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Early Life Antibiotic Prescription for Upper Respiratory
Tract Infection Is Associated With Higher Antibiotic Use
in Childhood
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Background. Antibiotic prescription for uncomplicated upper respiratory tract infection (URTI) in children is not recom-
mended but remains common. The primary objective was to evaluate the relationship between antibiotic prescription for URTI prior
to age 2 and antibiotic prescription for URTI after age 2. It was hypothesized that antibiotic prescription for URTI in early childhood
may increase the risk of antibiotic use for subsequent URTTs. The secondary objective was to investigate whether this relationship
was different for acute otitis media (AOM), for which antibiotics may be indicated.

Methods. A prospective cohort study was conducted between December 2008 and March 2016 at 9 primary care practices in
Toronto, Canada. Healthy children aged 0-5 years that met TARGet Kids! cohort eligibility criteria were included if they had at least
one sick visit prior to age 2 and least one sick visit after age 2. Generalized Estimating Equation (GEE) models were used to evaluate

this relationship while considering within-subject correlation.
Results.

Of 2380 participants followed for a mean duration of 4.6 years, children who received an antibiotic prescription for

URTT prior to age 2 had higher odds of receiving an antibiotic prescription for URTI in later childhood (adjusted odds ratio: 1.39;
95% confidence interval: 1.19 to 1.63; P < .001). This relationship did not appear to be different for AOM compared to non-AOM

URTL

Conclusion. Antibiotic prescription for URTI before age 2 was associated with antibiotic prescription for URTT in later child-
hood. Reducing early life antibiotic prescription for URTI may be associated with reduction in antibiotic prescription for subsequent
URTIs.

Key words.  acute otitis media; antibiotics; pediatrics; prescription; upper respiratory tract infection.
INTRODUCTION

Upper respiratory tract infections (URTI) are among the most
common reasons for health service utilization in childhood [1,
2]. In 2008/2009, 23% of Canadian children aged 2-3 years had
frequent URTIs and 50% had at least one acute otitis media
(AOM; middle ear) infection as reported by their parents [1].
The majority of URTIs are self-limiting viral illnesses that are
not complicated by secondary bacterial infections [2-6]. The
American Academy of Pediatrics, the National Institute for
Health and Clinical Excellence, and the Canadian Paediatric
Society recommend judicious antibiotic prescribing practices
for respiratory tract infections in children [7-11]. This includes
AOM, for which antibiotics are now only recommended for

Received 28 March 2022; editorial decision 11 August 2022; accepted 5 September 2022;
published online 7 October 2022.

Corresponding Author: Jonathon Maguire, MD, MSc, FRCPC, University of Toronto, 399
Bathurst St, Toronto, ON M5T 288, Canada; Li Ka Shing Knowledge Institute of Unity Health
Toronto; 30 Bond St., Toronto, Ontario M5B 1W8, Canada; Email: jonathon.maguire@utoronto.ca

Journal of the Pediatric Infectious Diseases Society 2022;11(12):559-64

© The Author(s) 2022. Published by Oxford University Press on behalf of The Journal of the
Pediatric Infectious Diseases Society. All rights reserved. For permissions, please e-mail:
journals.permissions@oup.com.

https://doi.org/10.1093/jpids/piac095

children under the age of 2 years, with more severe symptoms
and/or bilateral infection [7]. However, antibiotic prescription
for URTIs remains a common practice. In 2014, 38% of all anti-
microbial prescriptions in Canada were for URTIs [11].

Antimicrobial resistance is an increasing global concern [11,
12]. Curtailing the use of antibiotics for uncomplicated URTI has
been identified as a priority by many groups including Choosing
Wisely Canada [13], the US Centers for Disease Control and
Prevention [14], the Public Health Agency of Canada [15], and
the World Health Organization [16]. Studies that have examined
antibiotic prescribing practices for adult respiratory infections
suggest that antibiotic prescription for respiratory infections
may set expectations for antibiotics for future episodes [17, 18].
We hypothesized that antibiotic prescription for URTI in early
childhood (prior to 2 years of age) might increase the risk of an-
tibiotic use for subsequent URTIs. We also hypothesized that
this relationship may be less pronounced for children younger
than 2 years with AOM where antibiotics may be indicated.

The primary objective of this study was to evaluate the re-
lationship between antibiotic prescription for URTTI prior to 2
years of age and antibiotic prescription for URTTI in later child-
hood. The secondary objective was to examine whether anti-
biotic prescription for AOM versus non-AOM URTT prior to

Antibiotics Prescription in Early Childhood « JPIDS 2022:12 (December) « 559


mailto:jonathon.maguire%40utoronto.ca?subject=
https://orcid.org/0000-0003-0308-8645

2 years of age modified the association between antibiotic pre-
scription for URTI prior to 2 years of age and antibiotic pre-
scription for URTI later in childhood.

METHODS

Study Sample and Setting

A prospective cohort study was conducted through TARGet
Kids!, a primary care practice-based research network in
Toronto, Canada (www.targetkids.ca) [19]. Children were re-
cruited from 9 TARGet Kids! participating primary care pe-
diatric or family medicine clinics during regularly scheduled
physician visits between December 2008 and August 2015.
Healthy children were included in this study if they had at least
one sick visit with their primary care physician prior to 2 years
of age and one sick visit after 2 years of age. Participants were
followed until they were at least 3 years of age to provide a min-
imum of 1 year of follow-up. Children were excluded from the
TARGet Kids! cohort study if they had conditions affecting
growth (eg, cystic fibrosis), acute or chronic conditions (other
than asthma and high-functioning autism), and severe devel-
opmental delay [19]. All parents provided informed consent
to participate in this study and ethics approval was obtained
through the Hospital of Sick Children and St. Michael’s Hospital
Research Ethics Boards.

Exposure and Outcome Ascertainment

The primary exposure was antibiotic prescription for URTT at
a sick visit prior to 2 years of age and was a yes/no binary var-
iable. Antibiotic prescription data and diagnosis at the time
of prescription were abstracted from the clinical record using
International Classification of Diseases, 10th Revision (ICD-10)
coding [20]. Diagnoses of pharyngitis, unspecified viral infec-
tion, cold, AOM, and influenza were considered URTIs. ICD-
10 categories for relevant diagnoses are listed in Supplementary
Table III. Authors N.G., ].O., and .M. investigated cases of mul-
tiple diagnoses at a single visit, and consensus was reached on
the primary complaint for each sick visit 100% of the time.

The primary outcome was antibiotic prescription for URTI
at a sick visit after 2 years of age which was abstracted from
the clinical record and was a yes/no binary variable. Two years
of age was selected based on differences in clinical practice
guidelines for antibiotic prescription for AOM, which suggest
judicious prescribing practices for those under 2 years of age if
AOM is uncomplicated and unilateral, and watchful waiting for
those over 2 years of age [5, 6].

Covariates that might confound the above relationships
were identified a priori through a review of the literature.
These covariates included sex [21], age-and-sex standardized
body mass index [22], maternal age [23], maternal education
achievement [23, 24], number of visits for URTI from birth to
2 years of age [25], median neighborhood household income

[26], number of siblings [27], daycare attendance [27], ethnicity
[28], and clinic site [29]. Observation time was also included in
the model as a continuous variable to account for varying fol-
low-up times among participants. Covariate data were obtained
using a standardized parent-completed data collection form
adapted from the Canadian Community Health Survey and
standardized anthropometric protocols [30].

Data Analysis

Baseline descriptive characteristics of the study sample were
summarized using means and standard deviations for con-
tinuous variables and proportions for categorical variables.
For the primary analysis, unadjusted and adjusted binomial
Generalized Estimating Equation (GEE) models with a logit
link function and a first-order autoregressive correlation struc-
ture (AR1) were used to evaluate the relationship between an-
tibiotic prescription for URTI before and after 2 years of age.
Adjusted models included potential confounding variables that
were identified a priori. The GEE model was chosen to account
for repeated measures from individuals, which is important as
children may have had multiple sick visits with their primary
care provider. The autoregressive correlation structure allowed
for measurements taken closer in time to have higher correl-
ations than measurements taken further apart in time (ie, mul-
tiple measurements taken closer in time are likely related to the
same illness episode, as opposed to measurements taken fur-
ther apart in time, which are likely separate episodes of illness),
and increased the power and efficiency of the model [31]. For
the secondary analysis, an interaction term was added to the
primary model to evaluate whether antibiotic prescription for
AOM prior to 2 years of age modified the relationship between
the primary exposure and outcome.

Multiple imputation by chained equations was used to impute
missing covariate data, using 20 datasets that were imputed and
results were pooled together [32]. All covariates used in the anal-
ysis had less than 10% missing data, and data were assumed to
be missing at random. Primary exposure and outcome data were
not imputed. Evidence of multicollinearity was evaluated using
the variance inflation factor [33]. All statistical analyses were com-
pleted using R statistical computing software version 3.4.3 [34, 35].

RESULTS

Between December 2008 and August 2015, 2982 children were
assessed for eligibility (see Figure 1). Of these, 495 (16.6%) did
not meet inclusion criteria (eg, participant had a sick visit be-
fore 2 years of age, but not after 2 years of age), 103 (3.5%) were
missing data related to practitioner or clinic site, and 4 (<1%)
participants were from practice sites with less than 30 partici-
pants and were excluded. A total of 2380 children were included
in the analysis (see Figure 1). The mean age at the first visit was
37.4 months, and 47% of children were female. The average
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Children assessed for eligibility

Did not meet inclusion criteria:
No sick visits prior to age 2 years (n=396)
No sick visits after age 2 years (n=97)
Missing date of birth (n=2)

(n=2982)
>
Y
Participants eligibile for inclusion
(n=2487)
3>
Y

Participants included in analysis
(n=2380)

Figure 1.

Excluded:

Missing data related to doctor or
clinic site (n=103)
Participants from site with less than
30 participants (n=4)

Participant flow diagram for participants included in the analysis (n=2380)..

duration of follow-up from first visit was 4.6 years (Table 1).
Those that received antibiotics for URTT prior 2 years were no
more likely to be followed-up than those that did not, as there
was no statistically significant difference in follow-up time be-
tween the two groups.

A total of 25 990 sick visits were examined. Of 12 695 sick
visits prior to 2 years of age, 1968 (15.5%) of these visits resulted
in an antibiotic prescription. Of these 1968 visits, 1001 (50.9%)
were for AOM, 299 (15.2%) were for non-AOM URTI, and 668
(33.9%) were for other conditions. Of 13295 sick visits after 2
years of age, 10719 (24.0%) of these visits resulted in an antibi-
otic prescription. Of the 2576 visits prior to 2 years of age that
resulted in an antibiotic prescription, 1065 (41.3%) were for
AOM, 719 (27.9%) were for non-AOM URTTI, and 792 (30.8%)
were for other conditions.

In the primary analysis, both unadjusted and adjusted
models revealed that antibiotic prescription for URTI prior to
2 years of age was associated with increased likelihood of an-
tibiotic prescription for URTI after 2 years of age (adjusted
odds ratio [OR]: 1.39; 95% confidence interval [CI]: 1.19 to
1.63; P <.001). In the secondary analysis, antibiotic prescrip-
tion for AOM did not appear to modify the association between
antibiotic prescription for URTI prior to 2 years of age and
antibiotic prescription for URTT after 2 years of age (interac-
tion P-value = .27). Children who were prescribed antibiotics
for AOM prior to age 2 years were also more likely to receive

antibiotics for URTI after age 2 (adjusted OR: 1.44; 95% CI: 1.00
to 2.05; P < .05) (Table 2, Supplementary Table III).

DISCUSSION

In this prospective cohort study of healthy young children, an-
tibiotic prescription for URTI prior to 2 years of age was asso-
ciated with 39% higher odds of receiving an antibiotic for URTI
after 2 years of age. There was no evidence that this relation-
ship was different for antibiotic prescription for AOM prior to
2 years, for which antibiotics may be indicated. URTTs are one
of the most common causes of antibiotic prescription [36, 37].
The data suggest that antibiotic prescription for URTI in early
life may be an important predictor of antibiotic prescription in
later childhood.

Findings from this study are consistent with two previous
studies which suggested that children who received an antibi-
otic for URTI were more likely to seek medical attention for
subsequent URTIs. A case-control study by Li et al. [17] found
that children aged 0-4 and 5-9 years living in Oregon who re-
ceived an antibiotic prescription for URTI had 1.39 (95% CI:
1.24 to 1.55) and 1.82 (95% CI: 1.42 to 2.34) higher odds of re-
turning for a subsequent visit, respectively. A retrospective co-
hort study by Hueston et al. [18] identified that children under
the age of 18 years (n = 6060) who received an antibiotic pre-
scription for acute bronchitis had a 1.98 (95% CI: 1.45 to 2.68,
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Table 1. Characteristics of Participants Included in Analysis (n = 2380)

Characteristic Included in the Analysis (n = 2380)

Child Gender, n (%)

Female 1127 (474)
Male 1253 (52.6)
Child zBMI, mean (SD) 0.23 (1.1)
Missing, n (%) 23 (1.0)
Maternal age at child’s birth 33.1 (4.8
(Years), mean (SD)
Missing, n (%) 129 (5.4)
Maternal education level, n (%)
College/University 2092 (87.9)
High school 240 (10.0)
Public school 6 (1.1)
Missing 2(0.9)
Received antibiotic for URTI prior
to 2 years old, n (%)
Yes 653 (274)
No 1727 (72.6)
Received antibiotic for AOM
prior to 2 years old, n (%)
Yes 526 (22.1)
No 1854 (77.9)
Number of URTI visits from birth 2.0 (2.6)
to age 2, mean (SD)
Number of URTI visits from age 2.4 (3.2)
2 to last visit
Antibiotics for URTI from age 2 0.7 (1.3)
to last visit

Median neighborhood household
income ($CAD), mean (SD)

60,312 (26,984)

Missing, n (%) 168 (7.1)
No. of Siblings, n (%)
0 832 (35.0)
1 1095 (46.0)
2 309 (13.0)
3+ 8(3.3)
Missing 6 (3.7)
Maternal ethnicity, n (%)
European 1706 (71.7)
East Asian 271 (11.4)
South Asian/ Southeast Asian 179 (7.5)
Other 8 (4.1)
Missing 126 (5.3)

Practice type

Pediatric practice 2291 (96.2%)

Family practice 89 (3.7%)
Child in licensed daycare, n (%)
Yes 1165 (48.9)
No 1146 (48.1)
Missing 69 (2.9)
Child age at first visit (months), 374 (15.7)
mean (SD)
Observation time (days), mean (SD) 1684 (761)

Abbreviations: zBMI, standardized body mass index; GEE, Generalized Estimating Equation;
URTI, upper respiratory tract infection; SD, standard deviation; AOM, acute otitis media.

P <.001) higher odds of receiving an antibiotic at a subsequent
visit. To our knowledge, no previous studies have examined the
relationship between early life antibiotic prescription for URTI
and antibiotic prescription for URTI in later childhood.

Table2. 0dds of Antibiotic Prescription for URTI per Visit After 2 Years of
Age, Given Antibiotics Prescribed for URTI prior to 2 Years of Age

Unadjusted Adjusted OR
OR (95% CI) P (95% Cl) P
Antibiotic prescription 159 (1.38to  <.001*** 139 (1.19t0  <.0071***

for URTI prior to 1.83) 1.63)
2years of age
Antibiotic prescription 159 (1.11 to .01** 1.44 (1.00 to .05*
for AOM URTI prior  2.28) 2.05)
to 2 years of age®

Abbreviations: OR, odds ratio; Cl, confidence interval; zBMI, standardized body mass
index; GEE, Generalized Estimating Equation; URTI, upper respiratory tract infection; AOM,
acute otitis media.

*Estimated based on GEE model adjusted for observation time, gender, zZBMI, maternal
age, maternal education level, number of URTI visits from birth to 2 years of age, median
household income based on postal code, number of siblings, whether or not the child was
registered in a licensed daycare (Y/N), ethnicity, and site. Covariates with missing data
were imputed using the multiple imputation by chained equations (MICE) method.

®Interaction P value for adjusted model = .27
*P<.05, **P< .01, ***P< 001

Several studies have examined the reasons for antibiotic pre-
scription for URTISs in children. These include meeting parent ex-
pectations [38] and provider concerns about patient satisfaction
[39]. Risk factors that may increase the likelihood of antibiotic
prescription for URTT include patient household income [26], di-
agnostic uncertainty [40], and prescriber-related factors including
physician age and number of years in practice [29]. Little et al. [41,
42] found that prescribing antibiotics for sore throat in adults may
have a “medicalising” effect, increasing the likelihood of seeking
medical care for future illness. Prescribing antibiotics at an ini-
tial visit may lead patients to believe that antibiotics are effective
for future illness [42]. Taken together with previous findings, we
speculate that antibiotic prescription early in life may reinforce pa-
rental expectations for antibiotics for URTI, making withholding
antibiotics for subsequent URTIs more difficult. Our finding that
the relationship remained the same regardless of whether anti-
biotics may have been indicated (ie, for AOM under 2 years of age)
is consistent with this hypothesis. Our finding that family practice
sites included in the analysis had antibiotic prescribing rates that
were significantly lower than pediatric practice sites is also con-
sistent with the idea that prescribing practices may be driven by a
combination of clinician- and patient-driven factors.

Additionally, a study by Vernacchio et al. [43] which exam-
ined the impact of the 2004 clinical practice guideline on
physician behaviors found that although many primary care
physicians recognize that watchful waiting is an option, pa-
rental reluctance and difficulty of follow-up of children who do
not improve were barriers to watchful waiting. It is likely that
prescribing practices may be driven by a combination of clini-
cian- and patient-driven factors. Reducing early life antibiotic
prescription for URTI may be associated with a reduction in
antibiotic prescription for subsequent URTISs.

Strengths of this study include the prospective design, which
allowed us to evaluate the temporal relationship between antibi-
otic prescription for URTI prior to 2 years of age and antibiotic
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prescription for URTT after 2 years of age. Follow-up for an av-
erage of 4 years allowed time to accrue antibiotic prescriptions
at subsequent sick visits. The use of multiple trained individuals
to abstract antibiotic prescription and sick visit data reduced
the likelihood of diagnostic coding errors. Detailed demo-
graphic and clinically relevant data allowed for adjustment of
multiple potentially confounding factors. The sample size was
relatively large, which provided sufficient power to evaluate the
observed relationships with relatively narrow confidence inter-
vals. Finally, GEE modeling took advantage of the correlation
between multiple URTT visits within the same individual which
increased precision in the effect estimates.

Limitations of this study include potential unmeasured con-
founding. Although multiple variables were accounted for in
the statistical analyses, we were unable to adjust for individual
physician characteristics such as age and years in practice,
which have been found to affect antibiotic prescribing practices
[29]. We were also unable to account for individual nonclinical
factors such as parent expectations. Future studies may consider
the development of a survey component to collect additional
parent- and child-level factors that may impact antibiotic pre-
scription. However, we were able to adjust for practice site to
account for practice-level factors which may affect antibiotic
prescribing practices.

Additionally, due to data limitations, we were unable to in-
clude sick visits from outside of the child’s medical home (ie,
walk-in clinics or emergency department visits). The use of
healthcare system administrative data in future studies may
help overcome this limitation. Additionally, with respect to con-
ditions that may stem from viral or bacterial origin (eg, pharyn-
gitis), we were unable to confirm the source, and consequently,
whether antibiotic prescription may have been indicated or not.
Future cohort studies may overcome this limitation by consid-
ering the use of laboratory data to supplement data collection.
Another limitation of this study is the minimum follow-up
period of 1 year, although observation time was normally dis-
tributed with a relatively small number of individuals that had
observation times that were short in duration. However, further
studies may consider the use of a longer minimum follow-up
period to accrue additional sick visits.

Finally, although included children were from an ethni-
cally diverse urban population of children who receive primary
healthcare, findings from this population may not be generaliz-
able to all urban children.

CONCLUSION

In this study, antibiotic prescription for URTI for children
younger than 2 years of age was associated with higher odds
of antibiotic prescription for URTI when children were older
than 2 years of age. This relationship appeared unchanged for
antibiotic prescription for AOM under 2 years of age for which

antibiotics may be indicated. Results from the present study
suggest that antibiotic prescription for URTT in early life may
establish a pattern for antibiotic prescription for URTI in later
childhood. Reducing early life antibiotic prescription for URTI
may result in a reduction in antibiotic prescription for URTI in
later life.

Supplementary Data

Supplementary materials are available at the Journal of The Pediatric
Infectious Diseases Society online (http://jpids.oxfordjournals.org).
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