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Background. Outpatient respiratory tract infections are the most common reason for antibiotic prescribing to
children. Although prior studies suggest that antibiotic overuse occurs, patient-specific data or data exploring
the variability and determinants of variability across practices and practitioners is lacking.
Methods. This study was conducted from a retrospective cohort of encounters to 25 diverse pediatric practices
with 222 clinicians, from January 1 to December 31, 2009. Diagnoses, medications, comorbid conditions,
antibiotic allergy, and demographic data were obtained from a shared electronic health record and validated by
manual review. Practice-specific antibiotic prescription and acute respiratory tract infection diagnosis rates were
calculated to assess across-practice differences after adjusting for patient demographics and clustering of
encounters within clinicians.
Results. A total of 102 102 (28%) of 399 793 acute visits by 208 015 patients resulted in antibiotic
prescriptions. After adjusting for patient age, sex, race, and insurance type, and excluding encounters by patients
with chronic conditions, antibiotic prescribing by practice ranged from 18% to 36% of acute visits, and the
proportion of antibiotic prescriptions that were broad-spectrum ranged from 15% to 58% across practices,
despite additional exclusion of patients with antibiotic allergies or prior antibiotic use. Diagnosis of (Dx) and
broad-spectrum antibiotic prescribing (Broad) for acute otitis media (Dx: 8%–20%; Broad: 18%–60%),
sinusitis (Dx: 0.5%–9%; Broad: 12%–78%), Streptococcal pharyngitis (Dx: 1.8%–6.4%; Broad: 2%–30%),
and pneumonia (Dx: 0.4%–2%; Broad: 1%–70%) also varied by practice (P < 0.001 for all comparisons).
Conclusions. Antibiotic prescribing for common pediatric infections varied substantially across practices. This
variability could not be explained by patient-specific factors. These data suggest the need for and provide high-
impact targets for outpatient antimicrobial stewardship interventions.
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Antibiotics are the most common prescription drugs given
to children [1], and outpatient acute respiratory tract infec-
tions (ARTIs) account for the vast majority of these prescrip-
tions [2]. Although inappropriate antibiotic prescribing for
viral infections has diminished over time, the use of broad-
spectrum antibiotics has increased [3]. Professional guide-
lines, including recommendations from the American
Academy of Pediatrics (AAP), support the treatment of
most ARTIs with narrow-spectrum antibiotics [4].

Although national estimates have suggested inappropri-
ate antibiotic use in children [5–9], administrative and

survey data used for these studies lack (1) detailed, patient-
specific clinical data, such as the presence of comorbid con-
ditions, drug allergies, and prior antibiotic use, and (2) the
ability to compare prescribing across practitioners and
practice groups. Given the public health importance of ju-
dicious antibiotic use, comparing the management of com-
mon pediatric infections across practices would generate
benchmarking data and help define high-impact targets
for intervention. For example, variability in antibiotic pre-
scribing relative to national guidelines within an electroni-
cally linked group of practices can highlight the need for
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antimicrobial stewardship, which has been shown to be ef-
fective in both inpatient [10] and outpatient [11] settings.
Therefore, we used one of the nation’s largest pediatric

healthcare networks and its shared, comprehensive elec-
tronic health record (EHR) to examine and compare anti-
biotic prescribing patterns across primary care pediatric
practices.

METHODS

Data Source
Data came from the EHR of a pediatric healthcare network
including 29 primary care pediatric practice sites located
across southeastern Pennsylvania and southern New
Jersey staffed by 222 pediatric practitioners. No urgent
care, family medicine, or emergency medicine facilities or
practitioners were included. Two clinician groups each
staff 3 separate practice sites, creating 25 distinct practice
groups (ranging from 5 to 18 clinicians). All practice sites
used a common EHR (EpicCare, Epic Systems, Inc,
Verona, WI) for charting and medication prescribing for
all office and telephone encounters since 2004.

Data Collection
Patient level data extracted from the EHR included age, sex,
race, insurance type, and antibiotic allergies. Visit level data
included practice site; calendar month of contact; encounter
type (office visit, telephone call, emergency department
visit); purpose of the contact (preventive, nonpreventive);
provider type (physician, nurse practitioner, trainee); pro-
vider sex, and years in practice; all International
Classification of Disease, 9th Edition (ICD-9) codes associ-
ated with the encounter and on the active “problem list;”
and all prescriptions generated during the encounter.
Patients were identified with a practice if they had at least
2 encounters (office or telephone) at a practice site in the
calendar year.

Cohort Assembly
The initial cohort included all primary care office encoun-
ters within the network from January 1 through December
31, 2009 by children 18 years of age or younger (Figure 1).
For encounter-level analyses, we excluded: (1) preventive
encounters, identified by billing codes, to focus on “acute
visits” at which the vast majority of antibiotics were pre-
scribed; (2) encounters by children with complex chronic
conditions (CCC) [12], to restrict the cohort to previously
healthy children; and (3), when relevant, encounters by
children with antibiotic allergies or by children who re-
ceived an antibiotic prescription within the prior 3 months
(including both office- and telephone-based prescribing).
These exclusions avoided the influence of antibiotic pre-
scribing decisions based upon antibiotic allergies, the

treatment of recurrent disease, or consideration of the po-
tential for resistant pathogens created by recent drug
exposure.

Exposures
The primary exposure was an office-based acute visit to one
of the 25 individual practice groups between January 1,
2009 and December 31, 2009.

Outcomes

Themain outcomemeasures included: (1) antibiotic prescrip-
tions, (2) broad-spectrum antibiotic prescriptions, and (3) en-
counter diagnoses. We defined antibiotic receipt as a
prescription associatedwith an office visit for an oral antibac-
terial agent, including penicillin, amoxicillin, amoxicillin-
clavulanate, cephalosporins, macrolides, trimethoprim-
sulfamethoxazole, and clindamycin. Amoxicillin-clavula-
nate, second- and third-generation cephalosporins, and azi-
thromycin (except for analyses of pneumonia) were
considered broad-spectrum antibiotics, based upon AAP pre-
scribing guidelines for bacterial ARTIs [4]; fluoroquinolones,
tetracyclines, and linezolid were not included because they
were used rarely for ARTIs.

Definition of Acute Respiratory Tract Infection Cases
Case definitions for bacterial ARTIs required (1) the spec-
ified ICD-9 code, including acute otitis media ([AOM] 382,
382.0, 382.00, 382.01, 382.02, 382.4, 382.9), sinusitis
(461.8, 461.9, 473.9, 473.2, 473.1, 473.0), streptococcal
pharyngitis (034.0, 462, 463), or pneumonia (482.9,
486, 485, 483.8, 481); (2) an associated antibiotic pre-
scription; and (3) for Group A streptococcal pharyngitis,
a positive rapid (available at point of care at all practices)
or culture positive laboratory test. We similarly identified
urinary tract infection (UTI) (599, 599.0, 788.41, 788.1,
590.1, 590.10, 590.11, 590.80), which represented a
non-ARTI, nonsubjective diagnosis comparison. We ex-
cluded encounters with diagnosis codes for an additional
bacterial infection, including UTI (except when UTI was
the outcome), otitis externa, skin/soft tissue infection,
Lyme disease, acne, chronic sinusitis, mycoplasma infec-
tion, staphylococcal infection, bite wound, oropharyngeal
infection (other than streptococcal pharyngitis), strepto-
coccal infection (without pharyngitis), pertussis, sexually
transmitted infection, bone/joint infection, or bacterial gas-
troenteritis. Two individuals validated a 10% sample of
these case definitions through iterative, manual chart re-
view of fields collected electronically and by examining
free text fields (eg, physical exam, assessment/plan).

Statistical Analysis

To estimate the degree of variation across practice sites
while adjusting for differences in patient characteristics,
we implemented fixed-effects logistic regression models
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with the outcomes of antibiotic prescribing, broad-
spectrum antibiotic prescribing, and specific diagnoses;
practice group as a fixed effect; and patient level character-
istics (age, sex, Medicaid status, and race) as covariates. All
models controlled for clustering by clinician within each
site, because we suspected that prescribing varied also by
clinician. Using predictive margins based on these regres-
sions, we estimated standardized rates of antibiotic
prescribing, broad-spectrum antibiotic prescribing, and
diagnosis for each of the 25 practice groups. Wald tests
were used to determine whether standardized differences
in rates across practices were statistically significant.

Our method of estimating variation through model-based
direct standardization (predictive margins) [13]assumes afi-
nite number of practice groups and seeks not to rank prac-
tice groups but only to estimate standardized rates of
prescribing for each practice, and generate confidence
bounds for those rates, and describe the degree of variation
across practice groups. To verify our chosen method of
standardization, we implemented a patient-factor-adjusted,
3-level (visit, prescribing physician, and practice) hierarchi-
cal mixed-effects model using second-order Taylor series
approximations for starting values; a Markov chain
Monte Carlo algorithm with 50 000 preliminary iterations;
and a sample of 1000 from an additional 5000 iterations to

estimate the distributions of adjusted rates of prescribing for
each of the 25 practices. From these distributions, we arrived
at medians and 2.5th and 97.5th ordered values for mea-
sures of adjusted rates and their 95% confidence bounds
(using MLwiN version 2.26 software [14]). Results from
this alternative approach confirmed our reported results
but were less conservative, showing even more variation
across sites (data not shown). Analyses were performed
using Stata 12.0 (College Station, TX).

The Children’s Hospital of Philadelphia Committee for
the Protection of Human Subjects approved this study.

RESULTS

Between January 1 and December 31, 2009, 222 clinicians
treated 208 015 children across 25 practices (Table 1). The
number of clinicians within practices ranged from 4 to 18,
and the population of children served varied from 4286 to
17 135 patients. Practices varied markedly in racial charac-
teristics (1%–96% black) and payer types (4%–72%
Medicaid insurance). Of 1 296 517 total encounters,
666 015 were nonoffice-based encounters (eg, telephone
triage, medication refills). After excluding preventive
encounters (230 709), and encounters by children with
CCC (36 744), 363 049 office-based nonpreventive

Figure 1. Network-wide patient encounters resulting in antibiotic prescriptions. CCC, complex chronic conditions.
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encounters (acute visits) remained for the primary analyses
(Figure 1).

Antibiotic Prescribing Across Practices
Of 363 049 acute office visits by children without CCC,
102 102 (28%) encounters resulted in an antibiotic
prescription. However, after adjusting for patient age,
sex, race, and insurance type, standardized rates of antibi-
otic prescribing at acute office visits ranged from 18% to
36% across practices (Figure 2A; P < .001). Of children
who received antibiotics, 42 843 (42%) were prescribed
broad-spectrum drugs. After excluding patients with anti-
biotic allergy and those with prior antibiotic use and

adjusting for patient age, sex, race, and insurance type,
standardized broad-spectrum prescribing rates (ie, when
an antibiotic was prescribed, how often was it a broad-
spectrum agent) ranged from 15% to 57% across practices
(Figure 2B; P < .001).

Diagnosis of Acute Respiratory Tract Infections Across
Practices

Given the variability in antibiotic use across practices, and
because antibiotic prescribing should follow a diagnosis of
a specific bacterial infection, we examined across-practice
ARTI diagnosis rates. After standardizing for patient age,
sex, race, and insurance type, and accounting for clustering

Table 1. Patient Encounters and Antibiotic Use by Practice, Sorted by % Broad-Spectrum Use

No. of Clinicians Patients Total Visits Antibiotics (%) Acute Visits (%) Antibiotics, Acute (%) % Broad, Acute

5 5083 19 793 5356 (27) 14 237 (72) 5119 (36) 63
6 7277 25 385 5931 (23) 16 162 (64) 5760 (36) 62
6 4901 16 260 3697 (23) 10 094 (62) 3462 (34) 54
7 7110 20 598 5235 (25) 13 661 (66) 5046 (37) 54
9 10 197 32 059 6387 (20) 21 508 (67) 6162 (29) 51
15 17 135 49 375 11 031 (22) 30 677 (62) 10 514 (34) 49
9 11 513 40 441 10 513 (26) 29 984 (74) 10 110 (34) 47
7 6266 23 800 5288 (22) 16 333 (69) 5038 (31) 46
5 4821 14 668 3345 (23) 9620 (66) 3124 (32) 45
10 10 756 30 492 5983 (20) 18 646 (61) 5723 (31) 44
7 9219 28 985 5932 (20) 19 171 (66) 5699 (30) 43
4 4286 14 494 3068 (21) 9570 (66) 2946 (31) 41
7 5881 21 149 5042 (24) 13 658 (65) 4781 (35) 41
5 6644 20 283 3115 (15) 12 207 (60) 2982 (24) 38
5 5869 18 063 3652 (20) 12 251 (68) 3508 (29) 33
7 6109 22 273 4000 (18) 14 990 (67) 3833 (26) 33
8 8497 28 648 4351 (15) 19 784 (69) 4110 (21) 33
6 9911 29 391 4907 (17) 19 159 (65) 4673 (24) 32
7 7305 23 818 3634 (15) 14 927 (63) 3473 (23) 28
11 6615 19 326 2453 (13) 11 524 (60) 2299 (20) 27
16 9561 25 342 3570 (14) 14 425 (57) 3336 (23) 24
10 11 013 29 797 3499 (12) 17 072 (57) 3339 (20) 21
16 9950 24 504 2513 (10) 13 629 (56) 2252 (17) 18
18 11 319 26 048 2343 (9) 12 591 (48) 2077 (17) 18
16 10 787 25 510 2322 (9) 13 913 (55) 2052 (15) 16

222 208 015 630 502 117 167 (19) 399 793 (63) 111 418 (28) 42

Figure 2. (A) Proportion of acute (nonpreventive) encounters at which any antibiotics were prescribed. (B) Proportion of antibiotics prescribed at acute (nonpreventive)
encounters that were broad-spectrum. Bars represent 95% confidence intervals for the practice rates.
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of clinicians within a practice, the rate of diagnosis per acute
visit of AOM (8%–20%), sinusitis (0.5%–9%), streptococ-
cal pharyngitis (1.8%–6.4%), and pneumonia (0.4%–2%)
varied significantly across practices (Figures 3A, C, E, G;
P < .001 for all comparisons). Furthermore, when an
ARTI diagnosis was assigned and an antibiotic given, the
proportion of broad-spectrum antibiotic prescribing for
AOM (18%–60%), sinusitis (12%–78%), streptococcal

pharyngitis (2%–30%), and pneumonia (1%–70%) dif-
fered significantly across practices (Figures 3B, D, F, H;
P < .001 for all comparisons), despite the additional exclu-
sion of childrenwith prior antibiotic use and antibiotic aller-
gies. However, diagnosis rates of UTI were less variable
across practices (1.5%–2.8%; Figure 3I).

To determine the contribution of these variable ARTI
diagnosis rates on the previously identified across-practice

Figure 3. Proportion of acute encounters resulting in a diagnosis of acute otitis media (A), sinusitis (C), streptococcal pharyngitis (E), pneumonia (F), and urinary tract
infection (I). Proportion of encounters receiving broad-spectrum antibiotics for acute otitis media (B), sinusitis (D), streptococcal pharyngitis (F), and pneumonia (H).
Bars represent 95% confidence intervals for practice rates. Y-axis ranges for diagnosis rates are scaled to correspond to the relative proportion of pediatric visits for each
condition based on previous national sampling estimates (eg, acute otitis media accounts for approximately 30% of antibiotic prescribing).
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differences in antibiotic prescribing, we further adjusted
the standardized antibiotic prescribing rates by each prac-
tice’s combined ARTI diagnosis rate (AOM, sinusitis,
streptococcal pharyngitis, and pneumonia, which account
for approximately 80% of indications for antibiotic pre-
scribing to children). This adjustment largely attenuated
the across-practice variability in overall antibiotic prescrib-
ing (from 18%–36% to 24%–32%) but had no effect on
broad-spectrum antibiotic prescribing across practices
(from 15%–57% to 17%–56%).

DISCUSSION

Using a comprehensive EHR from a single, unified pediat-
ric healthcare network, we identified wide variation across
primary care practices in the management of common in-
fections in otherwise healthy children. Significant differ-
ences were observed across practices in overall antibiotic
prescribing rates and preference for broad-spectrum
agents, as well as in diagnosis rates and treatment choices
for individual ARTIs, and were unexplained by patient-
level differences. Although prior studies using national es-
timates suggested that both overall and broad-spectrum
antibiotic prescribing rates were unnecessarily high [1–3],
our access to more granular data elements (allergies,

comorbid conditions, prior antibiotic use) and practice-
specific comparisons provides more definitive evidence
that a substantial proportion of antibiotic prescribing is
likely inappropriate.

The observed variability in antibiotic prescribing and
ARTI diagnosis rates is notable, particularly given the ex-
tensive exclusions and adjustments used to standardize
encounters across practices. These data suggest that, com-
pared with a child seeking care at a low-antibiotic use prac-
tice, a similar child visiting a high use practice is twice as
likely to receive an antibiotic prescription at any acute
visit and, when given an antibiotic, 4 times as likely to re-
ceive a broad-spectrum agent. In addition, practices with
higher rates of overall antibiotic prescribing tended to be
the same practices with higher rates of broad-spectrum
antibiotic prescribing, suggesting a general practice-level
propensity toward more aggressive antimicrobial use.
Differences also were observed in ARTI diagnosis rates.
The rate of sinusitis varied 10-fold across practices, and
both streptococcal pharyngitis (which benefits from
rapid, point-of-care testing available at all practice sites)
and AOM (the most common indication for antibiotics in
children) varied approximately 3-fold across practice
groups. In addition, it is important to note that these differ-
ential rates of diagnosis accounted for only some of the

Fig. 3 Continued
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antibiotic prescribing variability. Even when considering
specific diagnoses in isolation, the chances of receiving a
broad-spectrum antibiotic depended upon the practice vis-
ited, which ranged from 2% to 30% for strep throat, 18%
to 60% for AOM, 12% to 78% for sinusitis, and 1% to
70% for pneumonia.

We suspect that the observed across-practice variability
was driven by a combination of clinician- and practice-level
factors, rather than by patient mix. First, we analyzed near-
ly 400 000 acute visits to more than 200 clinicians across
25 practice groups, providing substantial statistical power
for comparing outcomes. Second, data were collected dur-
ing the same calendar year, avoiding seasonal differences in
the incidence of ARTI and the potential influence of epi-
demics. Third, we excluded children with conditions that
might influence the threshold for diagnosis or the class of
antibiotic chosen, including those with chronic health con-
ditions, prior antibiotic use (to avoid prescribing decisions
based on the concern for antibiotic-resistant pathogens as
well as to exclude children who might be returning to the
office for treatment failure and, thus, the need for an alter-
native antibiotic choice), or antibiotic allergy. Fourth, we
adjusted for factors that might impact the incidence of dis-
ease (age) or choice of antibiotic (insurance type) as well as
sex and race. Fifth, we chose conditions that were not only
common but have evidence-based treatment guidelines that,
when managed in the outpatient setting, do not call for dif-
ferences in antibiotic choice according to severity of illness.
Thus, comparisons included similar, previously healthy chil-
dren with homogenous clinical presentations, differing only
by the pediatric practice/clinician. Although we were unable
to assess potential practice/clinician-level factors that might
account for these differences, awareness of prescribing
guidelines or parental pressure to prescribe (real or per-
ceived) might have contributed.

Although our primary goal was to compare antibiotic
prescribing across practices, the observed differences de-
manded an evaluation of ARTI diagnosis rates. Because
the 4 bacterial ARTIs examined account for more than
80% of antibiotic prescribing in pediatric primary care
[2], differences in the rate of diagnosis of these conditions
could explain differences in overall prescribing rates.
Consistent with this, the adjustment for overall antibiotic
prescribing rates by bacterial ARTI diagnosis rates largely
attenuated differences in total antibiotic prescribing.
However, it is unclear whether the desire to prescribe (and
justify the use of) an antibiotic led to more permissive use of
ARTI diagnoses, or if true differences in perceived infections
contribute to prescribing differences. The exclusions and ad-
justments outlined above favor the former explanation,
because there should not be significant differences in the

true prevalence of ARTIs across practices after comparing
encounters standardized by patient-level factors. In support
of this hypothesis, we found significant differences in
across-practice diagnosis rates of ARTIs, which rely on a
largely subjective mode of diagnosis, but a relatively uni-
form rate for UTIs, which benefit from a more objective
(ie, laboratory-based) diagnosis. However, this potential ex-
planation applies only to the comparison of total antibiotic
use per sick visit and not to the choice of antibiotic (ie,
broad-spectrum vs narrow spectrum), either overall or with-
in specific ARTIs. Accordingly, differences in antibiotic se-
lection (given an antibiotic prescription) were unaffected
by adjustment by ARTI type.

Although these analyses do not identify the appropriate
rates of antibiotic prescribing and diagnosis of ARTIs, it is
likely that lower rates of broad-spectrum antibiotic pre-
scribing and ARTI diagnosis are closer to the ideal.
Regarding antibiotic choice, narrow-spectrum antibiotics
are indicated (and recommended by the AAP) for the
ARTIs targeted in this study. Because AOM and sinusitis
are often self-limiting and the rate of “true” streptococcal
pharyngitis is influenced by the rate of streptococcal test-
ing, lower rates of diagnosis and antibiotic use for these
conditions—as practiced by some clinician groups in this
network—is likely safe and appropriate and might serve
as achievable benchmarks for the management of ARTIs
in outpatient children; however, rigorously performed
comparative effectiveness studies comparing outcomes
between variable prescribing and diagnosis strategies are
necessary to confirm this hypothesis. These future studies
will be particularly informative given the emergence of
more permissive antibiotic recommendations for common
conditions including AOM and sinusitis.

The implications of antibiotic overuse are profound. Of
more than 100 000 antibiotic prescriptions to children in
this single, unified pediatric care network, approximately
40% were broad-spectrum. Thus, a modest 10% reduction
in off-guideline prescribing would result in approximately
4000 fewer unnecessary broad-spectrum antibiotic prescrip-
tions, and, assuming a mean duration of 10 days,
approximately 40 000 fewer antibiotic days. If applied to
the approximately 70 million antibiotic prescriptions to US
children annually [1], approximately half of which are
broad-spectrum, 3.5 million fewer broad-spectrum prescrip-
tions and 35 million fewer antibiotic days would occur.
Therefore, to the extent that our sample from a single net-
work might apply to other primary care pediatrics practices,
our findings merit sustained intervention. The variability in
the diagnosis and treatment of high-frequency presentations,
nonadherence to prescribing guidelines, and the uptake of
primary care EHRs create an ideal setting to improve the
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management of these common conditions. Variability in pre-
scribing likely reflects opportunities to reduce excessive anti-
biotic use [11, 15].
This study had limitations. First, the results from any sin-

gle geographical area might not be generalizable. However,
this large network spans urban, rural, and suburban settings
across two states in both academic and community practice
environments, many of which were previously private-
practice groups, and the overall proportion of encounters
resulting in antibiotic prescriptions (28%) mirrors prior
national estimates [1–3]. Second, data were collected from
an EHR using ICD-9 codes to identify ARTIs. To ameliorate
this, we used multifactorial case definitions (eg, streptococcal
pharyngitis required an acute pharyngitis code, antibiotic
receipt, and a positive laboratory test) to reduce misclassifi-
cation, and we applied consistent case definitions across
practices. Third, because diagnosis and antibiotic prescribing
are linked, it is unclear whether the desire to prescribe anti-
biotics might be driving the increased rate of diagnosis.
Therefore, our case definitions for ARTIs of interest included
children with both an ICD-9 code and an antibiotic prescrip-
tion. These definitions were designed primarily to examine
the choice of antibiotic (narrow or broad) given an antibiot-
ic prescription or diagnosis. Furthermore, since some codes
(ie, pneumonia, sinusitis) might be applied to children with
either presumed viral or bacterial disease, the inclusion of an
antibiotic served to isolate those with presumed bacterial in-
fection (and the subsequent antibiotic choice given this as-
sumption). Fourth, when prescribing occurs in a complex
care setting wherein panels of patients are seen by a single
clinician and clinicians are clustered by practice sites, quan-
tifying variation can be challenging. Nevertheless, the ob-
served variation certainly exceeded what one would expect
at random, even when our variance estimates accounted for
the hierarchical data structure.
In conclusion, we observed wide variation in diagnosis

and management behaviors across primary care pediatric
practices, despite adjustment through exclusion and regres-
sion for patient clinical and demographic factors that might
influence antibiotic choice or diagnosis rates. When varia-
tion of this magnitude is observed within primary care
practice, benchmarking data can be used to inform outpa-
tient antimicrobial stewardship interventions targeting spe-
cific practices, providers, and conditions.
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