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Abstract

Objectives—The objective of the study was to compare the antibiotic treatment failure and
recurrence rates between antibiotic agents (amoxicillin, amoxicillin-clavulanate, cefdinir, and
azithromycin) for children with uncomplicated acute otitis media (AOM).

Study design—We completed a retrospective cohort study of children 6 months-12 years of

age with uncomplicated AOM identified in a nationwide claims database. The primary exposure
was the antibiotic agent, and the primary outcomes were treatment failure and recurrence. Logistic
regression was used to estimate ORs, and analyses were stratified by primary exposure, patient
age, and antibiotic duration.

Results—Among the 1 051 007 children included in the analysis, 56.6% were prescribed
amoxicillin, 13.5% were prescribed amoxicillin-clavulanate, 20.6% were prescribed cefdinir, and
9.3% were prescribed azithromycin. Most prescriptions (93%) were for 10 days, and 98% were
filled within 1 day of the medical encounter. Treatment failure and recurrence occurred in 2.2%
(95% ClI: 2.1, 2.2) and 3.3% (3.2, 3.3) of children, respectively. Combined failure and recurrence
rates were low for all agents including amoxicillin (1.7%; 1.7, 1.8), amoxicillin-clavulanate
(11.3%; 11.1, 11.5), cefdinir (10.0%; 9.8, 10.1), and azithromycin (9.8%; 9.6, 10.0).

Conclusions—Despite microbiologic changes in AOM etiology, treatment failure and
recurrence were uncommon for all antibiotic agents and were lower for amoxicillin than for other
agents. These findings support the continued use of amoxicillin as a first-line agent for AOM when
antibiotics are prescribed. (J Pedliatr 2022,251:98-104).

Reprint requests: Holly M. Frost, MD, Department of Pediatrics, Denver Health and Hospital Authority, 601 Broadway Ave, Denver,
CO 80004. Holly.Frost@dhha.org.
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Acute otitis media (AOM) is the most common indication for antibiotics in children and
affects 60% of children by 3 years of age.13 The use of the pneumococcal conjugate
vaccines (PCVs) 7 and 13 has resulted in an overall reduction in AOM episodes and
decreased rates of Streptococcus pneumoniae nasopharyngeal colonization in children.3 This
has caused a shift of the predominant otopathogen associated with AOM from S pneumoniae
(~40% pre-PCV to 30% PCV) to Haemophilus influenzae (~5% pre-PCV to 40% PCV), as
well as an increase in the proportion of AOM cases associated with Moraxella catarrhalis
(~10% pre-PCV to 20% PCV).34

The change in the distribution of otopathogens has significant implications for AOM
management. First, although most AOM episodes associated with S pneumoniae benefit
from antibiotics, nearly one-half of infections with H influenzae and 75% of those with M/
catarrhalis self-resolve and do not require antibiotics.>8 Thus, fewer children with AOM
are likely to benefit from taking antibiotics. Additionally, 30%-50% of H influenzae and
over 90% of M catarrhalis isolates produce beta-lactamase, rendering them nonsusceptible to
amoxicillin, which is currently recommended as the first-line antibiotic treatment for AOM
by the American Academy of Pediatrics (AAP).37 Consequently, the shift in otopathogens
has caused some to question if the first-line treatment for AOM should be changed to
broader-spectrum antibiotics, such as amoxicillin-clavulanate, to more effectively treat A
influenzae and M catarrhalis.* Though single-region data suggest that the clinical failure
rate for AOM treated with narrow-spectrum antibiotics remains low8, no national-level
studies in the PCV era have evaluated clinical failure or recurrence rates of AOM treated
with amoxicillin compared with broad-spectrum antibiotics. Additionally, clinical trials
evaluating treatment failure and recurrence rates for antibiotics for AOM have typically
used stringent inclusion criteria, which may not be generalizable to patients diagnosed with
AOM in usual clinical practice environments.%10

Unfortunately, antibiotics are associated with numerous potential harms for children
including increasing the risk for adverse drug events (ADESs),8 Clostridioides difficile
infections, 11 chronic diseases later in life,12-14 and future infections with antimicrobial-
resistant organisms that are difficult to treat.1® Thus, the benefits of using any antibiotic,
broader-spectrum antibiotics, or long durations of antibiotics must be weighed against the
potential harms. Because treatment of AOM accounts for 25% of antibiotic use for children,
the prescribing of unnecessary broad-spectrum antibiotics for AOM likely contributes
significantly to the global burden of antibiotic-resistant organisms. Therefore, we aimed

to compare antibiotic treatment failure and recurrence rates between amoxicillin and broad-
spectrum antibiotic agents for children 6 months-12 years of age with uncomplicated AOM
in typical clinical practice environments.

We conducted a 1-year retrospective cohort study using the 2018 IBM MarketScan
Commercial Database (IBM Watson Health). The MarketScan Commercial Database

is a large convenience sample of reconciled medical and prescription claims data for
individuals <65 years of age with private, employer-sponsored health insurance from over
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300 employers and 24 health plans.1® The database contains data for >40 million unique
individuals, including employees and their dependents.

Study Population

Visits from January 1, 2018 to December 31, 2018, were identified by the service date and
unique enrollee identification number for children aged 6 months to 12 years at the time

of the visit. To be included for analysis, children had to have at least one diagnosis of

AOM using /nternational Classification of Diseases, 10th Edition (ICD-10) codes (eText 1
in Supplementary Material) and be prescribed one of the four most commonly prescribed
oral antibiotics for AOM (amoxicillin, amoxicillin-clavulanate, cefdinir, or azithromycin).
Additional inclusion criteria included medical and drug insurance coverage for 30 days after
the index AOM encounter date and continuous coverage since birth or 1 year prior to the
index encounter. We excluded any children with an AOM diagnosis 30 days before the start
of the study period on January 1, 2018, as well as any children who were prescribed an
antibiotic 30 days prior to the index visit. To limit the analysis to uncomplicated AOM, we
removed any visits for children with a bacterial co-diagnosis that may warrant an antibiotic,2
a history of tympanostomy tubes within 2 years prior or 30 days after the visit, an ICD-10
code for mastoiditis on the day of or 30 days prior to the visit (eText 2 in Supplementary
Material), or a hospitalization on the day of or 30 days after the visit. Children with
recurrent AOM, defined as =3 AOM visits in the preceding year, were also excluded.

We used the pediatric complex chronic conditions classification system,1’ to identify any
comorbidities documented in either the inpatient or outpatient records from 2017 to 2018.
Children with =1 comorbidity were excluded.

We captured all visits to outpatient care settings, including retail health clinics, urgent

care centers, emergency departments, physicians’ offices, hospital-associated clinics, and
ambulatory surgical centers. Visits with multiple setting types present for the same service
date were excluded to ensure that only outpatient settings were included. The region
(Northeast, Midwest, South, West, unknown) was defined as the US census region where
the visit occurred. The provider type was categorized according to specialty (adult general
practitioner, pediatrician, specialist, emergency department, urgent care, dentist, nurse
practitioner, physician assistant, other, or unknown). Providers with several specialties
present during the year were categorized as “multiple.” Prescription drug claims were linked
to the child’s most recent visit to any setting on the same day or up to 3 days prior to

the antibiotic fill date.18 Only patients with oral antibiotics and prescriptions not marked as
refills at the index encounter were included. We removed visits for children who received a
topical (otic) antibiotic 30 days before or after the index visit or ceftriaxone on the day of the
index encounter. We also excluded visits for children who received an antibiotic prescription
for <5 days or >12 days of therapy or where an antibiotic was filled >2 days after the visit.

Exposure and Outcomes

Exposure was an antibiotic prescription for amoxicillin, amoxicillin-clavulanate, cefdinir,
or azithromycin filled for a visit to an urgent care, retail health, emergency department,
office, or other outpatient setting in 2018. The primary outcomes were treatment failure
and infection recurrence. Treatment failure was defined in accordance with other studies as
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another antibiotic (same or different) filled for any visit within 2-14 days after the index
AOM encounter date.819 Infection recurrence was defined as another antibiotic (same or
different) filled for any visit between 15 and 30 days after the index AOM encounter
date. Secondary exposures were patient age and antibiotic duration. Antibiotic duration was
divided into two groups: short course (5-9 days of therapy) and long course (10-12 days
of therapy). Durations were selected to align with AAP guidelines that recommend short
durations (5-7 days) for children 2 years of age and older with uncomplicated, nonsevere
AOM and long durations (10 days) for children younger than 2 years of age and those
with severe AOM.” Days of therapy were determined from the total days supplied in
IBM MarketScan. Duration cutoffs were then refined based on the histogram distribution
of antibiotic durations along with the knowledge that suspensions may be dispensed for
duration volumes slightly longer than those prescribed to account for measurement error
(Table I and Figure 1; available at www.jpeds.com). Patient age was divided into three
groups: 6 months-<2 years, 2-5 years, and 6-12 years.

Statistical Analyses

Results

We described visits by antibiotic type, patient age and sex, clinical setting, and provider
type. We did not describe visits by race/ethnicity because these data are not included in

the IBM MarketScan Commercial Database. We determined the percentage of children with
AOM who experienced antibiotic treatment failure and infection recurrence for each of

the antibiotics of interest (amoxicillin, amoxicillin-clavulanate, cefdinir, or azithromycin).
We used logistic regression to estimate ORs and 95% Cls for the primary and secondary
outcomes with amoxicillin as the reference. We also adjusted for patient age group, patient
sex, encounter region, and clinical setting. Treatment failure and infection recurrence

were stratified by the primary exposure, antibiotic type, as well as secondary exposures,
antibiotic duration, and patient age group. Analyses were conducted using SAS 9.4 (SAS
Institute). The study did not require institutional review board review, as the data were
de-identified and deemed nonhuman subjects by the National Center for Emerging and
Zoonotic Infectious Diseases’ human subjects’ advisor.

A total of 6 970 843 children with an ICD-10 code for AOM were identified. After applying
exclusion criteria, 1 051 007 children were included in the analysis (Figure 2; available

at www.jpeds.com). Most children were diagnosed by a pediatrician (53.1%) in a clinical
office setting (87.9%) and were between 6 months and 5 years of age (61.5%; Table II).

Antibiotic Prescribing Patterns

Amoxicillin was the most frequently prescribed antibiotic (56.6%) followed by cefdinir
(20.6%), amoxicillin-clavulanate (13.5%), and azithromycin (9.3%). Children 6-12 years of
age were prescribed azithromycin more often than younger children (46.2% vs 35.5% 2-5
years, 18.4% 6 months-<2 years). Long durations (10 days) of antibiotics were prescribed

to 93% of children. Before application of the exclusion criteria of prescription fill within 2
days of the encounter, 98% of antibiotic prescriptions were filled within 1 day of the medical
encounter.
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Treatment Failure and Recurrence by Antibiotic Agent

Of children included, 5.5% had treatment failure or recurrence (Tables 11l and 1V).
Treatment failure occurred in 2.2% of children, and recurrence occurred in 3.3% of children.
Treatment failure and recurrence occurred more often in children who were prescribed
amoxicillin-clavulanate (11.3% [11.1, 11.5]; P<.001), cefdinir (10.0% [9.8, 10.1]; P<
.001), and azithromycin (9.8% [9.6, 10.0]; A< .001) compared with those prescribed
amoxicillin (1.7% [1.7, 1.8]; Tables 11l and V; available at www.jpeds.com). This finding
was observed across all age groups. Treatment failure and recurrence also occurred more
often among children 6 months-<2 years of age than in older children (Tables VI and

VII; available at www.jpeds.com). In the adjusted model, the odds of treatment failure or
recurrence were higher for patients prescribed broad-spectrum antibiotics than those for
patients prescribed amoxicillin (aOR; amoxicillin-clavulanate: 7.0 [6.8, 7.2], cefdinir: 6.2
[6.0, 6.3], azithromycin: 6.6 [6.4, 6.8], amoxicillin-reference; A< .0001; Tables IV and V).

Treatment Failure and Recurrence by Antibiotic Duration

In total, 5.1% of children prescribed a long duration of antibiotics and 4.4% prescribed
short durations had treatment failure or recurrence. Treatment failure occurred in 1.9%
(1.9, 2.0) of children who were prescribed a long duration of antibiotics and 2.3% (2.2,

2.4) of children who were prescribed a short duration of antibiotics (absolute difference:
0.4%). Infection recurrence occurred in 3.2% (3.1, 3.2) of children who were prescribed a
long duration of antibiotics and 2.1% (2.0, 2.2) of children who were prescribed a short
duration of antibiotics (absolute difference: 1.0%). After adjusting for confounders, odds of
treatment failure and recurrence remained low for children who were prescribed short and
long durations (Table V1).

Discussion

In this study of over a million children with AOM identified in a national insurance claims
database, we found high prescribing rates for broad-spectrum antibiotics (44%) and long
durations of antibiotics (93%). Most antibiotic prescriptions were filled immediately (within
1 day of diagnosis; 98%). For all antibiotic agents, including amoxicillin, overall treatment
failure (2.2%) and recurrence rates (3.3%) were low. Additionally, children who were
prescribed short durations of antibiotics had similar outcomes to those who were prescribed
longer durations.

No clinical trials in the PCV era have evaluated treatment failure or recurrence rates

for AOM treated with amoxicillin compared with placebo or amoxicillin compared with
broader-spectrum antibiotics. Clinical trials utilizing amoxicillin-clavulanate have reported
failure rates of >15%.20 We found that overall failure and recurrence rates in this cohort
of children receiving care in typical clinical practice environments were low (<5%). One
potential explanation is that children in usual clinical practice environments are diagnosed
with AOM using less stringent criteria than those included in clinical trials. For example,
clinical trials have typically required diagnosis of AOM by a trained otoscopist for
inclusion.®10 As a result, in a typical practice environment, children diagnosed with AOM
may have less severe illness, may have higher probability of viral AOM, and may be
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more likely to be incorrectly diagnosed with AOM than in clinical trials. Additionally, the
epidemiologic shift in otopathogens to those that are more likely to self-resolve probably
contributes to low treatment failure and recurrence rates.3:6

Nonguideline concordant antibiotic prescribing for AOM was common, including high
rates of prescribing of broad-spectrum antibiotics and prescribing of unnecessarily long
durations of antibiotics for older children. The AAP recommends that most children with
nonsevere AOM should be observed or prescribed a delayed antibiotic.” Although we were
unable to identify delayed antibiotic prescriptions in this data source, the fact that 98%

of antibiotic prescriptions were filled within 1 day suggests the majority were either not
written as delayed, most of those written as delayed were immediately filled, or only 2%
of prescriptions written as delayed were filled after 24 hours using insurance. We suspect
the latter to be unlikely. This complements electronic health record data from Colorado
and Virginia practice cohorts that identified that 95%-98% of antibiotic prescriptions for
AOM were written as immediate.?1:22 In clinical trials and quasi-experimental studies,
interventions for AOM to reduce prescribing of immediate,21-23 broad-spectrum,24 and
longer than necessary durations of antibiotics1® have proven effective. Additionally, free,
effective stewardship tools are available including the following: the Antimicrobial Change
Package by AAP,25 the Core Elements of Outpatient Stewardship by the Centers for
Disease Control and Prevention, 26 and Dialogue Around Respiratory Tract Prescribing by
the University of Washington?” and OASIS for audit and feedback by Denver Health and
Hospital Authority.28

Some authors have recommended the routine use of broader-spectrum antibiotics as the
first-line treatment for AOM to minimize treatment failure and recurrence. In contrast,

we found low treatment failure and recurrence rates for all antimicrobial agents, and
children who were prescribed amoxicillin did not have higher treatment failure or recurrence
rates than those who were prescribed broader-spectrum antibiotics. We attempted to only
include children with uncomplicated, nonrecurrent infections as defined by AAP criteria.’
Nevertheless, it is likely that differences in characteristics among children prescribed
narrow-vs broad-spectrum antibiotics could not be fully captured and may be responsible for
differences in outcomes. This includes potential differences in the severity of presentation,
underlying medical conditions that could not be accounted for in the claims database, and/or
prior history of antibiotics for AOM that caregivers paid for out of pocket rather than billing
to insurance. Though not previously studied, it is possible that providers who prescribe
broader-spectrum antibiotics as a first-line therapy for uncomplicated AOM may also be
more likely to inappropriately prescribe additional antibiotics when they are not indicated
(eg, for persistent symptoms or serous effusions). Thus, our findings of relatively higher
treatment failure with broader-spectrum antibiotics may not necessarily reflect true clinical
failure. Regardless, given the low treatment failure and recurrence rates for AOM treated
with all antibiotic agents, the difference is unlikely to be clinically important.

Most antibiotics were prescribed for =10 days (93%), despite AAP recommendations that
most children =2 years with nonsevere AOM should be prescribed shorter durations.’
Treatment failure and recurrence were uncommon (<2.5%) for those prescribed short or
long durations of therapy with an absolute difference in failure or recurrence of <1%.
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The small difference is similar to that reported in a prior meta-analysis.2? Importantly,
children prescribed longer durations of antibiotics are significantly more likely to experience
ADES than those prescribed shorter durations.2? Thus, providers should strongly consider
prescribing shorter durations of antibiotics for children =2 years given the marginal benefit
and increased risk of ADEs with longer durations. For children <2 years, randomized
controlled trials have reported that shorter durations of antibiotics are inferior to longer
durations in preventing treatment failure. Given the stringent inclusion criteria of these
studies, it is not clear how these findings should be applied to typical clinical practice
environments.20 Pragmatic trials that compare shorter vs longer durations of antibiotics
would be beneficial, particularly because a large portion of AOM episodes are among
children <2 years, and younger children are more likely to have long-term sequelae from
antibiotic-associated microbiome changes than older children.12

The strengths of this study include a large sample size of children from geographic and
demographically diverse settings in the US. This study also has important limitations. First,
claims data only provide information on filled antibiotic prescriptions that were billed to
insurance; thus, if caregivers paid for antibiotics out of pocket or the antibiotic prescription
was not linked to an encounter diagnosis (eg, called into the pharmacy after the encounter),
we may have underestimated initial prescription volumes, treatment failure, and recurrence
rates. A high proportion of encounters (77%) were excluded for no associated filling of
antibiotic prescription data. It is possible these children were inherently different than those
included. Second, we were not able to evaluate if the antibiotic prescription was filled but
not taken by the child. Third, we were also unable to capture certain clinical characteristics
including vital signs, symptoms, and examination findings that could contribute to
differences in prescribing. Thus, children with comorbidities that may be associated with
more severe infections may have been disproportionately prescribed nonamoxicillin agents.
We also could not verify the accuracy of AOM diagnoses and could not evaluate for reported
penicillin allergy. Similarly, only medically attended outcomes were included, and other
outcomes that are important to children and families including adverse drug events managed
at home, symptom severity, etc. could not be evaluated. Fourth, because our goal was to
assess failure and recurrence for children with uncomplicated infections, the results may
not be generalizable to those with recurrent infections including those with tympanostomy
tubes. Fifth, the database included only commercially insured children, and results may not
be generalizable to those with public insurance (eg, Medicaid) or who are uninsured.

In conclusion, treatment failure and recurrence rates were low for all antibiotic agents,
including amoxicillin. Our data support the AAP AOM guidelines, which recommend
amoxicillin as the first-line therapy for most children who warrant an antibiotic and a
short duration of antibiotics for older patients with nonsevere AOM. Future efforts should
be directed toward widespread dissemination of effective stewardship tools, particularly to
community-based practice settings. B
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Figure 1.
Frequency and percentage of antibiotic durations supplied.
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258905734 Outpatient encounters in
2018 MarketScan®
Commercial Database’

I

154480210 Visits for patients with
continuous coverage and
no hospitalizations on
day of or 30 days after

!

35044778 Visits for patients ages 6
months to 12 years
(inclusive)

|

15527436 Visits for patients with 1
year of coverage or
coverage since birth

|

Visits for patients with
>=1 AOM diagnosis

817375 Recent antibiotic use or abnormal antibiotic
use including:

6970843

Antibiotics 30 days before initial AOM visit:
633654

6153108
Antibiotics filled >48 hours after visit:

12602

Abnormal duration (<5 days or >12 days):
171479

4748309 No antibiotic
prescription

1404799

94445 Not prescribed a drug of interest"
(amoxicillin, amoxicillin-clavulanate, cefdinir,
or azithromycin)

1310291
2634 30-day washout (no AOM

| diagnoses 30 days before

January 1, 2018)
1307657
[ 19115 Concurrent bacterial infection

1288542
79443 Cc

1209099

i

27659 History of tympanostomy tubes

35 Mastoiditis ICD-10 code

5 Both history of tympanostomy tubes and
mastoiditis ICD-1 code

1181400
| 45995 Recurrent AOM

52579 Visits to inpatient and other non-outpatient settings
1135405
357 Inpatient hospital

12 Hospital discharge

50313 Multiple settings

1897 Other non-outpatient settings
1082826

31819 Duplicate visits (by enrollee ID,
service date, and diagnosis code)

1051007

Figure2.
Flowchart of study population based on inclusion and exclusion criteria. 2Hansen L.

White Paper: IBM MarketScan Research Databases for life sciences researchers. IBM
Watson Health. Accessed June 8, 2021. PIncludes antibiotics other than amoxicillin,
cefdinir, azithromycin, and amoxicillin-clavulanate that were infrequently prescribed
including but not limited to clindamycin, sulfamethoxazole-trimethoprim, cephalexin,
etc. Feudtner C, Feinstein JA, Zhong W, Hall M, Dai D. Pediatric complex chronic
conditions classification system version 2: updated for ICD-10 and complex medical
technology dependence and transplantation. BMC Pediatr. Aug 82 014; 14:199. https://
doi.org/10.1186/1471-2431-14-199.
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Histogram distribution of antibiotic durations prescribed for nonazithromycin antibiotic agents

Maximum days supplied, oral antibiotics

Day Cumulative  Cumulative
supply  Frequency Percent  frequency percent

5 6374 0.67 6374 0.67

6 1299 0.14 7673 0.8

7 52 297 5.49 59 970 6.29

8 4465 0.47 64 435 6.76

9 1974 0.21 66 409 6.97

10 841181 88.25 907 590 95.22

11 12 674 1.33 920 264 96.55

12 32913 3.45 953 177 100
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Table V.

Odds of combined treatment and recurrence rates for outpatient AOM visits by antibiotic type

Either failure or recurrence

Antibiotics OR (95% Cl)  aOR (95% Cl) P
Amoxicillin Ref - -

Amoxicillin-clavulanate  7.18 (7.00, 7.36)  6.96 (6.77, 7.15)  <.0001
Cefdinir 6.25 (6.10, 6.40)  6.16 (6.00, 6.32)  <.0001
Azithromycin 6.10 (5.93, 6.28)  6.58 (6.38,6.78)  <.0001
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