be greater within a de�ned risk window than pre-
dicted by chance alone based on the expected distribution of the event.16 
�e strength of this approach is that each subject, or case, serves as his or 
her own control, thereby decreasing confounding.

At the analysis stage, the impact of confounding variables and e�ect 
modi�ers can be limited by performing a strati�ed analysis or using a 
multivariable model. In a strati�ed analysis, the possible association 
between a risk factor and an outcome is determined separately within 
di�erent categories, or strata, of the extraneous variable. If the extraneous 
variable is a confounder, the stratum-speci�c estimates should be similar 
to each other and can be combined into a single estimate using an appro-
priate statistical test (e.g., a Mantel-Haenszel odds ratio). If a strati�ca-
tion variable is an e�ect modi�er, the relative risk or odds ratio will di�er 
substantially among the strata; for example, an exposure can be a strong 
risk factor in one age group but not another. In this setting, a summary 
statistic should not be presented, and results for each stratum should be 
presented separately. When the extraneous variable is confounding, strat-
ifying the analysis by the confounding variable may eliminate an appar-
ent association between the exposure and the outcome in the unstrati�ed 
analysis and indicate that the exposure is not an independent risk factor 
for disease.

Because strati�ed analyses become confusing rapidly as the number of 
strata increases, techniques of statistical modeling have been developed 
that permit simultaneous control of multiple variables. Signi�cant risk 
factors determined in a multivariable model are interpreted as each con-
tributing independently and signi�cantly to the outcome, as the model 
controls for potential confounding from each included variable. E�ect 
modi�cation can be taken into account by including terms expressing the 
interaction between a risk factor and e�ect modi�er in the model. Vari-
ous multivariable models are appropriate for discrete, continuous, and 
time-dependent outcomes.

A limitation of multivariable modeling is multicollinearity, which 
occurs when 2 or more explanatory variables of interest are highly corre-
lated and can result in inaccurate measures of association and decreased 
statistical power. �e risk of multicollinearity can be reduced by assessing 
correlations among potential risk factors and selecting which variables to 
include in the model. Various methods to identify and minimize multi-
collinearity have been developed.17 

VACCINE EFFICACY AND EFFECTIVENESS STUDIES

Most prelicensure e�cacy studies are experimental, randomized, dou-
ble-blind, controlled trials in which vaccine e�cacy (VE) is calculated 
by comparing the attack rates (AR) for disease in the vaccinated and 
unvaccinated groups: VE (%) = (AR unvaccinated − AR vaccinated) / AR 
unvaccinated) × 100; or (1 − RR) × 100.

A�er licensure, conducting controlled studies, which requires with-
holding vaccine from a control group, is no longer ethical. �erefore, 
further studies must be observational rather than experimental, by 
comparing persons who have chosen to be immunized with those who 
have not. Such observational studies are said to assess vaccine e�ective-
ness rather than vaccine e�cacy; however, the two measures use the same 
abbreviation, VE. In case-control vaccine e�ectiveness studies, vaccina-
tion status of persons with disease is compared with vaccination status 
of healthy control subjects in a real-world setting. �e number of vac-
cinated and unvaccinated cases and controls is included in a 2×2 table, 
and vaccine e�ectiveness is calculated as 1 minus the odds ratio: VE (%) 
= (1 − OR) × 100. When the proportion of cases vaccinated is less than 
the proportion of vaccinated controls, the odds ratio is <1, and the point 
estimate for VE indicates that immunization is protective. �e precision 
of the estimate is expressed by the 95% con�dence interval. A lower 95% 

con�dence limit that is >0% indicates statistically signi�cant protection. 
However, the expected lower con�dence limit o�en is much >0 to be con-
sistent with meaningful levels of protection. �e most important com-
ponent of a case-control e�ectiveness study is selecting control subjects 
who have the same opportunity for immunization as do cases. If cases 
have less opportunity to be immunized, results will be biased toward 
showing protection. Factors such as low socioeconomic status, which can 
increase the risk of disease and decrease the chance of being immunized, 
are potential confounding variables and can be controlled for by match-
ing control subjects to cases for those factors.

Cohort studies also can be used to determine vaccine e�ectiveness a�er 
licensure. A study design called the indirect-cohort method was devel-
oped by researchers at the Centers for Disease Control and Prevention 
to evaluate the e�ectiveness of the pneumococcal polysaccharide vaccine 
by using data collected by disease surveillance.18 In this study, the cohort 
included persons identi�ed with invasive pneumococcal infections. �e 
study hypothesis was that if pneumococcal vaccines were protective, the 
proportion of vaccinated persons infected with pneumococcal serotypes 
that are included in the vaccine formulation would be less than the pro-
portion of unvaccinated persons infected with vaccine-type strains. Vac-
cine e�ectiveness was calculated from the relative serotype distributions 
overall and for each individual serotype. �e point estimate of vaccine 
e�ectiveness for preventing invasive infection was 57% (95% con�dence 
interval, 45%–66%)19; this estimate is similar to that obtained in a case-
control e�ectiveness study.20 

DISEASE CONTROL AND PUBLIC HEALTH POLICY

Outbreak Investigations

Outbreak investigations require knowledge of disease transmission and 
use of descriptive and analytic epidemiologic tools. Possible outbreaks 
can be identi�ed from surveillance data showing an increased rate of an 
infection or an unusual clustering of infection by person, place, or time. 
Comparing the incidence rate of disease with a baseline rate from a previ-
ous period is helpful in validating the occurrence of an outbreak. Other 
explanations for changes in the apparent rate of disease occurrence, such 
as diagnostic error, seasonal variations, and changes in reporting, must 
be considered.

A�er identifying a potential outbreak, the next steps of an investiga-
tion are to develop a case de�nition, identify cases, and characterize the 
descriptive epidemiology of the outbreak. An epidemic curve depicts 
the number of cases over time and can provide information on possible 
transmission (Fig. 1.1). In an outbreak with a point source exposure, an 
index case may be identi�ed, with other cases occurring a�er an incuba-
tion period or at multiples of an incubation period. Plotting the location 
of cases on a spot map can also be helpful in determining possible expo-
sures. Describing patients’ characteristics can be important in identify-
ing at-risk populations for further investigation or targeting of control 
measures, as well as for developing hypotheses that can be investigated 
in an analytic study.

Not all outbreaks can be traced to a point source exposure. Outbreaks 
and epidemics also can result from increased transmission of an endemic 
disease (i.e., a disease or condition that normally occurs in a speci�c 
population or area). In this situation, it can be challenging to determine 
when an increase in disease constitutes an outbreak rather than a nor-
mal �uctuation in disease incidence. To determine whether an outbreak 
is occurring, the current incidence of the disease must be compared with 
the baseline disease incidence in that area. O�en, no standard de�nition 
exists for when an increase in endemic disease incidence constitutes an 
outbreak or epidemic. For instance, in US pertussis epidemics the thresh-
old for declaring an epidemic has varied by state. In California in 2010 
and 2014, an epidemic was declared when the statewide case counts had 
reached 5 times the number of cases observed in a year with baseline per-
tussis incidence. By contrast, in Washington State in 2012, an epidemic 
was declared when the incidence of pertussis reached 2 standard devia-
tions above the statewide 10-year average.

Cohort studies are optimal for investigating outbreaks that occur in 
small, well-de�ned populations, including in schools, childcare settings, 
social gatherings, and hospitals. In populations that are large and/or 
not well de�ned, a case-control study is the most feasible approach. It is 
important to select control subjects who had an opportunity equal to that 
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of cases for exposure to potential risk factors and development of disease. 
When the number of cases is relatively small, enrolling multiple control 
subjects per case increases the power of the study to �nd signi�cant risk 
factors. A�er a standard questionnaire is administered, signi�cant risk 
factors are determined by comparing exposures of cases and controls. �e 
results of analyses can lead to inferences of causation and development 
of prevention and control strategies or to further hypotheses that can be 
evaluated later. �e impact of intervention can be determined by ongoing 
surveillance and continued plotting of additional cases on the epidemic 
curve. 

Impact and Economic Analysis of Disease Prevention

Assessing health and economic impacts of public health interventions is 
important in developing or supporting policy decisions. Health impacts 
can be expressed directly as cases of disease, deaths, and sequelae pre-
vented. Vaccine e�cacy is a speci�c example of the prevented fraction 
(PF), where PF = P (1 − RR), with P representing the proportion exposed 
to an intervention. Secondary measures of health impact include years of 
potential life lost (YPLLs) or quality-adjusted life-years (QALYs) lost, which 
quantify the impact of death, or death and disability, respectively, based 
on the age at which these events occur.21 A measure of the e�ciency of 
an intervention is the number needed to treat which, as described above, 
indicates how many persons must be exposed to an intervention to avoid 
a single case of an adverse health outcome.

Cost-e�ectiveness analyses determine the cost per health outcome 
achieved, such as the cost per death or complication averted, and permit 
comparison of an intervention with other potential uses of resources. In 
a cost-e�ectiveness formula, costs appear in the numerator, and health 
bene�ts appear in the denominator. �e numerator includes expendi-
tures for the prevention program, from which cost savings occurring with 
disease prevention are subtracted. In addition to direct costs averted (e.g., 
savings from decreased medical care), indirect cost savings occur from 
increased productivity of people who do not become ill or miss time from 
work while receiving care or caring for ill family members. Cost-utility 
calculations are similar to cost-e�ectiveness but assess cost per quality-
adjusted life-year saved or year of potential life lost averted.

Cost-bene�t analyses di�er from cost-e�ectiveness analyses in that 
the calculation is made entirely in economic terms. Health bene�ts are 
assigned an economic value, and expenditures are compared with sav-
ings. One problem with this approach lies in the di�culty of assigning an 
economic value to a health e�ect. For example, the value of a life saved 
may be quanti�ed as the estimated value of a person’s earnings over his or 
her lifetime, lost earnings as a result of premature death, or by a standard 
amount; both economic and ethical issues can be raised by the choice 
of approach. Because the parameters used in economic analyses o�en 
are uncertain or based on limited data, and because choices made by 
the investigator (e.g., regarding the value of life) can be in�uential to the 
analysis, sensitivity analyses o�en are performed in which parameters are 
varied across a range of potential values. In addition to de�ning a range of 
possible economic outcomes, sensitivity analyses can identify the factors 
that most strongly in�uence the results, thus elucidating where further 
studies may be important. 

EVALUATING THE MEDICAL LITERATURE

Steps in reviewing published medical research are shown in Box 1.2.22 
�e ability to assess published studies carefully o�en is limited by the 
information presented in the report. To improve reporting of ran-
domized controlled trials, a group of investigators and editors devel-
oped the Consolidated Standards of Reporting Trials (CONSORT)23 
(http://www.consort-statement.org/) and later extended these recom-
mendations to reporting randomized trials of noninferiority and equiva-
lences.24 Reporting o�en still does not adhere to the quality standards 
proposed.25,26 Although the guidelines refer to experimental rather than 
observational studies, most criteria apply to observational studies as well.

In assessing the medical literature, it is important to examine all pub-
lished work on a particular topic rather than relying on a single report 
and to evaluate the strength of the combined evidence from these reports. 
One framework for evaluating the literature on a topic is the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) 
approach, adopted by the US Advisory Committee on Immunization 

Practices (ACIP) in 2010 (www.cdc.gov/vaccines/acip/recs/GRADE/ 
about-grade.html). In GRADE, the strength of evidence for the relation-
ship between a particular intervention or exposure and an outcome is 
categorized into 4 hierarchical levels, from greatest to least27:
 1.  Randomized controlled trials, or overwhelming evidence from obser-

vational studies
 2.  Randomized controlled trials with important limitations, or excep-

tionally strong evidence from observational studies
 3.  Observational studies, or randomized controlled trials with notable 

limitations
 4.  Clinical experience and observations, observational studies with im-

portant limitations, or randomized controlled trials with several major 
limitations
To o�set the impact of publication bias (i.e., the tendency to more 

o�en submit or publish reports of e�ectiveness than of none�ectiveness 
of a treatment), many countries require all clinical trials to be o�cially 
registered so that a record shows that the study was conducted even if 
the results are never published. Reviewing information on all registered 
clinical trials on a topic in addition to reviewing the published literature 
can provide a more complete picture of the e�ect of a particular inter-
vention or exposure. In the US, all clinical trials must be registered at 
clinicaltrials.gov; similar sites exist for other countries.

Understanding a Medical or Epidemiologic Study

Assessing the research hypothesis allows readers to determine the rel-
evance of the study to their practice and to judge whether the analyses 
were done to test the hypothesis or to identify other associations of inter-
est. �e ability to make causal inferences from a con�rmatory study that 
tests a single hypothesis is greater than from an exploratory study in 
which multiple exposures are considered as potential explanations for an 
outcome.

Several components of study design are important to consider. Details 
should be presented regarding the criteria for selecting the cohort or cases 
and controls. Exposure and outcome variables should be clearly de�ned, 
and the potential for misclassi�cation and its impact should be consid-
ered. Quantifying exposure can be important to establish a dose-response 
relationship. Sample size estimates should be presented, making clear the 
magnitude of di�erence among study groups considered clinically mean-
ingful and the type I and type II error levels.

In the analysis, it is important that outcomes for all study subjects 
are reported, even if that outcome is “lost to follow-up.” Intent-to-treat 
analyses consider outcomes for all enrolled subjects, whether or not they 
completed the therapy (e.g., subjects who were nonadherent to therapy 
or who received only part of a vaccination series). By contrast, per proto-
col analyses include only those subjects who followed the study protocol 

BOX 1.2 Steps in the Critical Evaluation of Epidemiologic 

Literature

 1.  Consider the research hypothesis

 2.  Consider the study design
  •   Type of study
  •   Selection of study participants
  •   Selection and definition of outcome variables
  •   Selection and definition of exposure (predictor) variables
  •   Sample size and power

 3.  Consider the analysis
  •   Complete accounting of study subjects and outcomes
  •   Appropriateness of statistical tests
  •   Potential sources and impact of bias
  •   Potential impact of confounding and effect modification

 4.  Consider the interpretation of results
  •  	Magnitude	and	importance	of	associations
  •   Study limitations
  •   Ability to make causal inferences

From Greenberg RS. Medical Epidemiology. Norwalk, CT: Appleton and Lange; 1993.

http://www.consort-statement.org/
http://www.cdc.gov/vaccines/acip/recs/GRADE/about-grade.html
http://www.cdc.gov/vaccines/acip/recs/GRADE/about-grade.html
http://clinicaltrials.gov/
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throughout the full study duration. Usually, an intent-to-treat analysis is 
considered more conservative than a per protocol analysis, but this is not 
necessarily the case for noninferiority trials.

�e appropriateness of the statistical tests should be assessed; for 
example, if data are not normally distributed, they can be transformed 
to a scale that is more normally distributed (e.g., geometric mean titers), 
or nonparametric statistical tests should be used. In assessing a multi-
variable model, the reader should critically evaluate the type of model 
chosen, the variables included, and whether interaction terms were 
considered. Missing data pose a particular problem for some modeling 
approaches in that study subjects may be included only if data are avail-
able for each variable in the model; thus, the power of a multivariable 
model can be much less than that predicted in a sample size calcula-
tion. Missing data are also a potential source of bias. Multiple imputation 
methods may be used in some situations to minimize problems arising 
from missing data.

Bias can have an important impact on study results and must be 
carefully considered. Approaches to minimize bias should be described 
clearly. �e direction and potential magnitude of remaining bias should 
be estimated and its impact on results considered. Potential confound-
ing, the presence of important unmeasured variables, and possible e�ect 
modi�cation can have a major impact on the results. Investigators should 
openly discuss the potential limitations of the investigation and describe 
the strategies applied to overcome those limitations.

Interpretation of study results includes assessing the magnitude of 
the associations, their relevance to practice, and the likelihood that the 
relationships observed are causal. �e importance of an exposure in 
explaining an outcome can be expressed by the attributable proportion. 
However, the external validity of the results and the potential impact on 
one’s own patient population still must be assessed.

All references are available online at Elsevier eBooks for Practicing Clinicians.

Pediatric healthcare epidemiology is the study and analysis of the dis-
tribution (who, when, where) of patterns and determinants of health 
and disease conditions in healthcare settings where children receive 
healthcare or gather in locations where disease conditions could be pres-
ent. Prevention of healthcare-associated infections (HAIs) is the major 
goal and is an important component of quality and patient safety pro-
grams. Healthcare epidemiologists must be ready to meet the needs of 
the ever-changing healthcare systems and disease threats that emerge, 
o�en without warning. Healthcare facilities have learned from high-
reliability organizations (e.g., the aviation industry) the importance of 
adopting changes that include the leadership’s commitment to achiev-
ing zero patient harm, a fully functional culture of safety throughout the 
organization, and the widespread deployment of highly e�ective process 
improvement tools.1 �e �ve principles of high reliability organizations 
are (1) preoccupation with failure; (2) reluctance to simplify (embrac-
ing complexity); (3) commitment to resilience; (4) sensitivity to opera-
tions; and (5) deference to expertise.2 Involvement of new stakeholders 
for improving patient safety and outcomes related to HAIs has broadened 
the arena for HAI prevention e�orts. Regional and national collaboratives 
have facilitated the performance of well-designed studies to generate data 
that inform recommended practices applicable speci�cally to the pediat-
ric population.

Knowledge of the complexities of prevention and control of HAIs 
in children is critical to many di�erent leaders in children’s healthcare 
facilities. �e mere imposition of policies for adults on children could 
be inappropriate on one hand and would miss opportunities to prevent 
infections unique to children on the other hand. Active involvement of 
bedside sta� and medical directors within the various pediatric subspe-
cialties has enhanced the implementation of e�ective infection control 
practices in areas such as pediatric intensive care units (PICUs), neonatal 
intensive care units (NICUs), oncology and transplant units, gastroenter-
ology units, and interventional radiology areas. As more disciplines in 
healthcare become engaged in prevention of HAIs and in antimicrobial 
stewardship, it is the responsibility of the healthcare epidemiologist and 
the infection prevention and control (IPC) sta� (infection prevention-
ists, healthcare epidemiologists) to educate the facility leadership on the 
discipline of IPC.

IPC for the pediatric population is a unique discipline that requires 
understanding of various host factors, sources of infection, routes of 
transmission, behaviors required for care of infants and children, patho-
gens and their virulence factors, treatments, preventive therapies, and 
behavioral theory. Although the term nosocomial is applied accurately to 
infections that are acquired in acute care hospitals, the more general term, 
healthcare-associated infections (HAIs), is preferred because much care of 
high-risk patients, including patients with medical devices (e.g., central 
venous catheters, ventilators, ventricular shunts, peritoneal dialysis cath-
eters), has shi�ed to ambulatory settings, rehabilitation or long-term care 
facilities, and the home. Additionally, much opportunity for IPC of HAIs 
exists in o�ce practice settings. �us, the geographic location of acquisi-
tion of the infection o�en cannot be determined.

�e principles of transmission of infectious agents in healthcare settings 
and recommendations for prevention are reviewed in the Healthcare and 
Infection Control Practices Advisory Committee (HICPAC) Guideline 
for Isolation Precautions: Preventing Transmission of Infectious Agents 
in Healthcare Settings, 2007,3 and in the Core Infection Prevention and 
Control Practices for Safe Healthcare Delivery in All Settings, 2017.4 �e 
Council for Outbreak Response: Healthcare-Associated Infections and 
Antimicrobial Resistant Pathogens (CORHA)5 was formed in 2015 to 
bring together stakeholder organizations to improve practices and policies 
at the local, state and national levels for detection, investigation, control, 
and prevention of HAI/AR outbreaks across the healthcare continuum, 
including emerging infections and other risks with potential for healthcare 
transmission. Guidance on infection control practices related to antimicro-
bial resistant pathogens may be found on the Centers for Disease Control 
and Prevention (CDC) website6 and outbreak response on the CORHA 
website.5 �e Society of Healthcare Epidemiology of America (SHEA) 
has published guidance for outbreak response and incident management 
to assist healthcare epidemiologists.7 �e reader should consult the Hand-
book of Pediatric Infection Prevention and Control8 for more speci�c 
information related to the pediatric population. �e World Health Organi-
zation (WHO) website should be consulted for new information concern-
ing emerging pathogens worldwide. A detailed discussion of HAIs can be 
found in Chapters 99 and 100. �is chapter focuses on the components of 
an e�ective pediatric hospital epidemiology program.

2 Pediatric Healthcare: Infection Epidemiology, Prevention 
and Control, and Antimicrobial Stewardship
Jane D. Siegel and Joseph B. Cantey
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RISK FACTORS FOR HEALTHCARE-ASSOCIATED 

INFECTIONS IN CHILDREN

Unique aspects of the pediatric population and their risk factors for HAIs 
are summarized in the following sections. Speci�c risks and pathogens 
are addressed in several other chapters in this textbook.

Host or Intrinsic Factors

PICUs, NICUs, oncology services, and gastroenterology services caring 
for patients with intestinal failure who are dependent on total paren-
teral nutrition (including lipids) have the highest rates of bacterial and 
fungal infection associated with central venous catheters. �e de�nition 
of mucosal barrier injury laboratory-con�rmed bloodstream infection 
(MBI-LCBI) currently is used by the National Healthcare Safety Net-
work (NHSN) of the CDC to distinguish bacteremia that represents 
translocation of gut microorganisms related to mucosal barrier injury in 
patients with oncologic conditions, hematopoietic stem cell transplan-
tation (HSCT), and intestinal failure from bacteremia associated with 
central venous catheters (CLABSI) and are not publicly reported.9 �is 
distinction is important because the bundled practices that focus on line 
insertion and maintenance do not prevent MBI-LCBI.10 HAIs can result 
in substantial morbidity and mortality, as well as lifetime physical, neu-
rologic, and developmental disabilities. Host (i.e., intrinsic) factors that 
make children particularly vulnerable to infection include immaturity of 
the immune system, congenital abnormalities, and congenital or acquired 
immunode�ciencies. Children with congenital anomalies and develop-
mental disabilities have an increased risk of HAI because their unique 
anatomic features predispose them to contamination of normally sterile 
sites, and their physiologic functions may be impaired. Moreover, these 
children require prolonged and repeated hospitalizations, undergo many 
complex surgical procedures, and have extended exposure to invasive 
supportive and monitoring equipment.

Innate de�ciencies of the immune system in prematurely born infants, 
who may be hospitalized for prolonged periods and exposed to intensive 
monitoring, supportive therapies, and invasive procedures, contribute to 
the relatively high rates of infection in the NICU. All components of the 
immune system are compromised in neonates, and the degree of de�-
ciency is proportional inversely to gestational age (see Chapter 9). �e 
underdeveloped skin of the very low birth weight (<1000 g) infant pro-
vides another mode of pathogen entry.

Populations of immunosuppressed children have expanded with the 
advent of more intense and innovative immunosuppressive therapeutic 
regimens used for oncologic conditions, HSCT, solid-organ transplan-
tation, and rheumatologic conditions and in�ammatory bowel disease 
for which immunosuppressive drugs and biologic response modifying 
agents are used. Genetic mutations in the genes for the transmembrane 
conductance regulator (CFTR) in children with cystic �brosis result in 
thick secretions, chronic endobronchial infections, and gastrointestinal 
malabsorption. Knowledge of the epidemiology of infection of patients 
with cystic �brosis and e�ective methods to prevent patient-to-patient 
transmission have expanded with the use of newer molecular diagnostic 
methods; a guideline for prevention of transmission of infectious agents 
of particular concern for this population was developed and updated.11 
Fortunately, the population of children with perinatally acquired HIV 
infection and AIDS has decreased dramatically since 1994, but new cases 
of sexually transmitted HIV infection continue to be diagnosed in teens 
who receive care in children’s hospitals; therefore, HIV screening is an 
important routine practice for those >13–15 years of age. Additionally, 
young infants who have not yet been immunized, or immunosuppressed 
children who do not respond to vaccines or who lose antibody dur-
ing disease or treatment (e.g., patients with nephrotic syndrome), have 
increased susceptibility to vaccine-preventable diseases. 

Sources or Extrinsic Factors

�e source of many HAIs is the endogenous �ora of the patient. A col-
onizing pathogen can invade a patient’s bloodstream or be transmit-
ted to other patients on the hands of healthcare personnel (HCP) or 
on shared equipment. Water can be an important source of infections 
caused by gram-negative bacilli (GNB); therefore, exposure of wounds 
or mucous membranes to tap water should be avoided in high risk 

hospitalized patients.12 Other important sources of HAIs in infants and 
children include the mother in the case of neonates, invasive monitor-
ing and supportive equipment, contaminated infusates such as blood, 
total parenteral nutrition �uids, lipids, and infant formula, nutritional 
supplements, and human milk. Intrinsically contaminated powdered 
formulas and infant formulas prepared in contaminated blenders or 
improperly stored or handled have resulted in sporadic and epidemic 
infections in the nursery (e.g., Cronobacter sakazakii), but such infec-
tions have become less frequent since the pathogenesis was de�ned and 
contamination reduced.13 Human milk that has been contaminated by 
maternal �ora or by organisms transmitted through breast pumps has 
caused isolated serious infections and outbreaks. �e risks of neonatal 
hepatitis, cytomegalovirus (CMV) infection, and HIV infection from 
human milk warrant further caution for handling and use of banked 
breast milk.

Maternal infection with Neisseria gonorrhoeae, Treponema pallidum, 
HIV, hepatitis B virus, parvovirus B19, Mycobacterium tuberculosis, her-
pes simplex virus, group B Streptococcus, or colonization with multidrug-
resistant organisms (MDROs) poses substantial threats to the neonate. 
Group B Streptococcus is rarely transmitted nosocomially and is pre-
vented by following recommended screening and prophylaxis protocols. 
During perinatal care, procedures such as fetal monitoring using scalp 
electrodes, fetal transfusion and surgical procedures, umbilical cannula-
tion, and circumcision are potential risk factors for infection. Other con-
tacts, including adult and sibling visitors, may introduce RSV and vaccine 
preventable infections into pediatric healthcare settings.

�e use of invasive devices for monitoring or treatment is associated 
with an increased infection risk, and devices should be used only for the 
period of time when necessary and according to evidence based pro-
tocols for insertion and care. With increasing numbers of procedures 
being performed by pediatric interventional radiologists,14 an under-
standing of appropriate aseptic technique, as well as prevention and 
management of infectious complications, by interventional radiologists 
is important.15

Construction, renovation, demolition, and excavation in and near 
healthcare facilities16 and contaminated linen17 are important sources 
of environmental fungi (e.g., Aspergillus spp., agents of mucormycoses, 
Fusarium spp., Scedosporium spp., Bipolaris spp.), but these pathogens 
are not transmitted patient to patient. Immunocompromised patients, 
and patients in the PICU are at greatest risk for fungal infection, and 
case fatality rates may be ≥50%, especially if diagnosis and treatment are 
delayed. Infection control risk assessments and implementation of e�ec-
tive practices can prevent exposure to these pathogens.

Several practices must be evaluated with respect to the potentially 
associated risk of infection for infants and young children. �eoretical 
concerns exist that infection risk also will increase in association with 
the innovative skin-to-skin practices (kangaroo Care) and co-bedding of 
twins. �e experience with skin-to-skin practices has been safe and ben-
e�cial as long as parents are advised about potential risks if they have an 
infection. Neither the bene�ts nor the safety of co-bedding multiple-birth 
infants in the hospital setting has been demonstrated. 

TRANSMISSION

Routes

�e principal modes of transmission of infectious agents are through 
direct and indirect contact, droplet, and airborne routes.3,4 Many patho-
gens can be transmitted by more than one route. During the 2020 
pandemic of SARS-CoV-2, additional evidence has been published to 
support aerosol transmission as an important mode of transmission that 
varies from traditional droplet or airborne routes.18–20 Whole genome 
sequencing has become a critically important tool in outbreak investiga-
tions of bacteria, fungi, and viruses to de�ne routes of transmission more 
precisely and is now available widely.

Indirect Contact. Most infectious agents are transmitted horizontally 
by the indirect contact route on the hands of HCP or through contami-
nated shared items or contaminated surfaces; this is known as fomite 
transmission. Toddlers o�en share waiting rooms, playrooms, toys, 
books, and other items and therefore have the potential of transmitting 
pathogens directly and indirectly to one another. Contaminated bath 
toys were implicated in an outbreak of multidrug-resistant Pseudomonas 
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aeruginosa in a pediatric oncology unit.21 Although the source of most 
Candida HAIs is the patient’s endogenous �ora, horizontal transmis-
sion, most likely via HCP hands, has been demonstrated in studies using 
molecular typing in the NICU22 and in a pediatric oncology unit.23 Hand 
hygiene and environmental cleaning and disinfection are most important 
to prevent transmission by this route. 

Direct Contact. Direct contact transmission occurs when microorgan-
isms are transferred directly from one infected person to another person 
without a contaminated intermediate person or object and occurs less 
frequently than indirect contact transmission. 

Droplet. Infectious respiratory droplets >5 μm in diameter are gener-
ated from the respiratory tract by coughing, sneezing, or talking or dur-
ing such procedures as suctioning, intubation, chest physiotherapy, or 
pulmonary function testing. Transmission of infectious agents by the 
droplet route requires exposure of mucous membranes to large respira-
tory droplets within 6 feet (2 meters) of the infected person. Large respi-
ratory droplets do not remain suspended in the air for prolonged periods, 
and they settle on environmental surfaces. Adenovirus, in�uenza virus, 
and rhinovirus are transmitted primarily by the droplet route, whereas 
RSV is transmitted primarily by the contact route.24 Although in�uenza 
virus can be transmitted by the airborne route under unusual conditions 
of reduced air circulation or low absolute humidity, ample evidence indi-
cates that transmission of in�uenza is prevented by droplet precautions 
and, in the care of infants, the addition of contact precautions.25 

Airborne. Droplet nuclei that arise from desiccation of respiratory 
droplets are usually <5 μm in diameter, contain infectious agents, remain 
suspended in the air for prolonged periods of time, and can travel long 
distances on air currents. Susceptible persons who have not had face-to-
face contact or been in the same room as the source person can inhale 
such infectious particles. M. tuberculosis, varicella-zoster virus (VZV), 
and rubeola virus are the agents most frequently transmitted by the air-
borne route. Although transmission of M. tuberculosis by the airborne 
route can occur rarely from an infant or young child with active tubercu-
losis, the more frequent source of M. tuberculosis in a healthcare setting is 
the adult visitor with active pulmonary tuberculosis that has not yet been 
diagnosed; thus, screening of visiting family members is an important 
component for control of tuberculosis in pediatric healthcare facilities.26 

Aerosol. A clear distinction between droplet and aerosol-based trans-
mission is overly simplistic. Aerosols are liquid or solid particles that con-
tain an infectious agent, most o�en a virus, remain suspended in the air, 
and can be inhaled by a nearby individual, whereas droplets containing 
an infectious agent fall to the ground and may be sprayed onto a nearby 
individual’s respiratory mucosa via a contact route. �e term aerosol is also 
used to describe the collection or cloud of respiratory droplets that remain 
suspended in the air. �e size of aerosols has been de�ned as <5 μm but can 
be as large as 50 μm. �ese particles remain suspended in the air but do not 
travel long distances under usual circumstances. Individuals infected with 
SARS CoV-2 produce a much greater quantity of aerosols than droplets. 
�e amount of respiratory particles that are produced routinely varies in 
number and in size. �ere are several factors that in�uence production and 
transmission of respiratory aerosols laden with virus that can be inhaled 
by others: (1) Humidity: With higher humidity, respiratory particles are 
heavier and drop to the ground more quickly and are therefore less likely to 
be inhaled by others; (2) force with which air is forced over moist respira-
tory particles; (3) amount of coughing, sneezing, heavy breathing; (4) close 
proximity to the source; (5) ventilation of the enclosed space, number of 
air exchanges per hour; (6) �ltration; and (7) duration of exposure to the 
source. Some agents (e.g., SARS-CoV and SARS-CoV-2) can be transmit-
ted as small-particle aerosols under special circumstances of performing 
aerosol-generating procedures (AGPs) (e.g., endotracheal intubation, 
bronchoscopy). SARS-CoV-2 may be transmitted in small particle aerosols 
for distances between 3 and 6 feet, even when AGPs are not being per-
formed.18,20 An N95 or higher respirator is recommended whenever caring 
for a patient with suspected or con�rmed COVID-19 to prevent inhalation 
of small particle aerosols. AGPs should be performed in an airborne infec-
tion isolation room (AIIR) and if, not available, in a single occupancy room 
with the door closed. �ere is still much to be learned about the role of 
aerosols in transmission of infectious agents.

�e following classi�cation was proposed in 2003 for aerosol trans-
mission when evaluating routes of SARS-CoV transmission: (1) Obli-
gate: Under natural conditions, disease occurs following transmission 
of the agent only through small-particle aerosols (e.g., tuberculosis); (2) 

Preferential: Natural infection results from transmission through mul-
tiple routes, but small-particle aerosols are the predominant route (e.g., 
measles, varicella); and (3) Opportunistic: Agents naturally cause disease 
through other routes, but under certain environmental conditions they 
can be transmitted by �ne-particle aerosols.28 �is conceptual framework 
can explain rare occurrences of airborne transmission of agents that are 
transmitted most frequently by other routes (e.g., smallpox, SARS-CoV, 
in�uenza, noroviruses). Concern about airborne transmission of in�u-
enza arose during the 2009 in�uenza A (H1N1) pandemic. However, the 
conclusion from all published experiences during the 2009 pandemic was 
that droplet transmission is the usual route of transmission, and surgi-
cal masks were noninferior to N95 respirators in preventing laboratory-
con�rmed in�uenza in HCP.29 Concerns about unknown or possible 
routes of transmission of agents that can cause severe disease and have 
no known treatment o�en result in more extreme prevention strategies. 
�erefore, recommended precautions could change as the epidemiology 
of emerging agents is de�ned and these controversial issues are resolved. 
Although no evidence supports airborne transmission of the Ebola virus 
under usual circumstances in the �eld, the aerosolization of body �uids 
that contain high titers of Ebola virus requires additional protection.30 

Role of Healthcare Personnel

Transmission of microbes between children and HCP when recom-
mended hand hygiene is not performed is an especially important risk 
because of the very close contact that occurs during care of infants and 
young children. HCP as vehicles of infectious agents is facilitated by 
overcrowding, understa�ng, and too few appropriately trained nurses 
in pediatric facilities.3,31 Adequate sta�ng levels and the composition of 
sta� in high-risk clinical units are important components of an e�ective 
IPC program. HCP rarely are the source of outbreaks of HAIs caused by 
bacteria and fungi32 and, therefore, performing screening cultures among 
HCP as part of an outbreak investigation rarely is indicated. Observations 
of HCP for speci�c risk factors (e.g., dermatitis, skin abscesses, onycho-
mycosis, wearing of arti�cial nails) and querying about the presence of 
conditions (e.g., sinusitis, draining otitis externa, respiratory tract infec-
tions) that may increase the risk of transmission is more helpful than 
performing widespread cultures of hand swabs during an outbreak inves-
tigation unless there is a speci�c epidemiologic link.32 Persons with direct 
patient contact who were wearing arti�cial nails have been implicated in 
outbreaks of P. aeruginosa and ESBL-producing Klebsiella pneumoniae in 
NICUs; therefore, the use of arti�cial nails or extenders is prohibited in 
persons who have direct contact with high-risk patients.3 Several pub-
lished studies have shown that infected pediatric HCP, including resident 
physicians, transmitted Bordetella pertussis to patients33 and can be the 
source of other vaccine-preventable infections in healthcare.34 

EPIDEMIOLOGICALLY IMPORTANT PATHOGENS

�e following characteristics provide a useful framework for determin-
ing when a pathogen is epidemiologically important: (1) A propensity 
for transmission within and across healthcare facilities and the occur-
rence of temporal or geographic clusters of infection in >2 patients. A 
single case of healthcare-associated invasive disease caused by certain 
pathogens (e.g., group A Streptococcus postoperatively, peripartum, or in 
burn units; Legionella sp.; Aspergillus sp.; Candida auris) should trigger 
an investigation; (2) Association with antimicrobial resistance that could 
render infections di�cult to treat or untreatable. Infections caused by 
intrinsically resistant GNB also suggest possible contamination of water 
or medication. �e CDC has published reports in 2013 and in 2019 of the 
Antibiotic Resistance �reats in the United States (www.cdc.gov/drugre
sistance/pdf/threats-report/2019-ar-threats-report-508.pdf) that provide 
classi�cation of MDROs according to threat level (e.g., urgent, serious, 
concerning, and watch list) to assist clinicians in planning surveillance 
and control programs; (3) Association with serious clinical disease and 
increased morbidity and mortality; and (4) A newly discovered or re-
emerging pathogen.

Pathogens associated with HAIs in children di�er from those in adults 
in that respiratory viruses are more frequently associated with transmis-
sion in pediatric healthcare facilities. Respiratory viruses (e.g., RSV, para-
in�uenza, adenovirus, human metapneumovirus) have been implicated 
in outbreaks in high-risk units and in pediatric long-term care facilities. 

http://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
http://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
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One exception is the SARS-CoV-2 agent associated with the 2019–2020 
pandemic. Children were a�ected less frequently than adults early in the 
pandemic, and very young children may not transmit SARS-CoV-2 as 
e�ectively as do adults. As more respiratory viruses and gastrointestinal 
pathogens are identi�ed by using highly sensitive methods, epidemio-
logic studies will be required to de�ne further the risk of transmission in 
healthcare facilities and the clinical signi�cance of detection by antigen or 
molecular testing.35,36 Previously prominent healthcare-associated out-
breaks of varicella, measles, and rotavirus infection now are rare events 
because of the consistent use of vaccines for children and HCP.

It is o�en challenging to distinguish pathogens that are �rst acquired 
in the community and then become responsible for healthcare-associated 
outbreaks. �e emergence of methicillin-resistant Staphylococcus aureus 
(MRSA) characterized by the unique SCC mec type IV element was �rst 
observed among infants and children in the community (CA-MRSA). As 
rates of colonization with CA-MRSA at the time of hospital admission 
increased, so did transmission of community strains, most o�en USA 
300, within the hospital and especially within the NICU, thus making 
prevention especially challenging. Other MDROs (e.g., VRE, ESBLs, and 
CRE, especially K. pneumoniae) have emerged as the most challenging 
healthcare-associated pathogens in both pediatric and adult settings, 
and otherwise healthy children in the community can be colonized 
asymptomatically with these MDROs. GNB, including ESBL-producing 
organisms and other multidrug-resistant isolates, are more frequent than 
MRSA and VRE in many PICUs and NICUs. Patients who are transferred 
from other healthcare facilities, especially chronic care facilities, can be 
colonized with MDR GNB at the time of admission to the PICU. HAIs 
caused by MDROs are associated with increased length of stay, increased 
morbidity and mortality, and increased cost, in part because of the delay 
in initiating e�ective antimicrobial therapy. Although the prevalence of 
speci�c MDROs is lower in pediatric institutions, the same principles 
of target identi�cation and interventions to control MDROs apply in all 
settings.

Information on other epidemiologically important healthcare associ-
ated pathogens in pediatrics including C. di�cile, Candida spp., and envi-
ronmental fungi can be found in other chapters. Of note, Candida auris, 
a di�cult-to-treat, rapidly spreading pathogen in adult facilities, has had 
little impact on the pediatric population to date. 

PREVENTION PROGRAMS

Prevention remains the mainstay of IPC programs and requires special 
considerations in children. �e primary goal of IPC programs is to pre-
vent the transmission of infectious agents among individual patients 
or groups of patients, visitors, and HCP who care for them. Checklists, 
adherence monitoring, and prevention bundles are important tools for 
infection prevention. Prevention bundles are groups of 3–5 evidence-
based best practices with respect to a process that individually improve 
care, but when applied together result in substantially greater reduction 
in infection rates. Adherence to the individual measures within a bundle 
is readily measurable. Bundled practices are used most frequently for 
prevention of device- or procedure-related HAIs but can be applied to 
prevention of any type of HAI. For example, a healthcare-associated virus 
infection bundle developed in a large tertiary care children’s hospital that 
included visitor symptom screening and restriction and adherence to 
employee sick leave policy in addition to the basics of infection control 
practices was associated with a reduction in healthcare associated viral 
illnesses.37 One important component of such a bundle is mandatory 
in�uenza vaccine for all sta� members.

Most outbreak investigations identify gaps in the basic infection con-
trol practices that led to transmission. �e most important components 
of a prevention program are continuous emphasis of the basics such as 
hand hygiene, proper use and donning and do�ng of gowns and gloves, 
N95 and surgical masks, eye protection, and environmental cleaning, 
with adherence monitored using trained observers. As new pathogens 
emerge, new strategies for prevention of transmission emerge. �e expe-
rience with Ebola virus in the US in 2014 and 201530 and SARS-CoV-2 
in the 2019–2020 pandemic38 are recent examples of requirements for 
change in the usual infection prevention paradigms, with a renewed 
emphasis on the 3 tiers of the hierarchy of controls (e.g., engineering, 
administration, and use of personal protective equipment [PPE]), don-
ning and do�ng of PPE, and the use of trained observers. If prevention 

cannot always be achieved, strategies for early diagnosis, treatment, and 
containment are critical.

A series of IPC guidelines have been developed and updated at vary-
ing intervals by the HICPAC/CDC, SHEA, the Infectious Diseases Soci-
ety of America (IDSA), the American Academy of Pediatrics (AAP), the 
Association for Professionals in Infection Control and Epidemiology 
(APIC), and others to provide evidence-based, rated recommendations 
for practices that are associated with reduced rates of HAIs, especially 
those infections associated with the use of medical devices and surgical 
procedures. Recommended isolation precautions by infectious agent also 
can be found in the CDC guidelines3,4 and in the most recent edition of 
the Red Book Report of the Committee on Infectious Diseases of the Ameri-
can Academy of Pediatrics that is updated every 3 years.

Administrative Factors

�e importance of certain administrative measures for a successful IPC 
program has been demonstrated. A white paper published by SHEA sum-
marizes the necessary infrastructure for an e�ective IPC program in mod-
ern times.39 �is paper addresses the expansion of IPC responsibilities 
from a relatively narrow focus on acute infectious disease events in the 
acute care hospital, surveillance, and implementation of recommended 
isolation precautions to a much broader set of activities across the contin-
uum of care requiring teamwork within and beyond individual facilities, 
o�en including large networks. Because IPC comprises one component 
of the institutional culture of safety, it is critical to obtain support from 
the senior leadership of healthcare organizations to provide necessary �s-
cal and human resources for a proactive, successful IPC program. Critical 
elements requiring administrative support include access to the follow-
ing: (1) Appropriately trained healthcare epidemiologists and IPC per-
sonnel; (2) clinical microbiology laboratory services needed to support 
infection control outbreak investigations, including ability to perform 
molecular diagnostic testing; (3) data-mining programs and information 
technology specialists; (4) multidisciplinary programs to ensure judicious 
use of antimicrobial agents and control of resistance; (5) development of 
e�ective educational information for delivery to HCP, patients, families, 
and visitors; (6) well-trained occupational health personnel familiar with 
infectious diseases; and (7) local and state health department resources 
for preparedness. 

Infection Prevention and Control Team

An e�ective IPC program improves safety of patients and HCP and 
decreases short-term and long-term morbidity, mortality, and healthcare 
costs. �e IPC committee of a facility establishes policies and procedures 
to prevent or reduce the incidence and costs associated with HAIs. �is 
committee should be one of the strongest and most accessible commit-
tees in the facility; committee composition should be considered carefully 
and limited to active, authoritative participants who have well-de�ned 
committee responsibilities and who represent major groups within the 
hospital. �e chairperson should be a good communicator with expertise 
in IPC issues, healthcare epidemiology, and clinical pediatric infectious 
diseases. Important functions of the IPC committee are continuous mon-
itoring of institutional HAIs, education of HCP and intervention when 
necessary, and regular review of IPC policies with development of new 
policies as needed. Annual review of all policies is required by �e Joint 
Commission and can be accomplished optimally by careful review of a 
few policies each month. With the advent of unannounced inspections, a 
constant state of readiness is required.

�e hospital epidemiologist or medical director of the pediatric IPC 
department usually is a physician with specialized training in pediatric 
infectious diseases and healthcare epidemiology. In multispecialty medi-
cal centers where infants and children comprise a relatively small propor-
tion of patients, pediatric infectious disease and infection control experts 
should be consulted for management of pediatric IPC issues and report 
to the broader IPC leadership. �e skillsets, training, and competencies 
needed for success as a healthcare epidemiologist were summarized in 
another white paper published by the SHEA.40 Certi�cation for health-
care epidemiologists has not yet been developed.

Provision of adequate numbers of well-trained IPs and bedside nurs-
ing sta� are critical for success. Infection preventionists are specialized 
professionals with advanced training, and preferably certi�cation, in 
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IPC. Although most IPs are registered nurses, other professionals such 
as microbiologists, medical technologists, pharmacists, and epidemiolo-
gists are successful in this position. Pediatric patients should have IP ser-
vices provided by professionals with expertise and training in the care of 
children. In a large, general hospital, at least one infection preventionist 
should be dedicated to IPC services for children. �e responsibilities of 
IPs continue to expand and include but are not limited to the following:
 1.  Surveillance and IPC in facilities a�liated with primary acute care 

hospitals (e.g., ambulatory clinics, day-surgery centers, long-term 
care facilities, rehabilitation centers, home care) in addition to the 
primary hospital

 2.  Collaboration and frequent communication with occupational health 
services related to IPC (e.g., assessment of risk and administration of 
recommended prophylaxis following exposure to infectious agents, 
tuberculosis screening, in�uenza and pertussis vaccination, respira-
tory protection �t testing, administration of other vaccines as indi-
cated during infectious disease crises such as pre-exposure smallpox 
vaccine in 2003 and pandemic in�uenza A [H1N1] vaccine in 2009 
and COVID-19 vaccines in 2020)

 3.  Preparedness planning for annual in�uenza outbreaks, pandemic in-
�uenza, SARS, Middle East respiratory syndrome (MERS), bioweap-
ons attacks, Ebola Virus Disease, SARS-CoV-2, or other pandemics

 4.  Adherence monitoring for selected IPC practices
 5.  Oversight of risk assessment and implementation of preventive mea-

sures associated with construction, renovation, and other environ-
mental conditions associated with increased infection risk

 6.  Participation in antimicrobial stewardship programs, focusing on 
prevention of transmission of MDROs

 7.  Evaluation of new products and medical devices that could be asso-
ciated with increased infection risk (e.g., endoscopes, contaminated 
injectable medications) and introduction and assessment of perfor-
mance a�er implementation of modi�ed products

 8.  Mandatory public reporting of HAI rates according to enacted state 
legislation

 9.  Direct and frequent communication with the public and with lo-
cal public health departments concerning infection control–related 
issues

 10.  Participation in local and multicenter reporting and research projects
IPC programs must be adequately sta�ed to perform all the assigned 

activities. �us, the ratio of 1 infection preventionist to 250 beds that was 
associated with a 30% reduction in the rates of nosocomial infection in the 
Study on E�cacy of Nosocomial Infection Control (SENIC) performed 
in the 1970s41 is no longer su�cient because of the increased complexity 
of patient populations and ever-expanding IPC responsibilities. Experi-
ence with the 2019–2020 SARS-CoV-2 pandemic highlighted the critical 
importance of an adequate number of IP sta�. While it is unlikely that a 
study similar to the SENIC study will be repeated in the current era, data 
have been gathered by several groups to support the need for 1.0–1.25 IPs 
per 100 beds in the Acute Care Hospital.42–44 IP sta�ng may be supported 
by the addition of support sta� with diverse roles and abilities (e.g., a 
hand hygiene program manager, infection prevention associates, a clini-
cal practice analyst, infection control liaisons from various clinical units). 
�is type of program was associated with a signi�cant reduction in rates 
of harm across 5 key HAI indicators at a time when patient days, central 
venous catheter days, and ventilator days increased in a large children’s 
hospital.45 Appointment of a clinical sta� member in a high-risk unit as 
an IPC liaison enhances the infection preventionist’s e�ectiveness.3 No 
information is available on the number of IPC personnel required outside 
acute care, but it is clear that persons well trained in IPC must be avail-
able for all sites where healthcare is delivered. For example, during the 
pandemic, the state of California mandated a full-time IP for every skilled 
nursing facility in the state and is planning to maintain that requirement 
post pandemic. 

Surveillance

Facility-Wide and System-Wide Surveillance

Surveillance for HAIs consists of a systematic method of determining the 
incidence and distribution of infections acquired by hospitalized patients. 
�e CDC recommends the following: (1) Prospective surveillance on 
a regular basis by trained infection preventionists, using standardized 

de�nitions and available data mining so�ware; (2) analysis of infection 
rates using established epidemiologic and statistical methods (e.g., cal-
culation of rates using appropriate denominators that re�ect duration of 
exposure; use of statistical process control charts for trending rates); (3) 
regular use of data in decision making; (4) feedback to bedside sta�; and 
(5) employment of an e�ective and trained healthcare epidemiologist 
who develops IPC strategies and policies and serves as a liaison with the 
medical community and administration.46-48 �e CDC has established a 
set of standard de�nitions of HAIs that have been validated and accepted 
widely with updates posted on the CDC NHSN website. Standardization 
of surveillance methodology has become especially important with the 
advent of state legislation for mandatory reporting of HAI infections to 
the public. NHSN is the nation’s most widely used HAI tracking system in 
the US and now receives, analyzes, and reports data from >25,000 medi-
cal facilities in the US. A standardized infection ratio (SIR) that takes 
into account di�erences in risk among healthcare settings, unit types, 
procedures, and patient populations has been included in summary 
reports of HAI rates since 2009. �e Centers for Medicare and Medicaid 
Services and most states use the NHSN data for public reporting of HAI 
rates to HCP and the public on their websites. Although much e�ort has 
been directed toward making these data understandable and useful to 
consumers, interpretation of these data by the public remains di�cult, 
and more research is needed to optimize methods of data display to the 
public.49 NHSN publishes reports of the data analyzed at various inter-
vals and links may be found on the NHSN website.50 �e report that is 
posted on the state health department website presents data by facility, 
speci�c HAI type, and year-to-year trends, and describes improvements 
that have occurred and identi�es other areas in need of improvement.

Although various surveillance methods are used, the basic goals 
and elements are similar and include using standardized de�nitions of 
infection, �nding and collecting cases of HAIs, tabulating data, using 
appropriate denominators that re�ect duration of risk, analyzing and 
interpreting the data, reporting important deviations from endemic rates 
(epidemic, outbreaks) to the bedside care providers and to the facility 
administrators, implementing appropriate control measures, audit-
ing adherence rates for recommended processes, and assessing e�cacy 
of the control measures. Medical centers can use di�erent methods of 
surveillance, as outlined in Box 2.1. Most experts agree that a combina-
tion of methods enhances surveillance and reliability of data, and some 
combination of clinical chart review and database retrieval is impor-
tant. Whatever data collection systems are used, validation is required. 
Administrative databases created for the purposes of billing should not 
be used as the sole source to identify HAIs because of overestimates and 
underestimates that result from inaccurate coding of HAIs. Internal vali-
dation of data reported to NHSN is recommended, and validation tools 
are available on the NHSN website. Use of so�ware designed speci�cally 
for IPC data entry and analysis facilitates real-time tracking of trends and 
timely intervention when clusters are identi�ed. �e IPC team should 
participate in the development and update of electronic medical record 
systems for a healthcare organization to ensure that surveillance needs 
will be met.

Targeted Pathogen-Specific Active Surveillance Cultures

Targeted pathogen-speci�c active surveillance of microbial cultures 
or point prevalence cultures is an important tool for investigation of 
outbreaks associated with a speci�c pathogen.5–7 Much controversy 
has surrounded the role of obtaining active surveillance cultures from 
all patients admitted to an acute care hospital, especially to an ICU, 
to detect asymptomatic colonization with MRSA or VRE and then to 
place those persons under Contact Precautions in an endemic setting, 
a practice referred to as a vertical approach.51 A horizontal approach 
is advantageous because it reduces the risk of transmission of a broad 
variety of pathogens and does not focus on a single pathogen. Con-
tributing factors to the e�ectiveness of the horizontal approach for 
prevention of transmission include the following: (1) widespread 
implementation of bundled prevention practices, including limiting use 
of unnecessary medical devices; (2) improved understanding and more 
consistent implementation of Standard Precautions, especially hand 
hygiene; (3) widespread use of adherence monitoring to ensure con-
sistent implementation of recommended practices; (4) improved envi-
ronmental cleaning with adherence monitoring; and (5) promotion of 
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antimicrobial stewardship. At this time, there is insu�cient experience 
to make a broad recommendation to discontinue routine use of Contact 
Precautions for patients with asymptomatic colonization with MRSA or 
VRE in an endemic setting.52 Special considerations for the NICU may 
be found in a HICPAC CDC guidance document.53 Each IPC program 
must determine practice based on local conditions and follow with 
close auditing and surveillance for potential adverse outcomes.

Control of unusual infections or outbreaks in the community gener-
ally is the responsibility of the local or state public health department; 
however, the individual facility must be responsible for preventing 
transmission within that facility. Public health agencies can be helpful, 
particularly in alerting hospitals of community outbreaks so that outpa-
tient and inpatient diagnosis, treatment, necessary isolation, and other 
preventive measures are implemented promptly to avoid further spread. 
Conversely, designated persons in the hospital must notify public health 
department personnel of reportable infections to facilitate early diagno-
sis, treatment, and infection control in the community. Bene�ts of com-
munity or regional collaboratives of individual healthcare facilities and 
local public health departments for prevention of HAIs, especially those 
caused by MDROs, have been demonstrated, and such collaboration 
should be encouraged.

Microbiology laboratory personnel can provide culture information 
online about individual patients, outbreaks of infection, antibiograms 
(antibiotic susceptibility patterns of pathogens summarized periodically), 
and employee infection data. �e laboratory also can assist with surveil-
lance cultures and facilitation of molecular typing of isolates during 
outbreak investigations. Rapid diagnostic testing of clinical specimens 
for identi�cation of respiratory and gastrointestinal tract viruses and 
B. pertussis is especially important for pediatric facilities. �e IPC divi-
sion and the microbiology laboratory personnel must communicate daily 
because even requests for cultures or other diagnostic testing from physi-
cians (e.g., M. tuberculosis, Neisseria meningitidis, C. di�cile) can identify 
patients early who are infected, are at high risk of infection, or require 
isolation. If microbiology laboratory work is outsourced, it is important 
to ensure that the services and communication needed to support e�ec-
tive IPC are available, as delineated in a 2018 guideline developed by the 
IDSA and the American Society for Microbiology.54 

ANTIMICROBIAL STEWARDSHIP

Antimicrobial stewardship is inextricably linked to e�ective IPC. Increas-
ingly, patients are colonized or infected with MDROs rather than more 
susceptible strains, and MDROs are a major public health threat world-
wide. Antibiotic exposure imposes selective pressure on pathogens by 
eliminating susceptible organisms, which drives the proliferation of 
antibiotic-resistant strains and promotes the development or acquisi-
tion of genetic factors that confer antimicrobial resistance to previously 

susceptible organisms. In closed units, drug-resistant strains can be 
identi�ed within weeks of an antibiotic regimen change.55 Rotation of 
the antibiotic regimen, or cycling, has not been shown to reduce resis-
tance; overall reduction in antibiotic use is required to slow the develop-
ment of resistance.56 Unfortunately, antimicrobial agents are among the 
most overused classes of drugs in the US. �e CDC estimates that up to 
one-third of all antibiotic use is either inappropriate or unnecessary.6,57 
�erefore, a systematic approach to reducing prolonged or unnecessary 
antimicrobial therapy can slow the development of MDROs and prevent 
antibiotic-associated infections (e.g., Clostridioides di�cile diarrhea).

Antimicrobial stewardship was de�ned in a consensus statement by 
the IDSA, SHEA, and Pediatric Infectious Diseases Society in 2012 as 
“coordinated interventions designed to improve and measure the appro-
priate use of antibiotic agents by promoting the selection of the optimal 
antibiotic regimen, including dosing, duration, and route of admin-
istration.” A stewardship program is most e�ective when there is col-
laboration between the patient care team, clinical pharmacist, infectious 
diseases physician, infection preventionist, healthcare epidemiologist, 
and microbiologist.58,59 Hospital administrative support for the infra-
structure required to facilitate ongoing measurement and reporting of 
antimicrobial use and related outcome measures (e.g., antimicrobial use 
dashboard in the electronic medical record, individual provider feed-
back) is critical to the success of the antimicrobial stewardship program. 
�e NHSN publishes the Antimicrobial Use and Resistance Module that 
facilities can use to analyze antimicrobial use and resistance data in a way 
that supports IPC e�orts and antimicrobial stewardship.60 In 2019, the 
CDC updated the Core Elements of Hospital Antibiotic Stewardship Pro-
grams to include an emphasis on commitment of hospital leadership and 
the inclusion of a pharmacist, ideally as a coleader, of the stewardship 
program. Additionally, the importance of formal inclusion of bedside 
nurses in antimicrobial stewardship remains underappreciated; nursing 
participation has been shown to improve patient outcomes and clinician 
con�dence.61–63

An antimicrobial stewardship program can optimize clinical outcomes 
while decreasing the adverse consequences of prolonged or unnecessary 
antimicrobial use, including the emergence of resistant organisms. A vari-
ety of strategies have been proven as e�ective components of an antimi-
crobial stewardship program. Audit and feedback, in which antibiotic use 
is measured, analyzed, and used to inform and educate prescribers in real 
time, perhaps is the single most e�ective tool and is the backbone of e�ec-
tive stewardship. Preauthorization, in which certain restricted antimicro-
bial agents can be prescribed only a�er approval by the stewardship team, 
is also e�ective but is a far less collaborative strategy.64,65 An intermedi-
ate step is to use an antibiotic timeout, in which restricted agents can be 
prescribed but then are systematically reviewed by the stewardship team 
at a speci�ed time (e.g., 48 hours).66 When done e�ectively, education 
and feedback ideally will shi� the responsibility for appropriate antibiotic 
prescribing towards the prescribing team and away from the stewardship 
program.67 �e use of facility-speci�c treatment guidelines for speci�c 
conditions also can optimize prescribing by establishing clear recom-
mendations for common conditions (e.g., pneumonia, intra-abdominal 
infection, neonatal sepsis). �e inclusion of relevant providers in the 
development and maintenance of these clinical guidelines (e.g., surgeons 
for intra-abdominal infection, pediatric hospital medicine providers 
for pneumonia) has been shown to improve adherence and e�cacy.68,69 
Finally, the concept of diagnostic stewardship has emerged as a corollary 
to e�ective antimicrobial stewardship; speci�cally, understanding that 
correctly distinguishing an infection from a noninfectious condition is 
a prerequisite to using antimicrobial agents e�ectively. Clinicians must 
prioritize obtaining relevant diagnostic tests, particularly bacterial and 
fungal cultures before initiating antimicrobial therapy in order to clarify 
subsequent decisions. Investigating viral diagnostics, sepsis biomarkers, 
and predictive modeling are all important potential strategies to prevent 
unnecessary antimicrobial use.70

Finally, it is critical to emphasize that “all antimicrobial stewardship is 
local.” Strategies that are e�ective at a large, tertiary, free-standing chil-
dren’s hospital may not be applicable to a rural critical access hospital that 
lacks pediatric-speci�c pharmacists or infectious diseases support. Simi-
larly, an antimicrobial stewardship program tailored to a PICU would 
not necessarily be e�ective in a NICU, in which patients and patho-
logic events di�er dramatically. Studies show that even a referral NICU 
in which most or all infants are born at other facilities has drastically 

BOX 2.1 Sources of Data for Surveillance

Clinical rounds with physicians or nurses, or both

Review of:

	•	 	Patients’	orders
	•	 	Radiology	reports	and	databases
	•	 	Pharmacy	reports	and	databases
	•	 	Operating	room	diagnoses	and	procedures
	•	 	Microbiology:	bacteriology,	virology,	mycology,	mycobacteriology,	

serology reports, autopsy reports, data-mining reports

Post-discharge surveillance, especially for surgical site infections

Public health surveillance

Review of:

	•	 	Employee	health	reports
	•	 	Admission	diagnoses
	•	 	Outpatient	diagnoses
	•	 	Administrative	databases,	but	these	should	not	be	used	as	a	sole	

source because of inaccurate coding of healthcare-associated 

infections

	•	 	Electronic	data	mining	systems	that	integrate	microbiology	
 laboratory data and pharmacy data
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di�erent prescribing patterns and stewardship requirements than an 
inborn NICU in which the infants are born at that hospital.71 Antimicro-
bial stewardship programs should be tailored to the speci�c environment 
to ensure optimal impact.72 �e use of implementation science to identify 
barriers to adoption and e�ectiveness is particularly valuable when insti-
tuting an antimicrobial stewardship program. Ultimately, a well-designed 
antimicrobial stewardship program that is tailored for a speci�c purpose 
is an invaluable component of infection control and prevention. 

ISOLATION PRECAUTIONS

Isolation of patients with potentially transmissible infectious diseases is a 
strategy proven to prevent transmission of infectious agents in healthcare 
settings. Many published studies, performed in both adult and pediatric 
settings, provide a strong evidence base for most recommendations for 
isolation precautions and for limiting outbreaks. However, controversies 
exist concerning the most clinically and cost-e�ective measures for pre-
venting certain HAIs, especially those associated with MDROs.

Since 1970, the guidelines for isolation precautions developed by 
CDC have responded to the needs of the evolving US healthcare systems 
and the growing bodies of evidence. For example, universal precau-
tions became a required standard in response to the HIV epidemic that 
emerged in the 1980s and the need to prevent acquisition of bloodborne 
pathogens (e.g., HIV, hepatitis B and C viruses) by HCP through skin, 
eye, mucous membrane, or parenteral contact with blood or other poten-
tially infectious materials from persons not known to be or suspected of 
being infected. Universal precautions were modi�ed and now are stan-
dard precautions since publication of the 1996 Guideline for Isolation.3 
�e federal Needlestick Safety and Prevention Act, signed into law in 

November 2000, authorized the Occupational Safety and Health Admin-
istration’s revision of its Bloodborne Pathogens Standard more explicitly 
to require the use of safety-engineered sharp devices.

Evidence and recommendations are provided for the prevention of 
transmission of MDROs such as MRSA, VRE, VISA, VRSA, and GNB.3–6 
�e components of a protective environment for prevention of environ-
mental fungal infections in HSCT recipients are described in the HICPA/
CDC 2007 Isolation Guideline.3 Updates of evidence-based, rated recom-
mendations are posted on the HICPAC website as they become available. 

Standard Precautions

�e most recent Guideline for Isolation Precautions published in 20073 
rea�rms Standard Precautions, a combination of universal precautions 
and body substance isolation, as the foundation of transmission pre-
vention measures. Critical thinking is required for HCP to recognize 
the importance of body �uids, excretions, and secretions in the trans-
mission of infectious pathogens and take appropriate protective precau-
tions by using PPE (e.g., masks, gowns, gloves, face shields, or goggles) 
and safety devices when exposure is likely even if an infection is not 
suspected or known. In addition, updated guidelines4 provide recom-
mendations for Standard Precautions in all settings in which healthcare 
is delivered (acute care hospitals, ambulatory surgical and medical cen-
ters, long-term care facilities, and home health agencies). �e compo-
nents of Standard Precautions are summarized in Table 2.1. In the most 
recent HICPAC/CDC isolation guidelines,3,4 safe injection practices are 
included as a component of Standard Precautions. Despite the empha-
sis on safe injection practices, transmission of hepatitis B and C viruses 
continues to be reported in ambulatory care settings as a result of failure 

TABLE 2.1  Recommendations for Application of Standard Precautions for the Care of All Patients in All Healthcare Settings

Component Recommendations for Performance

Hand hygiene Perform before touching patients and before donning gloves; after touching blood, body fluids, secretions, excretions, and 

contaminated items; immediately after removing gloves; between patient contacts. Alcohol-containing antiseptic hand 

rubs are preferred except when hands are visibly soiled with blood or other proteinaceous materials or if exposure to 

spores (e.g., Clostridioides difficile, Bacillus anthracis) is likely to have occurred

Gloves Use for touching blood, body fluids, secretions, excretions, contaminated items; for touching mucous membranes and 

nonintact skin

Gown Wear during procedures and patient care activities when contact of clothing or exposed skin with blood or body fluids, 

secretions, or excretions is anticipated

Mask,a eye protection (goggles), 

face shield

Wear during procedures and patient care activities likely to generate splashes or sprays of blood, body fluids, or secre-

tions (especially suctioning, endotracheal intubation) to protect healthcare personnel. For patient protection, the person 

inserting an epidural anesthesia needle or performing myelograms should use a mask when prolonged exposure of the 

puncture site is likely to occur

Soiled patient-care equipment Handle in a manner that prevents transfer of microorganisms to others and to the environment; wear gloves if equipment is 

visibly contaminated; perform hand hygiene

Environmental control Develop procedures for routine care, cleaning, and disinfection of environmental surfaces, especially frequently touched 

surfaces in patient care areas. Include objective measures of effectiveness of cleaning (e.g., Glo-Germ marking or ATP 

measurements)

Textiles and laundry Handle in a manner that prevents transfer of microorganisms to others and to the environment

Safe injection practices (use of 

needles and other sharps)

Do not recap, bend, break, or hand-manipulate used needles; if recapping is required, use a one-handed scoop technique 

only; use needle-free safety devices when available; place used sharps in a puncture-resistant container. Use a sterile, 

single-use, disposable needle and syringe for each injection given. Single-dose medication vials are preferred when 

medications are administered to >1 patient

Patient resuscitation Use a mouthpiece, resuscitation bag, or other ventilation device to prevent contact with mouth and oral secretions

Patient placement Prioritize for a single-patient room if the patient is at increased risk of transmission, is likely to contaminate the environment, 

does not maintain appropriate hygiene, or is at increased risk of acquiring infection or developing adverse outcome fol-

lowing infection

Respiratory hygiene and cough 

etiquetteb

Instruct symptomatic persons to cover the mouth or nose when sneezing or coughing; use tissues and dispose in no-touch 

receptacle; observe hand hygiene after soiling of hands with respiratory secretions; wear a surgical mask if tolerated or 

maintain spatial separation, >1–2 m (3–6 feet) if possible

aDuring aerosol-generating procedures on patients with suspected or proven infections transmitted by aerosols (e.g., SARS-CoV and SARS-CoV-2), wear a fit-tested N95 or higher respirator in addition to 

gloves, gown, and face and eye protection.
bSource containment of infectious respiratory secretions in symptomatic patients, beginning at the initial point of encounter (e.g., triage and reception areas in emergency departments and physician offices).

Modified with permission from Siegel JD, Rhinehart E, Jackson M, et al. Guideline for isolation precautions: preventing transmission of infectious agents in healthcare settings, 2007. Am J Infect Control. 

2007;35(Suppl 2):S65–S164.
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to follow recommended practices, thus indicating a need to reiterate the 
established e�ective practices. A review of clusters of transmission of 
hepatitis C virus in dialysis centers from 2005 to 2015 identi�ed the fol-
lowing potential infection control breaches: (1) Use of multidose vials for 
heparin or saline administration; (2) poor compliance with hand hygiene 
before and a�er patient contacts or a�er touching a possibly contami-
nated surface; (3) failure to change gloves between patient contacts or 
a�er contact with a potentially contaminated surface; (4) failure to disin-
fect environmental surfaces adequately; (5) unsafe injection practices; (6) 
failure to disinfect shared equipment between patient uses; (7) lack of a 
separate area for medication preparation; and (8) failure to have clean and 
dirty utility rooms clearly separated.

Two additions were made to Standard Precautions in 2007: (1) Respi-
ratory hygiene or cough etiquette for source containment by people with 
signs and symptoms of respiratory tract infection and (2) use of a mask 
by personnel inserting an epidural anesthesia needle or performing a 
myelogram when prolonged exposure of the puncture site is likely. Both 
components have a strong evidence base.

Implementation of Standard Precautions requires the availability of 
PPE in proximity to all patient care areas. HCP with exudative lesions 
or weeping dermatitis must avoid direct patient care and handling of 
patient care equipment. Persons having direct patient contact should be 
able to anticipate exposure incurring risks and steps to take if a high-
risk exposure occurs. Exposures of concern are as follows: Exposures to 
blood or other potentially infectious material de�ned as an injury with a 
contaminated sharp object (e.g., needlestick, scalpel cut); a spill or splash 
of blood or other potentially infectious material onto nonintact skin (e.g., 
cuts, hangnails, dermatitis, abrasions, chapped skin) or onto a mucous 
membrane (e.g., mouth, nose, eye); or blood exposure covering a large 
area of normal skin. Patient-related duties that do not constitute high-risk 
exposures include handling food trays or furniture, pushing wheelchairs 
or stretchers, using restrooms or telephones, having personal contact 
with patients (e.g., giving information, touching intact skin, bathing, giv-
ing a back rub, shaking hands), or performing clerical or administrative 
functions for a patient.

If hands or other skin surfaces are exposed to blood or other poten-
tially infectious material, the area should be washed immediately with 
soap and water for at least 10 seconds and rinsed with running water for 
at least 10 seconds. For an eye, nose, or mouth splashed with blood or 
body �uids, the area should be irrigated immediately with a large volume 
of water. If a skin cut, puncture, or lesion is exposed to blood or other 
potentially infectious material, the area should be washed immediately 
with soap and water for at least 10 seconds and rinsed with 70% isopropyl 
alcohol. Any exposure incident should be reported immediately to the 
occupational health department to determine whether blood samples are 
required from the source patient and the exposed person and if immedi-
ate prophylaxis is indicated.

All HCP should know where to �nd the exposure control plan speci�c 
to each area of care, whom to contact, where to go, and what to do if inad-
vertently exposed to blood or body �uids. Important resources include 
the occupational health department, the emergency department, and the 
infection control or hospital epidemiology division. �e most important 
recommendation in any accidental exposure is to seek advice immedi-
ately to determine whether intervention is required. 

Transmission-Based Precautions

Transmission-Based Precautions are designed for patients with docu-
mented or suspected infection with pathogens for which additional 
precautions beyond Standard Precautions are needed to prevent trans-
mission. �e three categories of Transmission-Based Precautions are 
Contact Precautions, Droplet Precautions, and Airborne Precautions, 
and they are based on the likely routes of transmission of speci�c 
infectious agents. It is likely that speci�c precautions for prevention of 
aerosol transmission will be developed by CDC in the future. Trans-
mission-Based Precautions are combined for infectious agents that have 
more than one route of transmission. When used singly or in combi-
nation, such precautions always are used in addition to Standard Pre-
cautions. Transmission-Based Precautions applied at the time of initial 
contact, based on the clinical presentation and the most likely patho-
gens, are referred to as Empiric Precautions or Syndromic Precautions. 

�is approach is useful especially for emerging agents (e.g., SARS-CoV, 
avian in�uenza, pandemic in�uenza), for which information concern-
ing routes of transmission is evolving. �e categories of clinical presen-
tation are as follows: diarrhea, central nervous system, generalized rash 
or exanthem, respiratory, skin or wound infection. Single-patient rooms 
always are preferred for children needing Transmission-Based Precau-
tions. If single-patient rooms are unavailable, cohorting of patients, 
and preferably of sta� (dedicating speci�c sta� members to a cohort 
of patients without cross over to other uninfected patients), according 
to clinical and laboratory con�rmed diagnosis and exposure history is 
recommended. �e experience of patients with Ebola virus infection in 
the US in 2014 led to the development of special precautions a�er viral 
transmission to 2 nurses occurred as a result of patients’ extraordinarily 
high viral loads and large volumes of emitted body �uids.30 PPE for all 
transmission-based precautions is donned upon entry into the room to 
protect against acquisition of pathogens from contaminated surfaces, 
even if direct contact with the patient is not intended. Evidence sup-
ports the importance of applying Contact Precautions only when indi-
cated, obtaining training on the use of PPE, having e�ective PPE readily 
available, and practicing consistent and precise use of PPE.

Table 2.2 lists the 3 categories of isolation based on routes of trans-
mission and their necessary components. Table 2.3 lists precautions by 
syndromes, to be used when a patient has an infectious disease, and the 
agent is not yet identi�ed. For infectious agents that are more likely to 
be transmitted by the droplet route (e.g., pandemic in�uenza), droplet 
precautions (with use of surgical mask) are appropriate. When caring 
for individuals with infections transmitted by aerosols, such as SARS-
CoV-2, an N95 or higher respirator and a face shield or goggles are rec-
ommended. When aerosol-generating procedures are administered to 
individuals with an aerosol or airborne infection, place the patient in a 
negative pressure isolation room (AIIR) and wear an N95 or higher respi-
rator and a face shield or goggles.3,38  

ENVIRONMENTAL MEASURES

Cleaning

Contaminated environmental surfaces and noncritical medical items 
have been implicated in transmission of several infectious agents, includ-
ing VRE, C. di�cile, Acinetobacter spp., MRSA, and RSV in healthcare 
settings.73 Pathogens on surfaces are transferred to the hands of HCP 
and are then transferred to patients or items to be shared. Occupying 
a room previously occupied by a patient with a key pathogen is a risk 
factor for acquiring that pathogen during a hospital stay. Cleaning is the 
removal of all foreign material from surfaces and objects. �is process is 
accomplished using soap and enzymatic products. Failure to remove all 
organic material from items before disinfection and sterilization reduces 
the e�ectiveness of these processes. Most o�en, the failure to follow rec-
ommended procedures for cleaning and disinfection contributes more 
than does the speci�c pathogen to the environmental reservoir during 
outbreaks. A program of environmental cleaning developed and imple-
mented collaboratively by the IPC and environmental services depart-
ments are associated with sustained improvement in cleaning.74,75 Use 
of a standardized cleaning checklist and implementation of monitoring 
for adherence to recommended environmental cleaning practices are 
important determinants of success. Visual markers (e.g., invisible �uo-
rescein powder) and adenosine triphosphate bioluminescence technolo-
gies are also useful for monitoring e�ective environmental cleaning and 
providing immediate feedback to workers. Cost e�ectiveness of an envi-
ronmental cleaning bundle with �ve evidence-based components target-
ing audit, communication, technique, training, and product has been 
demonstrated.76 

Disinfection, Sterilization, and Removal of Infectious 

Waste

Disinfection is a process that eliminates all forms of microbial life 
except the endospore. Disinfection usually requires liquid chemicals. 
Disinfection of an inanimate surface or object is a�ected adversely by 
the following: the presence of organic matter; a high level of microbial 
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contamination; use of too dilute germicide; inadequate disinfection con-
tact time; an object that can harbor microbes in protected cracks, crev-
ices, and hinges; pH; and temperature. Certain infectious agents (e.g., 
rotavirus, noroviruses, C. di�cile) can be resistant to some routinely used 
hospital disinfectants; thus, a 1:10 dilution of 5.25% sodium hypochlorite 
(household bleach) or other special disinfectants are indicated to prevent 
transmission of such agents despite appropriate cleaning procedures.

No-touch automated room decontamination technologies have been 
developed and added to room turnover procedures in some facilities. 
At speci�c wavelengths, ultraviolet light breaks the molecular bonds in 
DNA, thus destroying the organisms. Ultraviolet light irradiation and 
hydrogen peroxide vapor systems have been shown to reduce surface 
contamination with common pathogens, such as C. di�cile and VRE, 
and decrease the risk of acquiring HAIs caused by those pathogens 
when these systems are added to a terminal cleaning regimen; however, 
no bene�cial e�ect for MRSA or gram-negative MDROs was demon-
strated in one systematic review and metanalysis.77 �ese technologies 
supplement, but do not replace, standard cleaning and disinfection 
because surfaces must be physically cleaned of particulate matter and 
debris �rst. Other disadvantages of these systems are that they cannot 
be used when people are in the rooms, room turnover is delayed, and 
the systems are expensive to purchase. No recommendations have been 
made for routine use or speci�c indications because research on antimi-
crobial e�ectiveness, cost e�ectiveness, and feasibility of these systems 
is ongoing.

Self-disinfecting surfaces can be created by altering the structure of 
the surface material or by incorporating a material that has antimicro-
bial activity.78 Copper has antimicrobial activity against a wide range of 
organisms including bacteria and fungi. �us, incorporating copper into 
high-touch surfaces such as toilet seats, bed rails, door handles, or coun-
tertops is a novel infection prevention strategy that has been shown to 
reduce bacterial colony counts compared with control surfaces in health-
care settings. However, no recommendation for routine use yet has been 
made.

Sterilization is the eradication of all forms of microbial life, includ-
ing fungal and bacterial spores. Sterilization is achieved by physi-
cal and chemical processes such as steam under pressure, dry heat, 
ethylene oxide, and liquid chemicals. The Spaulding classification of 
patient care equipment as critical, semi-critical, and noncritical items 
regarding sterilization and disinfection is used by the CDC. Critical 
items require sterilization because they enter sterile body tissues and 
carry a high risk of causing infection if they are contaminated; semi-
critical items require disinfection because they may contact mucous 
membranes and nonintact skin; and noncritical items require routine 
cleaning because they come in contact only with intact skin. If non-
critical items used on patients requiring Transmission-Based Precau-
tions, especially Contact Precautions, must be shared, then these items 
should be disinfected between uses. Guidelines for specific objects 
and specific disinfectants are published and updated by the CDC. 
Multiple published reports and manufacturers similarly recommend 

TABLE 2.2  Transmission-Based Precautionsa

Component Contact Droplet Airborne/Aerosol

Hand hygiene Per Standard Precautions

Perform 5 “moments” of hand hygiene (see text), 

and upon entry into room

Soap and water preferred over alcohol hand rub for 

Clostridioides difficile, Bacillus anthracis spores

Per Standard Precautions

Perform 5 “moments” of hand 

hygiene (see text), and upon 

entry into room

Per Standard Precautions

Perform 5 moments of hand hygiene (see 

text), and upon entry into room

Gown Yes; don before or upon entry into room Per Standard Precautions

Add to droplet precautions for 

infants, young children, or 

 presence of diarrhea

Per Standard Precautions and, if infectious, 

draining skin lesions present

Gloves Yes; don before or upon entry into room Per Standard Precautions.

Add for infants, young children, 

and/or presence of diarrhea

Per Standard Precautions

Add for infants, young children, or presence 

of diarrhea

Mask Per Standard Precautions Yes; don before or upon entry 

into room

Don N95 particulate respirator or higher 

before entry into room

Goggles or face shield Per Standard Precautions Per Standard Precautions

Always for SARS-CoV, SARS-

CoV-2, avian influenza

Per Standard Precautions

Always for SARS-CoV, SARS-CoV-2, avian 

influenza

N95 or higher respirator 

(always don before 

entry into room)

When aerosol-generating procedures performed for 

influenza, SARS-CoV, SARS-CoV-2VHFb

When aerosol-generating proce-

dures performed for influenza, 

SARS-CoV, SARS-CoV-2, VHF

Yes; don before entry into room

Room placement Single-patient room preferred

Cohort similar infections if single-patient rooms 

unavailable

Single-patient room preferred

Cohort similar infections if single-

patient rooms unavailable

Single-patient room

Negative air pressure (Airborne Infection 

isolation room, AIIR); 12 air changes/hr 

for new construction, 6 air changes/hr 

for existing rooms. AIIRs not needed for 

pathogens transmitted by aerosol if no 

aerosol generating procedure

Environmental 

 measures

Increased frequency, especially in the presence of 

diarrhea, transmission of C. difficile, norovirus

Bleach for VRE, C. difficile, norovirus, C. auris

Routine Routine

Transport Mask	patient	if	coughing
Cover infectious skin lesions

PPE not routinely required for transporter

Mask	patient Mask	patient
Cover infectious skin lesions

aIn addition to Standard precautions, use Transmission-Based Precautions for patients with highly transmissible or epidemiologically important pathogens for which additional precautions are needed.
bIncludes Ebola virus. Consult most recent Centers for Disease Control and Prevention and World Health Organization guidelines for recommended infection control precautions for Ebola virus disease.

Modified with permission from Siegel JD, Rhinehart E, Jackson M, et al. Guideline for isolation precautions: preventing transmission of infectious agents in healthcare settings, 2007. Am J Infect Control 

2007;35(Suppl 2):S65–S164.

PPE, personal protective equipment; SARS, severe acute respiratory syndrome; VHF, viral hemorrhagic fever; VRE, vancomycin-resistant Enterococcus.
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TABLE 2.3  Clinical Syndromes or Conditions Warranting Empiric Transmission-Based Precautions in Addition to Standard Precautions Pending 

Confirmation of Diagnosisa

Clinical Syndrome or Conditionb Potential Pathogensc

Empiric Precautions (Always Includes Standard 

 Precautions)

DIARRHEA

Acute diarrhea with a likely infectious cause in an 

incontinent or diapered patient

Enteric pathogensd Contact Precautions (pediatrics and adult)

MENINGITIS Neisseria meningitidis

Enteroviruses

Mycobacterium	tuberculosis

Droplet Precautions for first 24 hrs of antimicrobial therapy; mask, 

face, and eye protection for intubation

Contact Precautions for infants and childrenZ

Airborne Precautions if pulmonary infiltrate

Airborne Precautions plus Contact Precautions if potentially infec-

tious draining body fluid present

RASH OR EXANTHEMS, GENERALIZED, ORIGIN UNKNOWN

Petechial or ecchymotic exanthem with fever 

(general)

N. meningitidis Droplet Precautions for first 24 hrs of antimicrobial therapy

If traveled in an area with an ongoing outbreak of 

viral hemorrhagic fever in the 10 days before 

onset of fever

Ebola,	Lassa,	Marburg	viruses Airborne Precautions plus Contact Precautions, with face and eye 

protection, emphasizing safety sharps and barrier precautions 

when blood exposure likely

In the United States, asymptomatic persons can be managed in 

Ebola assessment centers. Transfer symptomatic persons with 

infection to biocontainment units

Use a single-use fluid-resistant or impermeable gown that extends 

to at least midcalf or a coverall without an integrated hood. Two 

pairs of gloves should be worn. Use a single-use fluid-resistant or 

impermeable boot cover. A single-use fluid resistant or imperme-

able apron should be worn to cover the torso if the patient has 

vomiting or diarrhea

Consult CDC, WHO websites for current recommendations

Vesicular Varicella-zoster, herpes simplex, variola 

(smallpox), vaccinia viruses

Airborne plus Contact Precautions

Contact Precautions only if herpes simplex, localized zoster in an 

immunocompetent host, or vaccinia viruses most likely

Maculopapular	with	cough,	coryza,	and	fever Rubeola (measles) virus Airborne Precautions

RESPIRATORY INFECTIONS

Cough, fever, or upper-lobe pulmonary infiltrate in 

an HIV-negative patient or a patient at low risk 

for HIV infection

M. tuberculosis, respiratory viruses, 

Streptococcus pneumoniae, Staphy-

lococcus aureus	(MSSA	or	MRSA)

Airborne Precautions plus Contact Precautions until M. tuberculosis 

ruled out

Droplet Precautions if respiratory viruses most likely

Cough, fever, or pulmonary infiltrate in any lung 

location in an HIV-infected patient or a patient 

at high risk for HIV infection

M. tuberculosis, respiratory viruses, 

Streptococcus pneumoniae, Staphy-

lococcus aureus	(MSSA	or	MRSA)

Airborne Precautions plus Contact Precautions

Use eye and face protection if aerosol-generating procedure per-

formed or contact with respiratory secretions anticipated

If tuberculosis is unlikely and no AIIRs or respirators are available, 

use Droplet Precautions instead of Airborne Precautions

Tuberculosis more likely in HIV-infected than in HIV-uninfected 

persons

Cough, fever, or pulmonary infiltrate in any lung lo-

cation in a patient with a history of recent travel 

(10–21 days) to a country with an outbreak of 

SARS or avian influenza

M. tuberculosis, SARS-CoV, SARS-

CoV-2, avian influenza

Airborne Precautions plus Contact Precautions in addition to eye 

protection

If SARS and tuberculosis unlikely, use Droplet Precautions instead of 

Airborne Precautions

Respiratory infections, particularly bronchiolitis and 

pneumonia, in infants and young children

Respiratory syncytial virus, parainfluenza 

virus, adenovirus, influenza virus, 

human metapneumovirus

Contact Precautions plus Droplet Precautions

Droplet Precautions can be discontinued when adenovirus and 

influenza have been ruled out

SKIN OR WOUND INFECTION

Abscess or draining wound that cannot be 

covered

Staphylococcus aureus	(MSSA	or	
MRSA),	group	A	Streptococcus

Contact Precautions

Add droplet precautions for the first 24 hrs of appropriate anti-

microbial therapy if invasive group A streptococcal disease is 

suspected

aInfection control professionals should modify or adapt this table according to local conditions. To ensure that appropriate empiric precautions are always implemented, hospitals must have systems in 

place to evaluate patients routinely according to these criteria as part of preadmission and admission care.
bPatients with the syndromes or conditions listed may have atypical signs or symptoms (e.g., neonates and adults with pertussis may not have paroxysmal or severe cough). The clinician’s index of 

 suspicion should be guided by the prevalence of specific conditions in the community, as well as clinical judgment.
cThe organisms listed under the column “Potential Pathogens” are not intended to represent the complete, or even most likely, diagnoses, but rather possible etiologic agents that require additional 

precautions beyond standard precautions until they can be excluded.
dThese pathogens include enterohemorrhagic Escherichia coli O157:H7, Shigella spp., hepatitis A virus, noroviruses, rotavirus, and Clostridium difficile.

AIIR, airborne infection isolation room; CDC, Centers for Disease Control and Prevention; CoV, coronavirus; HIV, human immunodeficiency virus; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, 

methicillin-susceptible Staphylococcus aureus; SARS, severe acute respiratory syndrome; VHF, viral hemorrhagic fever; WHO, World Health Organization.
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the use and reuse of objects with appropriate sterilization, disinfec-
tion, or cleaning recommendations.

Outbreaks of MDR GNB infections have been associated with exposure 
to duodenoscopes used for retrograde cholangiopancreatography. �ese 
endoscopes have a complex design with long, narrow channels, crevices 
that are di�cult to access with a cleaning brush, right-angle turns, and 
heavy microbial contamination following procedures. Recommendations 
in guidelines for reprocessing endoscopes to avoid contamination focus 
on training of personnel, meticulous manual cleaning, high-level disin-
fection followed by rinsing and air-drying, and proper storage.79 Medical 
devices that are designed for single use (e.g., specialized catheters, elec-
trodes, biopsy needles) must be reprocessed by third parties or hospitals 
according to the guidance issued by the US Food and Drug Administra-
tion (FDA) in August 2000 with amendments in September 2006; such 
reprocessors are regulated as manufacturers. Available data show that 
single-use devices reprocessed according to the FDA regulatory require-
ments are as safe and e�ective as new devices.

De�ciencies in disinfection and sterilization leading to infection have 
resulted either from failure to adhere to scienti�cally based guidelines or 
failures in the disinfection or sterilization processes. When such failures 
are discovered, an investigation must be completed, including noti�ca-
tion of patients and, in some cases, testing for infectious agents. A guid-
ance document for risk assessment and communication to patients in 
such situations is published.80

Healthcare facility waste is all biologic or nonbiologic waste that is 
discarded and not intended for further use. Medical waste is material 
generated as a result of use with a patient, such as for diagnosis, immu-
nization, or treatment, and it includes soiled dressings and intravenous 
tubing. Infectious waste is that portion of medical waste that poten-
tially could transmit an infectious disease. Microbiologic waste, patho-
logic waste, contaminated animal carcasses, blood, and sharps are all 
examples of infectious waste. Methods of e�ective disposal of infectious 
waste include incineration, steam sterilization, drainage to a sanitary 
sewer, mechanical disinfection, chemical disinfection, and microwave 
treatment. State and local regulations guide the treatment and disposal 
of regulated medical waste. 

VISITATION POLICIES

People

Special visitation policies are required in pediatric units, especially the 
high-risk units, because acquisition of a seemingly innocuous viral infec-
tion in neonates and in children with underlying diseases can result in 
unnecessary evaluations and empiric therapies for suspected septicemia 
as well as serious, life-threatening disease. All visitors with signs or symp-
toms of respiratory or gastrointestinal tract infection should be restricted 
from visiting patients in healthcare facilities. Increased restrictions may 
be required during a community outbreak (e.g., SARS-CoV-2, pandemic 
in�uenza, Ebola virus). During respiratory virus season, the number of 
visitors can be limited and the age restriction increased. It is preferred for 
all visitors to be immunized against in�uenza during in�uenza season. 
Several children’s hospitals provide in�uenza vaccine or tetanus, diphthe-
ria, and acellular pertussis (Tdap) vaccine, or both, to household contacts 
at no charge, thereby supporting the cocooning strategy endorsed by the 
Advisory Committee on Immunization Practices of the CDC and the 
American Academy of Pediatrics.

For patients requiring Contact Precautions, the use of PPE by visitors 
is determined by the nature of the interaction with the patient and the 
likelihood that the visitor will frequent common areas on the patient’s 
unit or interact with other patients and their families. It is important to 
distinguish parents or guardians from nonhousehold visitors when deter-
mining whether the visitor should wear PPE. �e risk-bene�t decision 
should weigh not only the speci�c pathogen in question, but also the 
e�ect of parental or guardian PPE on breastfeeding, bonding, and family 
participation in the child’s medical care. For family members who are 
rooming in with children who have prolonged hospitalizations, restric-
tion of visitation to other patients is emphasized. A SHEA expert guid-
ance document has been published to summarize the principles to follow 
to prevent transmission of infectious agents by visitors to patients because 
few data are available to inform evidence-based recommendations.81

Although most pediatricians encourage visits by siblings in inpa-
tient areas, the medical risk must not outweigh the psychosocial 
benefit. Families favorably regard sibling visitation, and no evidence 
indicates increased bacterial colonization or subsequent bacterial 
infection in the neonate or older child who has been visited by sib-
lings. Strict guidelines for sibling visitation should be established 
and enforced in an effort to maximize visitation opportunities and 
minimize risks of transmission of infectious agents, most frequently 
viruses. The following recommendations regarding visitation can 
guide policy development:
 1.  Sibling visitation is encouraged in the well-child nursery and NICU, as 

well as in areas for care of older children.
 2.  Before visitation, parents should be interviewed by a trained sta� 

nurse concerning their current health status and that of the patient’s 
sibling. Siblings should not be allowed to visit if they are delinquent in 
recommended vaccines, have fever or symptoms of an acute illness, 
or are within the incubation period following exposure to a known 
infectious disease. A�er the interview, the physician or nurse should 
place a written consent for sibling visitation in the patient’s permanent 
record and a nametag indicating that the sibling has been approved for 
visitation for that day.

 3.  Asymptomatic siblings who recently were exposed to varicella but 
who previously were immunized can be assumed to be immune.

 4.  �e visiting sibling should visit only his or her sibling and not be al-
lowed in playrooms with groups of patients.

 5.  Visitation should be limited to periods of time that ensure adequate 
screening, observation, and monitoring of visitors by medical and 
nursing sta� members.

 6.  Children should perform hand hygiene before and a�er contact with 
the patient or upon entry and departure from the patient’s room.

 7.  During the entire visit, parents or another responsible adult should 
supervise sibling activity. 

Animals

Animal-assisted therapy can be of substantial clinical bene�t to the child 
hospitalized for prolonged periods; therefore, it is important for health-
care facilities to provide guidance for safe visitation. Many zoonoses and 
infections are attributable to animal exposure (see Chapter 88). Most 
infections result from inoculation of animal �ora through a bite or scratch 
or self-inoculation a�er contact with the animal, the animal’s secretions 
or excretions, or contaminated environment. Although few data support 
a true evidence-based guideline for animal visitation (including personal 
pets) in healthcare facilities, updated expert guidance is provided in the 
SHEA Expert Guidance on Animals in Healthcare Facilities: Recommen-
dations to Minimize Potential Risk, which includes a review of the litera-
ture related to animal-assisted activities.82

Prudent visitation policies should limit visitation to animals that (1) 
are domesticated; (2) do not require a water environment; (3) do not bite 
or scratch; (4) can be brought to the hospital in a carrier or easily walked 
on a leash; (5) are trained to defecate and urinate outside or in appropri-
ate litter boxes; (6) can be bathed before visitation; and (7) are known 
to be free of respiratory, dermatologic, and gastrointestinal tract disease. 
Despite the established risk of salmonellosis associated with reptiles (e.g., 
turtles, iguanas), many reports of outbreaks of invasive disease associ-
ated with reptiles continue to be reported; reptiles should be excluded 
from pet visitation programs, and families should be advised not to have 
pet reptiles in the home with young infants or immunocompromised 
persons. Exotic animals that are imported should be excluded because 
of unpredictable behavior and the potential for transmission of unusual 
pathogens (e.g., monkeypox in the US in 2003).83 Visitation should be 
limited to short periods and con�ned to designated areas. Visiting pets 
must have a certi�cate of immunization from a licensed veterinarian. 
Children should observe hand hygiene a�er contact with animals. Most 
pediatric facilities restrict pet interaction with severely immunosup-
pressed patients and patients in ICUs. 

OCCUPATIONAL HEALTH

�e Occupational Safety and Health Administration requires occupa-
tional health and student health collaboration with the IPC department 
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of a healthcare facility. HCP are at increased risk of infection in hospitals 
caring for children because (1) children have a high incidence of infec-
tious diseases; (2) personnel can be susceptible to many pediatric patho-
gens; (3) pediatric care requires close physical contact; (4) children may 
lack good personal hygiene; (5) infected children can be asymptomatic; 
and (6) HCP are exposed to multiple family members who also may be 
infected. 

Routine Infection Prevention and Control Practices

�e CDC has provided updated guidance on the Infrastructure and Rou-
tine Practices for Occupational Infection Prevention and Control Ser-
vices.84 �e occupational health department is an educational resource 
for information on infectious pathogens in the healthcare workplace. 
In concert with the IPC service, occupational health provides pre-
employment education and respirator �t testing and annual retraining 
for all employees regarding routine health maintenance, available recom-
mended and required vaccines, Standard and Transmission-Based Pre-
cautions, and exposure control plans. Reporting a work-related exposure 
is required for subsequent medical care and workers’ compensation.

Screening for tuberculosis at regular intervals, as determined by 
the facility’s risk assessment, can use either tuberculin skin testing or 
interferon-γ release assays. With new pathogens being isolated, new dis-
eases and their transmission described, and new prophylactic regimens 
and treatment available, it is mandatory that occupational health person-
nel have an up-to-date working knowledge of IPC and know where and 
what services, equipment, and therapies are available for HCP.

All HCP should be screened by history or serologic testing, or both, 
to document their immune status to speci�c agents, and immunization 
should be provided for the following for all employees who are nonim-
mune and who do not have contraindications to receiving the vaccine: 
hepatitis B virus, in�uenza (yearly), mumps, rubella, rubeola, varicella, 
Tdap, and, since 2021, COVID-19. �e 2006 Advisory Committee on 
Immunization Practices recommendation to administer a single dose of 
Tdap to certain HCP was amended in 2011 to have no restriction based 
on age or time interval since the last Td dose. Providing vaccines at no 
cost to HCP increases acceptance.
In�uenza vaccine coverage among HCP has increased over time to 81% 
overall for the 2019–2020 in�uenza season and was 94% in facilities with 
an employer vaccination requirement.85 Although mandatory in�u-
enza vaccination programs for all employees in healthcare facilities are 
endorsed by many professional societies,86 some facilities have had suc-
cess using novel strategies that include incentives, without a mandate.87 
Publications from several large institutions, including children’s hospi-
tals, indicate that mandatory programs with only medical exemptions are 
well received, and only rarely are employees terminated for failure to be 
vaccinated.88 

Special Concerns of Healthcare Personnel

HCP who have common underlying medical conditions should be able to 
obtain general information on wellness and screening when needed from 
the occupational health service. HCP with direct patient contact who 
have infants <1 year of age at home o�en are concerned about acquiring 
infectious agents from patients and transmitting them to their susceptible 
children. An immune healthcare worker who is exposed to VZV does 
not become a silent carrier of VZV. However, pathogens to which the 
healthcare worker is partially immune or nonimmune can cause a severe, 
mild, or asymptomatic infection in the employee that can be transmit-
ted to family members. Examples include in�uenza, pertussis, RSV and 
other respiratory viruses, norovirus, and tuberculosis. Important preven-
tive procedures for HCP with infants at home or who are pregnant are as 
follows: (1) consistent training and observance of Standard Precautions, 
Transmission-Based Precautions, and especially hand hygiene according 
to published recommendations; (2) annual in�uenza and 1-time Tdap 
immunization (unless pregnant, when a Tdap immunization during 
each pregnancy is recommended); (3) routine tuberculosis screening; (4) 
assurance of immunity or immunization against poliomyelitis, measles, 

mumps, hepatitis B, and rubella; (5) early medical evaluation for acute 
infectious illnesses; (6) routine, on-time immunization of infants; and (7) 
prompt initiation of prescribed prophylaxis or therapy following expo-
sure or development of certain infections.
HCP who are, could be, or anticipate becoming pregnant should feel com-
fortable and safe working in the healthcare workplace. In fact, with Stan-
dard Precautions and appropriate adherence to environmental cleaning 
and Transmission-Based Precautions, vigilant HCP can be at less risk than 
a preschool teacher, childcare provider, or mother of children with many 
playmates in the home. Pathogens of potential concern to pregnant HCP 
include cytomegalovirus, hepatitis B virus, in�uenza, measles, mumps, 
parvovirus B19, rubella, VZV, M. tuberculosis, Zika virus, and SARS-
CoV-2. �e causal association between Zika virus and microcephaly and 
other neurodevelopmental abnormalities89 has led to recommended pre-
cautions. Although Zika virus is more frequently acquired outside of the 
healthcare setting, pregnant HCP are advised to follow safe injection prac-
tices for prevention of exposure to infectious blood.3 Pregnancy is an indi-
cation for in�uenza vaccine to prevent the increased risk of serious disease 
and hospitalization that occurs in women who develop in�uenza in the 
second or third trimester of pregnancy. In 2011, the CDC recommended 
universal immunization with Tdap (if previously not immunized with 
Tdap) for pregnant women a�er 20 weeks of gestation, and since 2012, 
the CDC recommends a dose of Tdap with each pregnancy.90 COVID-19 
vaccine is recommended for pregnant women and to date, there have not 
been pregnancy-related adverse events associated with vaccination dur-
ing the �rst four months of administration in the US. �e CDC website 
will continue to update information about safety of vaccine in pregnant 
women as it accumulates. Pregnant HCP should assume that all patients 
potentially are infected with CMV and other silent pathogens and should 
use hand hygiene and gloves when handling body �uids, secretions, and 
excretions. Table 2.4 summarizes information about infectious agents that 
are relevant to the pregnant woman working in healthcare. Chapters on 
each agent may be consulted for more speci�c information. 

INFECTION PREVENTION AND CONTROL IN THE 

NONACUTE CARE SETTING

�e risk of HAIs in pediatric ambulatory settings is substantial, and it 
usually is associated with lack of adherence to routine IPC practices and 
procedures, especially cleaning and disinfection, sterilization, and hand 
hygiene. Respiratory viral agents and M. tuberculosis are noteworthy 
pathogens transmitted in ambulatory settings. One example is transmis-
sion of RSV in an HSCT outpatient clinic has been demonstrated using 
molecular techniques.91 Crowded waiting rooms, toys, furniture, lack of 
isolation of children, unwell children, contaminated hands, contaminated 
secretions, and susceptible HCP are only some of the factors that result 
in sporadic and epidemic illness in outpatient settings. Patient-to-patient 
transmission of Burkholderia species and P. aeruginosa in outpatient clin-
ics for patients with cystic �brosis has been con�rmed and prevented by 
implementing recommended IPC practices.11 IPC guidelines and policies 
for pediatric outpatient settings, including o�ce practices, were updated 
by the American Academy of Pediatrics in 2017.92 Prevention strategies 
include de�nition of policies, education, and strict adherence to guide-
lines. In pediatrics, among the most important interventions are separa-
tion of children with respiratory tract illnesses from well children and 
consistent implementation of respiratory hygiene or cough etiquette. A 
guideline for IPC for outpatient settings with a checklist and a guide-
line for outpatient oncology settings can be found on the CDC website.93 
Principles and recommendations for Safe Living a�er HSCT94 and for 
patients with cystic �brosis11 are valuable contributions to management 
of infectious risks for speci�c populations in the ambulatory setting. A 
guideline based on data and expert consensus opinion for IPC in resi-
dential facilities for pediatric patients and their families provides practi-
cal guidance for settings where high-risk patients live with their families 
for varying periods of time.95 IPC challenges now are being addressed in 
long-term care facilities for children.96 More data are needed to deter-
mine the most e�ective and least restrictive practices.
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TABLE 2.4  Pregnant Healthcare Personnel: Guide to Management of Occupational Exposure to Selected Infectious Agents

Agent or 

 Disease In-Hospital Source

Potential Effect 

on the Fetus

Perinatal 

 Transmission Maternal Screening Prevention

Bordetella 

pertussis

Pertussis 

(“whooping 

cough”)

Respiratory droplets 

from a coughing 

patient, HCP, visitor

No congenital 

syndrome

Maternal	respiratory	
secretions

Documentation of date of 

vaccination with Tdap;

Tdap recommended during 

each pregnancy.

History of pertussis disease 

is not protective and does 

not replace vaccine

Tdap early in third trimester of each 

pregnancy (to prevent young infant 

from acquiring pertussis) and for 

every adult coming in contact with 

infant <12 months of age

Breastfeeding not contraindicated

Standard Precautions plus Droplet 

Precautions

Cytomegalovi-

rus (CMV)/

congenital 

infection 

syndrome,a 

hearing loss

Patient populations: 

neonates, toddlers in 

childcare, hemodialy-

sis patients, immuno-

compromised hosts, 

transplant recipients

HCP acquisition during 

pregnancy unlikely to 

be occupational

Urine, saliva, blood, 

semen, vaginal se-

cretions, breast milk, 

respiratory secretions 

if pneumonia present

Symptomatic 

congenital infec-

tion syndromea 

5%−10%; 

hearing loss 

10%−15%; 

asymptomatic 

congenital infec-

tion; hepatitis, 

anemia, throm-

bocytopenia

Hearing loss can 

have later onset

Primary infection 

25%−50%

Recurrent infec-

tion or second 

infection with 

new strain: 69% 

reduction in risk 

of transmission

Symptomatic 

<5%−15%

Routine screening not recom-

mended

Preexisting maternal antibody 

incompletely protective 

for fetus

Efficacy	of	CMV	immune	globulin	or	
ganciclovir for pregnant woman with 

primary infection not established

No vaccine available

Breastfeeding not contraindicated

Pregnant HCP does not need to be 

restricted	from	care	of	known	CMV-
infected patient

Standard Precautions, especially Safe 

Injection Practices

Ebola virus Blood and body fluids 

from infected, clini-

cally ill patients, es-

pecially large-volume 

diarrhea

Spontaneous abor-

tion, stillbirth

Neonatal survival 

rare

Data on perinatal 

transmission 

limited and 

anecdotal; 

likely very high 

because Ebola 

virus is present 

in products 

of conception 

when tested

Routine screening not recom-

mended, but a low thresh-

old for diagnosing EVD in 

the pregnant woman is 

recommended

PCR on blood is the recom-

mended diagnostic test

Case fatality rate of EVD in 

pregnant women is 90%

Restriction of pregnant women from 

care of persons with EVD

Prolonged shedding of Ebola virus in 

breast milk

Breastfeeding contraindicated, but 

duration unknown

When caring for people not suspected 

of EVD, but during an EVD epidemic: 

Standard Precautions, especially 

Safe Injection Practices plus En-

hanced Precautions in a biocontain-

ment unit as defined on CDC and 

WHO websites

Hepatitis A 

virus (HAV)

Feces (most com-

mon), highest titer 

just before onset of 

jaundice; blood very 

rare

Transmission in health-

care settings rare

None; transmission 

can occur at the 

time of delivery if 

mother still in the 

infectious phase 

and can cause 

hepatitis in infant

None Routine screening not recom-

mended

Vaccine is a killed virus vaccine and can 

be used safely in pregnancy

Breastfeeding not contraindicated

Standard Precautions

Add Contact Precautions in acute 

phase

Hepatitis B 

virus (HBV)

Blood, body fluids, 

vaginal secretions, 

semen

Hepatitis; if acquired 

perinatally or 

at young age, 

increased risk for 

hepatocellular 

carcinoma

HBeAg− and HB-

sAg+ (10%)

HBeAg+ and Hb-

sAg+ (90%)

Routine HBsAg testing 

advised

Documentation of vaccination

HBV vaccine during pregnancy if immu-

nity not previously documented

Neonate: HBIG in addition to routine 

vaccine at birth if mother HBsAg+ or 

status unknown

Breast feeding not contraindicated

Standard Precautions, especially Safe 

Injection Practices

Hepatitis C 

virus (HCV)

Blood, body fluids Hepatitis Transmission 5% 

(range 0%−25%)

Screening only if risk factors 

present: illicit IV drug user 

(mother or partner who 

is illicit IV drug user); his-

tory of organ transplant, 

transfusion of blood or 

blood products before 

1992; hemodialysis; HBV 

or HIV infection; unex-

plained elevation of serum 

hepatic enzymes; history 

of tattooing; HCP with 

history of percutaneous 

exposure to blood test for 

HCV antibody (if positive, 

HCV RNA)

No vaccine or immune globulin avail-

able; postexposure treatment with 

antiviral agents investigational; con-

sult current guidelines for updates

Breastfeeding not contraindicated

Standard Precautions, especially Safe 

Injection Practices

Continued
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TABLE 2.4  Pregnant Healthcare Personnel: Guide to Management of Occupational Exposure to Selected Infectious Agents—cont’d

Agent or 

 Disease In-Hospital Source

Potential Effect 

on the Fetus

Perinatal 

 Transmission Maternal Screening Prevention

Herpes  simplex 

virus (HSV)

Fever  blisters, 

cold sores, 

genital 

ulcers, en-

cephalitis

Vesicular fluid, oropha-

ryngeal and vaginal 

secretions, amniotic 

fluid

Sepsis, encepha-

litis, meningitis, 

mucocutaneous 

lesions, congeni-

tal malformation 

(rare)

Primary geni-

tal infection 

33%−50%

Recurrent 

genital infection 

1%−2%

Routine antibody testing 

minimally useful

Maternal	type-specific	serol-
ogy for HSV-1 and HSV-2 

antibodies should be con-

sidered when evaluating 

an asymptomatic neonate 

following vaginal or cesar-

ean delivery to a woman 

with genital lesions that 

are characteristic of HSV

Since genital infection with HSV is 

the risk for the fetus, occupational 

acquisition unlikely to occur

Oral suppressive antiviral therapy at 

or beyond 36 wks of gestation 

decreases shedding in women with 

a history of genital HSV lesions

Breastfeeding contraindicated only if 

herpetic lesions are located on the 

breast

Standard Precautions Add Contact 

Precautions for patients with skin 

lesions

HIV

AIDS

Blood, body fluids, 

vaginal secretions, 

semen

No congenital 

syndrome

Transmission 

primarily during 

delivery

If infected, onset 

of symptoms 

usually at 12–18 

months of age

Risk of transmis-

sion determined 

by maternal HIV 

viral load, dura-

tion of exposure 

to maternal 

blood, body 

fluids (including 

breast milk), 

and use of ART 

during preg-

nancy, labor, and 

postnatally in the 

infant

If no ART: maternal 

viral load <1000 

copies/mL virus, 

rate of 2%; if 

load ≥10,000, 

rate up to 25%

Rate reduced 

to <3% with 

perinatal and 

neonatal ART

Routine prenatal screening 

advised with repeat at end 

of pregnancy if high-risk 

behaviors

HIV-exposed infants who 

receive ART from birth: 

repeated screens during 

first year

HIV antibody screen with 

fourth-generation test; if 

positive, quantitative PCR

Antiretroviral chemoprophylaxis for 

occupational and nonoccupational 

exposures as recommended in most 

recent guidelines

Treatment of infected woman with 

ART during pregnancy according to 

guidelines

ART during labor and for infant of 

infected mother

Repeated screening of treated HIV-

exposed infant during first 4−6 

months of life; check most recent 

guidelines

Cesarean delivery reduces risk of HIV 

infection in infant if maternal viral 

load >1000 copies/mL or unknown 

near time of delivery

Breastfeeding not recommended if al-

ternative source of nutrition available

Standard Precautions, especially Safe 

Injection Practices

In�uenza virus

In�uenza (�u)

Respiratory droplets or 

sneezing; coughing 

patient, HCP, visitor

No congenital 

syndrome

Influenza in mother 

can cause fetal 

hypoxia, prema-

ture labor, and 

fetal death

Increased morbid-

ity during third 

trimester of preg-

nancy Increased 

morbidity and 

mortality in preg-

nant women with 

2009 influenza A 

(H1N1)

Maternal	respiratory	
secretions

Documentation of vaccine 

received during current 

season

Inactivated influenza vaccine (IIV4) for 

all pregnant women during each 

influenza season to decrease risk of 

hospitalizations for cardiopulmonary 

complications in mother

No risk if exposed to persons who 

received live-attenuated influenza 

vaccine (LAIV)

Breastfeeding not contraindicated

Standard Precautions plus Droplet 

Precautions

Add Contact Precautions for infants 

and others who cannot contain their 

secretions

Consider fitted N95 filtering facepiece 

respirator (or equivalent N95 respira-

tor) for aerosol-generating proce-

dures (e.g., bronchoscopy, nebulizer 

treatment), but AIIR not indicated

Measles 

 (rubeola)

Respiratory secretions, 

coughing patient

Prematurity, sponta-

neous abortion; 

no congenital 

syndrome

Rare Serology (IgG) if question 

after an exposure, but 

not routinely checked if 

adequate documentation 

provided

Provider-documented disease 

or 2 doses measles-

containing vaccine ≥12 

months of age

Vaccineb

Immune	globulin	IM	or	IGIV	within	6	
days of exposure if nonimmune

Standard Precautions plus Airborne 

Precautions
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TABLE 2.4  Pregnant Healthcare Personnel: Guide to Management of Occupational Exposure to Selected Infectious Agents—cont’d

Agent or 

 Disease In-Hospital Source

Potential Effect 

on the Fetus

Perinatal 

 Transmission Maternal Screening Prevention

Mycobacterium 

tuberculo-

sis, active 

disease 

(tuberculo-

sis [TB])

Sputum, skin lesions, 

CSF if meningitis 

present

Neonatal tuber-

culosis; liver 

most frequently 

infected

Rare PPD, IGRA (interferon-γ 

release assay) (e.g., 

Quantiferon-Gold, T-Spot)

Chest radiograph if indicated 

clinically or a past known 

positive PPD or IGRA 

result

Varies with PPD reaction size and chest 

radiograph result

Anti-TB agents for active TB during 

pregnancy recommended

PPD reliable and safe during pregnancy

Standard Precautions plus Airborne 

Precautions for pulmonary or laryn-

geal TB. Add Contact Precautions if 

draining skin lesions

Neisseria 

meningitidis, 

menin-

gococcal 

disease, me-

ningococcal 

meningitis, 

sepsis

Blood, respiratory 

secretions

No congenital 

syndrome

Fetus at risk if 

mother develops 

severe disease 

during pregnancy

Rare No routine screening Prompt chemoprophylaxis if close 

(within 3−6 feet) contact with 

respiratory secretions of patient 

with	meningococcal	disease	with	IM	
ceftriaxone or oral azithromycin

Routine vaccine only if microbiologist 

and routinely exposed to isolates of 

N. meningitidis

Standard Precautions plus Droplet 

Precautions until 24 hr after effective 

therapy initiated

Parvovirus B19

Fifth disease 

(slapped 

cheeks), 

anemia, fetal 

hydrops

Respiratory secretions; 

blood of immu-

nocompromised 

patients and patients 

with sickle cell dis-

ease during aplastic 

crisis

Patient with Fifth 

disease no longer 

contagious once rash 

appears

Fetal hydrops, 

stillbirth

No congenital 

syndrome

Approximately 25%

Fetal death <10%

Rare No routine screening. 

Parvovirus B19 DNA can 

be detected in serum, 

leukocytes, respiratory 

secretions, urine, tissue 

specimens

Specific	IgM,	IgG	if	exposure	
has occurred

No vaccine available

Pregnant HCP can choose to defer 

care of immunocompromised pa-

tients with chronic infection or sickle 

cell disease during aplastic crisis

Standard Precautions, especially Safe 

Injection Practices; for infected 

immunocompromised patient, add 

Droplet Precautions

Rubella Respiratory secretions Congenital infection 

syndromea

90% affected in first 

trimester

40%−50% affected 

overall

Rare Documentation of 2 doses 

rubella-containing vaccine 

before pregnancy

Routine rubella IgG testing 

during pregnancy

Preconception screening 

recommended

Vaccineb

Immune globulin after exposure of a 

susceptible woman to rubella does 

not provide protection against con-

genital rubella

No congenital rubella syndrome de-

scribed in association with vaccine 

given inadvertently during pregnancy

Rubella-containing vaccine post partum 

if woman is nonimmune

Standard Precautions

Droplet Precautions plus Contact Pre-

cautions for patients with congenital 

rubella until ≥1 year of age

Severe acute 

respiratory 

syndrome-

coronavirus 

2019 (SARS-

CoV-2, 

COVID)

Respiratory droplets and 

aerosolized particles; 

contaminated equip-

ment and surfaces

No fetal syndrome 

identified to date

Vertical uncom-

mon; horizontal 

transmission 

may occur

Nasopharyngeal, midturbi-

nate, anterior nares PCR 

test

Standard, Droplet, Aerosol (N95 

respirator or higher for patient 

contact; AIIR for aerosol generating 

procedures), Eye protection, Contact 

Precautions;	Mask	for	source	con-

trol; COVID-19 vaccine for pregnant 

women

Syphilis

Rash, skin 

and genital 

lesions, 

central ner-

vous system 

disease

Blood, lesion (espe-

cially large bullae of 

congenital syphilis), 

amniotic fluid

Congenital infection 

syndromea

Variable 10%−90%; 

depends on 

stage of maternal 

disease and 

trimester of the 

infection

Transmission pos-

sible, related to 

contagiousness 

of maternal 

lesions

Serum VDRL, RPR

Serum FTA-ABS

Post exposure prophylaxis with penicil-

lin or ceftriaxone if percutaneous 

exposure

Standard Precautions, especially Safe 

Injection Practices (wear gloves 

when caring for patients with 

congenital, primary, and secondary 

syphilis until 24 hrs of treatment 

completed)

Continued
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TABLE 2.4  Pregnant Healthcare Personnel: Guide to Management of Occupational Exposure to Selected Infectious Agents—cont’d

Agent or 

 Disease In-Hospital Source

Potential Effect 

on the Fetus

Perinatal 

 Transmission Maternal Screening Prevention

Varicella-zoster 

virus (VZV)

Chickenpox, 

shingles

Respiratory secretions, 

vesicle fluid

Congenital infection 

syndrome

Malformations,	
skin, limb, CNS, 

eye: chickenpox 

zoster

Congenital syn-

drome 2%

High risk of infec-

tion and severe 

disease if ma-

ternal varicella 

within 5 days 

before or 2 days 

after delivery

Varicella IgG serology

Past history of chickenpox 

unreliable

Vaccine (2 doses)b; VariZIG or IGIV, 

ideally within 96 hours of exposure if 

nonimmune

Use the following precautions for 

patients with chickenpox and dis-

seminated zoster:

Standard Precautions plus Airborne 

Precautions plus Contact Precau-

tions

Zika virus Blood, body fluids of 

infected patients; 

mosquitoes in en-

demic area. Acquisi-

tion in the community 

more likely than in 

healthcare settings

Microcephaly,	
other neuro-

developmental 

abnormalities

Undefined at time 

of publication

RT-PCR on blood

Serum	IgG,	IgM
Avoid outdoor work assignments in 

endemic areas

Check CDC website for updated rec-

ommendations

Standard Precautions, especially Safe 

Injection Practices

aCongenital syndrome: varying combinations of jaundice, hepatosplenomegaly, microcephaly, thrombocytopenia, anemia, retinopathy, skin and bone lesions, and “blueberry muffin spots” (extramedullary 

hematopoiesis).
bLive virus vaccine given before or after pregnancy.

ART, antiretroviral therapy; CDC, Centers for Disease Control and Prevention; CNS, central nervous system; CSF, cerebrospinal fluid; EVD, Ebola virus disease; FTA-ABS, Fluorescent treponema antigen-

antibody test; HBeAg, hepatitis B e antigen; HBIG, hepatitis B immune globulin; HBsAg, hepatitis B surface antigen; HCP, healthcare personnel; IgG, immunoglobulin G; IgM, immunoglobulin M; IGIV, 

immune globulin intravenous; IM, intramuscular; IV, intravenous; PCR, polymerase chain reaction; PPD, purified protein derivative; RPR, rapid plasma reagin test; Tdap, tetanus-diphtheria-acelluar 

pertussis; VDRL, Venereal Disease Research Laboratory test; WHO, World Health Organization.

All references are available online at Elsevier eBooks for Practicing Clinicians.

On average, 12.5 million (61%) of the 20.4 million children in the United 
States who are younger than 5 years of age were enrolled in a regular child-
care arrangement during the spring of 2011.1 Children in group childcare 
experience increased frequency of certain infectious diseases and amplify 
outbreaks of illness (Table 3.1). Aggregation of young children potentiates 
transmission of organisms that can produce disease in other children, adult 
care providers, parents, and community contacts. As group size increases, 
so does the incidence of respiratory illnesses; however, once group sizes of 8 
or more children are reached, this e�ect diminishes.2 Respiratory infections 
are much more common than gastrointestinal infections, which comprise 
only 10% of these illnesses.3 Children newly entered into group childcare 
are at especially high risk of respiratory tract and enteric infections. How-
ever, mothers whose children were enrolled in group childcare before 2.5 
years of age reported their children had less frequent respiratory and gas-
trointestinal tract infections and episodes of otitis media during elemen-
tary school years.4 �e relationship between group childcare exposure and 
development of asthma is complex and in�uenced by multiple variables 
such as early childhood exposure to bacterial and viral antigens, environ-
mental triggers, and genetic inheritance. Not surprisingly, studies have 
produced con�icting results. In a study of two longitudinal birth cohorts, 
childcare attendance overall demonstrated a protective e�ect for subse-
quent development of asthma. However, there was an interaction between 
childcare attendance and the Toll-like receptor 2 gene status; carriage of 
the T allele for TLR2/-16934 was associated with protection from asthma, 
but AA homozygosity was not.5 An increase in antibiotic use as an attempt 
to facilitate earlier return to care enhances the potential for emergence of 

resistant organisms, thus resulting in an increased economic burden to 
individual persons and society.6–8 Despite the challenges of frequent respi-
ratory and gastrointestinal illness exacerbations among children enrolled 
in group childcare, these arrangements facilitate opportunities for social-
ization and enable primary caregivers to be employed outside the home.

TYPES OF CHILDCARE SETTINGS

Quantifying the number of children participating in each type of child-
care setting is challenging because of di�erent ascertainment methods 
used in several data sources. Types of facilities can be classi�ed by size 
of enrollment, age of enrollees, and environmental characteristics of the 
facility. Grouping of children by age varies by setting, but in organized care 
facilities children usually are separated into the following groups: infants (6 
weeks through 12 months), toddlers (13 through 35 months), preschoolers 
(36 months through 59 months), and school-aged children (5 through 12 
years). �ese designations have relevance to the epidemiology of infectious 
diseases as well as to regulation and monitoring. Licensed childcare in cen-
ters and family childcare homes is subject to state regulation; however, the 
majority of childcare is provided by family members and others in their 
homes and is not subject to state regulations and monitoring.

�e US Census Bureau conducts the Survey of Income and Program Par-
ticipation (SIPP), which collects information about childcare arrangements 
for children <15 years of age. In 2011, 51% of children <5 years of age with 
working mothers were cared for by a relative, 33% were in organized care 
including center-based care or family childcare homes, 27% had multiple 
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