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Otitis media (OM) is a leading cause of pediatric antibiotic use.
Introduction of the 13-valent pneumococcal conjugate vaccine
(PCV13) led to reductions in OM among US children, though
its impact on OM-related antibiotic use remains unclear. Among
499 683 Tennessee children <2 years of age, the OM-related an-
tibiotic fill rate was stable after PCV13 introduction.
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Otitis media (OM) is a major driver of healthcare utilization,
healthcare costs, and antibiotic use among children [1-5].
Antibiotic use for OM treatment is common and contributes to
the development and spread of antibiotic-resistant bacteria [6],
such that reducing OM-related antibiotic use is a public health
priority.

Streptococcus pneumoniae is a leading bacterial cause of OM.
The introduction of 7-valent pneumococcal conjugate vaccine
(PCV7) in the United States (US) in 2000 provided protection
against 7 pneumococcal serotypes and led to a sustained reduc-
tion in invasive pneumococcal disease, pneumonia, and OM
among young children [7-13]. In 2010, the 13-valent pneumo-
coccal conjugate vaccine (PCV13) replaced PCV7 in the US and
has been associated with additional declines in OM in the US
and elsewhere [14]. However, the impact of PCV13 introduc-
tion on OM-related antibiotic use remains unclear. Thus, we
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compared the incidence of first OM-related antibiotic use be-
fore and after PCV13 introduction among young children <2
years in the US state of Tennessee.

METHODS

We identified a retrospective cohort of children <2 years en-
rolled in the Tennessee Medicaid (TennCare) program from
July 2004 to June 2015. TennCare is the managed Medicaid pro-
gram in Tennessee. The TennCare data, including enrollment
information, healthcare utilization information, and pharmacy
fill data was supplemented with linked birth certificate data and
registry data for all state hospital-based encounters [15, 16]. We
followed children from birth through the earliest of loss of en-
rollment, age 2 years, first OM episode, or death. The project
was approved by the Vanderbilt and Tennessee Department
of Health institutional review boards, and the Division of
TennCare.

We compared the incidence of first OM-related antibiotic
use in the period before PCV13 introduction (July 2004 to June
2009) to the period after PCV13 introduction (July 2010 to June
2015). We defined July 2009-June 2010 as a transition period
due to PCV13 introduction in early 2010 and unusually high
influenza activity in late 2009 (related to influenza A/HIN1/
pdm09 circulation). We defined study periods from July to June
to include only a single US annual viral respiratory season in
each year. The outcome was the monthly rate of first OM-related
antibiotic prescription fills. We identified first OM episodes
using coded diagnoses in the outpatient setting (International
Classification of Diseases, Ninth Revision, Clinical Modification:
381, 381.0%-381.4*, 382.%). We defined an OM-related antibi-
otic prescription fill as an antibiotic prescription filled within
3 days of the child’s first observed OM diagnosis. For each
calendar month in the study period, we calculated the rate of
first OM-related antibiotic fills per 1000 person-years (PY)
by dividing the total monthly number of children with a first
OM -related antibiotic fill by the total PY in that month.

To account for secular trends in risk factors for OM and anti-
biotic prescribing, we identified the monthly prevalence of risk
factors for OM in the population, including child characteristics
(birth year and month, sex, race), delivery characteristics (ven-
tilation required at birth, birthweight) and maternal character-
istics (gestational hypertension, prenatal care, previous poor
outcome, previous preterm birth, tobacco use in pregnancy).
For binary risk factors, we calculated the monthly prevalence as
the number of total days among patients with the risk factor di-
vided by the total days of follow-up each month. For continuous
measures, we calculated the daily median value in the cohort,
and calculated the median of daily medians each month.
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We used segmented linear regression with autoregressive
errors to assess the impact of PCV13 on the trend of first
OM-related antibiotic use. We compared the observed post-
PCV13 trend (July 2010 to June 2015, 60 monthly observations)
to the pre-PCV13 trend (July 2004 to June 2009, 60 monthly
observations). Furthermore, we compared observed monthly
rates in the post-PCV13 period to projected rates assuming
no PCV13 introduction. We visually examined correlograms
and residuals and accounted for first and second order auto-
correlation. We accounted for seasonality by including a cal-
endar month indicator in the regression model. We included
covariates in the model only if they were associated with the
outcome (P < .2). We conducted a secondary analysis to deter-
mine the monthly proportion of all first OM episodes with an
associated antibiotic fill (first OM episode with related antibi-
otic fill / first OM episodes) to examine whether antibiotic pre-
scribing patterns changed over time. Analyses were done using
Stata, version 17.1 (StataCorp LP).

RESULTS

The retrospective cohort encompassed 499 683 children
<2 years of age who contributed 539 077 PY of observation
(Supplementary Table 1). We did not observe changes in the
prevalence of any risk factor in the cohort that temporally
aligned with PCV13 introduction in 2010 (and none were asso-
ciated with the outcome in the model accounting for autocorre-
lation and seasonality).

We observed 494.3 monthly OM-related antibiotic fills per
1000 PY in the post-PCV13 period compared to 458.6 during
the pre-PCV13 period, though a nonsignificant trend decline
was observed between periods (trend difference, -3.02 [95%
confidence interval {CI}, -8.74 to 2.70]) (Figure 1). In a com-
parison of the final month of the post-PCV13 period (June
2015) to the final month of the pre-PCV13 period (June 2009),

we observed no significant difference in the monthly rate (rate
difference, -23.66 [95% CI, -148.42 to 101.11]). Similarly, the
observed rate in June 2015 was lower, but not significantly, than
the predicted rate in June 2015 assuming no PCV13 introduc-
tion (rate difference, -93.51 [95% CI, -369.02 to 182.00]). We
observed a significantly increasing trend in the proportion of
first episodes of OM treated with antibiotics during the study
period (coefficient, 6.8% [95% CI, 1.9%-11.8%]), with no ob-
served impact related to PCV13 introduction (Figure 2).

DISCUSSION

In this study of children <2 years old in Tennessee, we observed
that PCV13 introduction in 2010 did not significantly impact
first OM-related antibiotic use. However, we did observe an
increasing proportion of first OM episodes for which an antibi-
otic was used throughout the study period.

Prior clinical trials have demonstrated that PCV7 adminis-
tration at an early age in children is associated with a substantial
relative risk reduction of developing pneumococcal OM (esti-
mates range from 7% to 37% reduction) [17]. Population-based
studies have also demonstrated that PCV7 introduction into the
childhood vaccination schedule was associated with reductions
in emergency department (16%-41%) and outpatient (4%-
19%) visits for OM in the US [18]. Subsequently, PCV13 in-
troduction was associated with reductions in serotype-specific
pneumococcal OM [19], with evidence suggesting that it is also
associated with reductions in all-cause OM [20-24]. In a study
using the same underlying retrospective cohort as the present
study, PCV13 introduction was associated with a reduction in
the risk of first, subsequent, and recurrent OM among children
aged <2 years in Tennessee [24]. Similarly, in a population-
based time-series analysis among 191 596 children in Sweden
(1999-2013), the incidence of OM declined from 33 099 (95%
CL 32 559-33 648) to 25 710 (95% CI, 25 433-25 990) per
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Figure 1. Monthly rates and trend of first otitis media—related antibiotic fills per 1000 person-years among children aged <2 years before and after 13-valent pneu-
mococcal conjugate vaccine introduction in Tennessee (2004-2015). Abbreviations: OM, otitis media; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent

pneumococcal conjugate vaccing; PY, person-years.
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Figure 2. Monthly moving average (6 months, gray line) and trend (purple line)
of the proportion of first episodes of otitis media with an antibiotic prescription in
children aged <2 years, Tennessee Medicaid, 2004—-2015. Abbreviation: OM, otitis
media.

100 000 PY in the PCV13 era compared to the PCV7 era [20].
However, an individual-level survival analysis in the same pop-
ulation did not find a significantly lower individual risk of first
OM among children aged <5 years in the PCV13 era compared
to the PCV7 era [20].

The impact of PCV13 introduction on OM-related antibiotic
use remains less clear. Among a representative sample of US
physician encounters, PCV13 introduction was associated with
a 25.1% reduction in the annual incidence rate of OM among
children aged 0-9 years (2011: 284.1 per 1000; 2016: 212.7 per
1000) and specifically a 25.0% reduction among children <2
years of age. The projected cumulative reduction in OM-related
antibiotic prescriptions was 9.2 million fewer prescriptions
(95% CI, —4.4 million to —14.0 million) in 2012-2016 compared
to 2011 and was attributed to the reduction of OM incidence
rather than reduced prescribing for the treatment of OM [23].
Relatedly, in our current study, we report a relatively stable fre-
quency of OM-related antibiotic fills among children <2 years
of age, in spite of an increasing proportion of OM episodes with
an affiliated antibiotic fill.

The observed increase in the proportion of OM episodes
that involved an antibiotic prescription is noteworthy. Future
studies should explore differences in antibiotic prescribing pat-
terns for OM, as changes in antibiotic prescribing could have
implications for the development and management of recurrent
OM episodes and on the development and spread of antimicro-
bial resistance [25, 26]. One such study by Suaya et al reported
minor increases in amoxicillin use (prescribed in 56% of OM
episodes in 2016 compared to 51% in 2011) and minor reduc-
tions in azithromycin use in 2016 (4.6%) compared to 2011
(6.7%) among US children [23].

A strength of the study was the use of linked administra-
tive data with state vital records and a hospitalization registry
for complete ascertainment of OM episodes among a large

retrospective cohort of children. The use of pharmacy fill data
strengthened the validity of the measurement of OM-related
antibiotic use compared to prescribing information or patient
recall. The autoregressive modeling design allowed us to assess
and account for the underlying trends of each outcome prior to
PCV13 introduction and to account for autocorrelation and the
seasonality of OM-related antibiotic fills. Another advantage of
this ecological study design was the ability to capture both di-
rect and indirect effects of PCV13 on the population.

A limitation of our study is the retrospective, ecological de-
sign that is subject to the possibility that secular trends in risk
factors for OM or OM-related prescribing practices might have
impacted OM-related antibiotic use independent of PCV13
introduction. Additionally, the design required the aggrega-
tion of patient-level information into monthly estimates, thus
reducing the effective sample size to only 132 data points (11
years) and reducing the power of the study to detect small
changes. Another limitation is that the use of coded diag-
noses to identify OM episodes limited our ability to examine
the severity of the disease, which could influence antibiotic
prescribing decisions [27, 28]. Our study also lacked a con-
trol comparison as the potential impact of PCV13 introduc-
tion on other childhood respiratory diseases made it difficult
to identify an appropriate control condition. Finally, the study
was limited to children enrolled in a Medicaid program in a
single US state, thus limiting the potential generalizability of
our findings.

We observed that OM-related antibiotic use was very high in
our study population and that use did not change significantly
after PCV13 introduction. Importantly, our study did demon-
strate an increasing trend in the use of antibiotics related to first
episodes of OM during the study period.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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