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Abstract

Antimicrobial resistance (AMR) is a global public health threat. The main purpose of this study was to evaluate AMR in
generic Escherichia coli and Salmonella recovered from broiler chickens in Canada. To do this, an analysis of the
antimicrobial susceptibility results was performed on a sample of generic E. coli and Salmonella isolates from the 2012
to 2013 national microbiological baseline study in broiler chicken. Of the 1135 generic E. coli isolates tested, 940
(82.8%) were resistant to at least one antimicrobial, with a large number of unique AMR profiles observed. Of the 1495
Salmonella isolates tested, 879 (58.8%) were resistant to at least one antimicrobial. Resistance was most common to
aminoglycosides, b-lactams, and tetracyclines and, for generic E. coli isolates only, folate inhibitors. Differences in
AMR patterns were observed across regions for both E. coli and Salmonella. For Salmonella, the levels of resistance
were similar across the different sectors sampled along the food chain (e.g., slaughterhouse and retail) and the types of
product sampled. There were also considerable differences in the levels and patterns of resistance among different
Salmonella serovars, with most Salmonella Enteritidis isolates being susceptible to all antimicrobials tested.
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Introduction

Antimicrobial resistance (AMR) is a global public
health threat (WHO, 2019). Governments and interna-

tional health organizations are increasingly focused on this
threat, which reduces our ability to prevent and treat infec-
tious diseases in both humans and animals.

According to the Centers for Disease Control and Pre-
vention (CDC, 2013), at least 2 million individuals contract
serious resistant infections in the United States every year
and at least 23,000 people die as a result of such infections
(CDC, 2013). In Canada, it is estimated that 5400 lives were
lost in 2018 as a result of resistant infections (CCA, 2019).

Escherichia coli is a bacterium commonly found in the
gastro-intestinal tract of warm-blooded animals. Poultry, in
particular, can be a reservoir of antimicrobial-resistant E. coli
strains that are capable of being pathogenic to humans
( Johnson et al., 2017). Generic E. coli is also commonly used
as an indicator organism for AMR.

Poultry is a well-known reservoir of Salmonella serovars
of public health significance, particularly Salmonella En-
teritidis (FAO-WHO, 2002; Pires et al., 2011; Painter et al.,
2013). Gastroenteritis caused by non-typhoidal Salmonella
ranks fourth among notifiable enteric bacterial diseases in
Canada, with an estimated incidence of 269 cases per
100,000 individuals annually (Thomas et al., 2013). In the
United States, more than 1 million non-typhoidal Salmo-
nella cases are estimated to occur per year, including 378
deaths (Scallan et al., 2011). Of these, 100,000 illnesses and
38 deaths were associated with resistant strains (CDC,
2013).

The purpose of this study is to describe antimicrobial
susceptibility patterns in E. coli and Salmonella isolates
from Canadian poultry and to assess the influence of
selected factors, including seasonality, type of sample,
and geographical origin, on resistance. An equivalent
study for Campylobacter is available (Dramé et al.,
2020).
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Materials and Methods

A national microbiological baseline study (MBS) was
conducted in Canada in collaboration with industry and
federal and provincial government partners, to estimate the
prevalence and concentrations of Campylobacter and Sal-
monella in broiler chickens and raw chicken products pro-
cessed in federally inspected slaughterhouses and sold at
retail. Raw chicken products sampled at slaughterhouses were
also tested for generic E. coli. Isolates collected during the
MBS were randomly selected for antimicrobial susceptibility
testing to estimate levels of AMR in different geographical
areas and across the poultry supply chain. The study report
describes the epidemiological design and sampling and testing
methodologies used to collect and analyze the samples (CFIA,
2016). Samples were collected between December 2012 and
October 2013 (for E. coli) and between December 2012 and
December 2013 (for Salmonella), from 38 broiler slaughter-
houses. Retail samples were collected over the same periods
from supermarket chains and independent grocers at a 4:1 ratio
in five regions (British Columbia [BC], Prairies, Ontario,
Quebec, and Atlantic) across Canada.

A total of 1135 generic E. coli isolates from carcasses
collected in slaughter establishments and 1495 Salmonella
isolates were tested for antimicrobial susceptibility. The
majority (72%) of the Salmonella isolates analyzed belonged
to serovars Salmonella Kentucky with 662 (44%) isolates,
Salmonella Heidelberg (317, 21%), and Salmonella En-
teritidis (103, 7%). Supplementary Table S1 provides addi-
tional information on serovar distribution. Generic E. coli
isolates originated exclusively from individual broiler car-
casses collected in slaughterhouses. Salmonella isolates
originated from composite cecal samples from 20 broiler
chickens, individual broiler carcasses, or parts after chilling
in slaughterhouses, and from carcasses or parts collected
from retail outlets. These isolates represented three sectors of
the food chain: (1) Slaughter: cecal samples, considered a
surrogate of the state of contamination on farms; (2) Pro-
cessing: carcasses or parts, representing the steps after car-
casses are chilled and parts are packaged; and (3) Retail:
representing chicken products available to consumers. Ad-
ditional information on the distribution of isolates by sample
type and stage in the processing chain is available in Sup-
plementary Table S2.

Isolates were tested for susceptibility against 15 antimi-
crobials (Table 1) according to a broth microdilution method
detailed in the 2013 Canadian Integrated Program for Anti-
microbial Resistance Surveillance (CIPARS) report (PHAC,
2015). Isolates with intermediate minimum inhibitory con-
centration values were grouped as susceptible to the antimi-
crobial being tested (PHAC, 2015).

Data were analyzed by using software from R Development
Core Team, version 3.3.3 (Vienna, Austria), and Stata 15
(StataCorp LLC. 2017. Stata Statistical Software: Release 15;
College Station, TX). Logistic regression was used to evaluate
associations between resistance and industry sectors, region of
sample origin (i.e., BC, Prairies, Ontario, Quebec and Atlantic),
and season. Season was defined as: December to May—winter–
spring season; June to November—summer–fall season. The
significance level was set at p < 0.05 to identify important
differences between variables. For Salmonella, the effect of
serovar was also included in the model.

Results

The prevalence of resistant generic E. coli isolates was
high, with 940 (83%) isolates being resistant to at least one
antimicrobial. Resistance was most common against folate
inhibitors, aminoglycosides, b-lactams, and tetracyclines,
and 420 (37%) isolates were resistant to at least one Category
I* antimicrobial. Resistance against phenicols and quino-
lones was low across all regions, and only one isolate was
resistant against macrolides (Fig. 1).

Of the 1135 E. coli isolates, 549 (48%) were resistant to two
or three classes of antimicrobials and 223 (20%) were resistant
to four or five classes. No isolates were resistant to more than
five classes. Resistance was highest against sulfisoxazole
(57%), streptomycin (52%), and ampicillin (51%). Only one
isolate showed resistance to azithromycin and none against
ciprofloxacin. The most common patterns were joint resistance
against amoxicillin-clavulanic acid, ampicillin, cefoxitin,
ceftiofur, and ceftriaxone (63 isolates, 6%) and against gen-
tamicin, streptomycin, and sulfisoxazole (56 isolates, 5%).

We observed statistically significant differences in resistance
between regions. There was no effect of season on resistance to

Table 1. Percentage of Generic Escherichia coli

and Salmonella Isolates Resistant

to 15 Antimicrobials

Antimicrobial

No. of isolates resistant
(% of isolates)

Escherichia coli
(n = 1135)

Salmonella
(n = 1495)

Aminoglycosides
Gentamicin 343 (30.2) 31 (2.1)
Kanamycin 153 (13.5) 3 (0.2)
Streptomycin 586 (51.6) 621 (41.5)

b-Lactams
Amoxicillin-clavulanic

acid
406 (35.8) 466 (31.2)

Ampicillin 581 (51.2) 484 (32.4)
Cefoxitin 408 (35.9) 463 (31)
Ceftiofur 336 (29.6) 469 (31.4)
Ceftriaxone 411 (36.2) 470 (31.4)

Folate pathway inhibitors
Sulfisoxazole 650 (57.3) 93 (6.2)
Trimethoprim-

sulfamethoxazole
182 (16) 18 (1.2)

Macrolides
Azithromycin 1 (0.1) 0 (0)

Phenicols
Chloramphenicol 60 (5.3) 11 (0.7)

Quinolones
Ciprofloxacin 2 (0.2) 0 (0)
Nalidixic acid 78 (6.9) 7 (0.5)

Tetracyclines
Tetracycline 523 (46.1) 642 (42.9)

*Health Canada has categorized antimicrobials into four categories
depending on their importance in human medicine, with Category I
antimicrobials considered the most important. See https://www.canada
.ca/en/health-canada/services/drugs-health-products/veterinary-drugs/
antimicrobial-resistance/categorization-antimicrobial-drugs-based-
importance-human-medicine.html for details.
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any of the antimicrobials tested. Generic E. coli isolates from
Ontario were less likely to be resistant to most antimicrobials
than in other regions, especially Quebec, BC, and the Prairies,
except for chloramphenicol and kanamycin, for which there was
no difference. For trimethoprim-sulfamethoxazole, isolates
from the Atlantic region, Ontario, and Quebec were more likely
to be resistant than those from BC and the Prairies. Azi-
thromycin and ciprofloxacin-resistant isolates were not sub-
jected to logistic regression, because no or very low resistance to
these antimicrobials was observed in this study.

Of the 1495 Salmonella isolates, 879 (59%) were resistant
to at least one antimicrobial. High levels of resistance in
Salmonella isolates were found against aminoglycosides, b-
lactams, and tetracyclines, but there were significant differ-
ences in resistance across serovars. Resistance was most
common to tetracycline and streptomycin, with more than
40% of isolates from cecal samples and chicken products at
processing being resistant. No resistance was observed to
azithromycin and ciprofloxacin, and resistance to chloram-
phenicol, kanamycin, and nalidixic acid was present in less
than 1% of the isolates.

Although resistance levels were generally higher in ge-
neric E. coli isolates compared with Salmonella, the per-
centage of resistant isolates was fairly similar for b-lactams,
macrolides, quinolones, and tetracyclines, as well as for
streptomycin (Table 1).

Figure 2 shows differences in resistance between serovars.
Salmonella Kentucky was the most resistant serovar to b-

lactams, aminoglycosides, and tetracyclines and it was the
only serovar that showed quinolone resistance. Salmonella
Heidelberg presented the second highest percentage of resis-
tance against b-lactams (38%). Almost all Salmonella En-
teritidis isolates were susceptible to all antimicrobial classes.
Two Salmonella Enteritidis isolates out of 103 were resistant
to b-lactams and tetracyclines and one was resistant to ami-
noglycosides, folate inhibitors, and phenicols. Salmonella
Typhimurium isolates were moderately resistant, especially
against tetracyclines (32% of the 41 isolates were resistant).
Supplementary Table S3 provides additional information
about the distribution of resistant isolates by region.

Of the 1495 Salmonella isolates, 238 (16%) were resistant
to one antimicrobial class, 626 (42%) to two or three classes,
and only 15 (1%) were resistant to four or five classes. No
isolate was resistant to more than five antimicrobial classes.
The distribution of resistant isolates was very similar for
isolates across stages in the production chain and from cecal
samples, compared with those obtained from carcasses or
parts (Supplementary Tables S4 and S5). The three most
common patterns were joint resistance against streptomycin
and tetracycline (276 isolates, 18%), amoxicillin-clavulanic
acid, ampicillin, cefoxitin, ceftiofur, ceftriaxone, strepto-
mycin and tetracycline (261 isolates, 18%), and amoxicillin-
clavulanic acid, ampicillin, cefoxitin, ceftiofur, and ceftriaxone
(177 isolates, 12%). The remaining 43 unique profiles were
observed in less than 2% of isolates each (ranging from one to
28 isolates).

FIG. 1. Resistance of generic Escherichia coli isolates to seven different antimicrobial classes by region. Numbers above bars
are percentages of resistant isolates. BC, British Columbia; Pr, Prairies Region; ON, Ontario; QC, Quebec; At, Atlantic Region.
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Results of the logistic regression models showed no in-
dustry sector, season, or sample type effects when comparing
susceptible isolates with those resistant to at least one anti-
microbial. The same was observed when the outcome was
resistance against a given antimicrobial class. Assessing re-
sistance by antimicrobial class was not possible for macro-
lides, as all isolates were susceptible, or for phenicols and
quinolones due to lack of statistical power related to the low
number of resistant isolates.

The logistic models showed regional differences in re-
sistance, depending on the antimicrobial or antimicrobial
class studied. Controlling for the effect of other variables,
including serovar, Salmonella isolates from BC and the
Prairies were more likely to be resistant against aminogly-
cosides, b-lactams, and tetracyclines than those from On-
tario. Isolates from Quebec were also more likely to be
resistant than those from Ontario against aminoglycosides
and tetracyclines. Isolates from the Atlantic region had
similar odds of resistance to those from Ontario for ami-
noglycosides and b-lactams, but they showed higher odds of
resistance against tetracyclines. Odds of resistance against
folate inhibitors were higher in Ontario compared with other
regions.

Controlling for region, Salmonella Kentucky isolates were
more likely to show resistance to at least one antimicrobial
than the other serovars and to show individual resistance to
aminoglycosides and tetracyclines. Salmonella Heidelberg

resistance to b-lactams and Salmonella Enteritidis resistance
to folate inhibitors were not different from Salmonella
Kentucky.

Discussion

The high levels of AMR in generic E. coli isolates re-
covered from abattoir chicken carcasses in this study were
similar to those in generic E. coli isolates in samples from
poultry meat in CIPARS data from Canadian retail outlets the
same year (PHAC, 2015). Higher levels of resistance against
b-lactams found in BC were also observed in CIPARS data
for the year 2013 (PHAC, 2015). These regional variations
could be due to several factors, such as differences in pre-
scribing and usage of antimicrobials, disease pressures, or use
of vaccines. For example, regional differences in antimicro-
bial use in feed and for hatchery-level administration were
observed in 2013 (PHAC, 2015).

Generic E. coli isolates in this study showed higher levels
of resistance than equivalent isolates from the United States
Department of Agriculture Hazard Analysis and Critical
Control Points (HACCP) monitoring system for the National
Antimicrobial Resistance Monitoring System (NARMS) in
2013 for 13 out of 15 antimicrobials, whereas NARMS iso-
lates had slightly higher levels of resistance for ciprofloxacin
and gentamicin (FDA, 2019). The antimicrobial suscepti-
bility testing methodology used for our study is the same as

FIG. 2. Resistance of Salmonella isolates to seven different antimicrobial classes, by serovar. Numbers above bars are
percentages of resistant isolates.
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for NARMS; however, there may be variations in sample
collection or in primary isolation methods, which could ex-
plain these differences.

We compared levels of AMR in generic E. coli isolates
with those in broiler meat in Denmark, Germany, Hungary,
and Slovenia (EFSA and ECDC, 2015). Among these, Den-
mark had the lowest level of resistance and also had less
resistance than isolates from our study, except for cipro-
floxacin. Canadian E. coli isolates had lower levels of resis-
tance for ampicillin, chloramphenicol, ciprofloxacin, and
nalidixic acid compared with the other three EU countries.
Resistance against gentamicin and streptomycin was higher
in Canadian isolates compared with these three countries, and
it was similar for tetracyclines. It seems that resistance to
older drugs in lower categories of importance in human
medicine is higher in Canada compared with the EU, but
resistance to drugs in the higher categories of importance is
lower in Canada, probably reflecting different antimicrobial
use practices in these jurisdictions.

There was no resistance against macrolides and very low
resistance against phenicols and quinolones in Salmonella
isolates. The levels of resistance in our study were similar
irrespective of where along the chain samples were collected,
season, or type of product, and they were similar to those
found in Salmonella isolates from CIPARS (PHAC, 2015).
Data from NARMS (FDA, 2019) also showed that the levels
of resistance for individual antimicrobials along the chain are
somewhat stable, although the consistency in the levels of
resistance across stages was greater in our study.

The levels of AMR in Salmonella isolates resistant to at
least one antimicrobial were similar to those found by
NARMS in 2013 in retail chicken and in the samples col-
lected in poultry plants as part as their HACCP system (FDA,
2015), although resistance levels varied depending on the
specific antimicrobial (FDA, 2019).

A comparison of resistance levels in Canadian Salmonella
isolates from cecal samples with those found in broiler flocks
in the European Union in 2013 (EFSA and ECDC, 2015) was
carried out. Ranking the level of resistance detected in Ca-
nada among EU countries, the level of resistance in Canadian
isolates was the fourth highest for ampicillin. For cipro-
floxacin, Canadian isolates showed no resistance, as did
isolates from Ireland, whereas the remaining countries ran-
ged from 3% to 88%. Similarly, Canadian isolates showed the
second lowest level of resistance for nalidixic acid, whereas
the remaining countries ranged from 3% to 88%. Resistance
against gentamicin was low in European countries (less than
5%), except for Romania (20%) and Spain (27%), compared
with 2% in Canadian isolates.

Levels of resistance in Salmonella isolates in broiler meat
in our study (combining the processing and retail stages) were
also compared with those found in EU countries (EFSA and
ECDC, 2015). Resistance against ampicillin was only higher
in the Netherlands compared with Canadian isolates. Re-
sistance against gentamicin was comparable, although Ca-
nadian isolates had lower levels of resistance than the average
in the EU. Resistance against ciprofloxacin and nalidixic acid
was lower in Canadian isolates compared with EU countries,
with levels in our study equal or close to zero, compared with
averages higher than 65% in the EU.

There are methodological differences between the sample
collection, primary isolation, and AMR testing methods used

in the EU compared with this study. Nevertheless, it is re-
assuring to see that the levels of resistance in Canada are on
the lower end of the spectrum compared with those in EU
countries, except for tetracyclines in cecal samples and am-
picillin in broiler meat, for which resistance in Canadian
Salmonella isolates is higher than in most EU countries. As
with generic E. coli, resistance to older, less important drugs
for human medicine was higher in Canada, but resistance to
antimicrobials of medical importance was higher in the EU.

Differences in the levels of resistance between Salmonella
serovars have been widely reported previously (Lee et al.,
2016; Duc et al., 2019; FDA, 2019). More than 99% of Sal-
monella Enteriditis isolates from our study were fully suscep-
tible, a result that was also found in CIPARS data from retail
for 2013 (PHAC, 2015) and in data from NARMS for the same
year (FDA, 2019), but not in the EU, where low to moderate
resistance levels were observed (EFSA and ECDC, 2015). The
proportion of fully susceptible Salmonella Enteriditis isolates
from human cases was lower according to CIPARS data (84%
and 83% in 2013 and 2014, respectively) (PHAC, 2015, 2016).
This overrepresentation of resistant Salmonella Enteritidis in
human infections compared with their prevalence in chicken
may be a reflection of the relative importance of travel-
associated Salmonella Enteritidis cases (Nesbitt et al., 2012).

Salmonella Heidelberg was the second most common
serovar in our study and is one of the most common found in
human salmonellosis cases in Canada (Carson et al., 2019).
This serovar presented the second highest levels of resistance
against b-lactams after Salmonella Kentucky, and higher
levels than were observed by NARMS (FDA, 2019). The
results presented here are similar to those reported by CI-
PARS. The CIPARS data have been used to demonstrate that
the presence of ceftiofur-resistant Salmonella Heidelberg in
poultry meat is associated with both the use of ceftiofur in
chicken hatcheries and its incidence in humans in Canada
(Dutil et al., 2010; Carson et al., 2019). In 2014, the poultry
industry in Canada banned preventive use of ceftiofur. Since
that time, ceftiofur resistance in Salmonella Heidelberg from
chicken and humans has decreased (Carson et al., 2019).

Salmonella Kentucky was the most common serovar in this
study and presented higher levels of resistance to ami-
noglycosides and tetracyclines than other serovars after
controlling for other variables. High resistance in Salmonella
Kentucky was also reported by NARMS (FDA, 2019) and the
EU (EFSA and ECDC, 2015). The levels of resistance in this
serovar have increased compared with when CIPARS first
started collecting data in 2002 (Parmley et al., 2013). This is
worthy of consideration given that this serovar is an un-
common cause of human disease, possibly due to the lack of
SPI2-associated genes (Dhanani et al., 2015). In addition, the
primary concern in Salmonella Kentucky isolates from
clinical cases in Canada is increasing levels of resistance to
quinolones that appears to be associated with travel (Mulvey
et al., 2013). These findings stress the importance of con-
ducting further research on the role of poultry meat as a
contributor to the AMR burden in human health.

Conclusions

This study provides a comprehensive snapshot of AMR in
the poultry production chain in Canada. Levels of resistance
were higher in E. coli than in Salmonella isolates, and they
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did not change significantly across the different stages of the
chain or according to season. There was variability in the
levels of resistance in both E. coli and Salmonella from dif-
ferent regions. Compared with other jurisdictions, resistance
in Canada was higher to older antimicrobials and lower to
newer ones. The vast majority of Salmonella Enteritidis
isolates were fully susceptible to the antimicrobials tested.
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