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Abstract

Purpose of Review The majority of pediatric antibiotic use occurs in outpatients. However, the optimal strategies for antimicro-
bial stewardship in this setting are unknown. We sought to identify studies relevant to pediatric outpatient stewardship that have
been published in the past decade. The details of this systemic review are presented along with targets for future stewardship
efforts and discussion regarding effective outpatient stewardship strategies.

Recent Findings In 2016, the CDC released the “Core Elements of Outpatient Antibiotic Stewardship” that serve as practical
guidelines to develop impactful and sustainable ASP interventions: commitment, action for policy and practice, tracking and
reporting, and education and expertise. However, there has not been a recent review of the primary medical literature on pediatric
outpatient stewardship. A systematic review of pediatric antibiotic control strategies published in 2007 identified 28 studies
overall, 8 of which focused on outpatients. Two subsequent systematic reviews published in 2015 and 2018 intentionally
excluded outpatients.

Summary Outpatient settings are a crucial component of pediatric antimicrobial stewardship in the USA. Establishing effective
stewardship interventions can protect children and optimize clinical outcomes in outpatient healthcare settings. Based on our
review of the literature, it is clear that the optimal outpatient stewardship strategies remain to be elucidated. However, there is
robust literature describing variability in outpatient antibiotic prescribing that can be used to target interventions.
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Abbreviations MeSH Medical Subject Heading

ABS Acute bacterial sinusitis NAMCS National Ambulatory Medical Care Survey
AOM Acute otitis media SSTI Skin and soft tissue infection

ASP Antimicrobial stewardship program URTI Upper respiratory tract infection

AR Antimicrobial resistance UTI Urinary tract infection

CDC Centers for Disease Control

CAP Community-acquired pneumonia

EMR Electronic medical record Introduction

GAS Group A streptococcal pharyngitis

This article is part of the Topical Collection on Healthcare Associated Antimicrobial resistance is a significant public health risk

Infections with overuse and misuse of antibiotics as the primary
drivers. Increasing emphasis on intervention at the local,
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prescribing including errors in guideline-based antimicro-
bial selection, dose, and duration, while also reducing cost
burden and patient morbidity. To date, most studies have
focused on inpatient prescribing. Although the majority of
pediatric antibiotic prescribing occurs in outpatient
arenas, there is a limited evidence base to guide steward-
ship interventions in this patient setting.

In 2016, the CDC released the “Core Elements of
Outpatient Antibiotic Stewardship” that serve as pillars
of impactful and sustainable ASP interventions: commit-
ment, action for policy and practice, tracking and
reporting, and education and expertise [1¢]. However,
there has not been a recent review of the primary med-
ical literature on pediatric outpatient stewardship. A sys-
tematic review of pediatric antibiotic control strategies
published in 2007 identified 28 studies overall, 8§ of
which focused on outpatients. Two subsequent system-
atic reviews published in 2015 [2] and 2018 [3] inten-
tionally excluded outpatients. We sought to identify ad-
ditional studies relevant to pediatric outpatient steward-
ship that have been published in the past decade.

Methods

We used PubMed to identify articles that focused on
outpatient pediatric antibiotic use and potential outpa-
tient stewardship strategies. The search was limited to
articles published in the USA from January 2006 to
December 31, 2018. We used the same search strategy
as Smith et al. [2]. Specifically, articles were selected
for initial review if any of the following terms were
included in the title or abstract: “antimicrobial steward-
ship,” “antimicrobial control,” “antibiotic control,” or
“antibiotic stewardship.” Selection was further limited
to those studies that contained the terms “child,” “chil-
dren,” “pediatric*” (“*” includes all terms with the
same stem), “paediatric*,” “newborn,” “infant,” or
“neonat*” in the title or abstract.

Study Review and Selection

Both authors reviewed titles of all studies meeting ini-
tial search criteria. Titles that were suggestive of outpa-
tient antibiotic use were selected for abstract review.
Our primary aim was to identify studies that described
specific outpatient stewardship interventions. However,
we also included articles that included data relevant to
any of the CDC core outpatient elements. We excluded
studies about outpatient parenteral antimicrobial therapy
and antibiotic use in the emergency department setting.
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Results

Four hundred thirty articles met our initial search criteria
(Fig. 1). Of these, 26 titles appeared to be relevant to pediatric
outpatient antibiotic use and underwent abstract review. Six
were excluded because they described studies performed out-
side the USA. Of the remaining 20 studies, one was a letter to
the editor, one focused on inpatient antibiotic use, one did not
distinguish between adult and pediatric patients, and two did
not provide patient-level information. The search also identi-
fied two review articles; these were not included in data anal-
ysis, but their references were queried for study inclusion. The
remaining 13 articles were reviewed in depth.

Seven articles identified variations in clinical practice and/
or antibiotic prescribing that could be used to identify targets
for outpatient stewardship interventions. Only one study in-
volved a randomized trial of a systematic antimicrobial outpa-
tient stewardship intervention. This study accounted for 3
publications reporting on the original trial, a follow-up study
performed after the trial had concluded and the results of qual-
itative interviews with study participants.

The remaining studies included a study based on nationally
representative survey data [1]: a urine culture follow-up pro-
gram at an urgent care center [1] and a study of provider
education [1].

Targets for Stewardship Interventions

EMR-Based Studies

Our search identified 5 articles that examined outpatient anti-
biotic use across outpatient networks using data from electron-
ic medical records.

Gerber and colleagues used electronic health records from
a network of 29 pediatric practices in Pennsylvania and New
Jersey to assess antibiotic use for acute otitis media (AOM),
sinusitis, streptococcal pharyngitis, community-acquired
pneumonia (CAP), and urinary tract infection (UTI) [4].
Data were collected from calendar year 2009. The authors
identified significant variability in antibiotic prescribing
which ranged from 18 to 36% across practices overall.
Perhaps more concerning was the finding that broad-
spectrum antibiotic prescribing for these indications ranged
from 15 to 57%, even after excluding children with antibiotic
allergies. When stratified by specific diagnosis, and after
adjusting for age, sex, race, and insurance type, the authors
found significant variation in the likelihood of diagnosis for all
of the respiratory diagnoses, with less variation for UTI.

A second study performed in this same network focused
specifically on CAP from July 2009 to June 2013 [5]. The
outcomes of interest included prescription of narrow-
spectrum (penicillin or amoxicillin) as compared to broad-
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Fig. 1 Study selection 430 articles met initial search criteria

404 articles excluded
based on title
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26 studies underwent abstract review

> 6 articles excluded due to being
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13 studies included in qualitative analysis:

5 — EMR-based studies

2 — Medical claims-based studies

1 — National database study

1 — Prospective randomized trial
1 — Durability follow-up to RCT
1 — Qualitative follow-up to RCT

1 — Quality improvement project

1 — Education-based study

spectrum (amoxicillin-clavulanic acid, cephalosporin, or a
fluoroquinolone) antibiotics or macrolides. 16.8% of children
with CAP received broad-spectrum antibiotics, mostly
amoxicillin-clavulanic acid, with significant variation in pro-
portion of broad-spectrum prescribing across the sites. Factors
independently associated with broad-spectrum prescribing in
multivariable analysis included care in a suburban practice
and previous antibiotic exposure.

A study in a network of practices in western Wisconsin,
eastern Minnesota, and northeastern lowa focused on visits
for AOM, CAP, and skin and soft tissue infection (SSTI)
from August 2009 to July 2010 [6]. The authors compared
prescription rates and prevalence of guideline-concordant
therapy by provider type (pediatric clinic, family practice
clinic, emergency department). Antibiotic prescriptions for
these diagnoses were more common in the emergency
room setting. Use of first-line therapy was high for AOM
(73%) and SSTI (78%). However, treatment of CAP was

less likely to be guideline-concordant, with 22.5% of chil-
dren receiving therapy that was not consistent with nation-
al guidelines. Specifically, nearly half of all children re-
ceived a macrolide.

The most recent study identified patients less than 18 years
who had an outpatient visit for AOM, pharyngitis, viral upper
respiratory tract infection (URTTI), and acute bacterial sinusitis
(ABS) in a network of clinics in Wisconsin from 2011 to 2016
[7]. The authors sought to identify differences in prescribing
patterns between pediatricians and non-pediatrician providers.
Indeed, they found that pediatricians were more likely to with-
hold antibiotics for viral URI (87%) as compared to non-
pediatric physicians (81%) and advanced practice providers
(77%). There were no significant differences between rates
of first-line antibiotic prescribing for AOM, pharyngitis, or
ABS. However, pediatricians were significantly more likely
to treat children with pharyngitis only if they had a positive
test for group A strep.
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We also identified a single-center study that retrospectively
reviewed records of all patients who had streptococcal throat
cultures or rapid antigen tests performed from August 2011 to
July 2012 [8]. The authors used data available from medical
records to determine the likelihood of group A streptococcal
(GAS) infection. Among children who had sufficient docu-
mentation in the medical record, the authors concluded that
most tests were indicated. However, 28% of antibiotic pre-
scriptions were not indicated. This suggests that treatment of
negative cultures may be a more appropriate stewardship tar-
get than indiscriminate testing for GAS.

Medical Claims-Based Studies

Two studies report the use of claims data to identify targets for
stewardship efforts. Watson and colleagues used healthcare
claims data from a Medicaid accountable care organization
in central and southeast Ohio to identify targets for outpatient
antimicrobial stewardship [9]. They examined patterns of pe-
diatric outpatient prescribing for all enteral and parenteral an-
tibiotics. They also assessed variability in treatment rates
across all providers for upper respiratory tract infections.
Across the network, antibiotic treatment for URTIs was sig-
nificantly more likely in rural, high-poverty counties. Visits
with non-pediatricians (emergency medicine, family medi-
cine, nurse practitioners, physician assistants) were also more
likely to result in antibiotic treatment.

Using these same data, Jaggi et al. identified factors asso-
ciated with treatment of SSTIs [10]. They specifically
assessed risk factors for long duration (>7 days) and non-
first-line therapy. Interestingly, residence in a rural county
had lower odds of long duration therapy but living in a high-
poverty county had higher odds. Visits with non-pediatricians
(same definition as above) were associated with decreased
odds of long duration but greater odds of non-first-line
therapy.

Nationally Representative Data

Kronman et al. used data from the National Ambulatory
Medical Care Survey (NAMCS) to assess rates of prescription
for respiratory infections (AOM, ABS, bronchitis, URTI, and
pharyngitis) from 2000 to 2010 [11]. They then performed a
systemic review of the literature to determine expected rates of
bacterial infection for these diagnoses. Across the entire study
period, 57% of visits were associated with an antibiotic pre-
scription, whereas the expected rate of prescription was 27%.

Outpatient Stewardship Interventions

Our search identified one prospective randomized trial
[12¢]. This study evaluated outpatient antimicrobial
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stewardship by comparing prescribing between interven-
tion and control practices using a common EMR.
Prescribing rates for targeted acute URTIs were stan-
dardized for age, sex, race, and insurance from
20 months before the intervention to 12 months after-
ward (October 2008—June 2011). The intervention
consisted of a single 1-h, on-site clinical education ses-
sion with subsequent personalized, quarterly audit and
feedback of prescribing for bacterial and viral URTIs.
Control practices were aware that they were participat-
ing in a trial but received no additional education or
feedback. Overall, there was a statistically significant
difference in broad-spectrum antibiotic prescribing
among intervention practices as compared to control
practices. However, detailed differences for CAP, ABS,
GAS pharyngitis, and viral infections reported indicated
that the intervention did not affect antibiotic prescribing
for viral infections.

These authors subsequently assessed the durability of these
results by documenting antibiotic prescribing across interven-
tion and control sites for 18 months after termination of audit
and feedback [13]. They found that the use of broad-spectrum
antibiotics increased over time, reverting to above-baseline
levels. While specific reasons for this reversal in prescribing
trends were not assessed, these results highlight the impor-
tance of sustained and ongoing stewardship interventions in
the outpatient arena.

The same research team subsequently published a qualita-
tive study using semi-structured interviews with 24 providers
from 6 primary care practices who participated in the cluster
randomized control trial [14]. While the majority of respon-
dents recognized antibiotic overuse as an ongoing problem,
potential reasons for significant changes in prescribing habits
after intervention included social pressures from patient fam-
ilies, perception that antibiotic guidelines contrasted with clin-
ical judgment and experience, ignored or expressed distrust
about feedback reports, and perceptions of overuse by pedia-
tricians versus other non-pediatric specific providers with
overuse practices being attributed to non-pediatricians. The
authors concluded that critical elements of stewardship such
as effectiveness and sustainability rely heavily upon establish-
ing credibility of ASPs with providers to help shape prescrib-
ing practices over time.

Our search identified one additional study that reported the
results of a quality improvement project designed to improve
antibiotic prescribing around UTIs in a network of urgent care
sites [15]. The focus was on urine culture follow-up and ap-
propriate discontinuation of therapy for negative cultures.
There was an impressive increase in discontinuation of thera-
py, from 4% of all negative tests at baseline to 94% of tests at
the end of the study. As a result, the authors reported a 40%
decrease in days of outpatient therapy. Notably, none of the
children included in the analysis had a return visit for UTI.
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Education

Weddle et al. reported the impact of educational sessions pro-
vided for advanced care providers in a network of urgent care
centers affiliated with a free-standing children’s hospital [16].
Educational sessions were targeted at common urgent care
diagnoses including UTI, SSTI, pharyngitis, URTI, AOM,
and ABS. The sessions included review of published
evidence-based prescription guidelines and local
antibiograms. Chart review was performed at several intervals
before and after the sessions with antibiotic appropriateness
determined by adherence to guideline recommendations pre-
sented at the educational sessions. Results indicated a statisti-
cally significant reduction in inappropriate antibiotic choice,
and separately, inappropriate antibiotic prescribing among all
conditions at the 9-month period after the intervention.

Discussion

In 2016, the CDC released the Core Elements of Outpatient
Antibiotic Stewardship [1¢]. These include commitment, ac-
tion for policy and practice, tracking and report, and education
and expertise. According to the CDC, commitment from fa-
cility leaders to implement at least one intervention for im-
proved prescribing practices combined with a tracking/
reporting system is integral to outpatient stewardship efforts.
Moreover, education resources for patients and families re-
garding appropriate antibiotic use as well as provider educa-
tion with access to persons with expertise in antibiotic stew-
ardship are integral to effective ASP efforts and have the most
profound effect on both prescribing and clinical outcomes.

Most of the studies in this review focused on identifying
targets for outpatient stewardship efforts, rather than demon-
strating effectiveness of existing stewardship activities. Given
that the bulk of outpatient antibiotic prescribing is for upper
respiratory conditions, it is not surprising that the vast majority
of the studies focus on these diagnoses. Nevertheless, it is
possible that our literature review may have missed published
studies that were not captured by our search terms. We inten-
tionally used the same terms used in a previous systematic
review to be consistent with prior studies [2]. Of note, there
is now a separate Medical Subject Heading (MeSH) search
term for antimicrobial stewardship that was introduced in
2018. As a secondary analysis, we did use this MeSH term
to identify additional studies. This yielded 507 studies pub-
lished between 2014 and 2018, but interestingly only 1 of the
studies ultimately included in this review was identified.
Though beyond the scope of this review, future studies should
include this new MeSH term in the search strategies.

Based on our review of the literature and the CDC core
elements, we have attempted to define effective outpatient

strategies that could be implemented and help encourage sus-
tainable guideline-based prescribing:

1. Create a working relationship with an outpatient practice
leader to direct antibiotic stewardship activities within a
facility.

2. Target evidence-based education efforts at provider level,
from nursing staff to mid-level providers, trainees (medi-
cal students, residents, fellows), and both pediatric and
non-pediatric specific providers with the goal of these
sessions to be schedule-accommodating, instructional,
and conversational rather than lecture-based. This may
help prevent a hierarchal relationship that otherwise sug-
gests ASP providers are somehow above the practitioners
who are the ones integral in implementing changes in
prescribing habits.

3. Include practices or outpatient networks in suburban and
rural areas, since children seeking medical care in the
regions have been shown to have higher rates of prescrip-
tions for viral infections and higher rates of off-guideline,
broad-spectrum antibiotics for conditions that do warrant
antimicrobial therapy.

4. Encourage delayed prescribing practices or watchful
waiting when appropriate including contingency plans
for acute worsening of antimicrobial therapy. This en-
gages families with the plan and has the potential to limit
the perception that nothing was done for their child’s
illness.

5. Support tracking and reporting systems that are easily
accessed, user-friendly, and engage providers by encour-
aging helpful discourse among the practice and with the
respective ASP personnel rather than systems that result
in isolation and distrust.

6. Create educational materials for patients and families with
relevant statistics and other information to support reduc-
tion in antibiotic use. Additionally, encourage office edu-
cational materials including posted signage regarding the
practice’s goals for evidence-based care, especially in re-
gard to antibiotic use.

7. Recognize cultural and demographic limitations to care
and adjust stewardship efforts to accommodate these po-
tential barriers to intervention. For example, some stew-
ardship efforts may not be as effective as others consider-
ing patient population, health literacy, and access to care.

Conclusion

Outpatient settings are a crucial component of pediatric anti-
microbial stewardship in the USA. Establishing effective
stewardship interventions can protect children and optimize
clinical outcomes in outpatient healthcare settings. Based on
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our review of the literature, it is clear that the optimal outpa-
tient stewardship strategies remain to be elucidated. However,
there is robust literature describing variability in outpatient
antibiotic prescribing that can be used to target interventions.
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