POLICY STATEMENT

Organizational Principles to Guide and Deﬁne the Child Health
Care System and/or Improve the Health of all Children

Antibiotic Stewardship in Pediatrics
Jeffrey S. Gerber, MD, PhD, FAAP,a Mary Anne Jackson, MD, FAAP,b Pranita D. Tamma, MD, MHS,c Theoklis E. Zaoutis, MD, FAAP,a
COMMITTEE ON INFECTIOUS DISEASES, PEDIATRIC INFECTIOUS DISEASES SOCIETY

Antibiotic overuse contributes to antibiotic resistance, which is a threat
to public health. Antibiotic stewardship is a practice dedicated to
prescribing antibiotics only when necessary and, when antibiotics are
considered necessary, promoting use of the appropriate agent(s), dose,
duration, and route of therapy to optimize clinical outcomes while
minimizing the unintended consequences of antibiotic use. Because
there are differences in common infectious conditions, drug-speciﬁc
considerations, and the evidence surrounding treatment recommendations
(eg, ﬁrst-line therapy, duration of therapy) between children and
adults, this statement provides speciﬁc guidance for the pediatric
population. This policy statement discusses the rationale for inpatient and
outpatient antibiotic stewardship programs; essential personnel,
infrastructure, and activities required; approaches to evaluating their
effectiveness; and gaps in knowledge that require further investigation. Key
guidance for both inpatient and outpatient antibiotic stewardship programs
are provided.

REVIEW OF EVIDENCE
Overview
Antibiotics are the most common class of medications prescribed to
children.1 Although antibiotic therapy has saved countless lives, their
overuse can cause harm. Antibiotic exposure can lead to antibiotic
resistance, Clostridioides difﬁcile infections (CDIs), and other drug-related
adverse events, such as end-organ toxicities, diarrhea, rashes, cytopenia,
and anaphylaxis. The Centers for Disease Control and Prevention (CDC)
estimates that antibiotic-resistant microbes cause nearly 3 million
infections and 35 000 deaths each year in the United States.2 Antibiotics
are frequently used in both pediatric inpatient and outpatient settings,
with a signiﬁcant proportion of antibiotic use considered unnecessary.3
Antibiotic stewardship is a practice dedicated to using antibiotics only
when necessary and, when antibiotics are deemed necessary, to targeting
the spectrum of activity and using the appropriate dose, route, and
duration of therapy to optimize clinical outcomes while minimizing the
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undesirable consequences of
antibiotic use.4 A growing body of
evidence demonstrates that antibiotic
stewardship programs (ASPs) reduce
antibiotic overuse while improving
patient outcomes. Consistent with the
CDC, the Infectious Diseases Society
of America, the Society for Healthcare
Epidemiology of America, and the
Pediatric Infectious Diseases Society,
the American Academy of Pediatrics
endorse the development and
implementation of ASPs across
pediatric health care settings.
This policy statement discusses the
rationale for inpatient and outpatient
ASPs; essential personnel,
infrastructure, and activities
required; approaches to evaluating
their effectiveness; and gaps in
knowledge that require further
investigation.

The Role of ASPs
Strategies to address antimicrobial
use and the emergence of
antimicrobial-resistant pathogens,
including formulary management and
restriction, have been used for more
than 4 decades, but results of such
interventions were variable.
Briceland et al5 published the ﬁrst
evidence showing the positive effects
from the use of a formal program
with an infectious disease physician
and pharmacist audit and feedback in
1988, and thereafter, there have been
increasing efforts to customize and
apply such stewardship strategies at
hospitals throughout the United
States. In a consensus statement by
the Infectious Diseases Society of
America, the Society for Healthcare
Epidemiology of America, and the
Pediatric Infectious Diseases Society,
antibiotic stewardship has been
deﬁned as “coordinated interventions
designed to improve and measure the
appropriate use of [antibiotic] agents
by promoting the selection of the
optimal [antibiotic] drug regimen
including dosing, duration of therapy,
and route of administration.”6
Although most of the evidence base

2

for antibiotic stewardship has focused
on the acute care setting, the CDC has
published core elements of antibiotic
stewardship for acute care (including
small and critical access hospitals),
long-term care, and ambulatory care
settings.7

Unintended Consequences of
Antibiotic Use in Children
Although numerous antibiotics have
been developed since the discovery of
penicillin, they have been closely
followed by the development of
increasingly complex mechanisms of
antibiotic resistance by bacterial
pathogens as these agents have been
introduced into clinical practice.8 The
increase in multidrug-resistant
infections has outpaced the
development of novel antibiotics
capable of treating them.9 Although
not addressed in this document, the
use of antibiotics in animal
agriculture also contributes to
antibiotic resistance.10
Adverse consequences associated
with antibiotic use extend beyond the
development of resistance in targeted
organisms. As seen from evaluation of
pediatric data from the National
Electronic Injury Surveillance System
in the United States between 2011
and 2015, antibiotic-associated
adverse drug events accounted for
almost 50% of emergency
department visits for adverse events
from systemic medications.11 CDI is
another potential consequence of
antibiotic use. In a large surveillance
study, 71% of CDI cases in children
were community associated and
generally developed after exposure to
antibiotics prescribed during
ambulatory encounters for otitis
media, sinus infections, or acute
respiratory tract infections (ARTIs).12
Researchers in more recent
investigations have explored the
effect of antibiotic exposure on the
intestinal microbiome. Data suggest
the potential for antibiotic exposures,
especially when frequent and
occurring early in life, to promote

intestinal dysbiosis and possible
effects on the development of
conditions such as juvenile idiopathic
arthritis, inﬂammatory bowel disease,
asthma, and diabetes.13–15

Inpatient ASPs
Stewardship programs dedicated to
a variety of pediatric patient
populations are becoming
increasingly prevalent in the United
States. A 2011 survey of 38
freestanding children’s hospitals
reported that 42% had established
ASPs and an additional 37% were in
the process of implementing
programs.16 In 2014, the CDC
compiled a checklist of “Core
Elements of Hospital Antibiotic
Stewardship Programs” that included
the following: support from
leadership for the ASP, including
appropriate ﬁnancial support; an
identiﬁed physician leader for the
ASP; a pharmacist coleader; support
from other relevant stakeholders (ie,
microbiology laboratory personnel,
infection prevention team members,
information technology staff, and
nursing and other allied health
professionals, among others); speciﬁc
interventions to improve antibiotic
use (eg, prior approval,
postprescription review with
feedback, etc); pharmacy-driven
interventions (eg, dose optimization,
therapeutic drug monitoring,
automatic conversion of intravenous
to oral antibiotic therapy, etc);
recommendations for the diagnosis
and treatment of speciﬁc syndromes
(eg, community-acquired pneumonia,
urinary tract infections, etc);
monitoring antibiotic prescribing and
resistance patterns and regularly
reporting ﬁndings to health care
workers; and educating health care
workers about resistance and optimal
prescribing.16 In January 2017, The
Joint Commission (TJC) Antimicrobial
Stewardship Standard went into
effect, further emphasizing the need
for all acute care facilities to have
ASPs.17 The Pediatric Antibiotic
Stewardship Program Toolkit
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developed by the American Academy
of Pediatrics and the Pediatric
Infectious Diseases Society offers
guidance more speciﬁc to the
pediatric population.18 For hospitals
with both adult and pediatric
patients, inclusion of a pediatric
infectious diseases physician and/or
pharmacist as members of the ASP is
recommended.
The core team members of ASPs
include physician and pharmacist
leaders, according to both the CDC
Core Elements16 and TJC
Antimicrobial Stewardship
Standard.17 Dedicated ﬁnancial
support to these leaders is critical to
enable the success of stewardship
programs.19 Ideally, both physicians
and pharmacists will have an
infectious diseases fellowship or
postgraduate year 2 infectious
diseases residency training,
respectively, to ensure
comprehensive knowledge of the
diagnosis and management of
infectious diseases.20 In resourcelimited settings, ASPs may be led by
physicians and/or pharmacists
without formal infectious diseases
training; however, an ASP team
member with pediatric expertise is
required. Although team members are
encouraged to develop program goals
together, unique roles for the
physician leader include
underscoring to other clinicians how
the overarching goals of the ASP are
to optimize patient outcomes and
prevent unnecessary harm to patients
and to function as a bridge to hospital
executive leadership. Pharmacists
typically conduct the majority of
routine interventions and often lead
efforts to compile and validate
antibiotic use data. The pharmacist
also functions as a liaison between
providers and both the department of
pharmacy and the therapeutic
standards committee to encourage
agreement between stewardship and
pharmacy goals.
Close relationships between
stewardship leaders and hospital

leaders can further the goals of the
stewardship program.16,17 Along with
ﬁnancial resources, executives can
facilitate the involvement of
stewardship leaders in strategic highlevel meetings and connect the
stewardship team to institution-wide
stakeholders who can help further
disseminate concepts of stewardship.
Both the CDC Core Elements and TJC
Antimicrobial Stewardship Standard
highlight the importance of
monitoring antibiotic use and
antibiotic resistance.16,17 A data
analyst can support the stewardship
program by compiling relevant
antibiotic use and microbiological
data that can periodically be fed back
to hospital administration and
clinicians and identify necessary
interventions led by the ASP.
Moreover, the data analyst can lead
efforts to report institutional data to
the CDC National Healthcare Safety
Network Antimicrobial Use and
Resistance Module.16
Nurses are valuable partners in
antibiotic stewardship efforts and can
be actively integrated into
stewardship interventions.21 Bedside
nurses provide continuity of care to
patients and can be vital in ensuring
that goals of care are carried over and
readdressed on a daily basis.22
Furthermore, nurses can assist with
alleviating patient and guardian
concerns about antibiotic use (or
a perceived but appropriate “lack” of
antibiotic use). Additional guidance
on speciﬁc examples of how valuable
nurses can be to stewardship efforts
are available.21,23 Additionally, the
stewardship team may consider
working closely with the clinical
microbiology laboratory to assist with
antibiogram development (ie,
a periodic report summarizing the
susceptibility activity of a bacteria to
a variety of antibiotics), help inform
selective reporting of antibiotic
susceptibility results, and improve
the selection and implementation of
rapid diagnostic tests. The
stewardship team can also function as

a conduit between the microbiology
laboratory and clinician by educating
providers about appropriate culture
specimen collection and testing
criteria as well as interpretation of
the antibiogram and rapid diagnostic
test results.24 Finally, stewardship
teams can work with the infection
prevention team as the infection
prevention team compiles data on
hospital-wide resistant organism
trends and C difﬁcile laboratoryinfectious disease events (a metric
standardly collected by many US
hospitals on a quarterly basis and
reported to the CDC) that can be
informative in guiding stewardship
interventions.

Stewardship Strategies in the
Inpatient Setting
Local Guidelines
The development and dissemination
of institutional guidelines for
diagnosing and treating common
infectious syndromes is a key
function of stewardship programs.
Guidelines provide evidence-based
and standardized diagnostic and
treatment recommendations based on
local data and promote adherence to
the use of formulary drugs. Inpatient
antibiotic guidelines can be
developed to target common
indications for antibiotic use, such as
community-acquired pneumonia,
urinary tract infections, hospital- and
ventilator-associated pneumonia, skin
and soft tissue infections,
intraabdominal infections, and
neonatal and pediatric sepsis. These
indications represent the majority of
antibiotic use in most institutions.25
Inpatient guidelines can discuss
appropriate clinical criteria
suggestive of bacterial infections,
diagnostic testing (including imaging
studies when needed), speciﬁc
empirical and targeted therapy
(including dosing and options for
severe drug allergies), and
appropriate durations of therapy.
Each guideline can be developed with
input from each of the relevant
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specialties and include medical,
pharmacy, and nursing
representatives. Ensuring guidelines
are available at the point of care (eg,
intranet, patient unit handbooks,
pocket cards, apps, etc) increases the
likelihood that clinicians will easily
access them when necessary. Finally,
periodic reviews and updates of local
guidelines by the stewardship team
will maintain their relevance as new
evidence emerges.

Prior Approval Versus Postprescription
Review With Feedback
Stewardship programs should
determine their approach to
interventions on the basis of available
resources.26 Direct, face-to-face
interactions such as “handshake
stewardship” is always favored when
possible, because they foster
a collaborative relationship between
the stewardship team and clinicians,
but they can be labor intensive.27
Although telephone calls or notes in
the medical record will never be
substitutes for human interactions,
they can play an important role in
promoting evidence-based antibiotic
use and may be more feasible for
many programs. Stewardship
programs may want to consider prior
approval, postprescription review
with feedback, or a combination of
the 2 approaches to encourage
judicious antibiotic use.26 Prior
approval generally consists of
a phone call to the stewardship team
for select anti-infectives justifying the
use of the agent before it is dispensed
by pharmacy. This approach can
reduce unnecessary antibiotic
initiation, optimize the selection of
empirical antibiotics, provide
information on optimal culture
techniques, and encourage infectious
diseases consultations when
necessary. Drawbacks of this
approach include its focus on speciﬁc
restricted agents, potential to disrupt
front-line clinician workﬂow,
potential delays in antibiotic
administration for sepsis, and an
inability to address downstream

4

antibiotic use, such as intravenous to
oral conversion or duration of
therapy.
Postprescription review with
feedback generally occurs 48 to
72 hours after antibiotics are
initiated, when more clinical data are
available to make recommendations.
Advantages to this approach include
greater ﬂexibility in the timing of
interventions and the ability to
address targeted therapy decisions.
An important limitation with this
approach is that recommendations
are generally optional because most
stewardship programs are not able to
enforce mandatory discontinuation of
antibiotics. Additionally,
postprescription review generally
does not affect the ﬁrst 2 to 3 days of
antibiotic therapy, which often
constitute a large portion of inpatient
antibiotic use. A hybrid approach
including a component of prior
approval and postprescription review
is often the most effective.28

Syndrome-Speciﬁc Stewardship
Syndrome-speciﬁc interventions
target speciﬁc disease processes such
as community-acquired pneumonia29
or skin and soft tissue infections.30 It
also includes perioperative
prophylaxis recommendations or
surgical conditions such as the
management of appendicitis.31–33
Perioperative prophylaxis remains an
important target because
approximately 40% of all antibiotics
in the inpatient setting are
administered to surgical patients.34
Syndrome-speciﬁc stewardship is
generally operationalized through the
development of local guidelines and
targeted educational interventions
around the syndrome.29 Beneﬁts
include engagement of front-line
clinicians and facilitation of sustained
practices. Additionally, syndromespeciﬁc stewardship can address both
empirical and targeted prescribing
and is generally viewed as a measure
toward optimizing “patient safety” or
“quality improvement,” rather than as

an approach involving less-attractive
restrictive interventions.
Disadvantages include incomplete
capture of all cases of a speciﬁc
condition, particularly if a culture
result is not the usual trigger (eg,
community-acquired pneumonia);
challenges obtaining consensus
approaches among various
stakeholders; and the inability to
target antibiotic use that occurs
without clear indications. When
developing speciﬁc treatment
recommendations in local guidelines
for speciﬁc syndromes, clear criteria
for determination of penicillin
allergies and when penicillin allergy
testing might be necessary can be
helpful.

Rapid Diagnostic Tests
Diagnostic test implementation
provides a unique opportunity for
stewardship teams to educate
providers in real time and to inform
prescribing practices.24 Rapid
diagnostics can facilitate antibiotic
de-escalation (eg, switching from
vancomycin to oxacillin for
methicillin-susceptible Staphylococcus
aureus bacteremia), broadening
therapy when necessary (eg,
switching from vancomycin to
daptomycin for vancomycin-resistant
Enterococcus faecium bacteremia),
stopping therapy (eg, discontinuing
vancomycin for a single positive
culture for coagulase-negative
Staphylococcus bacteremia), or in
some cases, identifying a viral
etiology that may reduce the
likelihood of a bacterial pathogen.
Before implementing a new test, the
stewardship team may want to
develop and disseminate a guidance
document for prescribers on how to
interpret results of the new test.
Moreover, the team can develop
language to include in the electronic
health record that is concise, relevant,
and understandable to clinicians. The
main disadvantage of interventions
around implementation of rapid
diagnostic tests is that the impact is
generally limited to a small number of
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patients (eg, patients with
bloodstream or respiratory tract
infections). Furthermore, these tests
can be costly and sometimes resource
intensive. Stewardship programs may
also struggle with ensuring
prescriber “buy-in” if the test does
not have negative or positive
predictive values approaching 100%.

Outpatient ASPs
The vast majority of antibiotic
prescribing occurs in the outpatient
setting.35 One in 5 pediatric
ambulatory visits result in an
antibiotic prescription, accounting for
nearly 50 million antibiotic
prescriptions annually in the United
States, at least half of which are
considered inappropriate.36 ARTIs
account for more than two-thirds of
antibiotic prescriptions for children,
at least one-third of which are
unnecessary.37 Although most
outpatient pediatric antibiotic
prescriptions come from primary care
encounters, subspecialty practices,
emergency departments, urgent care
clinics, retail clinics, and dentists’
ofﬁces are also important settings for
outpatient antibiotic stewardship.
As with inpatient stewardship,
effective outpatient stewardship
requires strong leadership. Ideally,
a single clinician leader with
expertise in antibiotic use in the
outpatient setting is identiﬁed. If the
practice is part of a larger
organization (eg, health care
network), commitment from
administrators, such as salary
support and providing the authority
to implement change, is important.
Last, the ability to track and report
antibiotic prescribing and, ideally,
clinical outcomes data is critical for
measuring the impact of
interventions (and potentially as
a tool for inﬂuencing appropriate
antibiotic use). The Antimicrobial
Stewardship Standard of TJC for the
outpatient setting went into effect in
January 2020.38

Stewardship Strategies in the
Outpatient Setting
Standard antibiotic stewardship
approaches recommended for the
hospital setting, such as prior
approval and real time,
postprescription review with
feedback, are not practical in the
ambulatory setting. However,
a variety of stewardship strategies
have been successfully implemented
in outpatient practices, and their
effects on antibiotic prescribing and
clinical outcomes have been
reviewed.39,40 These include, but are
not limited to, clinical decision
support, clinician and/or patient
education (eg, watchful waiting for
acute otitis media, when appropriate),
and audit with feedback of antibiotic
prescribing. Implementation of
a systematic approach to follow up
negative culture results and
discontinue antibiotics that were
initiated on the basis of initial signs
and symptoms can also reduce
exposure to antibiotics. It is common
for there to be a system to notify the
patient and families of positive
results in cases in which an antibiotic
was not prescribed; however, it is
important to also have a comparable
process for discontinuing antibiotics
when ﬁnal results are negative.
Because communication between the
clinician and patient and/or caregiver
can inﬂuence the decision to
prescribe an antibiotic,
communication training is another
potential strategy.41 Consideration of
the sociobehavioral aspects and
context of the encounter during
which antibiotic prescribing might
occur have also been shown to be
important levers for improving
practice.42,43 Furthermore, educating
parents about the natural course of
viral and bacterial infections can
foster an understanding of
expectations (eg, prolonged cough for
viral pharyngitis). The emergency
department remains a hybrid in
which elements of both inpatient and
outpatient stewardship generally

need to be merged to optimize antibiotic
prescribing for both patients discharged
from the hospital and for those who will
ultimately be hospitalized.

Unnecessary Prescribing
Clinical encounters in which
antibiotics could be avoided altogether
can be a primary target for outpatient
stewardship. Examples include
antibiotic prescribing for nonspeciﬁc
upper respiratory infection,
bronchiolitis, acute bronchitis, asthma
exacerbation, or conjunctivitis. When
considering the epidemiology of
bacterial infections presenting in the
ambulatory setting requiring
antibiotics, it has been conservatively
estimated that antibiotic prescribing
could be safely reduced by 30%.37

Diagnosis Stewardship
Just as antibiotic prescribing rates
vary across providers and practices,
rates of diagnosis of the most
common childhood infections have
been shown to vary substantially.44
Thus, “diagnostic stewardship” can be
considered as a means to reduce
prescribing. Examples include
reserving antibiotic treatment of
pharyngitis for children with
a positive group A streptococcal test
result and only testing children with
a suggestive clinical syndrome,
requiring characteristic ﬁndings
identiﬁed by pneumatic otoscopy and
clinical signs of middle ear infection
to conﬁrm and treat acute otitis
media, demonstrating pyuria in
conjunction with signs and symptoms
suggestive of a urinary tract infection
and to distinguish asymptomatic
bacteriuria from true infection, and
conﬁrming severe, progressive, or
prolonged and unrelenting symptoms
for the diagnosis and treatment of
acute bacterial sinusitis.

Antibiotic Choice
Even when antibiotics are indicated,
outpatient stewardship interventions
can improve patient care. Broadspectrum second-line antibiotics are
prescribed as often as ﬁrst-line
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recommended narrow-spectrum
agents for ARTIs.36 This practice can
lead to avoidable adverse drug events
and antibiotic resistance and can
increase overall health care costs
without clinical beneﬁt over narrowspectrum agents.45 In some cases,
these nonrecommended antibiotics
are less likely to cover the most likely
offending pathogen, such as oral
cephalosporins or azithromycin for
pneumococcus, the prime target for
acute otitis media, sinusitis, and
pneumonia.

Duration and Route of Therapy
Even when the right drug and dose
are prescribed, the duration of therapy
is an important stewardship target.
Many infections treated for 10 or
14 days will respond to shorter
antibiotic courses, including most
uncomplicated skin and soft tissue
infections, pneumonia, and urinary
tract infections.46 The use of outpatient
parenteral antibiotic therapy can be
limited to conditions for which oral
therapy is known to be less
effective.47,48 A large proportion of
outpatient parenteral antibiotic therapy
for children is unnecessary, and use of
peripherally inserted central catheters
is associated with a high rate of adverse
events in children.49–51
Challenges to implementing antibiotic
stewardship in the outpatient setting
include ﬁnding resources to support
a program, identifying a clinician
leader who has the time and interest to
commit to engaging outpatient
clinicians in a quality improvement
initiative, obtaining data to identify
high-impact targets and track process
improvement and clinical outcomes,
and sustaining improvement over time.

Measuring the Success of ASPs
Process Measures
When evaluating ASPs, outcomes are
frequently categorized into those that
are related to process outcomes (eg,
antibiotic use) or to clinical outcomes
(eg, length of hospital stay). This
distinction is debatable, because

6

process outcomes, with all of their
downstream effects, are themselves
arguably a clinically relevant
outcome. Antibiotic usage outcomes
generally examine changes in
antibiotic use practices after the
implementation of stewardship
interventions. It is always preferred
to use data reporting antibiotics
dispensed from the pharmacy or
administered to patients rather than
purchasing data when measuring
antibiotic use because the former
more accurately assesses antibiotic
exposure. Published data from
pediatric ASPs have consistently
demonstrated that these programs
can effectively decrease antibiotic
use.52–57 These ﬁndings were
summarized in a systematic review
including 9 studies reporting
outcomes from US pediatric ASPs.58
In the past, deﬁned daily doses per
1000 patient-days was widely
accepted as an antibiotic stewardship
process outcome in the inpatient
setting but has largely been replaced
in the United States by days of therapy
(DOTs) per 1000 patient-days. As
opposed to deﬁned daily doses, DOTs
have the advantage of not being
affected by variations in dosing and,
therefore, are more representative of
pediatric prescribing practices in
which dosing can vary greatly
between age groups. DOTs account for
the number of different antibiotics
(but not doses) administered each day.
For example, if a child receives
cefepime, gentamicin, and vancomycin
on a hospital day, this would
contribute 3 DOTs. Limitations of this
metric include the lack of accounting
for antibiotics prescribed at the time
of hospital discharge, which make it
sensitive to changes in the mean
hospital length of stay,59,60 and its
inability to discriminate between
antibiotic spectrum of activity (eg,
a day of ceftriaxone and metronidazole
would count as 2 DOTs, whereas a day
of meropenem would count as 1 DOT).
Metrics that can be considered in
outpatient settings include the

number of antibiotic prescriptions
per monthly patient-visits,
proportions of all visits or sick visits
leading to antibiotics, and
proportions of visits for particular
diagnoses leading to antibiotics.
However, because of inherent
differences in the acuity of patients
visiting urgent care centers versus
primary care clinics and challenges
with providing close follow-up of
patients in urgent care settings,
comparisons between antibiotic use
across these practices can be
problematic.
In the current medical landscape, in
which payment requirements are
becoming increasingly stringent, costsaving strategies are of particular
interest to health care administrators.
Several investigators have found
implementation of pediatric ASPs to
be associated with reduced antibioticrelated expenditures.52,61 This is
particularly true in the initial years
after implementation but has also
been shown to be sustainable.53
Although cost savings are appealing
to administrators and regulatory
bodies and therefore improve
resource allocation and “buy-in,”
focusing on clinical outcomes is more
likely to inﬂuence clinician antibiotic
prescribing behavior.

Clinical Outcomes Measures
Clinical outcomes are more
challenging to measure than
antibiotic use, because they are more
resource intensive to collect; may be
rare (eg, death), so may not provide
sufﬁcient statistical power when
evaluated in the context of ASP
interventions; and are potentially
attributable to multiple other
non–stewardship-related
interventions. Although improvement
in clinical outcomes after
optimization of antibiotic therapy is
ideal, a reduction in antibiotic use
without worsening clinical outcomes
is also acceptable. Examples of
clinical outcomes to consider include
CDI, antibiotic resistance, antibiotic-
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associated adverse drug events,
length of stay, hospital readmission,
and mortality.
CDI is a common adverse event
associated with antibiotic use that has
been well-studied in the adult
population but less so in children. The
most common standardized CDI
metric is CDI cases per 10 000
hospitalizations. Reductions in rates
of CDI with stewardship programs
have been identiﬁed in adult
populations38,62–64 but have not been
observed in children, in part because
the incidence of CDI is lower in
children compared with adults, and C
difﬁcile has a high likelihood of being
a colonizer (rather than a pathogen)
in young children, making it
challenging to adequately power
a study to demonstrate a difference in
CDI rates.
Decreasing rates of antibiotic
resistance is an important goal of
a stewardship program; however,
similar to CDI rates, they are difﬁcult
to demonstrate, mostly because there
are numerous alternate pathways by
which the development and spread of
antibiotic resistance occur, including
lapses in infection prevention
practices, outpatient antibiotic use,
and mixing of patient populations
from outside institutions. In addition,
resistance is a dynamic process and
may take months to years to emerge.
A reduction in antibiotic resistance
attributable to pediatric stewardship
programs has not been the subject of
extensive evaluation, and when it has
been assessed, results have been
conﬂicting.57,65–67 These ﬁndings are
similar to what has been observed
with adult ASPs.68–70
Hospital length of stay is frequently
studied as a metric in health care
interventions, although less often for
ASPs. In one children’s hospital in
which postprescription review and
feedback was used, hospital length of
stay was reduced by approximately 1
day, and 30-day readmission was
reduced by 3%.71 Although

decreasing length of stay is an
important goal of health care
institutions, it is inherently
multifactorial and, thus, not ideal as
a primary outcome of ASPs.

perspective and shared decisionmaking into stewardship.

Decreased mortality is difﬁcult to
associate with ASP interventions,
because it is a relatively rare outcome
in children in general and because
excessive antibiotic use is unlikely to
meaningfully affect survival. Mortality
has not been shown to be a feasible
outcome of stewardship programs in
either children or adults, and its use
as a primary outcome is discouraged.

1. The American Academy of
Pediatrics and the Pediatric
Infectious Diseases Society
recommend establishing ASPs to
improve antibiotic prescribing.

Gaps in Knowledge
Although the ﬁeld of antibiotic
stewardship has made considerable
advancements over the past decade,
notable knowledge gaps remain.21
Some gaps in knowledge for
antibiotic stewardship to highlight
include (1) effective adaptation of the
organizational structure and
interventions established for the
acute care setting to ambulatory and
long-term care settings, (2)
understanding the cultural and
adaptive inﬂuences of antibiotic
prescribing, (3) understanding how
best to incorporate nursing into
stewardship efforts and fostering an
environment in which nursing
contribution is actively encouraged,
(4) deﬁning the optimal treatment of
common bacterial infections speciﬁc
to the pediatric population (eg,
comparisons of different drug
regimens, durations of therapy,
parenteral versus oral therapy, and
optimal dosing strategies) to improve
the evidence base for stewardship
recommendations, (5) developing and
validating metrics that consider the
potential harm of antibiotics and
weigh the risks versus the beneﬁts
(ie, an antibiotic-associated harm
score), (6) establishment of riskadjusted antibiotic use benchmarking
approaches, (7) approaches to
effectively teaching clinicians to
become “self-stewards,” and (8)
incorporating the patient and family

RECOMMENDATIONS

2. ASPs governing antibiotic use for
children should include specialists
with pediatric expertise.
3. Inpatient ASPs are ideally
composed of a medical director
and a clinical pharmacist(s), both
with expertise in pediatric
infectious diseases and/or
antibiotic stewardship.
4. Inpatient ASPs can use clinical
guidelines, prior approval, and
postprescription review and
feedback as core interventions.
5. Inpatient ASPs can include
pharmacy-driven interventions
such as dose optimization,
therapeutic drug monitoring,
automatic conversion of
intravenous to oral antibiotic
therapy, or dose adjustments in
cases of organ dysfunction.
6. Inpatient ASPs can consider
auditing, analyzing, and reporting
local unit-speciﬁc antibiotic
prescribing data periodically to
relevant stakeholders.
7. Outpatient primary care practices,
urgent care clinics, and emergency
departments could consider
establishing standardized
approaches for antibiotic
prescribing including clinical
guidelines and/or decision
support.
8. Outpatient stewardship can focus
on judicious use of antibiotics for
ARTIs, including avoidance of
antibiotic prescribing for
undifferentiated upper respiratory
tract infection, bronchiolitis, acute
bronchitis, and nonstreptococcal
pharyngitis; refraining from
prescribing antibiotics for urinary
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tract infections in the absence of
a urinalysis and urine culture; and
judicious diagnosis of acute otitis
media, acute sinusitis, and group A
streptococcal pharyngitis.
9. Outpatient stewardship efforts can
emphasize use of the narrowestspectrum antibiotics for the
shortest duration of therapy that
will adequately treat bacterial
infections.
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