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Background.  The coronavirus disease 2019 (COVID-19) pandemic has potentially impacted outpatient antibiotic prescribing. 
Investigating this impact may identify stewardship opportunities in the ongoing COVID-19 period and beyond.

Methods.  We conducted an interrupted time series analysis on outpatient antibiotic prescriptions and antibiotic prescriptions/
patient visits in Ontario, Canada, between January 2017 and December 2020 to evaluate the impact of the COVID-19 pandemic on 
population-level antibiotic prescribing by prescriber specialty, patient demographics, and conditions.

Results.  In the evaluated COVID-19 period (March–December 2020), there was a 31.2% (95% CI, 27.0% to 35.1%) relative re-
duction in total antibiotic prescriptions. Total outpatient antibiotic prescriptions decreased during the COVID-19 period by 37.1% 
(95% CI, 32.5% to 41.3%) among family physicians, 30.7% (95% CI, 25.8% to 35.2%) among subspecialist physicians, 12.1% (95% CI, 
4.4% to 19.2%) among dentists, and 25.7% (95% CI, 21.4% to 29.8%) among other prescribers. Antibiotics indicated for respiratory 
infections decreased by 43.7% (95% CI, 38.4% to 48.6%). Total patient visits and visits for respiratory infections decreased by 10.7% 
(95% CI, 5.4% to 15.6%) and 49.9% (95% CI, 43.1% to 55.9%). Total antibiotic prescriptions/1000 visits decreased by 27.5% (95% 
CI, 21.5% to 33.0%), while antibiotics indicated for respiratory infections/1000 visits with respiratory infections only decreased by 
6.8% (95% CI, 2.7% to 10.8%).

Conclusions.  The reduction in outpatient antibiotic prescribing during the COVID-19 pandemic was driven by less antibiotic 
prescribing for respiratory indications and largely explained by decreased visits for respiratory infections.

Keywords.  antimicrobial prescribing; antimicrobial stewardship; COVID-19; family physician; outpatient.

Health care services have been impacted by the coronavirus 
disease 2019 (COVID-19) pandemic. As a result of public 
health measures, the epidemiology of some communicable dis-
eases and the number and type of contacts with the health care 
system have changed, which may result in associated changes in 
antibiotic prescribing behaviors [1–4]. Many community clinics 
shifted to provide more virtual care during the pandemic [5, 
6]. The pandemic may have also affected patients’ behavior for 
seeking health care, and certain patient subgroups faced more 
substantial barriers to accessing in-person or virtual care than 

other groups [7]. These factors may have impacted antibiotic 
prescribing in the community.

Outpatient antibiotic prescribing has decreased during 
the pandemic in multiple jurisdictions [8–11]. However, few 
studies have explored possible explanatory factors, including 
the volume of patient visits and diagnoses [8, 11]. For example, 
a systematic review raised concerns about the potential for 
higher antibiotic prescribing rates in virtual visits than in face-
to-face visits [12]. Outpatient antibiotic prescribing may also 
be associated with the prescriber’s specialty, patient diagnosis, 
and patient demographics (eg, age and sex) [13, 14]. Evaluating 
factors influencing antibiotic prescribing during the COVID-19 
pandemic may provide insights into stewardship opportunities 
and provide intervention targets in the post-COVID-19 period. 
Our objectives were to evaluate the impact of the COVID-19 
pandemic on outpatient antibiotic prescriptions and antibi-
otic prescriptions/patient visits and to identify which factors, 
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including prescriber’s specialty, patient demographics, and pa-
tient conditions, may have influenced variations in prescribing 
behavior.

METHODS

Study Design and Setting

This was a retrospective cohort study evaluating outpatient 
antibiotic prescriptions in Ontario, Canada, between January 
2017 and December 2020. We conducted an interrupted time 
series (ITS) analysis to evaluate the impact of the COVID-19 
pandemic on antibiotic prescriptions. Ontario initially declared 
a state of emergency on March 17, 2020 [15]. We defined the 
period between March and December 2020 as the COVID-19 
period, while the period between January 2017 and February 
2020 was defined as the pre-COVID-19 period.

Data Source

The Geographic Prescription Monitor (GPM) database from 
IQVIA was used for the monthly absolute number of antibi-
otic prescriptions. The GPM database was created from ~60% 
of prescriptions dispensed by outpatient pharmacies in the 
province. IQVIA then uses insurance claims and sales data in a 
proprietary geospatial projection algorithm to project 100% of 
antibiotic prescribing [16]. IQVIA is a source of data containing 
a variety of prescription drug databases, including antibiotic 
prescribing. This IQVIA database and extrapolation algorithm 
have been previously validated [17]. This database was linked 
by month to aggregated outpatient visit data based on Ontario 
Health Insurance Plan (OHIP) billings from ICES (formerly the 
Institute for Clinical Evaluative Sciences). These data sets were 
linked using unique encoded identifiers and analyzed at ICES. 
ICES is an independent nonprofit research institute whose legal 
status under Ontario’s health information privacy law allows it to 
collect and analyze health care and demographic data, without 
consent, for health system evaluation and improvement. The 
patient visits were divided into face-to-face and virtual visits. 
Virtual visits included both video and telephone interactions.

Outcomes

The primary outcomes of interest were the monthly absolute 
number of total outpatient antibiotic prescriptions and total 
outpatient antibiotic prescriptions per 1000 patient visits. 
Outpatient antibiotic prescriptions included all pharmacy pre-
scriptions for oral antibiotics in Ontario, excluding inpatient an-
tibiotic prescriptions. The visit data were obtained from family 
physicians and physician subspecialists (ie, all non–family med-
icine physician subspecialties) via the linked ICES databases; 
therefore, analyses using antibiotic prescriptions per 1000 pa-
tient visits were restricted to antibiotics prescribed by family 
physicians and physician subspecialists only (both the numer-
ator and the denominator of antibiotic prescriptions/1000 visits 
are restricted by family physicians and physician subspecialists 

only). As secondary outcomes, we also divided antibiotics into 
13 classes according to the anatomical therapeutic classification 
of the World Health Organization (Supplementary Table 1) [18] 
and grouped them by approximate indication (antibiotics in-
dicated for respiratory, urinary tract, and skin and soft tissue 
infections) based on the most common indications for use [16]. 
The overall magnitude of the impact of COVID-19 on outpa-
tient antibiotic prescribing was presented as the adjusted rela-
tive change.

Covariates

Covariates in this study included prescriber specialty 
(family physician, subspecialist physician, dentist, and other 
nonphysician, nondentist prescribers [ie, nurse practitioners, 
midwives, nonphysician lab directors, optometrists, osteopaths, 
chiropractors, and chiropodists]), patient age and sex (male 
<18 years, female <18 years, male 18–64 years, female 18–64 
years, male 65 years or older, or female 65 years or older), type 
of visit (face-to-face or virtual), and diagnosis. Prescriber’s spe-
cialty, patient age, and sex grouping for antibiotic prescriptions 
were obtained from IQVIA, while patient age and sex grouping 
for patient visits and the type of visit were obtained from ICES. 
Diagnosis was based on OHIP billing codes. In this study, they 
were categorized as respiratory infection, urinary tract infec-
tion, or skin and soft tissue infection. The ICES data were only 
available for physicians (family physicians and subspecialist 
physicians).

Statistical Analysis

The characteristics in the pre-COVID-19 period and the 
COVID-19 period were compared using nonparametric tests 
to calculate unadjusted relative changes. The unadjusted rela-
tive change refers to the relative change in each outcome in the 
COVID-19 period compared with the pre-COVID-19 period 
(without accounting for the nature of time series data). Mann-
Whitney U tests and Spearman’s rank correlation tests were 
conducted to calculate unadjusted P values.

The impact of the COVID-19 pandemic was measured by the 
adjusted relative change in the number of antibiotic prescrip-
tions, number of patient visits, and rate of antibiotic prescrip-
tions/1000 patient visits. For the ITS analysis of the number of 
antibiotic prescriptions and patient visits, we used negative bino-
mial regression models, with the number of antibiotic prescrip-
tions or patient visits as the outcome given the overdispersion 
of our data. For the ITS analysis of antibiotic prescriptions/1000 
patient visits, the log of patient visits as an offset term was added 
to the negative binomial regression models. A level change 
model was used to evaluate the adjusted relative change in each 
observed outcome during the COVID-19 period compared 
with the expected outcome. Model outputs were presented as 
adjusted relative change with 95% CIs and were calculated by 
comparing the overall expected and overall observed number 
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of antibiotic prescriptions during the COVID-19 period in the 
level change model.

A level and slope change model was also investigated to 
evaluate a potential gradual impact on the health care system 
during the COVID-19 period and to produce the expected 
monthly outcome assuming no impact of the COVID-19 pan-
demic. In the level and slope change model, the slope change re-
fers to average monthly adjusted relative change in the outcome 
during the COVID-19 period. Therefore, while adjusted rela-
tive changes with 95% CIs that represent the overall magnitude 
of the impact during the COVID-19 period were calculated by 
the level change model, the monthly expected outcomes during 
the COVID-19 period were plotted in figures using the level 
and slope model. The ITS models were adjusted for seasonality 
with a categorical variable of calendar month as well as secular 
trends over all study months.

The subgroup analyses were conducted by stratifying the out-
comes by antibiotic class, by patient age and sex groupings, by 
prescriber’s specialty (family physicians vs subspecialists), and 
by diagnostic condition (respiratory, urinary, and skin and soft 
tissue infections in Supplementary Table 2) [19].

We plotted the monthly observed outcomes and compared 
them with the expected outcomes created by the level and slope 
change model with the assumption of no COVID-19 pan-
demic in the period following March 1, 2020. The difference in 
the number of antibiotic prescriptions during the COVID-19 
period (observed vs expected) was calculated to evaluate the 
magnitude of the effect of COVID-19 on antibiotic prescrip-
tions. All statistical analyses were conducted using Stata 14.1 
(College Station, TX, USA).

Patient Consent

ICES is a prescribed entity under Ontario’s Personal Health 
Information Protection Act (PHIPA). Section 45 of PHIPA au-
thorizes ICES to collect personal health information, without 
consent, for the purpose of analysis or compiling statistical 
information with respect to the management, evaluation, or 
monitoring of the allocation of resources to or planning for all 
or part of the health system. Projects that use data collected by 
ICES under section 45 of PHIPA and use no other data are ex-
empt from research ethic board (REB) review. The use of the 
data in this project was authorized under section 45 and ap-
proved by ICES’ Privacy and Legal Office.

RESULTS

During the study period between January 2017 and December 
2020, there were 306 742 226 outpatient visits and 32 663 825 total 
outpatient oral antibiotic prescriptions written. Table 1 shows 
that the average number of monthly total antibiotic prescriptions 
was 731 325 in the pre-COVID-19 period (from January 2017 to 
February 2020) and 487 346 during the COVID-19 period (from 
March to December 2020). In contrast, the average number of 

monthly total visits, for any reason, was 6 509 795 in the pre-
COVID-19 period and 5  937  003 during COVID-19. Virtual 
visits accounted for 1.2% of total visits in the pre-COVID-19 
period and 51.6% in the COVID-19 period (Table 1).

There was a marked discrepancy between the observed and 
expected numbers of monthly total antibiotic prescriptions in 
the COVID-19 period (Figure 1; Supplementary Table 3). The 
observed total number of antibiotic prescriptions from March to 
December 2020 was 2 211 822 fewer than the expected number 
of total antibiotic prescriptions (–31.2%; 95% CI, –35.1% to 
–27.0%; P < .001 of adjusted relative change).

The largest discrepancy between the observed and expected 
total numbers of antibiotic prescriptions by prescriber specialty 
was observed for family physicians, at –37.1% (95% CI, –41.3% 
to –32.5%; P < .001 of adjusted relative change), followed by all 
non–family medicine subspecialist physicians (–30.7%; 95% CI, 
–35.2% to –25.8%; P  <  .001), other nonphysician, nondentist 
prescribers (–25.7%; 95% CI, –29.8% to –21.4%; P < .001), and 
dentists (–12.1%; 95% CI, –19.2% to –4.4%; P = .003) (Figure 
2). Although the reduction in the number of antibiotic pre-
scriptions from family physicians and subspecialists was sus-
tained during the COVID-19 period, the number of antibiotic 
prescriptions among dentists recovered in the next 3 months 
to a level similar to the pre-COVID-19 period. The reduction 
in the observed antibiotic prescriptions, compared with the ex-
pected antibiotic prescriptions during the COVID-19 period, 
was larger in children aged 0–17 (adjusted relative change in 
males, –62.8%; 95% CI, –68.4% to –56.3%; P <  .001; adjusted 
relative change in females, –57.4%; 95% CI, –63.1% to –50.9%; 
P < .001) than in adults aged 18–64 (adjusted relative change in 
males, –28.0%; 95% CI, –31.3% to –24.4%; P <  .001; adjusted 
relative change in females, –25.4%; 95% CI, –21.9% to –28.8%; 
P < .001) and adults aged ≥65 (adjusted relative change in males, 
–25.5%; 95% CI, –29.3% to –21.6%; P < .001; adjusted relative 
change in females, –24.2%; 95% CI, –27.8% to –20.5%; P < .001) 
(Supplementary Figure 1).

We observed the largest reductions in macrolides (adjusted 
relative change, –59.6%; 95% CI, –64.7% to –53.6%; P < .001), 
second- or third-generation cephalosporins (–45.9%; 95% CI, 
–51.1% to –40.2%; P  <  .001), and penicillins without a beta-
lactamase inhibitor (–40.5%; 95% CI, –45.9% to –34.5%; 
P  <  .001) (Supplementary Figure 2). We observed the largest 
reductions for antibiotics indicated for respiratory infections 
(adjusted relative change, –43.7%; 95% CI, –48.6% to –38.4%; 
P < .001). Antibiotics indicated for urinary tract infections had 
a –9.9% adjusted relative change (95% CI, –12.5% to –7.3%; 
P < .001), and antibiotics indicated for skin and soft tissue in-
fections had a –11.1% adjusted relative change (95% CI, –13.5% 
to –8.7%; P < .001) (Supplementary Figure 3).

The monthly absolute number of outpatient visits showed 
a significant decrease initially in the COVID-19 period com-
pared with the pre-COVID-19 period, but subsequently 
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Table 1.  The Average Monthly Number of (and Unadjusted/Adjusted Percent Change in) Antibiotic Prescriptions and Visits in Pre-COVID-19 and COVID-19 
Periods

 Pre-COVID-19 Period COVID-19 Period 
Unadjusted Relative 
Change [95% CI], % 

P 
Value 

Adjusted Relative 
Change [95% CI], % 

P 
Value 

Total antibiotic prescrip-
tions

731 325 ± 75 023 487 346 ± 60 181 –33.4 [–37.9 to –28.4] <.001 –31.2 [–35.1 to –27.0] <.001

Total patient visits 6 509 795 ± 411 235 5 937 003 ± 725 928 –8.8 [–13.6 to –3.7] .001 –10.7 [–15.6 to –5.4] <.001

Antibiotic prescrip-
tions/1000 visits

90.8 60.2 –33.7% [–39.4% to –27.4%] <.001 –27.5 [–33.0 to –21.5] <.001

Antibiotic prescriptions or patient visits by patient age and sex grouping

  <18 y male

    Antibiotics prescrip-
tions

59 916 ± 13 769 20 027 ± 8522 –66.6 [–71.9 to –60.2] <.001 –62.8 [–68.4 to –56.3] <.001

    Patient visits 367 994 ± 30 815 246 829 ± 46 827 –32.9 [–38.0 to –27.4] <.001 –32.0 [–37.7 to –25.8] <.001

    Antibiotic prescrip-
tions/1000 visits

141.1 60.6 –57.0 [–63.5 to –49.4] <.001 –52.4 [–59.2 to –44.6] <.001

  <18 y female

    Antibiotics prescrip-
tions

60 207 ± 12 855 23 054 ± 7730 –61.7 [–67.2 to –55.3] <.001 –57.4 [–63.1 to –50.9] <.001

    Patient visits 382 020 ± 31 410 247 892 ± 48 495 –35.1 [–40.1 to –29.7] <.001 –34.2 [–39.7 to –28.1] <.001

    Antibiotic prescrip-
tions/1000 visits

136.6 71.1 –47.9 [–54.6 to –40.4] <.001 –42.1 [–48.6 to –34.8] <.001

  18–64 y male

    Antibiotics prescrip-
tions

158 361 ± 15 002 110 543 ± 11 767 –30.2 [–34.5 to –25.6] <.001 –28.0 [–31.3 to –24.4] <.001

    Patient visits 2 327 442 ± 144 873 2 200 192 ± 257 802 –5.5 [–10.3 to –0.3] .037 –6.2 [–11.3 to –0.7] .027

    Antibiotic prescrip-
tions/1000 visits

51.1 33.2 –35.1 [–40.5 to –29.2] <.001 –29.1 [–34.5 to –23.2] <.001

  18–64 y female

    Antibiotics prescrip-
tions

266 143 ± 22 748 195 300 ± 21 126 –26.6 [–34.5 to –25.6] <.001 –25.4 [–28.8 to –21.9] <.001

    Patient visits 1 544 976 ± 87 441 1 406 511 ± 153 453 –9.0 [–13.3 to –4.4] .003 –9.6 [–14.2 to –4.7] <.001

    Antibiotic prescrip-
tions/1000 visits

138.8 102.7 –26.0 [–31.1 to –20.6] <.001 –21.4 [–26.8 to –15.6] .001

  >64 y male

    Antibiotics prescrip-
tions

73 848 ± 7335 54 819 ± 4875 –25.8 [–30.4 to 20.8] <.001 –25.5 [–29.3 to –21.6] <.001

    Patient visits 1 028 349 ± 89 364 1 001 241 ± 130 464 –2.6 [–8.9 to 4.1] .434 –8.2 [–13.3 to –2.7] .004

    Antibiotic prescrip-
tions/1000 visits

57.4 41.1 –28.3 [–34.6 to –21.3] <.001 –20.8 [–25.9 to –15.4] <.001

  >64 y female

    Antibiotics prescrip-
tions

108 195 ± 9756 81 113 ± 6837 –25.0 [–29.4 to –20.4] <.001 –24.2 [–27.8 to –20.5] <.001

    Patient visits 859 012 ± 72 331 834 339 ± 103 283 –2.9 [–8.9 to 3.6] .374 –9.0 [–13.9 to –3.8] .001

    Antibiotic prescrip-
tions/1000 visits

104.7 77.0 –26.5 [–32.3 to –20.2] <.001 –18.1 [–23.2 to –12.7] .004

Antibiotic prescriptions by prescriber’s specialty

  Family physicians 481 112 ± 61 733 278 951 ± 48 177 –42.5 [–47.4 to –37.1] <.001 –37.1 [–41.3 to –32.5] <.001

  Subspecialist phys-
icians

104 642 ± 9355 73 463 ± 9732 –29.8 [–34.4 to –24.8] <.001 –30.7 [–35.2 to –25.8] <.001

  Dentists 88 521 ± 6989 88 328 ± 16 453 –0.2 [–7.6 to 7.8] .956 –12.1 [–19.2 to –4.4] .003

  Other prescribersa 53 050 ± 7333 46 604 ± 5618 –12.2 [–19.6 to –4.0] .004 –25.7 [–29.8 to –21.4] <.001

Antibiotic prescriptions by antibiotic class

Penicillin without 
β-lactamase inhibitors

244 203 ± 35 470 137 744 ± 24 533 –43.6 [–49.1 to –37.5] <.001 –40.5 [–45.9 to –34.5] <.001

  Penicillin with 
β-lactamase inhibitors

47 323 ± 7841 36 983 ± 5698 –21.8 [–29.9 to –12.9] <.001 –33.1 [–37.3 to –28.6] <.001

  First-generation ceph-
alosporins

70 964 ± 8069 66 494 ± 7338 –6.3 [–13.2 to 1.2] .098 –14.4 [–16.5 to –12.2] .099

  Second- or third-
generation cephalo-
sporins

30 635 ± 7001 13 112 ± 4403 –57.2 [–63.6 to –49.7] <.001 –45.9 [–51.1 to –40.2] <.001

  Second-generation 
fluoroquinolones

42 283 ± 3564 31 537 ± 2067 –25.4 [–29.5 to –21.1] <.001 –14.3 [–17.1 to –11.3] <.001
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returned to prepandemic levels (Supplementary Figures 4–7, 
Supplementary Table 4). The number of visits with diagnosis 
of respiratory infection during the COVID-19 period showed 
a sustained significant reduction (adjusted relative change, 
–49.9%; 95% CI, –55.9% to –43.1%; P < .001), while the number 
of visits with diagnosis of urinary tract infection (adjusted rel-
ative change, 0.1%; 95% CI, –3.7% to 4.1%; P = .958) and skin 

and soft tissue infection (adjusted relative change, –9.7%; 95% 
CI, –13.7% to –5.5%; P < .001) returned to prepandemic levels, 
following an initial drop at the beginning of the pandemic 
(Supplementary Figure 7, Supplementary Table 4).

As demonstrated in Figure 3 and Supplementary Table 5, 
the total antibiotic prescriptions/1000 patient visits showed a 
significant reduction during the COVID-19 period (adjusted 
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Figure 1.  Total antibiotic prescriptions. The first month of the year (January) is presented as m1.

 Pre-COVID-19 Period COVID-19 Period 
Unadjusted Relative 
Change [95% CI], % 

P 
Value 

Adjusted Relative 
Change [95% CI], % 

P 
Value 

  Third-generation 
fluoroquinolones

21 630 ± 5094 8993 ± 3056 –58.4 [–64.7 to –51.0] <.001 –50.2 [–54.7 to –45.2] <.001

  Macrolides 112 233 ± 29 766 38 648 ± 21 224 –65.6 [–72.0 to –57.7] <.001 –59.6 [–64.7 to –53.6] <.001

  Trimethoprim and/or 
sulfonamides

28 297 ± 1915 25 222 ± 1671 –10.9 [–14.9 to –6.6] <.001 –6.2 [–8.8 to –3.5] <.001

Tetracyclines 25 952 ± 2703 24 853 ± 2118 –4.2 [–10.6 to 2.6] .216 –18.3 [–21.0 to –15.4] <.001

  Lincosamides 20 757 ± 1761 18 556 ± 2523 –10.6 [–16.4 to –4.4] .001 1.0 [–5.2 to 7.7] .749

Nitrofurantoin 50 696 ± 4951 48 698 ± 2485 –3.9 [–9.5 to 2.0] .189 –9.4 [–13.7 to –5.0] <.001

Metronidazole 25 858 ± 4065 23 419 ± 1971 –9.4 [–18.0 to 0.0] .051 –32.3 [–36.7 to –27.6] <.001

Other oral antibiotics 10 495 ± 2138 13 086 ± 822 24.7 [9.3 to 42.3] .001 –18.4 [–22.8 to –13.8] <.001

Patient visits by visit type

  Face-to-face 6 431 218 ± 407 184 2 875 687 ± 877 725 –55.3 [–60.0 to –50.0] <.001 –56.7 [–62.4 to –50.3] <.001

  Virtual 78 577 ± 21 312 3 061 316 ± 516 544 3795.9 [3164.8 to 4549.1] <.001 2115.8 [1949.9 to 2295.2] <.001

  Respiratory infection 541 833 ± 135 330 240 631 ± 115 831 –55.6 [–63.5 to –46.0] <.001 –49.9 [–55.9 to –43.1] <.001

  Urinary tract infection 124 229 ± 8169 126 863 ± 12 515 2.1 [–2.9 to 7.4] .417 0.1 [–3.7 to 4.1] .958

  Skin and soft tissue 
infection

99 239 ± 10 539 92 201 ± 14 154 –7.1 [–14.3 to 0.7] .073 –9.7 [–13.7 to –5.5] <.001

The pre-COVID-19 period is between January 2017 and February 2020. The COVID-19 period is between March and December 2020. The visit data were obtained from family physicians and 
subspecialists. Antibiotics prescribed by family physicians and subspecialists were only included to calculate antibiotic prescription/1000 visits. The monthly absolute number of antibiotic 
prescriptions and patient visits is presented as mean ± SD. The monthly rate of antibiotic prescriptions per 1000 patient visits is presented as mean. While unadjusted relative change refers 
to the relative change in each outcome in the COVID-19 compared with the pre-COVID-19 period (without accounting for the nature of time series data), adjusted relative changes with 95% 
CIs were obtained from the levels of the level change model in the interrupted time series analysis described in the “Methods” section.

Abbreviation: COVID-19, coronavirus disease 2019.
aOther prescribers included nurse practitioners, pharmacists, nonphysician lab directors, optometrists, osteopaths, chiropractors, and chiropodists.

Table 1. Continued

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
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Figure 2.  Antibiotic prescriptions by prescriber. The first month of the year (January) is presented as m1.
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Figure 3.  Total antibiotic prescriptions/1000 patient visits. The first month of the year (January) is presented as m1.
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relative change, –27.5%; 95% CI, –33.0% to –21.5%; P < .001). 
For subgroup analyses (Supplementary Figures 8 and 9), a re-
duction in antibiotic prescriptions/1000 patient visits during the 
COVID-19 period was observed both in family physicians (ad-
justed relative change, –28.9%; 95% CI, –34.7% to –22.6%) and 
in subspecialist physicians (adjusted relative change, –22.2%; 
95% CI, –26.5% to –17.7%). The adjusted relative changes were 
–6.8% (95% CI, –10.8% to –2.7%; P =  .001) in antibiotics in-
dicated for respiratory infections/1000 visits with respiratory 
infections, –11.0% (95% CI, –14.3% to –7.6%; P < .001) in anti-
biotics indicated for urinary tract infections/1000 visits with 
urinary tract infections, and –4.7% (95% CI, –8.2% to –1.1%; 
P = .012) in antibiotics indicated for skin and soft tissue infec-
tions/1000 visits with skin and soft tissue infections, respec-
tively. The adjusted relative changes were –5.5% (95% CI, –8.1% 
to 2.8%; P  <  .001) in antibiotics indicated for any of respira-
tory, urinary tract, or skin and soft tissue infections/1000 visits 
with any diagnosis of respiratory, urinary tract, or skin and soft 
tissue infections (Supplementary Figure 10).

DISCUSSION

The study highlights the significant reduction (–31.2%; 95% 
CI, –35.1% to –27.0%; adjusted relative change) in total out-
patient antibiotic prescriptions issued during the COVID-19 
period in Ontario, Canada. The magnitude of the reduction in 
the number of antibiotic prescriptions was larger in children, 
in antibiotics for respiratory infections, and for family physi-
cian prescribers. Although the number of total visits recovered 
from May 2020 onward, the trend of reduced total antibiotic 
prescriptions was sustained, which led to a reduction in total 
antibiotic prescriptions/1000 visits.

The reduced total antibiotic prescriptions observed during 
the COVID-19 period may be explained, in part, by the re-
duced visits for respiratory infections (adjusted relative change, 
–49.9%) due to the implementation of public health measures 
in Ontario, including school closures, restrictions on gather-
ings, hand hygiene, mask wearing, and physical distancing [20, 
21]. The visits for respiratory infections showed a sustained re-
duction throughout the COVID-19 period, while visits with 
urinary tract infections and skin and soft tissue infections in 
the later COVID-19 period returned to prepandemic levels. The 
actual rate of prescribing of antibiotics indicated for respiratory 
infections for visits with respiratory infections declined by only 
6.8% during the COVID-19 period; thus a change in prescribing 
rate does not fully explain the 43.7% reduction in antibiotics 
indicated for respiratory infections. These observations suggest 
that the sustained reduction in antibiotic prescription during 
the COVID-19 period was driven by the reduction of respira-
tory infections rather than by altered prescribing rates among 
those with infections. Similarly, the data also suggest that there 
was no increase in prescribing related to the shift to virtual care. 

Difficult access to medical visits (including both in-person and 
virtual case visits) could potentially be another reason for the 
reduced antibiotic prescriptions [22]. Virtual care may present 
diagnostic challenges; however, several studies have identified 
similar or reduced antibiotic prescribing practices compared 
with in-person care [9, 23–25]. However, our study could not 
evaluate the direct causality between the increasing trend of vir-
tual visits and the reduction of antibiotic prescriptions.

While various impacts of the first wave of COVID-19 in 
March 2020 on outpatient antibiotic prescriptions have been 
reported, from a sustained reduction to a transient increase in 
antibiotic prescribing [26–28], our study showed a remarkable 
reduction of antibiotic prescriptions in March 2020. This may 
be explained by a variety of reasons, including differences in 
the overall number of COVID-19 cases or intensity of mitiga-
tion measures, epidemiology of infectious diseases, and access 
to health care services in the first wave of the COVID-19 pan-
demic. Patients with COVID-19 may often receive antibiotics. 
A recent study reported increased prescriptions of amoxicillin-
clavulanate during the COVID-19 pandemic related to pre-
scribing in patients with COVID-19 [9]. A retrospective study 
initially reported a potential positive impact of azithromycin on 
COVID-19 outcome, which was negated by randomized trial 
data [29, 30]. We observed a marked reduction in macrolide 
prescribing during the COVID-19 period, similar to a report 
published by the Centers for Disease Control and Prevention 
[28]. The observed large reduction in macrolide use is likely re-
lated to frequent use for respiratory indications, which are often 
viral and, as such, macrolides are unnecessary [31]. Ongoing 
monitoring of antibiotic prescribing in the community is im-
portant to monitor trends given the dynamic feature of the 
COVID-19 pandemic.

In our study, the magnitude of the reduced antibiotic pre-
scriptions was lower among dentists compared with family 
physicians or subspecialist physicians. An Australian study 
demonstrated a reduction of antibiotic prescriptions among 
dentists [32], while a UK study showed an increased trend of 
dental antibiotic prescriptions [33]. Early in the pandemic, 
there was decreased access to dental care and likely increased 
antibiotic prescribing for dental conditions. This highlights that 
access to appropriate dental care likely influences overall out-
patient antibiotic prescribing and subsequently is an important 
component of outpatient antimicrobial stewardship.

While a reduction of antibiotic prescriptions was observed 
during the COVID-19 period for all patient age and sex groups, 
the magnitude of the reduced impact was larger in children com-
pared with older adults. This potentially reflects the larger reduc-
tion in respiratory infections among children in the COVID-19 
period. Schools in Ontario were closed for a considerable period 
of time beginning in March 2020 [34]. School closure and a 
subsequent reduction in respiratory infections may explain the 
larger antibiotic reduction among children [35–38]. Given the 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab533#supplementary-data
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fact that there was only a small reduction in respiratory anti-
biotic prescriptions/1000 visits with respiratory infections in 
our study, one possible explanation is that antibiotic prescribing 
behaviors may not have changed substantially between the pre-
COVID-19 and COVID-19 periods, and the reduction of anti-
biotic prescribing may have been driven by there being fewer, 
predominately viral, respiratory infections [39–41]. Therefore, 
we may expect antibiotic prescribing to increase back to pre-
COVID-19 pandemic levels without further intervention. On 
the other hand, the reduction in antibiotic prescribing during 
the COVID-19 period also may provide a reasonable approxi-
mate target for outpatient stewardship interventions if unneces-
sary antibiotics for viral infections have been the issue [42].

An important strength of this study was the use of ITS anal-
ysis with linked prescription and aggregate physician visit data, 
allowing us to evaluate the magnitude of changes in antibiotic 
prescriptions (and whether these changes were sustained) not 
only for total antibiotic prescriptions, but also by key patient 
and prescriber strata. This allowed for a greater understanding 
of why antibiotic prescribing may have changed. There are a few 
limitations to this study. First, we could not evaluate the magni-
tude of impact of increased virtual visits during the COVID-19 
period because we could not link the individual types of visits 
to the antibiotic prescriptions. Second, we could not obtain 
individual data regarding COVID-19. A study of UK family 
physicians revealed that ~30% of patients with SARS-CoV-2 in-
fections received at least 1 antibiotic prescription [11]. Third, 
the geospatial projection algorithm of the IQVIA data was not 
validated during the COVID-19 period. Finally, while data from 
other jurisdictions support that a reduction in respiratory infec-
tions drove the observed change in visit behavior, this study did 
not examine infectious etiology directly [43, 44].

In conclusion, our study showed a significant reduction in 
overall outpatient antibiotic prescribing during the COVID-19 
pandemic in Ontario. The sustained reductions in observed an-
tibiotic prescriptions appear to have been driven by implementa-
tion of public health measures that reduced respiratory infection 
transmission [20, 21, 45]. However, we observed a modest re-
duction in antibiotic prescriptions/visits with respiratory infec-
tion. This may suggest that antibiotic prescribing behaviors did 
not change or improve during the COVID-19 period. Further 
study is needed to understand the implications of these changes 
in antibiotic prescribing on antimicrobial resistance. Ongoing 
vigilance in monitoring antibiotic prescribing is crucial for the 
implementation of timely and effective stewardship interven-
tions during and following the COVID-19 pandemic.

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 
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