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Rising rates of antimicrobial resistance are an emerg-
ing public health crisis.1,2 Antibiotic use is associated 
with antimicrobial resistance at both the patient and 

population level.3–5 The largest modifiable driver of resis-
tance is antibiotic use. In addition, antibiotics have impor-
tant adverse effects, including up to a 30% risk of allergic 
reactions and gastrointestinal symptoms, including diarrhea 
associated with Clostridium difficile.6–9

Existing evidence suggests there is a considerable amount 
of inappropriate antibiotic use in ambulatory settings, where 
92% of antibiotics are prescribed in Canada.10 In the United 
States, it is estimated that 30%–50% of antibiotics prescribed 
outside of hospitals are unnecessary.11,12 In the United King-
dom, overprescribing of antibiotics for respiratory infections 
is common, particularly for acute bronchitis, sinusitis and 
acute otitis media in children.13,14 Furthermore, an Ontario 
study identified that 46% of older adults with a presumed 

viral respiratory infection filled an antibiotic prescription.15 
However, the degree of unnecessary antibiotic use in Cana-
dian primary care settings is not well defined.

The US National Action Plan for Combatting Antibiotic-
resistant Bacteria has set a goal to reduce inappropriate antibi-
otic prescribing by 50% by 2020.16 The UK’s 5-year plan is to 
reduce overall human antibiotic use by 15% by 2024.17 Can-
ada has yet to articulate a similar plan to reduce overall antibi-
otic use in humans, partly because, to date, reasonable targets 
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Background: Unnecessary antibiotic use in the community in Canada is not well defined. Our objective was to quantify unnecessary 
antibiotic prescribing in a Canadian primary care setting.

Methods: We performed a descriptive analysis in Ontario from April 2011 to March 2016 using the Electronic Medical Records Pri-
mary Care database linked to other health administrative data sets at ICES. We determined antibiotic prescribing rates (per 
100  patient–physician encounters) for 23  common conditions and estimated rates of unnecessary prescribing using predefined 
expected prescribing rates, both stratified by condition and patient age group.

Results: The study included 341 physicians, 204 313 patients and 499 570 encounters. The rate of unnecessary antibiotic prescrib-
ing for included conditions was 15.4% overall and was 17.6% for those less than 2 years of age, 18.6% for those aged 2–18, 14.5% 
for those aged 19–64 and 13.0% for those aged 65 or more. The highest unnecessary prescribing rates were observed for acute 
bronchitis (52.6%), acute sinusitis (48.4%) and acute otitis media (39.3%). The common cold, acute bronchitis, acute sinusitis and 
miscellaneous nonbacterial infections were responsible for 80% of the unnecessary antibiotic prescriptions. Of all antibiotics pre-
scribed, 12.0% were for conditions for which they are never indicated, and 12.3% for conditions for which they are rarely indicated. In 
children, 25% of antibiotics were for conditions for which they are never indicated (e.g., common cold).

Interpretation: Antibiotics were prescribed unnecessarily for 15.4% of included encounters in a Canadian primary care setting. 
Almost one-quarter of antibiotics were prescribed for conditions for which they are rarely or never indicated. These findings should 
guide safe reductions in the use of antibiotics for the common cold, bronchitis and sinusitis.
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for safe reduction in antibiotic use in Canadian primary care 
settings have not been developed. This was highlighted as a 
major knowledge gap in Canada in a recent report from Can-
ada’s chief medical officer of health.2

Studies from the US using administrative data to define 
unnecessary antibiotic prescribing have been criticized for 
misclassifying diagnostic codes and potentially overestimating 
unnecessary antibiotic use.18 Previous approaches using 
administrative codes to assess unnecessary antibiotic use have 
involved some arbitrary classifications, resulting in misclassifi-
cation errors. As a result, we recently defined expected antibi-
otic prescribing rates using a modified Delphi method to 
enable less biased evaluation of unnecessary antibiotic pre-
scribing in Canadian primary care settings.19

Our objective in the present study was to use these pre-
defined expected rates of antibiotic prescribing to quantify the 
overall and the condition-specific rates of unnecessary anti-
biotic prescribing in a Canadian primary care setting. These 
data could be used to identify targets for anti microbial stew-
ardship efforts to reduce ambulatory antibiotic prescribing 
safely and appropriately in order to slow the emergence of 
antimicrobial resistance.

Methods

Setting and population
We conducted a descriptive analysis in Ontario between 
Apr. 1, 2011, and Mar. 31, 2016 using the Electronic Medical 
Records Primary Care database (EMRPC, also known as 
EMRALD) held at ICES. ICES is a not-for-profit research 
institute and a prescribed entity under section 45 of Ontario’s 
Personal Health Information Protection Act, which authorizes 
ICES to collect and store personal health information 
securely, without consent, for the purpose of evaluating or 
monitoring, planning for, or managing the health system.

Data sources
The EMRPC is a repository of electronic medical records from 
a convenience sample of Ontario family physicians. Data for 
patients in the EMRPC were linked to the Registered Persons 
Database, Ontario Health Insurance Plan, National Ambulatory 
Care Reporting System and Canadian Institute for Health 
Information Discharge Abstract Database. These data sets were 
linked with the use of unique encoded identifiers and analyzed at 
ICES. Geographic data were obtained from census data. Phys-
ician characteristics were obtained from the ICES phys ician 
database and Client Agency Program Enrolment database.

For patients not in EMRPC practices, we obtained patient 
age and sex from the Registered Persons Database, neigh-
bourhood income quintile and rurality from the census 
database, and comorbidities from the Discharge Abstract 
Database, Johns Hopkins’ Adjusted Clinical Groups System 
Version 10.0 Aggregated Diagnosis Groups and Resource 
Utilization Bands.

For family physicians not part of the EMRPC group, we 
obtained physician age, sex, country of medical graduation, 
rurality and years in practice from the ICES physician 

database. Primary care funding models were from the Cli-
ent Agency Program Enrolment database.

Definitions and inclusion and exclusion criteria
Cohort creation and exclusions are summarized in Figure 1.

Physicians
Physicians had to have at least 1 year of experience using the 
electronic medical record system.20 Physicians were included for 
a fiscal year if they had seen 200 or more patients in that year 
and had prescribed at least 7 antibiotic prescriptions in that year. 
We used the latter exclusion criterion because physicians who 
prescribe very few antibiotics (< 1 per month) likely have quite 
different practices or very small volumes and are not relevant to 
antimicrobial stewardship efforts. Physicians were included for 
up to 5 years if they met inclusion criteria each year.

Encounters
The unit of analysis was a patient–physician encounter. An 
encounter was defined as an entry within the electronic medical 
record identified by the presence of both a physician billing 
claim and a progress note. We grouped multiple patient visits 
into 1 encounter if the visits were within 7 days of each other 
up to a maximum of 28 days. We did this because such encoun-
ters likely represent a single illness episode. We excluded 
encounters if there was any use of health care services for an 
infectious disease diagnosis in the prior 21 days. The rationale 
for this exclusion was to exclude encounters in which an antibi-
otic prescription may have originated from a non-EMRPC 
physician, as these antibiotics were not captured in our data.

Diagnosis
We used a predefined list of expected antibiotic prescribing 
rates for 23 common conditions based on point estimates that 
were previously established from a modified Delphi process.19 
All other diagnoses were excluded, as appropriateness of anti-
biotic prescribing could not be assessed reliably. If there was 
more than 1 diagnosis for a particular encounter, we used a 
diagnostic hierarchy of assigning the diagnosis with the highest 
expected rate of antibiotic prescribing (Appendix 1, Supple-
mental Table S1, available at www.cmajopen.ca/content/8/2/
E360/suppl/DC1).19 For example, if a patient was seen on 
day 1 and diagnosed with a common cold and then seen again 
on day  3 and diagnosed with pneumonia, these visits were 
grouped into a single encounter and assigned a diagnosis of 
pneumonia. We used physician diagnosis and did not incorpo-
rate other clinical, laboratory or diagnostic imaging results.

We defined the diagnosis of an encounter by the presence 
of a physician billing claim from the Ontario Health Insur-
ance Plan database (Appendix 1, Supplemental Table S2). If 
there was no billing claim corresponding to 1 of the 23 condi-
tions, we searched the electronic medical record clinical notes 
associated with the encounter for keywords associated with 
the 23 included conditions. Encounters with other diagnoses 
were excluded from the study. We developed and validated a 
keyword-searching algorithm, using manual chart review, to 
optimize the likelihood of assigning the correct diagnosis 
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Physicians
n = 385

Not on EMR for ≥ 1 yr n = 23

Exclusion criteria
for physicians

Exclusion criteria
for encounters

Physicians n = 362
Encounters n = 3 045 365

Antibiotics n = 345 972

< 7 antibiotics or
< 200 encounters in all years
n = 21

Physicians n = 341
Encounters n = 2 904 052

Antibiotics n = 345 972

> 1 antibiotic per encounter
n = 35 831

Exclusion criteria
for antibiotics

Multiple encounters within 7 d
grouped into illness episodes
n = 144 115

Physicians n = 341
Encounters n = 2 759 937

Antibiotics n = 310 141

Not associated with an
encounter within 7 d
n = 75 546

Physicians n = 341
Encounters n = 2 759 937

Antibiotics n = 234 595

Associated with only 
noninfectious diagnosis from
diagnostic code and keyword
search algorithm n = 52 523

Noninfectious diagnosis only 
from diagnostic code and
keyword search algorithm
n = 2 152 330

Physicians n = 341
Encounters n = 607 607
Antibiotics n = 182 072

Invalid or missing unique
patient identifier, date of
birth or index date n = 352

Physicians n = 341
Encounters n = 607 255
Antibiotics n = 182 072

Health care system encounter
with infectious disease code in
prior 21 d n = 107 685

Health care system
encounter with infectious 
disease code in prior 21 d
n = 29 885

Final cohort
Physicians n = 341

Encounters n = 499 570
(from 204 313 patients)
Antibiotics n = 152 187

Figure 1: Flow diagram showing cohort creation. Note: EMR = electronic medical record.
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(Appendix 1, Supplemental Figure S1; Appendix 2, available 
at www.cmajopen.ca/content/8/2/E360/suppl/DC1).

We grouped diagnoses into tiers as previously defined 
(Appendix 1, Supplemental Table S2).19 Tier 1 included con-
ditions for which antibiotics are always indicated (expected 
prescribing rate 100%), tier 2a included conditions for which 
antibiotics are frequently indicated (expected prescribing rate 
51%–99%), tier 2b included conditions for which antibiotics 
are sometimes indicated (expected prescribing rate 21%–
50%), tier  2c included conditions for which antibiotics are 
rarely indicated (expected prescribing rate 1%–20%), and 
tier 3 included conditions for which antibiotics are never indi-
cated (expected prescribing rate 0%).

Antibiotic prescriptions
Using our previously validated algorithm,23 we defined an 
antibiotic prescription as related to an encounter if 1 or more 
antibiotic prescriptions were generated within 7 days from the 
end of the encounter (Appendix 1, Supplemental Table S3). 
We have previously validated the EMRPC in patients 
65 years of age or more, compared to dispensed antibiotics, to 
reliably identify antibiotic prescriptions prescribed by 
EMRPC physicians (sensitivity 85%, 95% confidence interval 
[CI] 84%–85%; specificity 98%, 95% CI 98%–98%).23

Statistical analysis
We compared our study populations of patients and family 
physicians to all patients and family physicians in Ontario. We 
calculated condition-specific rates of antibiotic prescribing per 
100  encounters stratified by age group (<  2  yr, 2–18  yr, 
19–64 yr and ≥ 65 yr). We calculated averages of antibiotic pre-
scribing rates, weighted by the number of encounters, by age 
group. Using the results from the modified Delphi panel on 
expected antibiotic prescribing rates (Appendix 1, Supplemental 
Table S1),19 we calculated the percent of unnecessary antibiotic 
prescribing by subtracting the expected prescribing rate for a 
given condition and age group from the actual prescribing rate. 
Tier 1 conditions were constrained to having unnecessary anti-
biotic prescribing rates of 0%. We did not consider antibiotic 
prescribing rates that were lower than expected to be “inappro-
priate” for this study, and, therefore, any negative unnecessary 
prescribing rates were reported as 0%.

Canadian physician billing claims for respiratory infections 
have previously been shown to have good positive predictive 
value in both adults and children.21,22 However, we compared 
several different methods of assigning a diagnosis to encoun-
ters as sensitivity analyses (Appendix 2).

Ethics approval
This study received ethics review board approval from Public 
Health Ontario and the Sunnybrook Health Sciences Centre.

Results

A total of 499 570  encounters between Apr. 1, 2011, and 
Mar.  31, 2016 met the inclusion criteria for the 23  pre-
defined conditions (Appendix 1, Supplemental Table S4). 

The study population included 204 313  patients and was 
overrepresented in rural areas and included more females 
compared to the Ontario population (Appendix 1, Supple-
mental Table S5). There were notable differences in geo-
graphic representation between the study patients and the 
Ontario population (Appendix 1, Supplemental Figure S3). 
The study included 341 physicians, who were more likely to 
be younger, female and trained in Canada compared to all 
Ontario family physicians (Table 1).

There were 310 141  antibiotics prescribed during the 
5-year study period. Of the 310 141  prescriptions, 37 255 
(12.0%) were for tier 3 conditions, and 38 290 (12.3%) were 
for tier 2c conditions. The percentages were higher for chil-
dren (< 18 yr), in whom 25.0% of antibiotics were prescribed 
for tier 3 conditions (Figure 2).

Based on our exclusion criteria, the appropriateness of 
82 408  antibiotic prescriptions could not be assessed, as the 
antibiotic was associated with an excluded condition or met 
another study exclusion criterion. The 5  most frequent 
excluded diagnoses associated with an antibiotic were abdomi-
nal complaints (International Classification of Diseases, Ninth 
Revision [Clinical Modification] code 787), acne (706), diabe-
tes mellitus (250), eczema (691) and anxiety (300). An addi-
tional 75 546  antibiotic prescriptions had no documented 
encounter in the electronic medical record (Table 2). There 
were thus 152 187  antibiotic prescriptions included in the 
subsequent analyses (Figure 1). 

The most common diagnoses among physician–patient 
encounters for all ages were the common cold, miscellaneous 
nonbacterial infections and urinary tract infections (Table 3). 
Overall, the antibiotic prescribing rate for these 23 included 
conditions was 30.6%. The unnecessary prescribing rate for 
included encounters was 15.4%. This varied by age: it was 
17.6% for those less than 2 years, 18.6% for those aged 2–18, 
14.5% for those aged 19–64 and 13.0% for those aged 65 or 
more. The conditions with the highest rates of unnecessary 
antibiotic prescribing were acute bronchitis (52.6%), acute 
sinusitis (48.4%), acute otitis media (39.3%) and acute phar-
yngitis (36.7%).

The conditions resulting in the highest number of unnec-
essary antibiotic prescriptions were the common cold, acute 
bronchitis, acute sinusitis and miscellaneous nonbacterial 
infections. Overall, 79.5% of the unnecessary antibiotics 
were prescribed for these 4  conditions (Figure 3). Children 
received relatively more unnecessary antibiotic prescriptions 
for miscellaneous nonbacterial infections and acute otitis 
media, whereas adults received more for acute bronchitis and 
acute sinusitis.

In comparing the accuracy of different definitions of 
assigning a diagnosis to encounters, we found that the accu-
racy of the diagnostic algorithm ranged from 60% to 71% 
(67% for the primary analysis); however, about one-third of 
the errors had no clinical significance and two-thirds of the 
errors resulted in a condition with a higher-than-expected 
antibiotic prescribing rate. The impact of these differences on 
the study outcomes were minor (Appendix 1, Supplemental 
Figure S2).
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Interpretation

In this study from a Canadian primary care setting, 12.0% of 
antibiotics were prescribed for conditions for which antibi-
otics are never indicated, and another 12.3% for conditions 
for which antibiotics are rarely indicated. We observed a 
rate of unnecessary antibiotic prescribing of 15.4% for 
23  common conditions. This rate was modestly higher for 
children. The conditions with the highest unnecessary pre-
scribing rates, and therefore the most room for improve-
ment, were acute bronchitis, acute sinusitis and acute otitis 
media. However, given the frequency of visits for the com-
mon cold, acute bronchitis, miscellaneous nonbacterial 

infections and acute sinusitis, these conditions were respon-
sible for 80% of all unnecessary antibiotic prescriptions.

For context, the rate of antibiotic use in the US is 838 pre-
scriptions per 1000  people annually,24 compared to 625 in 
Canada,25 621 in Ontario,26 626 in England27 and 325 in Swe-
den.28 We observed an antibiotic prescribing rate for the 
common cold of 18%, comparable to the rate of 25% 
observed in a similar study conducted in the UK.13 We 
observed antibiotic prescribing rates of 78% and 70% for 
acute exacerbation of chronic obstructive pulmonary disease 
and acute pharyngitis, respectively, compared to 73% and 
59%, respectively, in the UK.13 However, compared to the 
UK,13 we observed lower rates of prescribing for acute bron-
chitis (60% v. 82%), acute otitis media in children aged 
2–18 years (73% v. 88%), acute sinusitis (67% v. 88%) and 
asthma (8% v. 47%). In the US, 13% of antibiotics were pre-
scribed for tier 1 conditions, 36% for tier 2 conditions, 23% 
for tier 3 conditions, and 29% with no diagnosis in adults less 
than 65 years and children.12 Fleming-Dutra and colleagues11 
reported that 30% of antibiotics prescribed in ambulatory 
care in the US were likely unnecessary. However, it is notable 
that, in both the UK and US studies,11,12 diagnoses for non-
infectious conditions were categorized as tier  3 conditions, 
whereas we excluded them. Furthermore, we developed spe-
cific definitions for the tier classification based on the percent 
of encounters in which antibiotics were recommended for 
each condition by experts.19 This may partially explain the 
lower rates of unnecessary antibiotic prescribing observed in 
our study, as some conditions may have been misclassified in 
previous studies.18

It is evident from these previous evaluations of outpatient 
antibiotic prescribing that antibiotics are overused in primary 
care. Unnecessary antibiotic use is associated with a 20%–
30% risk of adverse medication effects, most commonly nau-
sea, vomiting, diarrhea, rash, headache and vaginitis.29,30 
Shehab and colleagues8 found that 16% of emergency depart-
ment visits for adverse drug events were for antibiotic-
associated effects, including allergic reactions and diarrhea 
associated with C. difficile. Furthermore, overuse of antibiotics 
is an important driver of antimicrobial resistance, incurring a 
fourfold increased risk in individual patients within 1 month 
of antibiotic exposure.5 There are additional important public 
health impacts of increasing antimicrobial resistance in popu-
lations with higher antibiotic use.3

However, decisions regarding antibiotic prescribing and 
drivers of unnecessary prescribing are complex. Physicians 
are required to balance salient factors such as diagnostic 
uncertainty, time constraints and perceived patient expecta-
tions for antibiotics against seemingly less tangible anti biotic-
related harms and the public health impact of anti microbial 
resistance.2,31

Our findings suggest that we can conservatively target a 
reduction of 15 antibiotic prescriptions per 100 infectious dis-
ease encounters. In children, the reduction could be larger: 
18 prescriptions per 100 encounters. Acute pharyngitis, acute 
otitis media and acute bronchitis had the highest rate of 
unnecessary antibiotic prescribing in children and should be 

Table 1: Characteristics of study physicians and all Ontario 
primary care physicians

Characteristic

No. (%) of physicians*

All Ontario family 
physicians
n = 8340

Study 
physicians

n = 341

Sex

    Male 4613 (55.3) 147 (43.1)

    Female 3727 (44.7) 194 (56.9)

Age, yr, mean (range) 50.8 (25–79) 44.5 (26–73)

Age group, yr

    < 35 923 (11.1) 78 (22.9)

    35–44 1726 (20.7) 106 (31.1)

    45–54 2322 (27.8) 72 (21.1)

    55–79 3359 (40.3) 75 (22.0)

    Missing 10 (0.1) 10 (2.9)

Medical training location

    Canada 5792 (69.4) 299 (87.7)

International (including 
United States)

2538 (30.4) 32 (9.4)

    Missing 10 (0.1) 10 (2.9)

Rurality

    Rural 400 (4.8) 35 (10.3)

    Suburban 1209 (14.5) 55 (16.1)

    Urban 6731 (80.7) 251 (73.6)

Primary care reform model

Family Health Group 
or Family Health 
Network

2671 (32.0) 17 (5.0)

Family Health 
Organization

3640 (43.6) 310 (90.9)

    Other 1545 (18.5) 14 (4.1)

    No model 484 (5.8) 0 (0.0)

Years in practice, mean 
(range)

17.1 (1–44) 13.3 (1–33)

*Except where noted otherwise.
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Figure 2: Percentage of all antibiotics prescribed, by tier classification system.19 Tier 1 = conditions for which antibiotics are always indicated 
(expected prescribing rate 100%), tier  2a = conditions for which antibiotics are frequently indicated (expected prescribing rate 51%–99%), 
tier 2b = conditions for which antibiotics are sometimes indicated (expected prescribing rate 21%–50%), tier 2c = conditions for which antibiotics 
are rarely indicated (expected prescribing rate 1%–20%), tier 3 = conditions for which antibiotics are never indicated (expected prescribing rate 
0%). *These antibiotics were not associated with an encounter included in the study.

Table 2: Antibiotics prescribed, stratified by age and tier classification system,19 to 204 313 patients in Ontario, 2011/12 to 2015/16*

Classification†

Patient age, yr; no. (column %) of prescriptions

 < 2 2–18 19–64 ≥ 65 All ages

Tier 1 591 (4.5) 5438 (10.2) 12 305 (7.1) 5581 (8.0) 23 915 (7.7)

Tier 2a 0 (0.0) 25 (< 0.1) 19 532 (11.2) 9325 (13.4) 28 882 (9.3)

Tier 2b 1622 (12.4) 10 058 (18.8) 9971 (5.7) 2194 (3.1) 23 845 (7.7)

Tier 2c 927 (7.1) 3129 (5.8) 26 721 (15.4) 7513 (10.8) 38 290 (12.3)

Tier 3 4094 (31.3) 12 547 (23.5) 16 756 (9.6) 3858 (5.5) 37 255 (12.0)

Excluded 3509 (26.8) 10 962 (20.5) 47 224 (27.2) 20 716 (29.7) 82 411 (26.6)

No documented encounter 2354 (18.0) 11 308 (21.1) 41 288 (23.8) 20 593 (29.5) 75 543 (24.4)

Total no. (row %) of antibiotics 13 097 (4.2) 53 467 (17.2) 173 797 (56.0) 69 780 (22.5) 310 141 (100.0)

*Maximum 1 antibiotic per encounter.
†Tier 1 = conditions for which antibiotics are always indicated (expected prescribing rate 100%), tier 2a = conditions for which antibiotics are frequently indicated (expected 
prescribing rate 51%–99%), tier 2b = conditions for which antibiotics are sometimes indicated (expected prescribing rate 21%–50%), tier 2c = conditions for which 
antibiotics are rarely indicated (expected prescribing rate 1%–20%), tier 3 = conditions for which antibiotics are never indicated (expected prescribing rate 0%).
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high-yield targets for intervention. Our study supports that we 
can safely reduce total antibiotic prescribing in primary care by 
12%–24% overall. Reducing antibiotic prescribing for the 
common cold, acute bronchitis and acute sinusitis will have the 
greatest impact.

Reductions in antibiotic prescribing can be achieved by 
incorporating evidence-based antimicrobial stewardship inter-

ventions in the community that use principles of behavioural 
science.32,33 Strategies that have shown effectiveness have 
included public commitment posters in physician offices,34 
peer-comparison audit and feedback,35,36 and communications 
training.37 Other effective interventions, in collaboration with 
1 or more of the aforementioned strategies, include clinical 
decision support,38 and patient and clinician education.39 Any 

Table 3: Number of patient–physician encounters by age group and condition, with observed antibiotic prescribing rate

Condition

Patient age, yr; no. of encounters Patient age, yr; antibiotic prescribing rate/% unnecessary*

 < 2 2–18 19–64 ≥ 65 All ages  < 2 2–18 19–64 ≥ 65 All ages

Common cold 13 097 33 054 56 988 13 127 116 266 11.1/11.1 18.7/18.7 18.8/18.8 19.8/19.8 18.0/18.0

Miscellaneous 
nonbacterial 
infections†

7318 24 315 50 610 9758 92 001 34.8/34.8 23.5/23.5 8.4/8.4 6.7/6.7 14.3/14.3

Urinary tract 
infection‡

371 4876 29 522 15 069 49 839 26.6/0.0 54.5/0.0 62.3/0.0 60.0/0.0 60.6/0.0

Asthma 658 6411 18 647 4975 30 691 7.1/7.1 5.5/5.5 7.9/7.9 11.1/11.1 7.9/7.9

Acute bronchitis 850 3007 15 588 7009 26 454 41.2/36.2 56.6/48.6 61.8/53.8 61.6/53.6 60.5/52.6

Acute sinusitis 148 1617 20 253 3899 25 917 53.4/33.4 61.0/41.0 68.1/50.1 61.6/43.6 66.6/48.4

Gastroenteritis 2231 4345 12 970 3939 23 485 1.7/0.0 3.0/0.0 7.6/2.6 6.9/1.9 6.0/1.7

Purulent skin/
soft-tissue infection

695 3492 20 253 3899 25 917 22.6 /0.0 30.9/0.0 24.3/0.0 25.6/0.0 25.5/0.0

Eye infection 1901 4207 10 927 2802 19 837 6.3/5.3 5.7/4.7 6.4/5.4 6.5/5.5 6.3/5.3

Reproductive tract 
infection‡

NA 1311 12 894 1364 15 569 NA 14.7/0.0 17.3/0.0 11.5/0.0 16.6/0.0

Acute pharyngitis 495 7052 7329 364 15 240 74.6/56.6 77.4/37.4 63.6/35.6 44.0/16.0 69.9/36.7

Nonpurulent skin/
soft-tissue infection‡

233 1477 8307 4517 14 534 51.9/0.0 64.7/0.0 67.2/0.0 64.6/0.0 65.9/0.0

Pneumonia‡ 553 2099 6306 4152 13 110 62.8/0.0 74.4/0.0 63.9/0.0 58.2/0.0 63.8/0.0

Acute otitis media 1974 4806 NA NA 6888 71.6¶/31.6 73.4/43.4 NA NA 61.6/39.3

Influenza 125 926 3838 1198 6087 16.8/16.8 13.2/13.2 10.5/10.5 6.8/6.8 10.3/10.3

Otitis externa 112 1338 2842 958 5250 38.4/38.4 16.2/16.2 13.2/12.2 8.6/7.6 13.7/12.9

Dental condition 232 873 2501 639 4245 2.2/0.0 11.5/7.5 46.7/42.7 37.7/33.7 35.7/31.8

Acute exacerbation 
of COPD

NA NA 949 1604 2553 NA NA 80.1/30.1 76.1/26.1 77.6/27.6

Prostatitis NA NA 1377 729 2106 NA NA 46.9/0.0 30.6/0.0 41.3/0.0

Miscellaneous 
bacterial infections‡§

40 257 1337 195 1829 32.5/0.0 17.1/0.0 6.4/0.0 8.7/0.0 8.7/0.0

Epididymo-orchitis NA 88 1165 159 1412 NA 27.3 /0.0 46.2/0.0 59.8/0.0 46.4/0.0

Chronic sinusitis < 6 < 100 1042 282 1387 Sup Sup 21.9/7.9 21.6/7.6 21.4/7.5

Pyelonephritis‡ < 6 < 100 735 177 986 Sup Sup 60.5/0.0 59.9/0.0 59.9/0.0

Total 31 148 105 682 279 618 79 435 495 901** 23.4/17.6 29.6/18.6 30.3/14.5 35.7/13.0 30.6/15.4

Note: COPD = chronic obstructive pulmonary disease, NA = not available, Sup = suppressed owing to small cell size.
*The percent unnecessary was calculated by subtracting the expected prescribing rate (Appendix 1, Supplemental Table S1) from the total antibiotic prescribing rate. Totals 
are weighted by the number of encounters. The conditions are ordered from the most to the least numbers of observed encounters.
†Included herpes simplex, herpes zoster, infectious mononucleosis, warts, other viral illnesses, ringworm, candidiasis, stomatitis and serous otitis media.
‡Tier 1 conditions had unnecessary prescribing rates constrained to 0% since the expected appropriateness rates were 100% and we did not consider negative values to be 
inappropriate.
§Included typhoid fever, tuberculosis, pertussis and septicemia.
¶In children aged 6–24 months only. An additional 108 encounters in children less than 6 months of age were included, with an antibiotic prescribing rate of 50.9%, and all 
were considered appropriate.
**We excluded 3669 encounters involving conditions in patient age groups that did not have an expected prescribing rate (e.g., otitis media in adults).
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community antimicrobial stewardship strategy must include 
data collection and local champions to integrate quality 
improvement and appropriate antibiotic prescribing into clin-
ical ambulatory practice.40

If antibiotic prescribing for conditions that never require 
antibiotics were eliminated, this would reduce the number of 
antibiotic prescriptions in Canada by 3 million annually (12% 
of the approximately 25  million outpatient antibiotics pre-
scribed annually). Targeting upper respiratory tract infections 
and acute bronchitis, as well as acute otitis media in children, 
would have the greatest impact in reducing unnecessary anti-
biotic use.

Limitations
We believe there is no way to evaluate unnecessary antibiotic 
prescriptions reasonably at a population level in the absence of 
established expected prescribing rates19 and a diagnosis by the 

physician. As a result, many antibiotics were excluded from 
our analysis. We think that the approach taken in previous 
studies resulted in some misclassification.11,12,18 However, even 
without classifying half of all antibiotic prescriptions, we 
observed that 24% of all antibiotics were prescribed for con-
ditions that never or rarely require antibiotics. Our validation 
analysis identified some diagnostic errors; however, these 
resulted in no clinical significance or underestimated the rate 
of unnecessary antibiotic prescribing, making our estimates 
conservative. We were unable to account for delayed prescrib-
ing practices whereby antibiotic prescriptions may have been 
given to patients with instructions not to take the medication 
unless certain criteria were met; however, this practice is not 
recommended for tier 3 conditions.41,42

The study population was a convenience sample of family 
physicians included in EMRPC. We have previously validated 
EMRPC to identify antibiotics accurately; however, this 

0

10

20

30

40

50

60

70

80

90

100

> 2 2–18 19–64 ≥ 65 All ages

%
 o

f 
u

n
n

ec
es

sa
ry

 a
n

ti
b

io
ti

cs

Age, yr

Chronic sinusitis

Gastroenteritis

Influenza

Otitis externa

Acute exacerbation of COPD

Eye infection

Dental condition

Asthma

Acute otitis media

Acute pharyngitis

Acute sinusitis

Miscellaneous nonbacterial infections*

Acute bronchitis

Common cold

Figure 3: Contribution of common conditions to overall unnecessary antibiotic use by age. Note: COPD = chronic obstructive pulmonary dis-
ease. *Included herpes simplex, herpes zoster, infectious mononucleosis, warts, other viral illnesses, ringworm, candidiasis, stomatitis and 
serous otitis media.
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validation was limited to patients aged 65 or more.23 Our study 
physicians were more likely to be younger, female and 
Canadian-trained compared to all Ontario family physicians. 
This may limit the generalizability of our findings, but our 
cohort of physicians were probably less likely than all Ontario 
family physicians to overprescribe antibiotics, which would 
result in underestimates of unnecessary antibiotic prescribing.15,43

We chose to use point estimates from our previous Delphi 
panel results for expected antibiotic prescribing rates19 to 
facilitate knowledge translation into practice. However, point 
estimates do not fully capture the degree of error, subjectivity 
or uncertainty in this process. Furthermore, they may not be 
applicable to all patient populations and regions.

Finally, this study quantified only unnecessary initiation 
of antibiotic treatment and did not address other features of 
inappropriate antibiotic prescribing, such as selection and 
duration.

Conclusion
We observed that 15.4% of infectious disease encounters in a 
Canadian primary care setting resulted in an unnecessary antibi-
otic prescription. Almost one-quarter of all antibiotic prescrip-
tions in primary care were written for conditions for which they 
are never or rarely indicated. These findings should guide tar-
gets for the safe reduction of antibiotic use in primary care.
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