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Objectives: The COVID-19 pandemic has had an effect on the incidence of infectious diseases and medical
care. This study aimed to describe the impact of the COVID-19 pandemic on community-level antibiotic
use.
Methods: Using national antibiotic dispensing data from IQVIA's CompuScript database, this ecological
study investigated antibiotic dispensing through community retail pharmacies in Canada from
November 2014 to October 2020. Analyses were stratified by age, sex, prescription origin and approxi-
mate indication.
Results: Adjusting for seasonality, the national rate of antibiotic dispensing in Canada decreased by 26.5%
(50.4 to 37.0 average prescriptions per 1000 inhabitants) during the first 8 months of the Canadian
COVID-19 period (March to October 2020), compared with the pre-COVID-19 period. Prescribing rates in
children �18 years decreased from 43.7 to 12.2 prescriptions per 1000 inhabitants in males (e72%) and
from 46.8 to 14.9 prescriptions per 1000 inhabitants in females (e68%) in April 2020. Rates in adults �65
decreased from 74.9 to 48.8 prescriptions per 1000 inhabitants in males (e35%) and from 91.7 to 61.3
prescriptions per 1000 inhabitants in females (e33%) in May 2020. Antibiotic prescriptions from family
physicians experienced a greater decrease than from surgeons and infectious disease physicians. Pre-
scribing rates for antibiotics for respiratory indications decreased by 56% in May 2020 (29.2 to 12.8
prescriptions per 1000 inhabitants), compared with prescribing rates for urinary tract infections (9.4 to
7.8 prescriptions per 1000 inhabitants; e17%) and skin and soft tissue infections (6.4 to 5.2 prescriptions
per 1000 inhabitants; e19%).
Discussion: The first 8 months of the COVID-19 pandemic reduced community antibiotic dispensing by
26.5% in Canada, compared with the marginal decrease of 3% in antibiotic consumption between 2015
and 2019. Further research is needed to understand the implications and long-term effects of the
observed reductions on antibiotic use on antibiotic resistance in Canada. Braden D. Knight, Clin
Microbiol Infect 2022;28:426
© 2021 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology

and Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The COVID-19 pandemic has had an unparalleled impact on the
Canadian healthcare system. While much of the focus of clinical
onnade Rd, Ottawa, ON, K1A

ight).

r Ltd on behalf of European Society
g/licenses/by-nc-nd/4.0/).
care and research of COVID-19 has been in the inpatient setting, the
access and delivery of primary care services in Canada has
dramatically changed, including a notable shift towards virtual care
[1,2]. Additionally, physical distancing policies enacted during the
pandemic period may have reduced the transmission of commu-
nicable pathogens, such as influenza and respiratory syncytial virus
and obviated the need for some assessments and antibiotic pre-
scribing (both appropriate and inappropriate) [3]. Whether directly
of Clinical Microbiology and Infectious Diseases. This is an open access article under
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related to changes to primary care accessibility and delivery or from
fewer patients seeking medical care, there has been an overall
decrease in the number of physician interactions in Canada [1,2],
which can have downstream impacts on prescribing. For these
reasons, we examined whether COVID-19 resulted in significant
national changes in community antibiotic prescribing patterns in
Canada [4,5], as has been reported in other regions [6,7].

In Canada, access to antibiotics for use in humans is restricted to
prescription by medical and allied health professionals, including
physicians, dentists and pharmacists. Between 2015 and 2019, the
national rate of antibiotic dispensing in the community had
remained stable in Canada, decreasing by only 3% [8]. In recent
years, approximately 90% of all antibiotics consumed by humans in
Canada were dispensed through community retail pharmacies,
with roughly two-thirds of these prescriptions originating from
family doctors or general practitioners [8]. Recent literature has
suggested that the COVID-19 pandemic has had a disruptive effect
on prescribing practices [6,7]. The inappropriate use of antibiotics
can have manifold detrimental effects. Inappropriate prescribing,
commonly encountered in primary care [9e11], can support the
population level selection of antibiotic resistance [12] and drive
toxicity, including Clostridioides difficile infection [13]. Conversely,
underprescribing of appropriate antibiotics can lead to adverse and
potentially deadly infectious complications [14,15]. It is critical that
we understand how antibiotic use has changed during the
pandemic, such that we can better understand and anticipate po-
tential downstream outcomes. In this study, we sought to describe
the impact of the COVID-19 pandemic on Canadian community-
level antibiotic prescribing using national antibiotic dispensing
data between 2014 and 2020, stratified by age, sex and prescription
origin.

Materials and methods

Data sources

The dataset for this ecological study comprised 72 months of
antibiotic dispensing data from IQVIA's Canadian CompuScript (CS)
database, covering all ten Canadian provinces from November 2014
to October 2020. Information on prescription drug strengths and
dosages was obtained fromHealth Canada's Drug Product Database
(DPD) using drug identification numbers (DIN). Population esti-
mates were obtained from mid-year census population estimates
from Statistics Canada.

IQVIA's Canadian CS dataset contains information on the esti-
mated quantity of antibiotic prescriptions dispensed through
community retail pharmacies using a proprietary geospatial pro-
jection method (incorporating pharmacy size and number of
pharmacies in the area) based on a sample of more than 6500 of
approximately 11 000 pharmacies in Canada. This information is
used to assess dispensing patterns for specific drugs of interest.
IQVIA databases using projection methods have been previously
used in similar studies [16e19]. The data were stratified by patient
age, sex, prescription origin and approximate indication. Age
groupings were defined as follows: children aged 0e18 years,
adults aged 19e64 years and adults aged 65 years and older. Pre-
scription origins (predominantly corresponding to the prescribing
physician's specialty) were defined as follows: family physicians
(FPs) had specialties of family physician or general practitioner;
non-family physicians (non-FPs) were all other physician spe-
cialties; and non-physician prescribers were all other licensed
prescribers (e.g. allied professionals, dentists, and nurse practi-
tioners). Some physician specialties of interest were identified,
specifically paediatricians, infectious disease physicians and sur-
geons (i.e. general surgeons, orthopaedic surgeons, plastic surgeons
and cardiothoracic surgeons). Physician specialty was used as a
possible surrogate to explore whether the indication for necessary
prescribing changed (e.g. infectious diseases physician antibiotic
prescribing) and to examine how volume of prescriptions was
reduced due to effects of decreased healthcare access (e.g. pre-
scribing by surgeons). Approximate antibiotic indications were
defined based on typical clinical use, and were categorized as in-
fections related to respiratory, urinary tract, skin and soft tissue, or
other infections [20] (Table S1).

Antibiotics

This study included antibiotics intended for systemic use (i.e. J01
products, as defined by the 2020 WHO Collaborating Centre for
Drug Statistics Methodology Anatomical Therapeutic Chemical
(ATC) Classification Index [21], which does not include topical an-
tibiotics, antifungal or antiviral medications), as well as oral van-
comycin, oral fidaxomicin and oral colistin. Antibiotics not listed in
the WHO ATC index were excluded.

Outcome

Rates of antibiotic dispensing were calculated as the number of
prescriptions dispensed per 1000 inhabitants per month. The
number of defined daily doses (DDDs) per 1000 inhabitants was
also investigated and showed similar trends to prescription counts
(Fig. S1). Due to an interest in analysing antibiotic consumption in
children, we pursued all primary analyses using prescription counts
to allow for comparability, as DDDs cannot be reliably used for
paediatric populations [22].

Analysis

Descriptive statistics were used to compare the rates of anti-
biotic prescription counts each month between January and
October 2020 to the corresponding month in 2019. An interrupted
time series analysis was used to determine whether the overall
monthly trend in antibiotic dispensing was significantly different
during the Canadian COVID-19 period compared with the previ-
ous year. Although there was no harmonized start date to the
implementation of public health measures in Canada, March 2020
was chosen as the first month of the COVID-19 pandemic period to
correspond with many initial provincial public health in-
terventions and the closure of the Canadian and United States land
boarder to non-essential travel. Monthly antibiotic dispensing
rates were stratified by age, sex, prescription origin and approxi-
mate indication. For each stratum, seasonality adjustment was
performed using a twelfth order autoregressive model with
backwards stepwise selection for autoregressive terms. As data
were at the monthly level, a twelfth order model was chosen to
account for annual (12 time points) correlation between the data,
while allowing for the flexibility to explore finer correlation pat-
terns (1e11 time points). A backwards stepwise process was used
to determine which autoregressive parameters should be in the
model for each strata. Each model incorporated terms for a step
and slope change; due to the noticeable abrupt change in the data,
we interpreted a significant step change beginning in March 2020
as the effect of the pandemic on antibiotic dispensing and the
significance (p value) of this coefficient is reported. This inter-
rupted time series with a seasonality adjustment was used to
confirm that any variation observed in percent change was due to
the COVID-19 pandemic and not natural seasonal change, espe-
cially due to the fact that the COVID-19 period overlapped with
months of historically lower antibiotic use. All analyses were
conducted in SAS version 9.4.



Table 1
Rate of community-dispensed antibiotic prescriptions, 2019e2020, Canada

Antibiotic prescriptions dispensed
per 1000 inhabitants

Month 2019 2020 Percent change
(2019e2020)

January 60.03 61.33 2.17
February 49.68 50.62 1.89
March 54.71 48.38 e11.57
April 53.96 33.42 e38.07
May 52.73 31.87 e39.56
June 46.72 35.18 e24.70
July 47.49 36.88 e22.34
August 45.23 35.58 e21.34
September 47.94 36.83 e23.18
October 54.21 38.06 e29.79
Average (March to October) 50.37 37.03 e26.50
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Ethics statement

This study was conducted using aggregated administrative
health data. No data on individuals were available, therefore
informed patient consent was not required.
Results

The national rate of antibiotic dispensing in Canada decreased
by an average of 26.5% in the first 8 months of the COVID-19
pandemic. National dispensing decreased by up to 40% in May
2020 when compared with the corresponding month in 2019 (52.7
to 31.9 prescriptions per 1000 inhabitants) (Table 1). The disparity
narrowed to a decrease of 21% in August 2020 (45.2 to 35.6 pre-
scriptions per 1000 inhabitants), then broadened to a decrease of
30% in October 2020 (54.2 to 38.1 prescriptions per 1000 in-
habitants) (Fig. 1). Adjusting for seasonality, the national rate of
antibiotic dispensing during the COVID-19 period (March to
October 2020) was significantly different compared with the pre-
COVID-19 period (November 2014 to February 2020) (50.4 to 37.0
average prescriptions per 1000 inhabitants, p ¼ 0.002). The
observed trends and percent changes were similar when per-
forming the analysis on DDD values (Fig. S1).

Compared with the corresponding month in 2019, the rate of
antibiotic dispensing was lower for all age and sex strata in the
Fig. 1. Rate of community-dispensed antibio
first 8 months of the COVID-19 pandemic. The largest decreases
were observed during April and May 2020 and the smallest full-
month decreases were observed during the summer months of
2020 (Fig. 2). In children aged 0e18 years, dispensing decreased
by a maximum of 72% in males (43.7 to 12.2 prescriptions per
1000 inhabitants) and by 68% in females (46.8 to 14.9 pre-
scriptions per 1000 inhabitants) in April 2020. In adults aged
19e64 years, dispensing decreased by a maximum of 35% in both
males (36.1 to 23.4 prescriptions per 1000 inhabitants) and fe-
males (60.0 to 39.0 prescriptions per 1000 inhabitants) in May
2020. In seniors aged 65 years or more, dispensing decreased by
35% in males (74.9 to 48.8 prescriptions per 1000 inhabitants) and
by 33% in females (91.7 to 61.3 prescriptions per 1000 inhabitants)
in May 2020. Adjusting for seasonality, the national rate of anti-
biotic dispensing during the COVID-19 period was significantly
different (p < 0.01) from the pre-COVID-19 period for each age and
sex strata.

The rates of antibiotic prescriptions originating from all pre-
scriber groups (i.e. FPs, non-FPs and non-physicians) during the
COVID-19 period were significantly different from the rates pre-
pandemic after adjusting for seasonality (FP 31.0 to 20.8 average
prescriptions per 1000 inhabitants, p 0.020; non-FP 7.1 to 5.6
average prescriptions per 1000 inhabitants, p < 0.001; non-
physicians 12.3 to 10.6 average prescriptions per 1000 in-
habitants, p < 0.001) (Fig. 3). While the greatest number of
prescriptions originated from FPs before and during the
pandemic (accounting for approximately 62% of prescriptions in
2019 and 56% of prescriptions during the first 8 months of the
pandemic), the rate of prescriptions originating from FPs
decreased by a maximum of 44% in May 2020 (32.8 to 18.5
prescriptions per 1000 inhabitants), compared with a maximum
decrease of 39% for non-FPs in April 2020 (7.6 to 4.6 prescriptions
per 1000 inhabitants) and by 32% for non-physicians in May
2020 (12.3 to 8.4 prescriptions per 1000 inhabitants) (Fig. 3A).
While the rate of antibiotic dispensing nearly returned to pre-
COVID-19 rates for non-FPs and non-physicians during the
summer of 2020, rates remained well below baseline for FPs until
the end of the study.

A significant decrease was also observed across select physi-
cian specialties, including surgeons (p < 0.001), infectious dis-
ease physicians (p < 0.001) and paediatricians (p ¼ 0.013)
(Fig. 3B). The rate of prescriptions originating from surgeons
decreased by a maximum of 44% in April 2020, the rate of
tic prescriptions, 2015 to 2020, Canada.



Fig. 2. Percent change in community-dispensed antibiotic prescriptions by age and sex, 2019 and 2020, Canada.

Fig. 3. Rates of monthly community-dispensed antibiotic prescriptions by prescription origin (A) family physicians vs. other; (B) infectious disease, paediatrician, and surgical
specialists, 2019 and 2020, Canada.
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Fig. 4. Percent change in community-dispensed antibiotic prescriptions by approximate indication, 2019 and 2020, Canada.
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prescriptions originating from infectious disease physicians
decreased by a maximum of 34% in May 2020, and the rate of
prescriptions originating from paediatricians decreased by a
maximum of 72% in April 2020.

When grouping antibiotics by approximate indication, antibi-
otics typically used for respiratory infections showed the greatest
decrease in prescribing in the early months of the COVID-19 period
(a decrease of 56% in May 2020; 29.2 to 12.8 prescriptions per 1000
inhabitants), compared with the same months in 2019 (Fig. 4).
Prescriptions for antibiotics associated with urinary tract, skin and
soft tissue and other infections experienced more modest de-
creases of 17% (9.4 to 7.8 prescriptions per 1000), 19% (6.4 to 5.2
prescriptions per 1000) and 21% (7.1 to 5.6 prescriptions per 1000),
respectively in May 2020. By October 2020, prescribing rates for
antibiotics typically used for respiratory infections did not recover
(a decrease of 44% compared with October 2019); however, pre-
scribing rates for antibiotics typically used for urinary tract in-
fections and skin and soft tissue infections decreased by only 11%
and 10%, respectively.

Discussion

Between March and October 2020, the COVID-19 pandemic
resulted in an average 26.5% national reduction in the total number
of antibiotic prescriptions filled by community retail pharmacies
compared with 2019. By age, the largest decrease in antibiotic
dispensing was observed in children (up to a maximum of 70% in
April 2020) and the smallest decrease was observed in seniors (up
to a maximum of 34% in May 2020). By approximate indication, the
largest decrease was observed in antibiotics typically used for
respiratory infections.

Similar findings have been reported in the United States [6]
and the UK [7]. This trend aligns with the national decrease in
the number of physician visits throughout Canada [1,2], sug-
gesting that reduced access to prescribers may have played a role
in reducing community antibiotic dispensing. Other factors may
include the collateral benefit of implementing public health
measures that reduced the rates of all communicable diseases
[23], and the potential reluctance for individuals to seek medical
attention without severe symptoms, regardless of the availability
of care. During the COVID-19 pandemic, influenza indicators have
been exceptionally low and there has been no evidence of
community transmission of influenza in Canada [24]. This
remarkable reduction in seasonal influenza, despite increased
testing [24], supports the lower rates of non-COVID-19 viral
respiratory infections. The reduction in antibiotic prescribing
may be the consequence of the reduction in the overall syn-
dromic presentations of respiratory infections where antibiotics
may be prescribed, including those inappropriate prescriptions
for viral infections. This is supported by this study, as antibiotics
approximately indicated for respiratory illnesses experienced the
greatest prescribing decrease. While COVID-19 has had a
disproportionate impact on seniors (notably, those in congregate
living [25]), the rate of antibiotic dispensing in those aged
65 years and older appears to have been the least affected by the
pandemic. It is possible that a greater proportion of non-
communicable infections (e.g. urinary tract infections, cellulitis)
attenuated the decrease in seniors during the pandemic, given
that non-communicable infections would be expected to
continue unabated. When stratifying by sex, the rate of antibiotic
prescriptions was highest in females before and during the
pandemic.

The significant decrease in antibiotic dispensing during the
Canadian COVID-19 period may have long-term impacts on the
development of antibiotic resistance. While overall reduced
dispensing may slow the progression of antibiotic resistance the
intensity of dispensing may have increased in specific populations.
Additionally, the shift to virtual care may have resulted in increased
diagnostic uncertainty, compared with diagnoses made during
physical examination. These scenarios may increase progression to
antibiotic resistance [26].

We were unable to examine the reasons for the reduction in
dispensing. Although the CS database is nationally representative,
it does not include information from the three Canadian territories,
nor from inpatient populations. The database is administrative in
nature and therefore is not maintained for research purposes. The
CS database does not link antibiotic prescriptions to diagnoses,
limiting assessment or interpretation of prescription appropriate-
ness. Indications were approximated based on typical clinical us-
age. Information on morbidity and mortality was not available,
limiting analysis or interpretation pertaining to the potential
underuse of antibiotics. We were unable to assess if the observed
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reduction in antibiotic dispensing during the COVID-19 pandemic
in Canada led to increased infectious complications. We were also
unable to account for antibiotic recommendations that were not
received by retail pharmacies. While effort has been made to adjust
for seasonality, the COVID-19 pandemic has introduced novel
simultaneous factors that are difficult to identify, define and fully
account for.

There has been a significant decrease in the rate of commu-
nity antibiotic use during the COVID-19 pandemic in Canada. In
this natural experiment, the rate of antibiotic dispensing
decreased by up to 40% in the first 8 months of the COVID-19
pandemic (March to October 2020) when compared with the
same time period in 2019. In contrast, despite national efforts to
increase awareness and reduce inappropriate antibiotic pre-
scribing, antibiotic dispensing only decreased by 3% between
2015 and 2019. Further study is needed to fully understand the
implications of the observed reduction. The many long-term
impacts of COVID-19 on the health of the population remain
unknown; however, the possibility of a sustained reduction in
unnecessary antibiotic use may be a positive consequence of the
COVID-19 pandemic.
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