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A ntimicrobial resistance is a worsening threat to both 
individual and population health worldwide. 
Increasing levels of antimicrobial resistance threaten 

to limit available options for treating serious infections, as 
well as making infections that were once considered minor 
or a nuisance more problematic. At the population level, 
increased emergence and transmission of antimicrobial resis-
tance can lead to strain on health care systems, and substan-
tial social and economic impacts.1,2

Large electronic repositories allow for more comprehen-
sive data to be collected and analyzed for a wider range of 
organisms across health care settings. The simplest approach 
is to use an antibiogram. Antibiograms are tables that provide 
the susceptibility for a variety of organism–drug combinations 
to support optimal empiric therapy, typically in a specific set-
ting (e.g., hospital wide or intensive care unit).3

An improvement on the traditional antibiogram is the 
weighted-incidence syndromic combination antibiogram 
(WISCA), which is particularly well suited for data from a single 

body site and has been described previously.4–6 This method 
leverages the relative contributions of different organisms that 
cause a clinical syndrome such as a urinary tract infection (UTI) 
at the population level, and pools organism- and drug-specific 
susceptibilities to provide a likelihood of appropriate antibiotic 
coverage before the organism is identified in culture.4 A WISCA 
simplifies a traditional antibiogram by providing a single suscep-
tibility estimate for a given drug because the susceptibility for 
each organism is pooled and weighted based on their inci-
dence, making it easier to select a more appropriate empiric 
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Background: Surveillance of antimicrobial resistance is essential to mitigate its impact on population health and inform local empiric 
treatment practices. Our aims were to evaluate urine culture specimen susceptibility from a range of diverse settings and describe 
antibiotic susceptibility across all organisms and compare susceptibilities to that of Escherichia coli alone.

Methods: In this descriptive cohort study, we measured the prevalence of organisms in urine culture specimens using linked province-
wide administrative databases. Using positive urine cultures collected in Ontario between Jan. 1, 2016, and Dec. 31, 2017, we mea-
sured susceptibility to 6 classes of antibiotics using a weighted antibiogram for all organisms compared with E. coli alone.

Results: We included 689 497 cultures derived from 569 399 patients and 879 778 test orders for specimens. For all organisms, 
the rates of susceptibility in the outpatient, inpatient and long-term care settings were 49.3%, 42.8% and 39.2%, respectively, for 
ampicillin; 83.1%, 72.7% and 69.7%, respectively, for nitrofurantoin; 80.3%, 64.8% and 73.1%, respectively, for trimethoprim–
sulfamethoxazole; 87.2%, 74.1% and 66.2%, respectively, for ciprofloxacin; 90.6%, 73.6% and 85.1%, respectively, for aminoglyco-
sides; and 82.6%, 57.5% and 73.5%, respectively, for cefazolin. We found resistance to 3 or more antibiotic classes in 20.6% of epi-
sodes for all organisms compared with 14.0% for E. coli alone. The average absolute difference in antibiotic susceptibility between all 
organisms and E. coli across all drugs was lowest in the outpatient setting (6.2%) and highest in the inpatient setting (14.6%).

Interpretation: In this study, urinary organism prevalence and antimicrobial susceptibility varied across health care settings and 
patient populations, with implications for both antimicrobial resistance surveillance and clinical decision-making. Weighted antibio-
grams may be most useful for guiding empiric treatment of urinary infections in inpatient settings where the diversity of infectious 
organisms is higher than in the community. 
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antibiotic before the availability of patient-specific culture 
results.4,5 The use of WISCAs in clinical practice is associated 
with more appropriate antibiotic empiric selection,5,7,8 but this 
method may also be useful for surveillance of antimicrobial 
resistance in UTIs at the population level and informing future 
guideline development and interventions.

In this study, we aimed to measure the prevalence of anti-
biotic susceptibility in urinary isolates in Ontario. We com-
pared overall susceptibility obtained from an advanced 
WISCA approach (i.e., an all-organism weighted approach) to 
results generated for Escherichia coli alone by patient setting 
for commonly reported antibiotics.

Methods

Study design and setting
We conducted this descriptive cohort study in Ontario, 
Canada’s most populous province, using data from a 
population-based electronic repository of laboratory results 
consisting of 121  reporting sites across 14  health regions 
serving a population of 14  million.9,10 The reporting sites 
included hospital, community and public health laboratories.

We reported the study using the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) 
reporting guideline checklist.11

Population
We measured the prevalence of urinary organisms and sus-
ceptibility from testing episodes using currently available data 
(from Jan. 1, 2016, to Dec. 31, 2017). All patients in Ontario 
regardless of age or health care setting were eligible for 
inclusion.

Data sources
We obtained study data from linked population-wide admin-
istrative data sets housed at ICES. ICES is an independent, 
nonprofit research institute whose legal status under Ontario’s 
health information privacy law allows it to collect and ana-
lyze health care and demographic data, without consent, for 
health system evaluation and improvement.

Urine culture and susceptibility data were captured from 
the Ontario Laboratories Information System (OLIS), a large 
centralized electronic repository for laboratory results for pub-
lic health, hospital and outpatient facilities; more than 95% of 
clinical microbiology laboratories in the province report cul-
ture and susceptibility results into OLIS.12,13 The OLIS 
repository was introduced in Ontario in 2007 to allow timely 
access to laboratory results for clinical purposes. Laboratory 
participation gradually increased over the following decade to 
provide wide coverage across the province. Data extracted 
from the repository included test request (ordering), specimen 
(source), results and organism data.

We obtained demographics data for the study population 
from the Registered Persons Database (RPDB), Canadian Insti-
tute for Health Information Discharge Abstract Database 
(CIHI-DAD) and Continuing Care Reporting System — Long-
Term Care (CCRS-LTC). These data sets are widely validated 

and were linked using unique encoded identifiers and analyzed 
at ICES14–16 (Appendix 1, Supplementary Table 1, available at 
www.cmajopen.ca/content/10/4/E1044/suppl/DC1).

We included patient age, sex, health region, health care 
setting and year at the time of specimen collection in addition 
to the organism isolated. We categorized health care settings 
as inpatient (acute care admission in hospital), long-term care 
and outpatient (community physicians or emergency depart-
ment visits) settings.

Outcomes
Antibiotic susceptibility interpretations for select drugs (ampi-
cillin, nitrofurantoin, trimethoprim–sulfamethoxazole, cipro-
floxacin, cefazolin, gentamicin and tobramycin) as reported by 
the laboratory to clinicians were the primary outcomes in our 
study. Because of the variability in reporting practices of the 
included laboratories, we used a stepwise process to impute 
missing outcomes and retain the maximum number of records.

Raw antibiotic susceptibility
We retrieved antibiotic susceptibility interpretations for the 
drugs listed above from OLIS for records with a valid culture 
result. We grouped intermediate resistance and resistant 
results into a nonsusceptible result category.6 We coded miss-
ing susceptibility results as such and retained them. We com-
bined results for gentamicin and tobramycin into the aggre-
gate class of aminoglycosides, whereby resistance to either 
drug indicated resistance to the class, given the similarity of 
these 2 agents in terms of their spectrum of activity.

Direct rule-based imputation
To account for the variability in laboratory reporting of anti-
biotic susceptibility results, we developed direct imputation 
rules for deriving missing susceptibility results that are known 
from organisms’ microbiological characteristics, such as intrin-
sic susceptibility (always susceptible regardless of presence or 
absence of reported results), intrinsic resistance (always resis-
tant regardless of presence or absence of reported results) and 
cross-resistance between antibiotic classes (if the organism is 
susceptible or resistant to 1 agent, it will always be susceptible 
or resistant to another specific agent; Appendix 1, Supplemen-
tary Table 2). For example, certain laboratories did not report 
ampicillin susceptibility results for Klebsiella pneumoniae because 
it is known to be intrinsically resistant. These rules were based 
on standard bacteriological testing and reporting recommenda-
tions that help to infer susceptibility or resistance across more 
than 1 agent based on common resistance mechanisms.6,17

Model-based imputation
We used 3 logistic regression models for imputing missing 
susceptibility results from organism–drug combinations that 
could not be determined with direct rule-based imputation 
(Appendix  1, Supplementary Table  3). The first model 
included all patient characteristics (age, sex, setting, health 
region and organism) and susceptibility results for the 
5  drugs that were not being imputed. We performed the 
logistic regression on the subset of records for which the 
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organism–drug susceptibility result of interest was not miss-
ing, and the modelled log-odds were converted to a probabil-
ity of a susceptible result. In organism–drug combinations 
where this model did not converge, we attempted a second 
regression model on the same subset using only the patient 
characteristics and no drugs. We applied an intercept-only 
logistic model to the remaining organism–drug combinations 
that did not converge owing to low numbers or nonvariable 
outcomes. The resulting modelled probabilities were then 
applied to the subset for which the organism–drug suscepti-
bility result was missing, and a result randomly assigned to 
each record according to the modelled probability.

Statistical analysis
For each antibiotic studied, we calculated overall percent sus-
ceptibility by organism, age group, sex, health care setting, 
year and health region. We also determined the distributions 
for health care setting–specific organism infections for all urine 
culture episodes. We determined the weighted susceptibility of 
all organisms in combination. We also calculated differences 
between percent susceptibility between susceptibility for all 
organisms combined and E. coli alone, by drug and patient set-
ting. We used SAS version 9.4 to perform all analyses.

Ethics approval
The use of the data in this project is authorized under section 
45 of Ontario’s Personal Health Information Protection Act and 
does not require review by a research ethics board.

Results

Our study included results for urine culture antibiotic suscep-
tibility from 689 497 unique annual patient/organism testing 
episodes derived from 569 399 patients and 879 778  test 
orders for specimens collected between Jan. 1, 2016, and 
Dec. 31, 2017 (Figure 1). Of the positive results for urine cul-
ture, we included only monomicrobial cultures, and 57.9% of 
those were excluded because no valid susceptibility testing was 
available. Of the remaining orders with susceptibility testing, 
cefazolin was the most common missing antibiotic (10.8%) 
and nitrofurantoin was the most complete, with results miss-
ing in only 2.5% of cultures. In all, 79% of urine cultures with 
valid susceptibility testing available had complete susceptibil-
ity results for all tested agents before imputation. Rule-based 
imputation added results for 9.7% of testing episodes, and 
model-based imputation added results for the remaining 
11.3% of orders. We excluded records if they could not be 
linked to a unique encoded patient identifier (0.2%). When 
multiple records existed for a patient with the same organism 
and year (21.6%), we aggregated results to 1 unique episode 
by retaining the first instance.

Most culture episodes (85.6%) were obtained from female 
patients and were primarily from the 18–64 years age group 
(50.7%) (Table 1). Patients aged less than 18 years and those 
65 years or older represented 5.6% and 43.7% of the study 
population, respectively. We found that most episodes were 
associated with outpatient settings (88.4%), followed by acute 

Positive urine culture orders in Ontario 2016–2017
n = 2 094 983

Excluded
• Orders (0.2%) with a missing 
 encoded linkage identifier
 n = 3636 

Positive urine culture orders with encoded
linkage identifier from 1 159 967 patients

n = 2 091 347 

Excluded
• Orders with no available valid 
 susceptibility interpretation results
 n = 1 211 569

Orders with valid susceptibility interpretation
results from 569 399 patients

n = 879 778 

Drugs missing from orders:
• Ampicillin  n = 35 015 (4.0%)
• Nitrofurantoin  n = 21 709 (2.5%)
• TMP-SMX  n = 36 510 (4.2%)
• Ciprofloxacin  n = 75 468 (8.6%)
• Aminoglycosides  n = 37 251 (4.2%)
• Cefazolin  n = 95 013 (10.8%)

Excluded
• Orders with directly imputed 
 results based on known 
 organism/drug susceptibilities
 n = 85 439

Orders with valid susceptibility interpretation
results from 569 399 patients

n = 879 778 

Orders missing drugs:
• Ampicillin  n = 14 947
• Nitrofurantoin  n = 3163
• TMP–SMX  n = 2582
• Ciprofloxacin  n = 75 443
• Aminoglycosides  n = 5125
• Cefazolin  n = 24 524 

Excluded
• Orders with imputed results from 
 logistic regression and proportional 
 modeling  n = 99 094

Orders with valid susceptibility interpretation
results from 569 399 patients

n = 879 778 

Orders missing drugs  n = 0

Excluded
• Nonunique patient/organism/year 
 orders  n = 190 281

Unique patient/organism/year orders
with valid susceptibility interpretation

results from 569 399 patients
n = 689 497  

Figure 1: Flow chart showing the inclusion selection process for urine 
culture episodes.
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Table 1: Urine culture antibiotic susceptibility, by organism and patient characteristics

Characteristic Frequency (%)

Susceptibility to antibiotics, % Resistant to ≥ 3 
drug 

categories, %Ampicillin Nitrofurantoin TMP–SMX Ciprofloxacin Aminoglycosides* Cefazolin

Setting

All combined 689 497 (100.0) 48.3 81.7 79.0 85.3 89.3 80.6 20.6

Inpatient 40 547 (5.9) 42.8 72.7 64.8 74.1 73.6 57.5 42.1

Long-term care 39 249 (5.7) 39.2 69.7 73.1 66.2 85.1 73.5 32.8

Outpatient 609 701 (88.4) 49.3 83.1 80.3 87.2 90.6 82.6 18.4

Organism

    Escherichia coli 497 646 (72.2) 58.9 97.5 79.4 83.8 92.1 90.3 14.0

    Klebsiella pneumoniae 61 333 (8.9) 0 35.4 92.6 96.3 97.2 95.2 9.3

    Proteus mirabilis 27 795 (4.0) 84.8 0.0 85.1 91.6 93.6 93.2 14.7

    Pseudomonas aeruginosa 11 252 (1.6) 0 0 0 88.4 91.8 0 100.0

    Citrobacter koseri 10 562 (1.5) 0 78.5 99.0 99.4 99.5 0.8 22.4

    Enterobacter cloacae 10 275 (1.5) 0 39.3 89.6 96.0 97.1 0 64.3

    Klebsiella sp. other 9888 (1.4) 0 43.2 94.5 94.7 97.8 94.0 8.9

    Enterococcus sp. other 9650 (1.4) 91.6 92.0 0.1 51.9 0.0 0 100.0

    Klebsiella oxytoca 8205 (1.2) 0.0 82.5 94.8 96.8 97.7 50.6 14.1

    Staphylococcus aureus 8146 (1.2) 2.0 82.6 99.2 50.3 0.0 85.1 58.8

    Enterococcus faecalis 6857 (1.0) 99.6 98.9 0.1 73.6 0.1 0 100.0

    Enterobacter erogenes 6330 (0.9) 0 15.8 97.7 98.5 99.2 0 84.6

    Citrobacter freundii 6293 (0.9) 0 94.6 87.2 94.5 95.2 0 19.5

    Morganella sp. 4907 (0.7) 0.1 0.1 81.2 88.1 89.5 0 99.9

    Staphylococcus sp. other 2348 (0.3) 24.8 81.4 77.5 48.9 0 63.0 66.3

    Serratia sp. 2297 (0.3) 0.1 0.8 97.5 95.3 87.2 0.1 99.3

    Other† 1682 (0.2) 17.8 31.6 90.8 91.4 93.9 13.1 60.4

    Citrobacter sp. other 1663 (0.2) 0.1 80.6 93.9 95.7 97.3 0.3 26.1

    Enterococcus faecium 982 (0.1) 10.3 25.1 0.1 8.5 0.1 0.1 100.0

    Acinetobacter sp. other 797 (0.1) 0.3 0.0 91.3 92.9 95.4 0.1 99.8

    Proteus vulgaris 589 (0.1) 0.2 0.3 86.8 98.0 98.3 0.2 99.5

Age, yr

    < 18 38 820 (5.6) 53.3 85.4 78.2 72.9 89.9 84.1 22.7

    18–64 349 652 (50.7) 51.6 86.3 79.7 89.6 90.6 84.8 16.5

    ≥ 65 301 025 (43.7) 43.9 75.9 78.2 81.8 87.6 75.3 25.1

Sex

    Male 99 126 (14.4) 39.3 69.0 72.2 77.9 80.2 62.4 37.7

    Female 590 355 (85.6) 49.9 83.9 80.1 86.5 90.8 83.7 17.7

Year

    2016 337 560 (49.0) 48.4 81.6 79.1 85.4 89.6 81.2 20.2

    2017 351 937 (51.0) 48.3 81.8 78.8 85.2 88.9 80.0 20.9

Health region‡

    1 17 403 (2.5) 48.5 81.1 81.7 85.7 90.8 82.8 18.6

    2 52 194 (7.6) 50.7 82.8 81.0 88.0 90.5 83.0 18.0

    3 34 376 (5.0) 50.9 83.9 79.8 86.9 90.1 82.8 18.4

    4 77 855 (11.3) 48.6 81.6 79.8 85.6 90.0 81.2 20.0

    5 50 820 (7.4) 44.8 80.5 74.5 79.5 86.3 75.9 26.1

    6 61 876 (9.0) 47.7 80.8 77.0 83.0 88.2 77.5 23.1

    7 60 625 (8.8) 47.0 82.0 77.7 85.6 88.9 80.7 20.8

    8 96 147 (14.0) 46.7 81.3 78.4 84.7 89.5 81.4 20.7

    9 92 688 (13.5) 48.0 81.4 78.8 86.3 89.5 80.3 20.7

    10 25 020 (3.6) 51.1 82.1 81.2 88.0 89.8 81.2 18.9

    11 58 704 (8.5) 49.7 81.8 80.4 86.4 90.0 82.1 18.8

    12 24 640 (3.6) 51.2 82.5 82.0 86.2 90.8 83.3 17.6

    13 29 998 (4.4) 49.7 82.8 79.3 84.8 86.9 78.0 22.2

    14 6688 (1.0) 47.5 80.9 80.2 83.6 87.7 80.2 22.4

Note: TMP–SMX = trimethoprim–sulfamethoxazole.
*Aminoglycosides include gentamicin and tobramycin.
†Other includes Proteus sp. other, group B Streptococcus, Enterobacter sp. other, Acinetobacter baumannii complex, Staphylococcus lugdunensis, non-typhi/paratyphi 
Salmonella, Stenotrophomonas sp., Streptococcus sp. other, Staphylococcus saprophyticus, Streptococcus pneumoniae, Neisseria gonorrhoeae, Salmonella typhi/
paratyphi, Hemophilus sp., Lactobacillus sp. and Yersinia sp.
‡Health regions correspond to Local Health Integration Networks of Ontario (as of Apr. 1, 2021, these regions are now called Home and Community Care Support Services) 
(https://www.pas.gov.on.ca/Home/Agency/647).
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care (5.9%) and long-term care (5.7%). The proportion of 
episodes contributed by each of the 14 health regions ranged 
from 1.0% to 14.0%.

Escherichia coli was the most commonly isolated organism 
(found in 72.2% of patient testing episodes), followed by K. pneu-
moniae (8.9%), Proteus mirabilis (4.0%), Pseudomonas aeruginosa 
(1.6%) and Citrobacter koseri (1.5%). Each of the remaining 
18 species or species groups individually accounted for less than 
1.5% of all episodes. The proportion of episodes attributable to 
E. coli varied by setting, with 49.0% in inpatient, 59.1% in long-
term care and 74.6% in outpatients (Table 2).

We found that antibiotic susceptibility was highest in the 
outpatient setting for all drugs, and the difference between 
the highest and lowest susceptibility by setting ranged from 
10.1% for ampicillin (49.3% outpatient v. 39.2% long-term 
care) to 25.1% for cefazolin (82.6% outpatient v. 57.5% inpa-
tient). Susceptibility was lowest in the long-term care setting 
for ampicillin, nitrofurantoin and ciprofloxacin, and lowest in 
the inpatient setting for trimethoprim–sulfamethoxazole, 
aminoglycosides and cefazolin.

Susceptibility was highest in female patients for all drugs, 
with the greatest difference between males and females found 
for cefazolin (83.7% v. 62.4%). Patients aged 65  years or 
older had the lowest susceptibility across all drugs except for 
ciprofloxacin: patients aged less than 18 years were 72.9% sus-
ceptible compared with 81.8% susceptible among those aged 
65 years or older. Ciprofloxacin showed the biggest spread in 
susceptibility between health regions at 8.5% (88.0% in 
region 2 v. 79.5% in region 5), whereas nitrofurantoin varied 
by only 3.4% between the most (83.9%, region 3) and least 
(80.5%, region 5) susceptible regions.

We found that organisms were most susceptible to amino-
glycosides (89.3%) and least susceptible to ampicillin 
(48.3%), and there was resistance to 3 or more drugs for 
20.6% of patient testing episodes. The difference between 
antibiotic susceptibility for all organisms combined versus 
only E. coli varied by both drug and setting (Figure 2). Anti-
biotic susceptibility for all organisms combined (i.e., all-
organism susceptibility) was lower than E.  coli alone across 
all settings for ampicillin, nitrofurantoin, aminoglycosides 

Table 2: Setting-specific organism distribution for urine culture episodes in Ontario

Organism
Frequency,
overall %

Setting-specific proportion, %

Community Inpatient Long-term care

Escherichia coli 497 646 (72.2) 74.6 49.0 59.1

Klebsiella pneumoniae 61 333 (8.9) 8.6 11.0 11.9

Proteus mirabilis 27 795 (4.0) 3.5 4.7 11.2

Pseudomonas aeruginosa 11 252 (1.6) 1.2 5.8 3.4

Citrobacter koseri 10 562 (1.5) 1.6 0.9 0.7

Enterobacter cloacae 10 275 (1.5) 1.4 2.7 1.9

Klebsiella sp. other 9888 (1.4) 1.5 0.1 1.9

Enterococcus sp. other 9650 (1.4) 0.9 8.5 1.7

Klebsiella oxytoca 8205 (1.2) 1.1 1.8 1.4

Staphylococcus aureus 8146 (1.2) 1.0 2.6 2.1

Enterococcus faecalis 6857 (1.0) 0.7 5.1 0.8

Enterobacter aerogenes 6330 (0.9) 0.9 1.0 0.6

Citrobacter freundii 6293 (0.9) 0.9 1.0 1.2

Morganella sp. 4907 (0.7) 0.7 0.9 1.0

Staphylococcus sp. other 2348 (0.3) 0.3 1.5 0.1

Serratia sp. 2297 (0.3) 0.3 0.6 0.2

Other* 1682 (0.2) 0.2 0.6 0.2

Citrobacter sp. other 1663 (0.2) 0.2 0.4 0.3

Enterococcus faecium 982 (0.1) 0.1 1.6 0.2

Acinetobacter sp. other 797 (0.1) 0.1 0.1 0.1

Proteus vulgaris 589 (0.1) 0.1 0.2 0.1

*Other includes Proteus sp. other, group B Streptococcus, Enterobacter sp. other, Acinetobacter baumannii complex, Staphylococcus 
lugdunensis, non-typhi/paratyphi Salmonella, Stenotrophomonas sp., Streptococcus sp. other, Staphylococcus saprophyticus, Streptococcus 
pneumoniae, Neisseria gonorrhoeae, Salmonella typhi/paratyphi, Hemophilus sp., Lactobacillus sp. and Yersinia sp.
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and cefazolin. The difference was much greater in inpatient 
specimens compared with long-term care and outpatient 
specimens for trimethoprim–​sulfamethoxazole (–12.9% 
inpatient, 0.8% long-term care and 0.5% outpatient), amino-
glycosides (–16.0% inpatient, –1.4% long-term care and 
–1.9% outpatient) and cefazolin (–23.7% inpatient, –7.4% 
long-term care and –8.6% outpatient). Only ciprofloxacin 
had higher antibiotic susceptibility for all organisms versus 
E. coli across all settings, with the difference being greater in 
the long-term care setting (10.6%) compared with inpatient 
(0.8%) and outpatient (1.5%) specimens. Combined sus-
ceptibility for nitrofurantoin was much lower than E.  coli 
alone across all settings with differences of –23.8%, –25.0% 
and –14.5% for inpatient, long-term care and outpatient 
settings, respectively. The average absolute difference 
between all organisms and E. coli across all drugs was lowest 
in the outpatient setting (6.2%) and highest in the inpatient 
setting (14.6%).

Interpretation

We conducted a comprehensive, population-based antibiotic 
susceptibility profile for urine culture isolates across com-
munity (i.e., outpatient), long-term care and acute care (i.e., 

inpatient) settings. The inclusion of results from these 
diverse patient settings allowed us to evaluate where all-
organism derived susceptibilities differed compared with 
E. coli susceptibilities alone. It is important to note that, in the 
outpatient setting, 80%–85% of positive urine cultures were 
susceptible to nitrofurantoin, trimethoprim–sulfamethoxazole, 
cephalexin and ciprofloxacin.

We also found that the proportions susceptible were 
most similar across all drugs between the 2 methods in the 
outpatient setting, which was largely driven by the higher 
proportion of episodes caused by E. coli. This is in line with 
previous studies that described E.  coli as being more com-
mon in outpatient than in inpatient UTIs.18–21 Although 
E.  coli is commonly tracked as a marker for urinary gram-
negative susceptibility in outpatients,22,23 the prevalence of 
species other than E.  coli may contribute substantially to 
overall resistance. Although other uropathogens are less 
common, they may have higher rates of antimicrobial resis-
tance compared with E. coli.

All-organism derived antibiograms may provide a more 
accurate assessment of antibiotic susceptibility, particularly 
in health care facilities; however, antibiograms may be less 
useful in the outpatient setting where infections caused by 
E.  coli predominate. For example, 83.1% of isolates were 
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Figure 2: Urine culture antibiotic susceptibility by setting and drug for all organisms weighted-incidence syndromic combination antibiogram 
(WISCA) versus Escherichia coli only. Note: TMP–SMX = trimethoprim–sulfamethoxazole.
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susceptible to nitrofurantoin (a first-line antibiotic for 
uncomplicated cystitis)24 using the all-organism derived 
antibiogram compared with only 69.7% and 72.7% of iso-
lates in long-term care and hospitals, respectively, which 
suggests a more tailored approach to selection of empiric 
treatment may be needed in these settings. The 2011 itera-
tion of the Infectious Diseases Society of America and the 
European Society for Microbiology and Infectious Diseases 
guideline for uncomplicated UTIs recognized the impor-
tance of accounting for local resistance rates for all potential 
pathogens when selecting empiric antibiotic therapy.24 For 
example, the empiric uses of trimethoprim–sulfamethoxazole 
and fluoroquinolones are based on local uropathogen resis-
tance thresholds of no more than 20% and 10%, respec-
tively, rather than the most common pathogen (E.  coli). 
These recommendations support the combined all-organism 
approach to estimate antimicrobial susceptibility across all 
potential pathogens in a given population.

In addition to health care settings, we found differences in 
urinary antibiotic susceptibility across age groups (more resis-
tance in children and adults aged 65 yr and older), sex (more 
resistance in male patients) and region. Higher antibiotic use 
at the extremes of age,25 as well as increasing prevalence 
pathogens other than E. coli among older age groups are likely 
to drive age-specific differences and patterns of antibiotic sus-
ceptibility. The higher prevalence of antimicrobial resistance 
in males than in females may be reflected by the more compli-
cated nature of UTIs in males (UTI is more likely to be 
caused by a functional or anatomic abnormality),26 as well as 
the predominance of younger females who were outpatients 
in our cohort.

Regional variation in demographics and, more impor-
tantly, antibiotic prescribing practices25 may be key factors 
in explaining regional differences in antibiotic resistance 
among urinary pathogens. An interactive urinary antibio-
gram created using 2016–2017 data is available from Public 
Health Ontario.27 The antibiogram includes detailed 
organism–drug susceptibility results by region, care set-
ting and age group. Given the heterogeneity in antibiotic 
resistance, harnessing population-level susceptibility data 
and tailoring all-organism derived antibiograms to the 
local population may be a helpful approach to support 
improved antibiotic decision-making. The comprehensive-
ness of these data could facilitate the development of cen-
tralized tools that would allow practitioners to tailor 
empiric therapy based on patient characteristics predictive 
of resistance.

Strengths of our study include the comprehensive 
population-wide data set that included 689 497 urine cul-
ture episodes, and imputation and modelling strategy. 
This approach to filling in missing values relied on regres-
sion modelling in contrast to expert opinion and literature 
review as used in other WISCAs.4 Regression modelling 
provides an advantage by imputing susceptibility results 
based on the distribution of nonmissing results specific to 
our cohort as opposed to extrapolating from studies of 
potentially noncomparable populations. 

Limitations
A key limitation to the use of centralized laboratory data from 
numerous laboratories is that only 42.1% of all positive urine 
culture orders were associated with any susceptibility results 
for the selected antibiotics. Potential causes include laboratory 
policies regarding susceptibility testing on repeat specimens, 
laboratories reporting susceptibility results on nonstandard 
antibiotics, duplicate culture orders introduced by reference 
testing, missing susceptibility results from polymicrobial cul-
tures and coding errors. As the OLIS repository comprises 
almost all results reported back to clinicians in the province, 
this characteristic should not affect the representativeness of 
the data we presented. Although the populations differ 
slightly, the estimated susceptibility results from our study 
(e.g., E. coli susceptibility to nitrofurantoin is 98%) align with 
those found in other sources such as the Ontario Hospital 
Antibiogram27,28 (E.  coli susceptibility to nitrofurantoin is 
97%), which reports data provided directly from hospital anti-
biograms, and LifeLabs29 (E.  coli susceptibility to nitrofuran-
toin is 97% in the Toronto region), which reports data from a 
large private laboratory in Canada.

A large proportion of the culture episodes are likely to 
have come from asymptomatic bacteriuria, which generally 
does not require treatment. Therefore, a limitation to these 
administrative data is the inability to ascertain symptoms and 
confirm a diagnosis of UTI in these patients. Currently, these 
data include the years 2016 and 2017 and susceptibilities may 
have changed in subsequent years. Despite these limitations, 
we were able to report antibiotic susceptibility on a substantial 
number of urine culture episodes with the ability to compare 
susceptibility across several patient settings for a variety of 
predominant organisms.

Conclusion
Prevalence of urinary organisms and antimicrobial susceptibility 
varies across health care settings and patient populations. This 
variability has implications for both surveillance of antimicro-
bial resistance and clinical decision-making. Given the differ-
ence in prevalence of urinary E.  coli between settings, use of 
an all-organism derived antibiogram may more accurately 
reflect resistance compared with E.  coli alone, particularly in 
long-term care and inpatient settings. Future efforts are 
needed to evaluate the impact of this approach on the appro-
priateness of empiric therapy and patient outcomes.
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