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Background.  Antibiotic use is common for acute respiratory infections (ARIs) in children, but much of this use is inappropriate. 
Few studies have examined whether rurality of residence is associated with inappropriate antibiotic use. We examined whether rates 
of ARI-related inappropriate antibiotic use among children vary by rurality of residence.

Methods.  We conducted a retrospective cohort study of children aged 2 months–5 years enrolled in Tennessee Medicaid be-
tween 2007 and 2017 and diagnosed with ARI in the outpatient setting. Study outcomes included ARI, ARI-related antibiotic use, 
and ARI-related inappropriate antibiotic use. Multivariable Poisson regression was used to measure associations between rurality 
of residence, defined by the US Census Bureau, and the rate of study outcomes, while accounting for other factors including demo-
graphics and underling comorbidities.

Results.  A total of 805 332 children met selection criteria and contributed 1 840 048 person-years (p-y) of observation. Children 
residing in completely rural, mostly rural, and mostly urban counties contributed 70 369 (4%) p-y, 479 121 (26%) p-y, and 1 290 558 
p-y (70%), respectively. Compared with children in mostly urban counties (238 per 1000 p-y), children in mostly rural (450 per 1000 
p-y) and completely rural counties (468 per 1000 p-y) had higher rates of inappropriate antibiotic use (adjusted incidence rate ratio 
[aIRR] = 1.34, 95% confidence interval [CI] = 1.33–1.35 and aIRR = 1.33, 95% CI = 1.32–1.35, respectively).

Conclusions.  Inappropriate antibiotic use is common among young children with ARI, with higher rates in rural compared with 
urban counties. These differences should inform targeted outpatient antibiotic stewardship efforts.

Keywords.   inappropriate antibiotics; pediatrics; rural health.

Antibiotics are the most commonly prescribed medications for 
young children, with outpatient acute respiratory infections 
(ARIs), such as otitis media and pharyngitis, being the most 
frequently diagnosed conditions associated with their use [1, 
2]. Although antibiotics are often necessary, they are commonly 
used inappropriately [3]. The Centers for Disease Control and 
Prevention defines inappropriate antibiotic use as “prescribing 
antibiotics when not in accordance with national and local ev-
idence-based guidelines, wrong selection of antibiotics, wrong 
dosing of antibiotics, or wrong duration of antibiotics” [4]. 
Strategies to reduce inappropriate antibiotic use are needed to 

decrease development and transmission of antibiotic-resistant 
organisms, reduce healthcare costs, and prevent adverse drug 
events [5, 6].

Although inappropriate antibiotic prescribing is common 
among children, the reasons for this are not well understood 
[3, 7–9]. Rates of inappropriate outpatient antibiotic prescribing 
practices vary based on provider experience, specialty, and 
clinical setting [10]. Some studies suggest that antibiotic pre-
scribing may vary based on rurality of patient residence, with 
higher inappropriate prescribing in nonurban settings [11, 12].

Although pediatric antibiotic use is common in the United 
States, especially southern states, few studies have examined an-
tibiotic prescribing practices within individual southern states 
[8]. In 2002, Perz et  al [13] measured antibiotic prescription 
rates among Tennessee children living in 4 urban counties and 
found that Knox county had the highest rates of pediatric an-
tibiotic use and prevalence of penicillin resistance among in-
vasive pneumococcal infections. A more recent cross-sectional 
study reported that pediatricians in rural Tennessee coun-
ties prescribe antibiotics in a higher proportion of encounters 
than those in urban counties [14]. Although these studies pro-
vide helpful insight into patterns of antibiotic use within the 
state, they did not evaluate clinical conditions associated with 
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antibiotic prescribing, and thus a detailed examination of inap-
propriate antibiotic use in Tennessee is lacking.

Potentially inappropriate antibiotic use is particularly rele-
vant for children enrolled in Tennessee Medicaid, who repre-
sent more than one half of all children born in the state [15, 16]. 
We sought to characterize the association between rurality of 
residence and the rates of ARI-related inappropriate antibiotic 
use among children enrolled in Tennessee Medicaid (TennCare) 
from 2007 to 2017.

METHODS

Study Design and Population

We conducted a retrospective cohort study of young children 
in Tennessee and compared rates of ARI, ARI-related antibi-
otic use, and ARI-related inappropriate antibiotic use among 
children residing in completely rural (CR), mostly rural 
(MR), and mostly urban (MU) counties. Our cohort included 
children 2 months to 5 years of age enrolled in TennCare for at 
least 180 days (at least 60 days for children aged 2–6 months) 
from July 1, 2007 through June 30, 2017. We excluded children 
with primary immunodeficiencies, neutropenia, pancytopenia, 
history of transplantation, sickle cell disease, cystic fibrosis, 
asplenia, bronchopulmonary dysplasia, and malignancy due to 
presumed increased risk of ARI and associated antibiotic use 
in children with these conditions. We excluded children with 
cystic fibrosis and bronchopulmonary dysplasia, as opposed to 
those with asthma or reactive airway disease, because they may 
have chronic changes on their radiographic imaging, making it 
difficult to interpret acute changes.

Our study used enrollment files and healthcare utilization 
data, including clinical encounters and pharmacy dispensing in-
formation, supplemented with state vital registries data, which 
included birth and death certificates. This study was approved 
by the Institutional Review Boards of Vanderbilt University 
Medical Center, the Tennessee Department of Health, and the 
Division of TennCare. Informed consent was not obtained be-
cause this was an analysis of deidentified and retrospective clin-
ical data. 

Exposure: Rurality

Rurality was classified into 3 groups according to the US Census 
Bureau definition [17], based upon residential population den-
sity and land-use characteristics at the county level. County-
level classification was chosen to determine in which counties 
outpatient stewardship programs could potentially target their 
efforts. Counties with 100% of the population living in rural 
areas were classified as CR, those with 50%–99.9% of the popu-
lation living in rural areas were classified as MR, and those with 
<50% of the population living in rural areas were classified as 
MU [17]. Changes in county of residence were captured so that 
rurality classifications could change over time.

Follow-Up

Follow-up started at the earliest time when children met selec-
tion criteria and continued until loss of enrollment in TennCare, 
death, end of study period, or meeting any exclusion criteria, 
whichever came first.

Acute Respiratory Infections

We identified ARI-related emergency department and out-
patient encounters using International Classification of 
Diseases, 9th and 10th Revisions (ICD-9 and ICD-10 codes) 
(Supplementary Table 1) [3, 18]. Encounters with codes for 
both ARI and nonrespiratory infections (Supplementary Table 
2) were not considered ARI outcomes because antibiotic use 
may have been driven by a nonrespiratory coinfection [19].

Acute Respiratory Infections-Related Antibiotic Use

We used pharmacy records, which have been shown to accu-
rately estimate medication consumption in community pa-
tients enrolled in Medicaid [20], to calculate ARI-related 
antibiotic use. We identified oral antibiotics dispensed for ARI 
within 72 hours of an outpatient or emergency department en-
counter using pharmacy claims data (Supplementary Table 3). 
Intramuscular and intravenous antibiotics administered within 
72 hours of the ARI encounter were identified using pharmacy 
and/or Healthcare Common Procedure Coding System codes. 
If multiple prescriptions were filled within 72 hours, we con-
sidered only the first antibiotic prescription, because this would 
represent the first intention to treat.

Acute Respiratory Infection-Related Inappropriate Antibiotic Use

We classified ARI-related antibiotic use using a mutually exclu-
sive, 3-tier classification system published by Fleming-Dutra 
et  al [3] and outlined in Supplementary Table 1. Tier 1 in-
cludes ARI diagnoses for which antibiotics are almost always 
indicated, tier 2 includes diagnoses for which antibiotics are 
sometimes indicated, and tier 3 includes diagnoses for which 
antibiotics are almost never indicated. If an encounter was as-
sociated with multiple ARI diagnoses encompassing more than 
1 tier, priority was given to the tier 1 diagnoses, followed by tier 
2 and tier 3. Thus, inappropriate antibiotic use was classified as 
an antibiotic prescription associated with a tier 3 ARI diagnosis, 
in the absence of a tier 1 or tier 2 ARI diagnosis.

Covariates

We classified each person-day of follow-up by calendar year, 
calendar month, gender, race, age, estimated median household 
income, and recent antibiotic exposure (any antibiotic dispen-
sation in the prior 6  months). We also classified person-days 
by the history of the following underlying comorbidities: re-
active airway disease or asthma, type 1 diabetes, and/or con-
genital heart disease. In addition, we classified each person-day 
by chronic glucocorticoid use, defined by a pharmacy fill of 
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prednisone, prednisolone, methylprednisolone, dexameth-
asone, hydrocortisone, beclomethasone, betamethasone, or 
triamcinolone with a duration of ≥14  days filled during the 
prior 14–30 days.

Statistical Analysis

We calculated crude incidence rates of our primary outcomes 
that were decided a priori: ARI, ARI-related antibiotic use, and 
ARI-related inappropriate antibiotic use. Follow-up person-time 
was the denominator for all incidence rate calculations. For de-
nominator calculations, we excluded the 20 person-days after 
an ARI, because additional encounters during this period were 
assumed to be related to the initial diagnosis [21]. We also ex-
cluded all person-days during periods of hospitalization, when 
children were not at risk for outpatient ARI, and 30 person-days 
after hospitalization, because ARI during that period could be 
related to the previous hospitalization. We used multivariable 
Poisson regression to compare incidence rates for each outcome 
among children who live in CR, MR, and MU counties, adjusting 
for study covariates. We also calculated adjusted rate differences 
for CR and MR counties relative to MU counties by multiplying 
the rate in MU counties times the corresponding adjusted in-
cidence rate ratio minus 1. We also assessed changes in rates of 
outcomes over time. We performed subgroup analyses of racial 
and median household income groups, our secondary outcomes 
that were decided post hoc, by including interaction terms for 
race and rurality and median household income, respectively, in 
the regression model. In a separate analysis restricted to children 
who were diagnosed with ARI, we calculated the proportion of 
ARI events associated with appropriate and inappropriate anti-
biotic use. We also calculated the trend of these proportions over 
time. All analyses were conducted using Stata 15.1.

RESULTS

Characteristics of Study Cohort

A total of 812 271 children met cohort selection criteria, but 
6939 (0.9%) children were excluded due to missing county, age, 
and/or sex data. The remaining 805 332 children contributed 
1 840 048 person-years (p-y) of follow-up. Children residing in 
CR counties contributed 70 369 (4%) p-y, children residing in 
MR counties contributed 479 121 (26%) p-y, and children res-
iding in MU counties contributed 1 290 558 p-y (70%). Almost 
half of all person-time was contributed by females, and 60% of 
person-time was contributed by children 2–5 years of age. Racial 
distribution varied by rurality of residence, with white children 
contributing 83% and 94% of person-time in MR and CR coun-
ties, respectively, but only 45% of person-time in MU counties. 
The majority of person-time was contributed by children with 
estimated median household incomes of $30 000–$50 000, and 
the majority of person-time contributed by children from this 
income bracket lived in MR and CR counties. Almost one half 

of person-time contributed by children living in MR and CR 
counties was associated with a recent history of antibiotic expo-
sure, whereas only 35% of person-time contributed by children 
living in MU areas was associated with prior antibiotic exposure 
(Table 1).

The crude rate (per 1000 p-y) of ARI was highest among 
children aged 2–12 months (2632), white children (2301), and 
during December (2655). The crude rate of ARI-related anti-
biotic use and inappropriate antibiotic use was highest among 
children aged 12–24 months (1339 and 380, respectively), white 
children (1233 and 367, respectively), and during December 
(1423 and 458, respectively).

Association of Rurality of Residence With Rates of Acute Respiratory 
Infections (ARI), ARI-Related Antibiotic Use, and ARI-Related Inappropriate 
Antibiotic Use

Rates of ARI, ARI-related antibiotic use, and ARI-related in-
appropriate antibiotic use were higher in children who lived 
in MR or CR counties compared with those in MU counties 
(Table 2). These associations remained statistically significant 
after adjustment for study covariates in multivariable regression 
analyses (Table 2). In this analysis, young age (2–12 months), 
white race (see Supplementary Table 4 and subgroup analysis), 
and presentation during December were associated with higher 
rates of ARI, ARI-related antibiotic use, and inappropriate anti-
biotic use (P < .001).

Adjusted Rate Differences of Inappropriate Antibiotic Use by Rurality of 
Residence

Within our cohort, 307  023 ARI-related inappropriate anti-
biotics were prescribed for children residing in MU counties, 
215 746 inappropriate antibiotics for children residing in MR 
counties, and 32  950 inappropriate antibiotics for children 
residing in CR counties. The adjusted rate difference of ARI-
related inappropriate antibiotic use was 81 and 79 prescriptions 
per 1000 p-y higher in children living in MR and CR counties, 
respectively, than among children living in MU counties.

Trend in Rates of Acute Respiratory Infections and Antibiotic Use

During the study period, crude rates of ARI, ARI-related antibi-
otic use, and ARI-related inappropriate antibiotic use decreased 
over time (Supplementary Figure 1A). The multivariable regres-
sion models indicated that the rate of ARI decreased by approx-
imately 0.8% each year, the rate of ARI-related antibiotic use 
decreased by 1.3% each year, and the rate of ARI-related inap-
propriate antibiotic use decreased by 6.8% each year (P < .001). 
These declines were consistently observed across MU, MR, and 
CR counties (Supplementary Figure 1B and C).

Subgroup Analysis by Race

The strength of the association between rurality of residence 
and incidence of study outcomes varied by race (Figure 1), with 
higher IRR of ARI, ARI-related antibiotic use, and inappropriate 
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antibiotic use among black children than among white or Hispanic 
children (P < .001 for interaction terms) (Supplementary Table 5).

Subgroup Analysis by Median Household Income

The strength of association between rurality of residence and 
incidence of study outcomes also varied by median household 
income, with higher IRR or ARI, ARI-related antibiotic use, and 
inappropriate antibiotic use among children from lower median 

household incomes compared with those from higher median 
household incomes (Supplementary Table 6).

Proportion of Acute Respiratory Infections Events Associated With 
Antibiotics

A greater proportion of ARI in MR (57%; 664  503 of 
1 170 838) and CR (59%; 103 436 of 175 369) counties were 
associated with antibiotic use than ARI in MU counties (47%; 

Table 1.  Characteristics of Study Population According to Rurality of Residence (July 1, 2007–June 30, 2017)

Rurality of Residence

Characteristic Mostly Urban Mostly Rural Completely Rural

Person-years (no.) 1 290 558 479 121 70 369

Age (%)a    

  2–12 months 18.7 19.0 18.9

  12–24 months 20.5 20.3 20.2

  24–60 months 60.7 60.6 60.9

Male sex (%) 50.8 51.1 51.2

Race (%)    

  White 45.3 83.2 94.3

  Black 42.3 10.5 2.9

  Hispanic 8.6 4.2 1.3

  Other/unknown 3.8 2.1 1.6

Median Household Income (%)   

  <$30 000 29.1 18.8 17.7

  $30 000–$50 000 38.6 54.1 67.4

  $50 000–$70 000 19.5 17.7 9.2

  >$70 000 7.7 2.7 1.0

  Missing 5.1 6.7 4.7

Recent antibiotic exposure (%) 34.8 47.9 49.3

Comorbidities (%) 4.7 4.8 3.9

Chronic glucocorticoid use (%) 1.2 0.8 0.7

Calendar Month (%)

  January 8.3 8.2 8.2

  February 7.6 7.4 7.4

  March 8.4 8.3 8.3

  April 8.3 8.3 8.3

  May 8.6 8.7 8.7

  June 8.5 8.6 8.7

  July 8.7 8.9 9.0

  August 8.7 8.8 8.8

  September 8.2 8.2 8.1

  October 8.4 8.4 8.4

  November 8.1 8.0 8.0

  December 8.3 8.2 8.2

Calendar Year (%)

  2007 4.5 4.6 4.6

  2008 9.1 9.3 9.3

  2009 9.4 9.6 9.8

  2010 9.9 10.1 10.3

  2011 10.0 10.0 10.0

  2012 9.8 9.7 9.6

  2013 9.6 9.4 9.4

  2014 10.0 9.8 9.7

  2015 10.9 10.7 10.6

  2016 11.4 11.4 11.2

  2017 5.4 5.4 5.4

aPercentages reflect proportions of person-time contributed by each category.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa587#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa587#supplementary-data


Rurality and Inappropriate Antibiotic Use  •  ofid  •  5

1  086  476 of 2  269  200) (P < .001 for each comparison). 
Likewise, a greater proportion of ARI in MR (18%; 215 746 
of 1 170 838) and CR (19%; 32 950 of 175 369) counties were 
associated with inappropriate antibiotic use than in MU 
counties (14%; 307 023 of 2 269 200) (P < .001 for each com-
parison). Within MU, MR, and CU counties, the proportion 
of ARI associated with antibiotic use and inappropriate anti-
biotic use (Figure 2) declined overtime (P < .001 based upon 
multivariable regression).

DISCUSSION

In our study, rates of ARI, ARI-related antibiotic use, and 
ARI-related inappropriate antibiotic use were higher among 
children who lived in mostly or CR counties compared with 
children who lived in MU counties. Although rates of these 
outcomes and the proportion of ARI associated with overall 
and inappropriate antibiotic use decreased over time, the pro-
portion of ARI associated with overall and inappropriate anti-
biotic use remained higher in children living in rural counties 

Table 2.  Incidence Rates and Incidence Rate Ratios of ARI, ARI-Related Antibiotic Use, and ARI-Related Inappropriate Antibiotic Use Among Children 
According to Rurality of Residence (2007–2017)

Rurality of Residence Person-Years Number of Events Crude Rate (per 1000 Person-Years) Unadjusted IRR (95% CI) aAdjusted IRR (95% CI)

ARI

  Mostly urban 1 290 558 2 269 200 1758 1.0 (Reference) 1.0 (Reference)

  Mostly rural 479 121 1 170 838 2444 1.39 (1.39–1.39)b 1.07 (1.07–1.08)b

  Completely rural 70 369 175 369 2492 1.42 (1.41–1.42) 1.07 (1.06–1.07)

ARI-Related Antibiotic Use

  Mostly urban 1 290 558 1 086 476 842 1.0 (Reference) 1.0 (Reference)

  Mostly rural 479 121 664 503 1387 1.65 (1.64–1.65) 1.15 (1.14–1.15)

  Completely rural 70 369 103 436 1470 1.75 (1.73–1.76) 1.17 (1.16–1.18)

ARI-Related Inappropriate Antibiotic Use

  Mostly urban 1 290 558 307 023 238 1.0 (Reference) 1.0 (Reference)

  Mostly rural 479 121 215 746 450 1.89 (1.88–1.90) 1.34 (1.33–1.35)

  Completely rural 70 369 32 950 468 1.97 (1.95–1.99) 1.33 (1.32–1.35)

Abbreviations: ARI, acute respiratory infection; CI, confidence interval; IRR, incidence rate ratio.
aCovariates accounted for in the multivariable regression model: calendar year/month, gender, race, age, median household income, recent antibiotic exposure, underlying comorbidities, 
history of chronic glucocorticoid use.
bCI appears to overlap due to rounding.

IRR of  Outcomes in Mostly Rural v. Mostly Urban Counties Based Upon Race

ARI

White
Black

Hispanic

Overall

White
Black

Hispanic

Overall

White
Black

Hispanic

Overall

*Adjusted Incidence Rate Ratio

ARI-Related Inappropriate Antibiotic Use

ARI-Related Antibiotic Use

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

*Covariates: calendar year/month, gender, race, age, median household income, recent antibiotic exposure, underlying
comorbidities, history of  chronic glucocorticoid use

Figure 1.  Incidence rate ratios of acute respiratory infection (ARI), ARI-related antibiotic use, and ARI-related inappropriate antibiotic use among children of different race 
groups who live in mostly rural versus mostly urban counties. Vertical axis represents racial group for each outcome and horizontal axis represents incidence rate ratio and 
95% confidence intervals.
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compared with urban counties throughout the study period. 
The strength of association of rurality and rate of antibiotic use 
was higher among black children and children from lower me-
dian household incomes.

The relative rate of ARI was slightly higher in children living 
in rural counties compared with urban counties. Although 
there is no conclusive explanation for higher rates of ARI in 
rural areas, several factors may be postulated to play a role. In 
our study, individuals living in rural counties tended to live in 
lower income households, which may be associated with chal-
lenges to accessing healthcare, potentially leading to less pre-
ventative care, lower vaccine coverage [22], and more severe 
illness at presentation [23]. Children in rural settings may also 
be exposed to more household mold [24–26] and second hand 
tobacco exposure [27], which predispose children to respiratory 
illnesses [28, 29]. Furthermore, there were larger representa-
tions of white children in rural counties than in urban counties 
in our study, and prior studies have shown that white children 
receive more diagnoses of ARI compared with children of other 
races even when they are treated by the same clinician [30]. 
Overdiagnosis in white children and/or underdiagnosis in mi-
nority children may have played a role in the higher rates of ARI 
observed in rural counties.

We observed higher rates of inappropriate antibiotic use 
among children living in rural counties compared with urban 
counties, with approximately 80 more inappropriate prescrip-
tions per 1000 p-y in rural counties compared with urban coun-
ties. Earlier studies conducted both outside and in Tennessee 
have reported higher antibiotic use among individuals living 
in nonurban counties compared with urban counties, but the 
appropriateness of the antibiotic use was not assessed [11, 12, 
14]. Our findings complement those previous observations. An 
explanation for the higher rates of antibiotic use and inappro-
priate antibiotic use in children living in rural counties might 
be that fewer primary care providers, particularly pediatricians, 
practice in rural communities compared with urban settings 
[31]. Prior studies have shown that antibiotic prescribing by 
providers at nonpediatric facilities is higher when compared 
with those at pediatric facilities [32]. Pediatricians who work 
at pediatric facilities are also more likely to have academic af-
filiations and exhibit increased familiarity and compliance with 
pediatric-specific guidelines [32]. Our finding of a greater pro-
portion of person-time associated with a history of recent an-
tibiotic exposure among children living in rural counties, with 
less access to pediatric facilities, compared with those in urban 
counties supports this theory.

Trend in ARI Events Associated with Antibiotics
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Figure 2.  Trend in the proportion of children enrolled in Tennessee Medicaid between 2007 and 2017 and diagnosed with acute respiratory infection (ARI) who received 
antibiotics and inappropriate antibiotics based upon rurality of county of residence. Solid lines represent overall antibiotic use, and dotted lines represent inappropriate anti-
biotic use. Mostly urban (MU) counties are represented by circles, mostly rural (MR) counties are represented by squares, and completely rural (CR) counties are represented 
by triangles.
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We also found that white children were more likely than 
black children to be diagnosed with ARI and receive antibiotics, 
an observation consistent with findings from other studies [30, 
33]. These differences in rates based upon race raised the ques-
tion of how much of the differences in antibiotic prescriptions 
based upon rurality may have been driven by racial disparities. 
However, our subgroup analysis revealed that even within indi-
vidual racial groups, rural county of residence was still associ-
ated with higher rates of ARI and ARI-related antibiotic use and 
inappropriate antibiotic use, and this association was stronger 
among minority races, who were less represented in rural coun-
ties in our study. Our cohort also had an increased proportion 
of p-y contributed by children from lower median household 
incomes in rural counties compared with urban counties. 
However, even within individual income groups, our subgroup 
analysis revealed that rural county of residence was associated 
with higher rates of ARI and ARI-related antibiotic use and 
inappropriate antibiotic use, and the association was stronger 
among children from lower median household income groups. 
Our findings are similar to the results of a cross-sectional study 
measuring antibiotic use in adults enrolled in Medicare, where 
adults from lower household incomes were prescribed a higher 
rate of antibiotics [34]. Outpatient stewardship programs should 
take note that higher rates of inappropriate antibiotic use takes 
place in rural counties, and this problem seems to be magnified 
in rural-residing minority children and children from lower 
household incomes.

Our finding that rates of ARI and ARI-related appropriate and 
inappropriate antibiotic use decreased over time is consistent 
with previous reports from private health insurance plans [1, 
35]. One explanation for the decline in ARI could be the intro-
duction of 13-valent pneumococcal conjugate vaccine in 2010, 
which led to reductions in the incidence of respiratory infec-
tions [21, 36–38]. However, findings are mixed with regards to 
whether these declines are associated with reduced antibiotic 
prescriptions [21, 39]. In addition, updated guidelines for treat-
ment of community-acquired pneumonia, streptococcal phar-
yngitis, and acute otitis media released between 2011 and 2013 
[40–42] could have contributed to optimized diagnosis and re-
ductions in antibiotic prescriptions. Furthermore, increasing 
national and international attention to antibiotic overuse and 
the need for stewardship may have stimulated both providers 
and parents to reduce inappropriate antimicrobial use [43].

More importantly, a greater proportion of ARI in rural 
counties were associated with overall and inappropriate anti-
biotic use compared with ARI in urban counties throughout 
the study period despite an overall downward trend in these 
proportions. Additional studies are needed to better under-
stand the unique drivers of higher prescribing practices for 
ARI in rural settings, where approximately 80 more inappro-
priate antibiotics per 1000 person-years are prescribed com-
pared with urban settings.

Strengths of our study include a robust database with a large 
sample of children followed over time. Comprehensive, longitu-
dinal follow-up afforded calculation of incidence rates of ARI, 
ARI-related antibiotic use, and ARI-related inappropriate anti-
biotic use. Although many studies have assessed pediatric an-
tibiotic use, our study is one of few to address “inappropriate” 
antibiotic use in children. In addition, our study focused on an 
important but understudied population. Children enrolled in 
Medicaid are disproportionately underrepresented in research 
but contribute to approximately half of the pediatric population 
in Tennessee and a similar proportion in many other states [8, 
16, 44].

Our study also has some limitations, including reliance 
on diagnosis codes, which may not accurately or compre-
hensively reflect patients’ conditions or providers’ reasoning 
for prescribing antibiotics. In one review of the use of ICD-9 
codes for inpatient diagnosis of community-acquired pneu-
monia, the positive predictive value ranged from 68% to 90% 
[45]; however, the performance of ICD codes to identify out-
patient ARI is less clear. This misclassification would likely 
make it more difficult for our study to demonstrate differences 
between exposure groups. Another potential misclassifica-
tion is our definition of rurality, which does not account for 
potential overlap in rurality level within individual counties, 
particularly in MR counties, which the US Census Bureau 
defines as those with 50%–99.9% of the population living in 
rural counties. In our study, we did not measure rates of non-
ARI diagnoses or non-antibiotic prescriptions; future studies 
examining rates of other diagnoses and prescriptions during 
this time period can help elucidate whether overall coding of 
both ARI and other non-ARI diagnoses and/or prescribing 
behaviors for non-antibiotic medications also declined. We 
also did not have access to rates of immunization based upon 
rurality of county. Although regional variation in the pro-
portion of young children enrolled in TennCare who are 
fully immunized exists and ranges between 57% and 92% 
(as of 2017), whether their vaccine status is associated with 
antibiotic use is unclear [46]. We limited our designation of 
inappropriate antibiotic use to the use of any antibiotic for 
conditions in which antibiotics are not indicated [3], but we 
did not verify the appropriateness of antibiotic choice, dose, 
or duration. The appropriateness of use of specific antibiotics 
for each diagnostic condition was beyond the scope of this 
analysis, given that we did not have access to children’s anti-
biotic allergy information or microbiological profiles. In ad-
dition, some antibiotic use for tier 2 diagnoses (for which 
antibiotics are sometimes indicated) may be inappropriate, 
leading to further underestimation of rates of inappropriate 
antibiotic use. We did not have access to information on pre-
scriber type or setting, both of which may be associated with 
patterns of antibiotic prescribing [18, 47]. Although we ex-
cluded many children who are at increased risk for infection 
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at antibiotic use, we did not exclude all children with com-
plex chronic conditions [48] who may also be at higher risk 
for infection. Finally, the findings are limited to children en-
rolled in TennCare and may not be directly generalizable to 
other populations.

CONCLUSIONS

Acute respiratory infection-related inappropriate antibiotic use 
is very common among young children enrolled in TennCare, 
although rates have decreased over time. Inappropriate antibi-
otic use is significantly higher in children who reside in rural 
counties compared with urban counties. These findings should 
inform targeted outpatient stewardship efforts to reduce inap-
propriate antibiotic use and its consequences.

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 
corresponding author.

Acknowledgments
We are indebted to the Tennessee Division of Tennessee Medicaid 

(TennCare) of the Department of Finance and Administration, which pro-
vided data for the study. We are also indebted to the Tennessee Department 
of Health for providing data for the study.

Author contributions. K. L. D., L. M. H., and C. G. G. conceptualized 
and designed the study, conducted the analyses, drafted the initial man-
uscript, and reviewed and revised the manuscript. J. B. designed the data 
collection instruments, collected data, carried out the initial analyses, 
and reviewed and revised the manuscript. H. G. assisted with design of 
the study and data analyses and reviewed and revised the manuscript. 
K. M. E. and R. B. contributed to the design of the study, assisted with 
drafting on the initial manuscript, and critically reviewed the manu-
script for important intellectual content. All authors approved the final 
manuscript as submitted and agree to be accountable for all aspects of 
the work.

Financial support. This work was funded by the National Institute for 
Allergy and Infectious Diseases ([NIAID] Grant Number T32A1095202) 
and the Vanderbilt University Trans-Institutional Programs Vanderbilt 
Study of Antimicrobial Resistance. C. G. G. was supported in part by the 
National Institutes of Health ([NIH] NIAID K24AI148459). L.  M. H.  is 
supported by the NIH under award number 1K23AI141621 and supported 
this work as a Young Investigator Award recipient of the IDSA Education 
and Research Foundation sponsored by Pfizer. K. L. D. is supported by the 
NIAID under award number T32A1095202. 

Potential conflicts of interest. K. M. E. receives grant funding from 
the Centers for Disease Control and Prevention (CDC) and the NIH, is 
a consultant for Merck, Bio-NET, and IBM, and is on the Data Safety 
and Monitoring Board for Sanofi, X-4 Pharma, Sequirus, Moderna, 
and Pfizer. R.  B.  receives grant funding from the NIH, Accelerate 
Diagnostics, and BioFire. C.  G. G.  has received consulting fees from 
Pfizer, Sanofi, and Merck and received research support from Sanofi-
Pasteur, Campbell Alliance, the CDC, NIH, the US Food and Drug 
Administration, and the Agency for Healthcare Research and Quality. 
None of that work conflicts with this report in any way. The remaining 
authors have no conflicts of interest to declare. All authors have sub-
mitted the ICMJE Form for Disclosure of Potential Conflicts of Interest. 
Conflicts that the editors consider relevant to the content of the manu-
script have been disclosed.

References
1.	 Vaz LE, Kleinman KP, Raebel MA, et al. Recent trends in outpatient antibiotic use 

in children. Pediatrics 2014; 133:375–85.
2.	 Hersh AL, Shapiro DJ, Pavia AT, Shah SS. Antibiotic prescribing in ambulatory 

pediatrics in the United States. Pediatrics 2011; 128:1053–61.
3.	 Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al. Prevalence of inappropriate an-

tibiotic prescriptions among US ambulatory care visits, 2010–2011. JAMA 2016; 
315:1864–73.

4.	 Centers for Disease Control and Prevention. Measuring outpatient antibiotic pre-
scription. Centers for Disease Control and Prevention; 2017. Available at: cdc.
gov/antibiotic-use/community/programs-measurement/state-local-activities/
outpatient-antibiotic-prescriptions-US-2017.html. Accessed 12 January 2020.

5.	 Hicks LA, Chien YW, Taylor TH, Jr, et al. Outpatient antibiotic prescribing and 
nonsusceptible Streptococcus pneumoniae in the United States, 1996–2003. Clin 
Infect Dis 2011; 53:631–9.

6.	 Lovegrove MC, Geller AI, Fleming-Dutra KE, et al. US emergency department 
visits for adverse drug events from antibiotics in children, 2011–2015. J Pediatric 
Infect Dis Soc 2018; doi:10.1093/jpids/piy066.

7.	 Chai G, Governale L, McMahon AW, et al. Trends of outpatient prescription drug 
utilization in US children, 2002–2010. Pediatrics 2012; 130:23–31.

8.	 Hicks LA, Bartoces MG, Roberts RM, et al. US outpatient antibiotic prescribing 
variation according to geography, patient population, and provider specialty in 
2011. Clin Infect Dis 2015; 60:1308–16.

9.	 Tribble AC, Lee BR, Flett KB, et al.; Sharing Antimicrobial Reports for Pediatric 
Stewardship (SHARPS) Collaborative. Appropriateness of antibiotic prescribing 
in United States Children’s Hospitals: a national point prevalence survey. Clin 
Infect Dis 2020; 71:e226–34.

10.	 Schmidt ML, Spencer MD, Davidson LE. Patient, provider, and practice charac-
teristics associated with inappropriate antimicrobial prescribing in ambulatory 
practices. Infect Control Hosp Epidemiol 2018; 39:307–15.

11.	 Sharp M. The right prescription: assessing potentially inappropriate use of anti-
biotics among New York’s Medicaid population. New York, NY: Medicaid Institute 
at United Hospital Fund, 2018.

12.	 Handy  LK, Bryan  M, Gerber  JS, et  al. Variability in antibiotic prescribing for 
community-acquired pneumonia. Pediatrics 2017; 139:e20162331.

13.	 Perz JF, Craig AS, Coffey CS, et al. Changes in antibiotic prescribing for children 
after a community-wide campaign. JAMA 2002; 287:3103–9.

14.	 Katz SE, Staub M, Ouedraogo Y, et al. Population-based assessment of patient and 
provider characteristics influencing pediatric outpatient antibiotic use in a high 
antibiotic-prescribing state. Infect Control Hosp Epidemiol 2020; 41:331–6.

15.	 Quick facts: Tennessee. United States Census Bureau; 2017. Available at: https://
www.census.gov/quickfacts/fact/table/TN,US#. Accessed 12 November 2019.

16.	 Division of TennCare. Enrollment Data. Tennessee Division of TennCare; 2018. 
Type: Website Available at: https://www.tn.gov/tenncare/information-statistics/
enrollment-data.html. Accessed 12 November 2019.

17.	 United States Census Bureau. Urban and Rural. United States Census Bureau; 
2018. Available at: https://www.census.gov/programs-surveys/geography/guid-
ance/geo-areas/urban-rural.html.

18.	 Sanchez GV, Hersh AL, Shapiro DJ, et al. Outpatient antibiotic prescribing among 
United States nurse practitioners and physician assistants. Open Forum Infect Dis 
2016; 3:ofw168.

19.	 Ray  KN, Shi  Z, Gidengil  CA, et  al. Antibiotic prescribing during pediatric 
direct-to-consumer telemedicine visits. Pediatrics 2019; 143. doi:10.1542/
peds.2018–2491.

20.	 Ray  WA, Griffin  MR. Use of Medicaid data for pharmacoepidemiology. Am J 
Epidemiol 1989; 129:837–49.

21.	 Wiese AD, Huang X, Yu C, et al. Changes in otitis media episodes and pressure 
equalization tube insertions among young children following introduction of 
the 13-valent pneumococcal conjugate vaccine: a birth cohort-based study. Clin 
Infect Dis 2019; 69:2162–9.

22.	 Hill HA, Elam-Evans LD, Yankey D, et al. Vaccination coverage among children aged 
19-35 months—United States, 2017. MMWR Morb Mortal Wkly Rep 2018; 67:1123–8.

23.	 Probst JC, Barker JC, Enders A, Gardiner P. Current state of child health in rural 
America: how context shapes children’s health. J Rural Health 2018; 34 (Suppl 
1):s3–12.

24.	 Polyzoi E, Polyzois D. Presence of household mold, children’s respiratory health, 
and school absenteeism: cause for concern. J Environ Health 2017; 79:28–35.

25.	 Ware DN, Lewis J, Hopkins S, et al. Household reporting of childhood respiratory 
health and air pollution in rural Alaska Native communities. Int J Circumpolar 
Health 2014; 73:1–10.

26.	 Flamant-Hulin M, Annesi-Maesano I, Caillaud D. Relationships between molds 
and asthma suggesting non-allergic mechanisms. A  rural-urban comparison. 
Pediatr Allergy Immunol 2013; 24:345–51.

http://cdc.gov/antibiotic-use/community/programs-measurement/state-local-activities/outpatient-antibiotic-prescriptions-US-2017.html﻿
http://cdc.gov/antibiotic-use/community/programs-measurement/state-local-activities/outpatient-antibiotic-prescriptions-US-2017.html﻿
http://cdc.gov/antibiotic-use/community/programs-measurement/state-local-activities/outpatient-antibiotic-prescriptions-US-2017.html﻿
https://doi.org/10.1093/jpids/piy066
https://www.census.gov/quickfacts/fact/table/TN,US#﻿
https://www.census.gov/quickfacts/fact/table/TN,US#﻿
https://www.tn.gov/tenncare/information-statistics/enrollment-data.html﻿
https://www.tn.gov/tenncare/information-statistics/enrollment-data.html﻿
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural.html﻿
https://www.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural.html﻿
https://doi.org/10.1542/peds.2018–2491
https://doi.org/10.1542/peds.2018–2491


Rurality and Inappropriate Antibiotic Use  •  ofid  •  9

27.	 Centers for Disease Control and Prevention. Tobacco use by geographic region. 
Available at: https://www.cdc.gov/tobacco/disparities/geographic/index.htm. 
Accessed 15 March 2020.

28.	 Centers for Disease Control and Prevention. Smoking and Tobacco use: children 
in the home. Available at: https://www.cdc.gov/tobacco/basic_information/sec-
ondhand_smoke/children-home/index.htm. Accessed 15 March 2020.

29.	 Huang SW, Kimbrough JW. Mold allergy is a risk factor for persistent cold-like 
symptoms in children. Clin Pediatr (Phila) 1997; 36:695–9.

30.	 Gerber  JS, Prasad  PA, Localio  AR, et  al. Racial differences in antibiotic pre-
scribing by primary care pediatricians. Pediatrics 2013; 131:677–84.

31.	 Randolph  GD, Pathman  DE. Trends in the rural-urban distribution of general 
pediatricians. Pediatrics 2001; 107:E18.

32.	 Poole  NM, Shapiro  DJ, Fleming-Dutra  KE, et  al. Antibiotic prescribing for 
children in United States emergency departments: 2009–2014. Pediatrics 2019; 
143. doi:10.1542/peds.2018-1056.

33.	 Fleming-Dutra KE, Shapiro DJ, Hicks LA, et al. Race, otitis media, and antibiotic 
selection. Pediatrics 2014; 134:1059–66.

34.	 Volpi C, Shehadeh F, Mylonakis E. Correlation of antimicrobial prescription rate 
and county income in Medicare Part D. Medicine (Baltimore) 2019; 98:e15914.

35.	 Finkelstein JA, Raebel MA, Nordin JD, et al. Trends in outpatient antibiotic use in 
3 health plans. Pediatrics 2019; 143. doi:10.1542/peds.2018-1259.

36.	 Domínguez  Á, Ciruela  P, Hernández  S, et  al. Effectiveness of the 13-valent 
pneumococcal conjugate vaccine in preventing invasive pneumococcal disease 
in children aged 7-59  months. A  matched case-control study. PLoS One 2017; 
12:e0183191.

37.	 Pichichero  M, Kaur  R, Scott  DA, et  al. Effectiveness of 13-valent pneumo-
coccal conjugate vaccination for protection against acute otitis media caused by 
Streptococcus pneumoniae in healthy young children: a prospective observational 
study. Lancet Child Adolesc Health 2018; 2:561–8.

38.	 Sings HL, De Wals P, Gessner BD, et al. Effectiveness of 13-valent pneumococcal 
conjugate vaccine against invasive disease caused by serotype 3 in children: a sys-
tematic review and meta-analysis of observational studies. Clin Infect Dis 2019; 
68:2135–43.

39.	 Klugman  KP, Black  S. Impact of existing vaccines in reducing antibiotic re-
sistance: primary and secondary effects. Proc Natl Acad Sci U S A 2018; 
115:12896–901.

40.	 Lieberthal AS, Carroll AE, Chonmaitree T, et al. The diagnosis and management 
of acute otitis media. Pediatrics 2013; 131:e964–99.

41.	 Bradley JS, Byington CL, Shah SS, et al.; Pediatric Infectious Diseases Society and 
the Infectious Diseases Society of America. Executive summary: the management 
of community-acquired pneumonia in infants and children older than 3 months 
of age: clinical practice guidelines by the Pediatric Infectious Diseases Society and 
the Infectious Diseases Society of America. Clin Infect Dis 2011; 53:617–30.

42.	 Shulman ST, Bisno AL, Clegg HW, et al. Clinical practice guideline for the diag-
nosis and management of group A streptococcal pharyngitis: 2012 update by the 
Infectious Diseases Society of America. Clin Infect Dis 2012; 55:1279–82.

43.	 Drekonja DM, Filice GA, Greer N, et al. Antimicrobial stewardship in outpatient 
settings: a systematic review. Infect Control Hosp Epidemiol 2015; 36:142–52.

44.	 Centers for Disease Control and Prevention. Outpatient antibiotic prescriptions—
United States, Centers for Disease Control and Prevention; 2017. Available at: 
https://www.cdc.gov/antibiotic-use/community/programs-measurement/state-
local-activities/outpatient-antibiotic-prescriptions-US-2017.html. Accessed 31 
October 2019.

45.	 Williams DJ, Shah SS, Myers A, et al. Identifying pediatric community-acquired 
pneumonia hospitalizations: accuracy of administrative billing codes. JAMA 
Pediatr 2013; 167:851–8.

46.	 Tennessee Department of Health. Results of the immunization status survey of 
24  month old children in Tennessee. Tennessee Department of Health; 2017. 
Available at: https://www.firesafekids.state.tn.us/content/dam/tn/health/docu-
ments/cedep-weeklyreports/24-month-old-Imm-Survey_2017_final_01-23-18.
pdf. Accessed: 31 October 2019.

47.	 King LM, Bartoces M, Fleming-Dutra KE, et al. Changes in US outpatient antibi-
otic prescriptions from 2011–2016. Clin Infect Dis 2020; 70:370–7.

48.	 Feudtner C, Feinstein JA, Zhong W, et al. Pediatric complex chronic conditions 
classification system version 2: updated for ICD-10 and complex medical tech-
nology dependence and transplantation. BMC Pediatr 2014; 14:199.

https://www.cdc.gov/tobacco/disparities/geographic/index.htm
https://www.cdc.gov/tobacco/basic_information/secondhand_smoke/children-home/index.htm
https://www.cdc.gov/tobacco/basic_information/secondhand_smoke/children-home/index.htm
https://doi.org/10.1542/peds.2018-1056
https://doi.org/10.1542/peds.2018-1259
https://www.cdc.gov/antibiotic-use/community/programs-measurement/state-local-activities/outpatient-antibiotic-prescriptions-US-2017.html﻿
https://www.cdc.gov/antibiotic-use/community/programs-measurement/state-local-activities/outpatient-antibiotic-prescriptions-US-2017.html﻿
https://www.firesafekids.state.tn.us/content/dam/tn/health/documents/cedep-weeklyreports/24-month-old-Imm-Survey_2017_final_01-23-18.pdf﻿
https://www.firesafekids.state.tn.us/content/dam/tn/health/documents/cedep-weeklyreports/24-month-old-Imm-Survey_2017_final_01-23-18.pdf﻿
https://www.firesafekids.state.tn.us/content/dam/tn/health/documents/cedep-weeklyreports/24-month-old-Imm-Survey_2017_final_01-23-18.pdf﻿

