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OBJECTIVE. To compare practice patterns regarding the diagnosis and management of streptococcal pharyngitis across pediatric primary 
care practices. 

DESIGN. Retrospective cohort study. 

SETTING. All encounters to 25 pediatric primary care practices sharing an electronic health record. 

METHODS. Streptococcal pharyngitis was defined by an International Classification of Diseases, Ninth Revision code for acute pharyngitis, 
positive laboratory test, antibiotic prescription, and absence of an alternative bacterial infection. Logistic regression models standardizing 
for patient-level characteristics were used to compare diagnosis, testing, and broad-spectrum antibiotic treatment for children with pharyngitis 
across practices. Fixed-effects models and likelihood ratio tests were conducted to analyze within-practice variation. 

RESULTS. Of 399,793 acute encounters in 1 calendar year, there were 52,658 diagnoses of acute pharyngitis, including 12,445 diagnoses 
of streptococcal pharyngitis. After excluding encounters by patients with chronic conditions and standardizing for age, sex, insurance type, 
and race, there was significant variability across and within practices in the diagnosis and testing for streptococcal pharyngitis. Excluding 
patients with antibiotic allergies or prior antibiotic use, off-guideline antibiotic prescribing for confirmed group A streptococcal pharyngitis 
ranged from 1% to 33% across practices (P< .001). At the clinician level, 13 of 25 sites demonstrated significant within-practice variability 
in off-guideline antibiotic prescribing (P< .05). Only 18 of the 222 clinicians in the network accounted for half of all off-guideline antibiotic 
prescribing. 

CONCLUSIONS. Significant variability in the diagnosis and treatment of pharyngitis exists across and within pediatric practices, which 
cannot be explained by relevant clinical or demographic factors. Our data support clinician-targeted interventions to improve adherence 
to prescribing guidelines for this common condition. 
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The overuse of antibiotics has been associated with antibiotic for antibiotic prescribing to children and an objective, point-
resistance and adverse drug effects, which can result in in- of-care laboratory test is recommended for the diagnosis of 
creased healthcare costs and poor patient outcomes.1"3 Re- group A streptococcus (GAS)—the only etiology of phar-
ducing inappropriate use of antibiotics is a critical step in yngitis warranting antibiotic therapy.5 GAS is the main bac-
slowing the progression of antibiotic resistance and improving terial cause of pharyngitis, accounting for 15%—20% of cases 
quality of care.4 To date, antimicrobial stewardship efforts among children aged 5-15 years.6,7 The American Academy 
have been focused on inpatient care; however, the majority of Pediatrics (AAP), the Infectious Diseases Society of Amer-
of antibiotic use occurs in outpatient settings. Identifying ica (IDSA), and the Centers for Disease Control and Pre-
common outpatient infections for which antibiotics are often vention (CDC) have issued guidelines for the diagnosis and 
prescribed might provide opportunities for high-impact in- treatment of GAS pharyngitis.8"1' Furthermore, appropriate 
terventions. testing for children with pharyngitis is an outpatient quality 

Acute pharyngitis is an attractive target for antimicrobial measure in the Healthcare Effectiveness Data and Information 
stewardship because it is one of the most common indications Set, which is used to measure quality in managed care or-
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ganizations. Improving antibiotic use for GAS pharyngitis 
demands adherence to 2 basic principles: (1) judicious di­
agnosis, given that non-GAS pharyngitis—the majority of 
acute pharyngitis in children—does not require antibiotic 
therapy, and (2) narrow-spectrum therapy, which is uni­
formly recommended by national guidelines. Although an­
tibiotic prescribing for pharyngitis has decreased, the rate of 
overall prescribing remains inappropriately high, and prescrib­
ing of broad-spectrum antibiotics continues to occur.1215 

Identifying variability in the diagnosis and management of 
GAS pharyngitis can provide opportunities for targeted in­
terventions to reduce inappropriate antibiotic use.16 Prior 
studies have been limited by their inability to assess detailed 
clinical data, such as prior antibiotic use, antibiotic allergies, 
and comorbid medical conditions, and to compare trends 
across practices, which can provide useful benchmark 
data.613,1718 Therefore, we aimed to compare rates of diag­
nosis, testing, and treatment for GAS pharyngitis in children 
by means of a large network of primary care pediatric prac­
tices linked by a common electronic health record (EHR). 

M E T H O D S 

Data Source 

Data were obtained from an ambulatory network of 222 cli­
nicians from 25 primary care pediatric practice groups (ranging 
from 5 to 18 clinicians) located across southeastern Pennsyl­
vania and southern New Jersey. A common EHR (EpicCare; 
Epic Systems), used exclusively by all practice sites for charting, 
laboratory testing, and medication prescribing for all office and 
telephone encounters since 2004, served as the data source. 

Data Collection 

Patient-level data extracted from the EHR included race (as 
reported by parent), sex, age in years, insurance type, and 
antibiotic allergies. Visit-level data included practice site, cal­
endar month of contact, encounter type (office visit, tele­
phone call, emergency department visit), purpose of the con­
tact (preventive, acute), provider type (physician, nurse 
practitioner, trainee), all International Classification of Dis­
eases, Ninth Revision (ICD-9) codes associated with the en­
counter and the active "problem list," and all prescriptions 
generated during the encounter. Patients were considered 
members of a practice group when having at least 2 en­
counters (office or telephone) at a practice site in the calendar 
year. 

Cohort Assembly 

All primary care office encounters from January 1 through 
December 31, 2009, by children 18 years or younger were 
included in the initial cohort. The following encounters were 
excluded: (1) preventive encounters, to focus on "acute visits" 
at which the vast majority of antibiotics were prescribed; (2) 
visits without acute pharyngitis (ICD-9 diagnostic codes in­

cluding 034.0/streptococcal sore throat, 462.0/acute phar­
yngitis, or 463.0/acute tonsillitis), to restrict the cohort to 
individuals diagnosed with acute pharyngitis; (3) encounters 
by children with complex chronic conditions, to restrict the 
cohort to previously healthy children;19 (4) encounters with 
multiple bacterial diagnosis codes, to avoid the influence of 
antibiotic prescribing decisions based on other diagnoses; and 
(5) when relevant, encounters by children with antibiotic 
allergies or children who received an antibiotic prescription 
3 months prior to the office visit in which they were diagnosed 
with GAS pharyngitis (including both office- and telephone-
based prescribing), to avoid the influence of antibiotic pre­
scribing decisions based on antibiotic allergies, the treatment 
of recurrent disease, or the consideration of the potential for 
resistant pathogens created by recent drug exposure. This 
generated a calendar year of acute visits for acute pharyngitis 
by previously healthy children to a diverse group of clinicians 
across urban, suburban, and rural practice settings. 

Outcomes 

The main outcome measures included rate of diagnosis of 
pharyngitis, rate of testing for GAS pharyngitis, rate of di­
agnosis of GAS pharyngitis, and rate of prescribing of broad-
spectrum antibiotics for GAS pharyngitis. Diagnosis of acute 
pharyngitis was defined as an encounter with an acute phar­
yngitis code. Testing for GAS pharyngitis was defined by a 
laboratory order for either a rapid GAS test or a throat cul­
ture. We defined confirmed GAS pharyngitis as an encounter 
with (1) acute pharyngitis, (2) a positive rapid strep test or 
culture, (3) an antibiotic prescription, and (4) no additional 
diagnosis codes for which antibiotics might be indicated as­
signed to the visit (see Table 1 for ICD-9 codes). The rate of 
prescribing of broad-spectrum antibiotics for GAS was cal­
culated using encounters that met the criteria for confirmed 
GAS (denominator) with an associated broad-spectrum an­
tibiotic prescription (numerator). Broad-spectrum antibiotics 
were defined as azithromycin, amoxicillin-clavulanate, and 
cephalosporins (generations 1, 2, or 3) based on AAP pre­
scribing guidelines for GAS pharyngitis.9 Case definitions 
were validated through iterative, manual chart review of fields 
collected electronically as well as free text fields (eg, physical 
exam, assessment/plan). 

Statistical Analysis 

Characteristics of practices were calculated using frequencies 
for all variables. For across-practice analyses, logistic regres­
sion models were constructed to analyze variation in diag­
nosis, testing, and antibiotic prescribing. These models were 
standardized for patient characteristics, including age cate­
gory (less than 1, 1-3, 4-10, or more than 10 years old), sex, 
insurance type (Medicaid or non-Medicaid), and race (black 
or nonblack). Marginal probabilities of exposure were cal­
culated to generate rates of diagnosis, testing, and antibiotic 
prescribing for GAS. For within-practice analyses, rates of 

https://doi.org/10.1017/S0899823X00194036 Published online by Cambridge University Press

https://doi.org/10.1017/S0899823X00194036


VARIABILITY IN TREATMENT OF STREP PHARYNGITIS S 8 l 

TABLE i. International Classification of Diseases, Ninth Revision Codes Used to Identify Non-Group A Streptococcal (GAS) Pharyngitis 
Diagnoses 

Diagnosis Code 

Otitis media/externa 

Acute sinusitis 
Pneumonia 
Urinary tract infection 
Skin/soft-tissue infection 

Lyme disease 
Acne 
Chronic sinusitis 
Mycoplasma infection 
Staphylococcal infection 
Bite wound 

Oropharyngeal infection (not GAS pharyngitis) 
Streptococcal infection (without pharyngitis) 
Pertussis 
Sexually transmitted infection 
Bone/joint infection 

Bacterial gastroenteritis 

380.1, 380.10, 380.12, 381.00, 381.01, 381.1, 381.4, 382, 382.0, 382.00, 382. 01, 
382.02, 382.3, 382.4, 382.9, 384.00, 384.01, 384.2, 385.10, 386.30, 388.7 

461.8, 461.9, 473.9, 473.2, 473.1, 473.0, 487.1 
482.9, 486, 485, 483.8, 481, 519.8 
599, 599.0, 788.41, 788.1, 590.1, 590.10, 590.11, 590.80 
680, 680.0, 680.1, 680.2, 680.3, 680.4, 680.5, 680.6, 680.7, 680.8, 680.9, 681, 

681.0, 681.00, 681.01, 681.02, 681.1, 681.10, 681.11, 681.9, 682, 682.0, 682.1, 
682.2, 682.3, 682.4, 682.5, 682.6, 682.7, 682.8, 682.9 

088.81, 919.4, 711.80 
706.1 
473.9 
041.81, 483.0, 711.90 
041.10, 041.11, 041.12, 041.19 
879.8, 879.9, 959.9, E906.5, E906.0, E906.3, 891.0, 890.0, 884.0, 883.0, 882.0, 

881.00 
522.5, 522.4, 528.3, 475, 478.24 
034.1, 041, 041.00, 041.01, 041.1, 041.09, 390, 040.82, 566, 580.0, 686.9, 711.40 
033.0, 033.9 
079.9, 079.88, 079.98, 614.9, 616.1, 616.10 
730.20, 730.21, 730.22, 730.23, 730.24, 730.25, 730.26, 730.27, 730.28, 730.29, 

711.06, 711.05, 711.03, 711.00 
008.5, 008.43, 008.00, 004.9, 004.3, 003.9, 003.1, 003.0 

diagnosis of pharyngitis, testing and diagnosis for GAS phar­
yngitis, and antibiotic prescribing were determined for each 
clinician. Only clinicians who had 10 or more encounters 
were included. Fixed-effects models and likelihood ratio tests 
were conducted to analyze variation of these rates within 
practices. 

Stata (ver. 12.0; StataCorp) was used for statistical analysis. 
The Children's Hospital of Philadelphia Committee for the 
Protection of Human Subjects approved this study. 

RESULTS 

Study Population 

Between January 1 and December 31, 2009, there were 
208,015 children who had 630,502 outpatient encounters to 
222 clinicians across 25 primary care pediatric practice 
groups. The number of clinicians per practice group ranged 
from 4 to 18 providers, and the population of children served 
in each practice group varied from 4,286 to 17,135 patients. 
Of the 399,793 acute office-based encounters, 62,055 (15.5%) 
received a diagnosis code for acute pharyngitis. After ex­
cluding encounters by children with complex chronic con­
ditions (4,612) and multiple diagnoses (4,785), 52,658 en­
counters remained. Of these, 12,445 cases met our study 
definition for confirmed GAS pharyngitis. 

Streptococcal Testing 

A rapid streptococcal test or bacterial culture was performed 
during 50,710 (96.3%) encounters for acute pharyngitis (Fig­

ure 1). Of the 49,879 rapid streptococcal tests performed, 
12,079 (24.2%) were positive. Of the 37,800 encounters with 
a negative rapid streptococcal test, 35,888 (94.9%) received 
throat cultures, 3,162 (8.6%) of which revealed GAS (bringing 
the total number of positive GAS tests to 15,241). When GAS 
testing was positive without an acute pharyngitis ICD-9 code 
(n — 109), the most common diagnosis codes included scarlet 
fever (034.1), unspecified viral infection (079.99), and acute 
upper respiratory infections of unspecified site (465.9). 

Antibiotic Prescribing 

An antibiotic was prescribed for 17,858 (33.9%) encounters of 
acute pharyngitis, 12,445 of which met the study definition for 
GAS pharyngitis (Figure 1). After excluding encounters by chil­
dren with antibiotic allergies or antibiotic use within the prior 
3 months (7,976 encounters remaining for analysis), 7,321 pa­
tients (91.8%) received a recommended antibiotic (97% amox­
icillin). The most commonly prescribed nonrecommended an­
tibiotics included azithromycin (2%), amoxicillin-clavulanate 
(2%), first-generation cephalosporins (2%), second-generation 
cephalosporins (0.6%), and third-generation cephalosporins 
(0.8%). Of the 841 encounters for acute pharyngitis without 
GAS testing who received an antibiotic prescription, 412 re­
ceived narrow-spectrum therapy. 

Variability across and within Practice Groups 

After standardizing for patient age, sex, insurance type, race, 
and provider characteristics, the rate of diagnosis of phar-
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52,658 visits pharyngitis/tonsillitis 

50,710 Tested for GAS 1,948 Not Tested for GAS 

15,241 Positive Tests 35,469 Negative Tests 

12,445 Antibiotic 
Prescribed 

841 Antibiotic 
Prescribed 

9,517 received 
recommended antibiotic 

2,928 received non-
recommended antibiotic 

2,796 Antibiotic 
Not Prescribed 

4,572 Antibiotic 
Prescribed 

7738 Patients with 
antibiotic ailergy excluded 

2333 received ^ 
recommended antibiotic 

2239 received non-
recommended antibiotic 

464 received narrow-
spectrum antibiotic 

377 received broad 
spectrum antibiotic j 

2492 Patients with 
prior antibiotics excluded 

7,321 received 
recommended antibiotic 

655 received non-
recommended antibiotic 

733 Patients with 
antibiotic allergy excluded 

288 Patients with 
prior antibiotics excluded 

2093 received 
recommended antibiotic 

1458 received non-
recommended antibiotic 

v. y 

FIGURE 1. Group A streptococcal (GAS) testing and antibiotic prescribing for children presenting with acute pharyngitis. 

yngitis across practice groups ranged from 10.4% to 27% of 
acute visits (P < .001), which closely paralleled the rate of 
GAS testing and the rate of diagnosis of GAS pharyngitis 
across practice groups. Furthermore, within practice groups 
there was significant interclinician variability in the rate of 
diagnosis of pharyngitis (Figure 2A), testing for GAS (Figure 
2B), and diagnosis of GAS pharyngitis (Figure 2C; P < .05). 

Off-guideline antibiotic prescribing for GAS pharyngitis 
ranged from 0% to 32.3% across practices (P < .001), again 
excluding encounters by children with antibiotic allergies or 
prior antibiotic use. More than half of practices demonstrated 
significant within-practice variability in the rate of off-guide­
line antibiotic prescribing for GAS pharyngitis (P < .05; Fig­
ure 2D). Of note, 18 of the 222 clinicians accounted for half 
of all off-guideline antibiotic prescribing for GAS pharyngitis 
across the network. 

D I S C U S S I O N 

Antibiotic overuse is one of the most important threats to 
public health.9"11,20 To most efficiently address this problem, 
interventions should prioritize high-use conditions with clear 
prescribing guidelines, such as acute pharyngitis. Although 
antibiotic overuse has been well documented, previous studies 
relying on national estimates have been limited by a lack of 
patient-specific data and an inability to compare antibiotic 

prescribing across clinicians and practice groups.6'3'1718 Our 
study utilized a shared, comprehensive EHR of one of the 
nation's largest pediatric healthcare networks to evaluate dif­
ferences in the diagnosis of and antibiotic use for GAS phar­
yngitis. We observed significant variability in rates of diag­
nosis, testing, and guideline-concordant treatment of GAS 
pharyngitis across and within primary care pediatric practices, 
unexplained by patient-level factors. Furthermore, a small 
number of clinicians accounted for a substantial proportion 
of the off-guideline antibiotic prescribing, suggesting that tar­
geted interventions might effectively improve antibiotic pre­
scribing practices for this common condition. 

In this cohort, more than 15% of all acute care pediatric 
encounters received a diagnosis of acute pharyngitis, of which 
one-third received an antibiotic prescription. Although higher 
than the expected prevalence of GAS pharyngitis (the only 
indication for antibiotics among those with acute pharyn­
gitis),21"24 the observed prescribing rate was lower than re­
ported in prior studies, suggesting that antibiotic prescribing 
for acute pharyngitis might be improving.1415'25 However, 
nearly half of patients who were not tested for GAS and 13% 
of patients with negative GAS tests were prescribed antibi­
otics. These practices are at odds with AAP, CDC, and IDSA 
guidelines that recommend confirmatory GAS testing to dic­
tate antibiotic therapy.9"11,26'27 
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FIGURE 2. Distribution of rates of diagnosis, testing, and prescribing by practice and clinician. A, Rate of acute pharyngitis diagnosis 
within practice groups. B, Rate of group A streptococcal (GAS) testing within practice groups. C, Rate of GAS diagnosis for children with 
pharyngitis within practice groups. D, Nonrecommended antibiotic prescribing for children with GAS pharyngitis within practice groups. 
Individual clinicians are depicted by dots, which are arranged vertically by practice. Wider distributions reflect more variability across 
clinicians within the site. When multiple clinicians share a single rate, dot sizes are proportional to the number of clinicians represented. 
For clinic 1 in A and B, one clinician's data produced a rate of 1.0, a finding that suggested an error in the physician identifier; therefore, 
this observation was excluded (and the results for clinic 1 might understate true variability). Statistical significance of rates of clinicians 
within each site follows from likelihood ratio tests for the null hypothesis that those rates were the same within that site. Only sites marked 
with an asterisk lacked statistical significance for variability (on the basis of likelihood ratio tests for the null hypothesis that rates were 
the same within that site) at conventional levels (P < .05). Only clinicians with more than or equal to 10 relevant encounters were included. 

Our study also identified significant variability in the di­
agnosis, testing, and prescribing of broad-spectrum (off-
guideline) antibiotics for GAS pharyngitis both across and 
within primary care pediatric practices. The nearly 3-fold 
differences in testing for and diagnosis of GAS pharyngitis 
across practice groups were unexpected. This variability is 
unlikely to be driven by patient-level factors, given that (1) 
the comparisons occurred during the same calendar year; (2) 
analyses were standardized by patient age, sex, race, and in­
surance type; and (3) children with complex medical con­
ditions, prior antibiotic use, and antibiotic allergies were ex­
cluded. Furthermore, practitioners within the same practice 
tested for and diagnosed GAS pharyngitis at markedly dif­

ferent rates. Our clinician-level analyses revealed that practice 
behavior is not uniform, and, in some cases, a small pro­
portion of clinicians accounted for much of the variability. 
For example, only 18 of the network's 222 clinicians wrote 
50% of all broad-spectrum antibiotic prescriptions for chil­
dren with GAS pharyngitis. These data support clinician-
targeted interventions to improve adherence to prescribing 
guidelines. 

Practice guidelines recommend penicillin or amoxicillin for 
the treatment of GAS pharyngitis; broad-spectrum antibi­
otics, such as macrolides or first-generation cephalosporins, 
should be reserved for patients allergic to penicillins.9'11 Our 
analysis excluded individuals with conditions that might in-
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fluence practitioners to prescribe a broad-spectrum antibiotic, 
including allergies, complex chronic conditions, antibiotic use 
3 months before GAS diagnosis, and additional bacterial di­
agnoses. Therefore, it would be expected that broad-spectrum 
antibiotic prescribing for GAS pharyngitis for this cohort 
would be close to 0%. Overall, however, 8% of patients were 
prescribed broad-spectrum antibiotics, and the rate was as 
high as 30% in some practices. Given the emergence of group 
A |S-hemolytic streptococci resistance to macrolides (which 
has never been documented for penicillins), use of off-guide­
line therapy for GAS pharyngitis risks both exposure to un­
necessary broad-spectrum antibiotics and the potential for 
treatment failure.2'28 

Our analysis has limitations. First, data were extracted from 
an EHR using ICD-9 codes to identify GAS pharyngitis. To 
help rectify potential misclassification, the case definition for 
GAS required an antibiotic prescription, a positive GAS test, 
an acute pharyngitis code, and the absence of an alternate 
bacterial infection code, which likely improved the specificity 
of our cohort over previous studies using only billing 
codes.1314 Second, analyses were conducted using data from 
a regional healthcare network, which might limit the gener-
alizability of our results. However, this network represents 
more than 200 clinicians serving patients from urban, sub­
urban, and rural locations and diverse socioeconomic and 
racial backgrounds. Third, we were unable to distinguish be­
tween conventional and provisional ("watch and wait") an­
tibiotic prescriptions. This practice, however, is not recom­
mended by the AAP for this condition and, when used, should 
not differ substantially across clinicians and practice groups 
in a standardized patient population. 

In conclusion, substantial differences in the diagnosis, test­
ing, and treatment of GAS pharyngitis exist across and within 
primary care pediatric practices. This variability provides 
benchmarks for the management of a common pediatric con­
dition that should help inform interventions to promote the 
judicious use of antibiotics for one of the most frequent in­
dications for antibiotic prescribing to children. 
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