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Abstract

Antibiotics are commonly prescribed in pediatric outpatient settings; however, efforts to decrease in 
appropriate use have largely focused on inpatients. We obtained baseline metrics to identify conditions 
that may benefit from establishment of outpatient antimicrobial stewardship interventions(ASP).We 
evaluated rates and appropriateness of antibiotic prescribing for children with acute otitis media(AOM), 
community acquired pneumonia (CAP), and skin and soft tissue infections (SSTI) in ambulatory settings within 
a large health care system in the US Midwest. We retrospectively reviewed 77, 821visits and associated 
diagnostic codes for children less than17years seen in ambulatory settings within our health system from 
August1, 2009 to July31, 2010. We measured rates of antibiotic prescribing by location, provider type, 
patient age, and diagnosis, and assessed concordance with treatment guidelines for AOM, CAP, and 
SSTI. AOM, CAP, and SSTI comprised about1/3 of all infections in the study population. Antibiotics were 
prescribed in 14,543 (18.7%) visits. Antibiotic prescribing rates were 1.1 to 1.2 times higher among 
Emergency Room (ER) providers compared to Pediatricians and Family Physicians. Antibiotics prescribed 
for AOM and SSTI were concordant with guidelines in approximately 97% of cases. In contrast, 47% 
of antibiotics prescribed for treatment of CAP in children< 5years old were macrolides, which are not 
recommended first line therapy for CAP in this age group. Antibiotic prescribing for pediatric out patients 
with in our health system is not guideline concordant for treatment of CAP.

ABBREVIATIONS
ASP: Antimicrobial Stewardship Program; AOM: Acute Otitis 

Media; CAP: Community Acquired Pneumonia; SSTI: Skin and 
Soft Tissue Infections; ER: Emergency Room; MRSA: Methicillin-
Resistant Staphylococcus Aureus; FH-MCHS: Franciscan 
Healthcare Mayo Clinic Health System; EMR: Electronic Medical 
Records

INTRODUCTION
Antibiotics are the most commonly prescribed medications 

to children across all age groups. One fifth of all pediatric 
ambulatory visits result in an antibiotic prescription [1]. Despite 
an overall decline in antibiotic prescribing for US children [2,3] 
inappropriate use of expensive broad spectrum antibiotics is 
rising [4], which substantially increases health costs, promotes 
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bacterial resistance, and contributes to increasing rates of 
antibiotic associated adverse effects. Outpatient antibiotic over 
use has been correlated with higher rates of antibiotic resistant 
pathogens [5,6]. In an effort to combat the emergence of drug 
resistance, the Infectious Diseases Society of America (IDSA) 
published guidelines for developing antimicrobial stewardship 
programs (ASPs).

ASPs are coordinated interventions designed to measure 
and improve the appropriate use of antibiotics, with goals 
of improving clinical outcomes, minimizing adverse events, 
limiting emergence of drug resistance and reducing costs [7]. 
Development and implementation of clinical pathways for 
management of common infections is an integral part of ASPs. 
Accordingly, clinical practice guidelines have been developed for 
management of common infections including AOM [8], CAP [9], 
and a common cause of skin and soft tissue infections, methicillin 
resistant Staphylococcus aureus infections (MRSA) [10]. Notably, 
both AOM and pediatric CAP guidelines emphasize the use 
of narrow-spectrum antibiotics as first line therapy for these 
conditions [8,9,11,12].

Despite increasing data about inpatient pediatric ASPs, 
relatively few studies describe the effectiveness of ASPs in 
pediatric ambulatory settings [13,14]. Further research is needed 
to describe antibiotic use in community settings and design and 
implement targeted interventions that optimize antibiotic use 
among out patients. The objective of this study was to evaluate 
the rates and appropriateness of outpatient antibiotic prescribing 
for children with three common infectious diseases, AOM, CAP 
and SSTI, in order to identify areas for outpatient stewardship 
interventions. 

MATERIALS AND METHODS

Study Design and Setting

We performed a retrospective analysis of ambulatory 
pediatric visits with in Franciscan Healthcare Mayo Clinic 
Health System (FH-MCHS), which includes locations in western 
Wisconsin, eastern Minnesota and northeastern Iowa. FHS-
MCHS employs 92 providers: 7pediatricians, 56 family medicine 
physicians, 15 family medicine physician assistants and nurse 
practitioners, 13 ER and urgent care physicians and 1urgent care 
physician assistant. This study was approved by the FH-MCHS and 
Mayo Clinic institutional review boards. We abstracted patient 
age, encounter provider and location, and antibiotics prescribed 
from the electronic medical records (EMR). We excluded topical, 
antiviral and anti parasitic antimicrobials. Diagnosis codes were 
extracted from the ambulatory billing claim system that uses 
the International Classification of Diseases, Ninth Revision (ICD-
9) codes. These data were integrated with the EMR encounter 
before final analysis using Statistical Analysis System software 
(SAS). We excluded inpatient hospital visits, subspecialty 
and nurse visits, and diagnostic codes for procedures and 
immunizations. Infection related diagnostic codes were classified 
into four categories: AOM, CAP, SSTI, and other infections. 
Appropriate antibiotics for each indication were defined as those 
listed as first or second line therapy in published treatment 
guidelines [8-10]. For AOM treatment, penicillin, amoxicillin, and 
amoxicillin-clavulanate were considered first line agents, while 

macrolides, cephalosporins, tetracyclines, and clindamycin were 
considered second line agents. For CAP, penicillin or amoxicillin 
were considered first line treatments, as were macrolides in 
children>5years, while amoxicillin-clavulanate and second or 
third generation cephalosporins (in case of penicillin allergy) 
were considered second line or alternative treatments. For 
SSTI, we were not able to differentiate purulent lesions from 
non purulent lesions; therefore, in accordance with published 
guidelines [15] we considered agents with activity against either 
staphylococci or streptococci as first line therapy: trimethoprim-
sulfamethoxazole, clindamycin, doxycycline, minocycline, 
penicillin, and amoxicillin and first generation cephalosporins. 
Amoxicillin-clavulanate was considered a second line agent for 
SSTI.

Study population

We included all children ≤ 17years, seen at the Franciscan 
Healthcare Mayo Clinic Health System (FH-MCHS) from August1, 
2009 until July31, 2010.

Statistical Analysis

Visit rates for infections were calculated for each of the 
4categories (AOM, CAP, SSTI, and other) and expressed as the 
number of visits with the given diagnosis per 1,000 patient 
visits. Visit rates are presented using point estimates and 95% 
confidence intervals and compared across provider type using 
the Chi-Square test. Of patients diagnosed with an infection, the 
percentage prescribed antibiotics was calculated overall and 
also according to patient age and provider type. Prescription 
percentages are compared across groups using the Chi-Square 
test. P-values less than 0.05 were considered significant.

RESULTS AND DISCUSSION

Results

Approximately 22,576 children were evaluated during 
88,887 visits. We excluded 11,066 (12.4%) visits and 3,350 
(18%) medication orders, because of mismatching identifiers or 
visit dates. Among the 77,821 visits included in the study, anti-
bacteria’s were prescribed in14, 543 (18.7%). Patient volume 
varied widely among the various clinic locations, rangingfrom1, 
967(2%) to 21,953 (28%). Most patients were seen by providers 
in Family Medicine (63%), followed by Pediatrics (27%), and 
Emergency/Urgent care (10%). Across all sites, 27, 298 visits 
(35%) resulted in infection related diagnoses. The proportion of 
all infection related diagnoses was 27.3% for AOM, 3.7% for SSTI, 
and 3.4% for CAP. Visit rates and antibiotic prescription rates 
for AOM, SSTI, and CAP differed significantly across the three 
provider types (Table 1). For all three diagnoses, visit rates and 
antibiotic prescription rates were greater in the ER compared to 
Family Medicine and Pediatric clinics (Table 1). Antimicrobials 
were prescribed more frequently in patients with AOM compared 
to CAP or SSTI (79.5%, 61.3% and 69.3% for AOM, CAP and SSTI 
respectively; p<0.001). Among all antibiotic orders, penicillin 
and amoxicillin were the most commonly prescribed agents 
(43.9%), followed by macrolides (20.5%) and beta-lactam/beta-
lactamase inhibitors (13.5%). The most commonly prescribed 
antibiotic classes for AOM, CAP and SSTI were penicillins (56.3%), 
macrolides (55.2%), and first generation cephalosporins (44%), 
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Family Medicine 
clinics Pediatric clinics Emergency 

Department
Family Medicine 

clinics Pediatric clinics Emergency 
Department

AOM 77.8 (75.4 to
80.3)

110.5 (106.2 to
114.7)

145.4 (138.6
to 152.1)

78.6 (77.3 to
80.0)

74.1 (72.3 to
75.8)

89.7 (88.2 to
91.3)

CAP 11.0 (10.0 to
11.9)

12.1 (10.6 to
13.6)

14.7 (12.4 to
17.0)

58.7 (54.4 to
63.0)

59.9 (53.9 to
65.9)

72.3 (65.2 to
79.3)

SSTI	 11.8 (10.8 to
12.8)

11.9 (10.5 to
13.4)

19.3 (16.7 to
21.9)

69.3 (65.4 to
73.2)

62.9 (56.9 to
68.8)

77.3 (71.6 to
83.1)

Other infections 220.2 (216.4
to 224.0)

179.9 (174.8 to
185.1)

367.9 (358.7
to 377.1)

31.2 (30.3 to
32.1)

23.7 (22.4 to
25.1)

29.1 (27.7 to
91.3)

Table 1: Visit and antibiotic prescription rates by provider type for pediatric outpatients diagnosed with AOM, CAP, and SSTI at FH-MCHS, August 
2009- July 2010.

aThe visit rate represents the number of patients with the given diagnosis per 1,000 patient visits at the given location.
bthe antibiotic prescription percentage represents the percentage of patient visits at the given location with the given diagnosis that was prescribed an 
antibiotic. AOM= Acute otitis
Abbreviations: AOM=Acute otitis media; CAP=Community Acquired Pneumonia; SSTI=Skin and Soft Tissue Infections; FH-MCHS=Franciscan 
Healthcare-Mayo Clinic Health System; CI=Confidence Interval

respectively. (Figure 1). Notably, 20% of AOM visits were not 
associated with an antibiotic prescription. Macrolides were 
the most commonly prescribed antibiotic for CAP, accounting 
for 47% of prescriptions in children less than 5years of age 
with CAP, and half or more of patients with CAP who received 
an antibiotic in the emergency room (59%), family medicine 
clinics (57%), or pediatric clinics (49%) (Figure 1). Guideline 
concordant prescribing varied by diagnosis. Among antibiotics 
prescribed for AOM, 73.1% were guideline recommended first 
line treatments, 24.4% were second line treatments that would 
only be appropriate in cases of penicillin allergy, and 2.5% were 
sulfonamides, which are not recommended for AOM treatment 
(Figure 2) [8]. Prescriptions for CAP were first or second line 
agents in 77.5%, and antibiotics that were not recommended 
in 22.5%. For SSTI, 78.3% of prescriptions were first line drugs, 
while 21.7% were drugs that are not considered first line therapy 
[10,15].

Discussion

Overall and diagnosis specific antibiotic prescribing rates 
were higher in the ER compared to other outpatient clinics. 
For management of CAP, antibiotic selection was frequently 
discordant with published treatment guidelines, with nearly 
half of children<5years receiving macrolides rather than first 
line antibiotics (Figure 2). Our findings demonstrate that 
quantification and evaluation of antibiotic use, a cornerstone 
of antimicrobial stewardship, is feasible in outpatient pediatric 
settings, and identifies CAP treatment as a target for outpatient 
stewardship interventions. Although ER visits comprised 
only10% of all visits, visits rates for AOM, CAP, and SSTI were 
consistently higher in the ER compared to outpatient clinics. This 
undoubtedly reflects the high acuity of care in ER visits compared 
to clinic visits, many of which were well child evaluations. 
Increased acuity among ER visits likely also explains the higher 
rate of antibiotic prescribing in the ER. Our finding is similar to 
other studies that noted higher antibiotic prescribing among ER 
providers and family practitioners than pediatricians [16].

In our health system, 18.7% of the visits resulted in antibiotic 
prescribing, comparable to the national rate of 21% [1]. Also 
similar to other studies, within our health system penicillins 
remained the most commonly prescribed class of antibiotics 

[1,17] and the macrolide prescription rate was fairly high at 20.5% 
[1]. Particularly worrisome is the high rate of macrolide use for 
treatment of CAP in children less than 5years that we observed. 
This is in contrast to the recent CAP treatment guide lines, which 
recommend macrolides for treatment of typical respiratory 
pathogens, primarily in school age children and adolescents, and 
emphasize use of narrow spectrum penicillins (or cephalosporins 
for penicillin allergic patients) as first line therapy for the most 
common causative bacteria, Streptococcus pneumoniae [9], which 
is increasingly resistant to macrolides. In fact, our local pediatric 
antibiogram for 2010 indicated that Streptococcus pneumoniae, 
was only 50% susceptible to macrolides. Reliance on macrolides 
for treatment of pediatric CAP has been previously described; 
national estimates before the publication of CAP guidelines 
showed that macrolides were the most commonly prescribed 
antibiotics in pediatric CAP [9]. The higher percentage of 
macrolide use by family medicine and ER providers compared 
to pediatricians may reflect their commended practice for 
treatment of CAP in adults with macrolides. Our study preceded 
publication of the pediatric CAP guidelines, likely contributing to 

Figure 1 Antibiotic prescriptions by infection type in pediatric 
outpatients at FH- MCHS August 2009-July 2010 Number of 
prescriptions per diagnosis: N=5928 for AOM; N=563 for CAP; N=693 
for SSTI. FH-MCHS=Franciscan Healthcare Mayo Clinic Health System, 
AOM=Acute Otitis Media, CAP=Community Acquired Pneumonia, 
SSTI= Skinands of Tissue Infections.
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some of the guideline-discrepant antibiotic prescribing for CAP 
within our health system.

Conversely, familiarity with AOM and MRSA treatment 
guidelines, which were published several years prior to our 
study, likely explains the higher rate of guideline concordant 
antibiotic prescribing for these diagnoses.

Recently, Gerber et al. Demonstrated improvement in 
antibiotic prescribing in outpatient settings after implementation 
of an ASP intervention involving provider education and audit 
and feedback. In this study, broad spectrum antibiotic prescribing 
decreased from 26.8% to 14.3% in the intervention group 
compared to 28.4% to 22.6% in the control group. Furthermore, 
after the intervention, guideline discordant prescribing for CAP 
decreased from 15.7% to 402% [14].

Unfortunately, the benefits of this intervention were not 
durable after discontinuation of audit and feedback [18]. In our 
institution, the results of the current study led to new antimicrobial 
stewardship efforts including provider education sessions, and 
dissemination of treatment guidelines in both electronic and 
pocket card formats. Future antimicrobial stewardship efforts 
within our health system should focus on increasing provider 
awareness of pediatric CAP guidelines and follow up evaluation 
of macrolide use. Achieving sustained, appropriate antimicrobial 
prescribing will likely require multiple interventions like 
provider education sessions, electronic decision support systems 
that facilitate guideline concordant antibiotic ordering, and 
ongoing audit of antibiotic orders with appropriate feedback 
to prescribers. Study strengths are that we examined a large 
inclusive sample of all pediatric outpatients in our health system, 
demonstrating the feasibility of obtaining antibiotic utilization 

data in a large multicenter outpatient practice. The study period 
spanned over one year to avoid seasonal variation in illness that 
may affect antibiotic prescribing.

Study limitations

Electronic data retrieval of antibiotics prescribed outside of 
our health system or by telephone was not feasible. We did not 
evaluate appropriate dosing or length of antibiotic treatment. We 
did not capture medication allergies or microbiology results and 
thus were unable to distinguish if use of second line or alternative 
antibiotics were, in fact, appropriately prescribed to avoid drug 
allergy or to treat atypical respiratory pathogens causing CAP. 
We did not collect detailed demographic or clinical data and thus 
could not adjust rates based on patient level factors. In addition, 
we were unable to capture the “watchful waiting” option for otitis 
media, so the antibiotic prescription rate may be falsely elevated 
for AOM. Furthermore, clinical outcomes and costs associated 
with antibiotic prescribing were beyond the scope of the study. 
Lastly, although the multi site approach in our study enhances 
generalizability, we cannot generalize our findings too their 
practices with different patient populations and antimicrobial 
resistance rates.

CONCLUSION
Antibiotic prescribing for pediatric outpatients within our 

health system is guideline concordant for treatment of AOM and 
SSTI but not CAP. Antimicrobial stewardship interventions are 
needed to optimize out patient management of CAP in children, 
especially among ER providers, the group with the highest 
antibiotic prescription rates. Interventions to increase provider 
awareness of the pediatric CAP guidelines, and decision support at 
the time of antibiotic ordering for CAP have potential to improve 
appropriate antibiotic prescribing. Furthermore, as AOM is the 
diagnosis for which most antibiotics are prescribed in children, 
continued attention to judicious prescribing for AOM and routine 
use of the “watchful waiting” option remains essential.
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