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Colistin (polymyxin E) is a polypeptide antimicrobial 
that was originally discovered in 1949.1,2 It is capable 
of binding to lipopolysaccharide molecules in the 

outer membrane of gram-negative bacteria by displacing 
calcium and magnesium. This results in changes in cell mem-
brane permeability, leakage of cell contents and, subsequently, 
cell death.1,2 Colistin shows in-vitro activity against a diverse 
spectrum of clinically important gram-negative bacteria, 
including many members of the family Enterobacteriaceae 
and Pseudomonas aeruginosa.1 Owing to concerns about toxic-
ity (particularly nephrotoxicity), the use of colistin was 
largely abandoned by the early 1980s in favour of safer alter-
natives.1,2 However, there has been renewed interest in the 
use of colistin as an antimicrobial of last resort for the treat-
ment of infections due to multidrug-resistant gram-negative 
bacteria.2 Colistin is often one of the only remaining antimi-
crobials with in-vitro activity against multidrug-resistant 

Enterobacteriaceae, including those that produce carbapene-
mase enzymes such as the Klebsiella pneumoniae carbapenemase 
and New Delhi metallo-β-lactamase.3,4

In-vitro resistance to colistin commonly involves chromo-
somal mutations.5,6 It frequently results from modifications of 
the lipid A moiety of lipopolysaccharide, mediated by altera-
tions in the 2-component regulatory systems PmrA/PmrB and 
PhoP/PhoQ.5,6 In 2016, Liu and colleagues7 described Esche-
richia coli isolates with plasmid-mediated colistin resistance due 
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Background: Colistin is often used as an antimicrobial of last resort for the treatment of infections caused by multidrug-resistant 
gram-negative bacilli. In 2015, plasmid-mediated colistin resistance in Escherichia coli due to MCR-1 was described. The purpose of 
this study was to evaluate the frequency of colistin resistance among E. coli clinical isolates obtained from patients in Canadian hos-
pitals as part of the Canadian Ward Surveillance Study (CANWARD) and to determine how often the mcr-1 gene is detected among 
the colistin-resistant subset.

Methods: From January 2008 to December 2015 (excluding 2011), 10 to 15 sentinel hospitals submitted consecutive clinical isolates 
(1 per patient per infection site) from blood (100–240), respiratory (100–150), urine (25–100) and wound (25–100) infections. We per-
formed susceptibility testing using Clinical and Laboratory Standards Institute broth microdilution methods. Isolates that showed 
resistance to colistin as defined by European Committee on Antimicrobial Susceptibility Testing breakpoints (minimum inhibitory con-
centration ≥ 4 µg/mL) were evaluated for the mcr-1 gene by polymerase chain reaction.

Results: In total, 5571 E. coli clinical isolates were obtained over the study years. Twelve isolates (0.2%) were resistant to colistin. 
The proportion of colistin-resistant isolates varied from 0.0% to 0.5% depending on the study year, and there was no clear trend 
toward increasing resistance over time. Typically the colistin-resistant isolates remained susceptible to antimicrobials from several 
other classes. Two colistin-resistant isolates (0.04%) were found to harbour the mcr-1 gene.

Interpretation: The results suggest that colistin resistance among E. coli human clinical isolates, including resistance mediated by 
the mcr-1 gene, remains rare in Canada.
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to MCR-1. MCR-1 (encoded for by the mcr-1 gene) is a mem-
ber of the phosphoethanolamine transferase enzyme family. It 
confers resistance to colistin by the transfer of phosphoethanol-
amine to lipid A, thereby reducing the affinity of the target (by 
reducing the negative charge) for this polycationic antimicro-
bial.7 E. coli isolates with the mcr-1 gene typically have colistin 
minimum inhibitory concentrations (MICs) in the range of 4 to 
8 µg/mL.7–11

The location of the mcr-1 gene on a plasmid is concerning, 
as this raises the possibility that the resistance determinant may 
be transferred to multidrug-resistant gram-negative bacteria. 
Indeed, the mcr-1 gene has already been detected in multidrug-
resistant E. coli isolates that also contain an extended-spectrum 
β-lactamase or a carbapenemase enzyme.12–15 Plasmid-mediated 
colistin resistance attributed to a second mcr gene (mcr-2) has 
also recently been described.16 

Many clinical microbiology laboratories do not test colistin 
routinely against E. coli, so the frequency with which resistance 
occurs in Canada is difficult to estimate from local data. The 
purpose of this study was to evaluate the frequency of colistin 
resistance among E. coli clinical isolates obtained from patients 
in Canadian hospitals as part of a national surveillance study, 
CANWARD (the Canadian Ward Surveillance Study), and to 
determine how often the mcr-1 gene is detected among the 
colistin-resistant subset.

Methods

Bacterial isolates
From January 2008 to December 2015, as part of CANWARD, 
sentinel tertiary hospital laboratories across Canada submitted 
clinical isolates from patients attending emergency depart-
ments, medical and surgical wards, hospital clinics and inten-
sive care units. The number of laboratories participating in 
the study annually varied between 10 and 15. The hospital 
laboratories were distributed by population density, with 4 
laboratories in western Canada (British Columbia, Alberta, 
Saskatchewan and Manitoba), 9 in central Canada (Ontario 
and Quebec), and 2 in eastern Canada (New Brunswick and 
Nova Scotia). The centres were asked to submit consecutive 
clinical isolates (1 per patient per infection site) from blood 
(100–240), respiratory (100–150), urine (25–100) and wound 
(25–100) infections yearly. The medical centres submitted 
clinically significant isolates, as defined by their local site cri-
teria. Isolate identification was performed by the submitting 
site and was confirmed at the reference site as required (i.e., 
when morphological characteristics and antimicrobial suscep-
tibility patterns did not fit the reported identification). Isolates 
were shipped on Amies semisolid transport medium to the 
coordinating laboratory (Health Sciences Centre, Winnipeg), 
subcultured onto appropriate media and stocked in skim milk 
at –80°C until MIC testing was carried out. Isolates from 
2011 were excluded from the analysis as colistin was not 
included on the panels used for susceptibility testing during 
that year. All E. coli isolates obtained from the CANWARD 
study from 2008 to 2015 (excluding 2011) were included in 
this analysis.

Antimicrobial susceptibilities
Following 2 subcultures from frozen stock, we determined the 
in-vitro activity of antimicrobials commonly used for the 
treatment of Enterobacteriaceae by broth microdilution in 
accordance with the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines.17 The broth microdilution method 
used to determine colistin MIC was consistent with recom-
mendations of the joint CLSI–European Committee on Anti-
microbial Susceptibility Testing Polymyxin Breakpoints 
Working group.18 Custom broth microdilution panels were 
prepared on site at the Health Sciences Centre. We inter-
preted antimicrobial MICs according to current CLSI break-
points.19 We used European Committee on Antimicrobial 
Susceptibility Testing breakpoints for interpretation of colis-
tin MICs, as the CLSI has not defined colistin breakpoints for 
the Enterobacteriaceae.20 We performed quality control for 
MIC testing in accordance with CLSI recommendations 
using 2 strains, E. coli ATCC 25922 and P. aeruginosa ATCC 
27853. All isolates that tested resistant to colistin as defined by 
the European Committee on Antimicrobial Susceptibility 
Testing (MIC ≥ 4 µg/mL) were submitted to Canada’s 
National Microbiology Laboratory for assessment for the 
presence of the mcr-1 and mcr-2 genes.

Detection of mcr-1 and mcr-2
We screened isolates for the presence of mcr-1 using the poly-
merase chain reaction technique with the primers CLR5-F 
(5′-CGGTCAGTCCGTTTGTTC-3′)7 and MCR1-R 
(5′-ATACACGGCACAGAATACGC-3′) (designed in house). 
We detected the mcr-2 gene using the polymerase chain reac-
tion technique as previously described.16

Whole genome sequencing and analysis
We sequenced the mcr-1-containing isolates using the Illu-
mina MiSeq platform. The sequences were assembled and 
analyzed as previously described.21 Multilocus sequence type 
analysis and identification of mcr-1 and mcr-2 alleles were per-
formed with the use of the Center for Genomic Epidemiol-
ogy analysis tools (www.genomicepidemiology.org).

Results

In total, 5571 E. coli clinical isolates were obtained as part of 
the CANWARD study between 2008 and 2015 (excluding 
2011). The hospital location of the patients from which the 
isolates were collected was as follows: emergency department 
2095 (37.6%), medical ward 1674 (30.0%), clinic 917 (16.5%), 
intensive care unit 536 (9.6%) and surgical ward 348 (6.2%); in 
1 case (0.02%), the location was not specified. The isolates 
were obtained from the bloodstream (2867 isolates [51.5%]), 
urine (2014 [36.2%]), respiratory tract (481 [8.6%]) and 
wounds (209 [3.8%]).

Twelve colistin-resistant E. coli isolates were recovered, from 
patients in 4 of the 10 Canadian provinces (British Columbia, 
Ontario, Quebec and New Brunswick). Five (42%) of these iso-
lates were recovered from outpatients (clinic or emergency 
department), and 7 (58%) were recovered from inpatients 
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(intensive care unit or medical ward). Ten (83%) of the colistin-
resistant isolates were from a bloodstream source. Seven iso-
lates had a colistin MIC of 4 µg/mL, 4 isolates had a colistin 
MIC of 8 µg/mL, and 1 isolate had a colistin MIC of 16 µg/mL. 
The proportion of E. coli isolates that tested resistant to colistin, 
stratified by study year, is presented in Table 1. A total of 
0.0%–0.5% of isolates were colistin-resistant each year. There 
was no clear trend toward increasing colistin resistance among 
the E. coli clinical isolates over the course of the study.

The antimicrobial susceptibility of all isolates and the 
colistin-resistant subset is presented in Table 2. In general, 
the colistin-resistant E. coli isolates remained susceptible to 
antimicrobials from a number of different classes. One isolate 
(8%) was multidrug-resistant (Table 3, Ontario isolate), as 
defined by the Canadian Public Health Laboratory Network 
Antimicrobial Resistance Working Group.22 No colistin-resistant 
isolate was extensively drug-resistant or pan-drug-resistant.22

Of the 12 colistin-resistant E. coli isolates, only 2 tested 

positive for the mcr-1 gene, and the mcr-2 gene was not 
detected in any of the isolates. The first mcr-1-positive isolate 
was obtained in 2010 from the bloodstream of a male patient 
assessed at an emergency department in Ontario. The isolate 
had a colistin MIC of 16 µg/mL and a sequence type of 
ST648. The second mcr-1-positive isolate was obtained in 
2010 from the bloodstream of a male patient seen at an emer-
gency department in British Columbia. The colistin MIC for 
this isolate was 4 µg/mL, and the sequence type was ST515. 
The antimicrobial susceptibility profile of the 2 isolates is pre-
sented in Table 3. The isolate from Ontario was multidrug-
resistant. However, it remained susceptible to broad-spectrum 
β-lactams, including third-generation cephalosporins, 
piperacillin–tazobactam and meropenem. The isolate from 
British Columbia was susceptible to antimicrobials from mul-
tiple different classes. Additional clinical details of the patients 
from whom the isolates were obtained were not available, and 
it is not known whether either patient had a history of travel 

Table 1: Susceptibility of Escherichia coli clinical isolates to colistin, stratified by study year

Year
No. of 

isolates
Colistin MIC50,* 

µg/mL
Colistin MIC90,† 

µg/mL  % susceptible‡ % resistant‡

2008 1130 0.5 1.0 99.9 (1129/1130) 0.1 (1/1130)

2009 1097 0.25 0.5 99.9 (1096/1097) 0.1 (1/1097)

2010 1013 0.25 0.5 99.5 (1008/1013) 0.5 (5/1013)

2012 499 0.25 0.5 100.0 (499/499) 0.0 (0/499)

2013 655 0.25 0.5 99.7 (653/655) 0.3 (2/655)

2014 618 0.25 0.5 100.0 (618/618) 0.0 (0/618)

2015 559 0.25 0.5 99.5 (556/559) 0.5 (3/559)

Note: MIC = minimum inhibitory concentration.
*MIC at or below which 50% of isolates are inhibited.
†MIC at or below which 90% of isolates are inhibited.
‡European Committee on Antimicrobial Susceptibility Testing breakpoints for colistin v. Enterobacteriaceae: an MIC of 2 µg/mL or less 
is defined as susceptible; an MIC of 4 µg/mL or more is defined as resistant.20

Table 2: Antimicrobial susceptibility profile of Escherichia coli isolates recovered from patients in Canadian hospitals as part of 
the CANWARD study

Antimicrobial

All isolates  
(n = 5571)

Colistin-resistant subset  
(n = 12)

MIC50,  
µg/mL

MIC90,  
µg/mL % susceptible

MIC50,  
µg/mL

MIC90,  
µg/mL % susceptible

Amoxicillin–clavulanate 4 16 85.8 (4783/5571) 4 8 91.7 (11/12)

Cefazolin 2 32 71.2 (3967/5571) 2 8 75.0 (9/12)

Ceftazidime ≤ 0.5 1 94.0 (5238/5571) ≤ 0.25 0.5 100.0 (12/12)

Ceftriaxone ≤ 0.25 0.5 91.7 (5109/5571) ≤ 0.25 ≤ 0.25 100.0 (12/12)

Ciprofloxacin ≤ 0.06 > 16 76.7 (4274/5571) ≤ 0.06 > 16 75.0 (9/12)

Colistin 0.25 0.5 99.8 (5559/5571) 4 8 0 (0/12)

Gentamicin ≤ 0.5 2 90.5 (5043/5571) ≤ 0.5 32 75.0 (9/12)

Meropenem ≤ 0.06 ≤ 0.06 100.0 (5570/5571) ≤ 0.03 ≤ 0.03 100.0 (12/12)

Piperacillin–tazobactam 2 4 97.5 (5434/5571) ≤ 1 4 100.0 (12/12)

Trimethoprim–sulfamethoxazole ≤ 0.12 > 8 72.6 (4047/5571) ≤ 0.12 > 8 83.3 (10/12)
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to an area where E. coli harbouring the mcr-1 gene are more 
commonly found.

Interpretation

MCR-1 was first described by Liu and colleagues7 among E. coli 
isolates in China in late 2015. They found the mcr-1 gene in 
E. coli from animals, raw meat samples and humans with clinical 
infection. There have subsequently been many publications 
documenting the widespread dissemination of this resistance 
determinant.23 The mcr-1 gene has been detected in isolates 
recovered from animals in China, Japan, Vietnam, Malaysia, 
France, Germany, the Netherlands, Belgium, Italy, Spain, 
Tunisia and Algeria.23,24 Isolates harbouring the mcr-1 gene 
have been found in food products (mostly meat) in the Nether-
lands, Portugal, Denmark, France, Switzerland, the United 
Kingdom, China and Taiwan.23,25 In addition, clinical isolates 
that contain the mcr-1 gene have been reported in Vietnam, 
China, Taiwan, Thailand, Laos, Cambodia, the Netherlands, 
Sweden, the UK, Germany, Denmark, Switzerland, Italy, 
South Africa, Egypt, Argentina and the United States.23,25–30 Of 
interest, Shen and colleagues31 showed the presence of mcr-1 in 
3 E. coli isolates of chicken origin from China dating back to the 
1980s, which supports the view that this is not a new resistance 
mechanism despite its recent recognition. The mcr-1 gene has 
been found most commonly in E. coli but has also been detected 
in Salmonella spp. and K. pneumoniae.9,12,23,24

Mulvey and colleagues32 have previously reported on the 
presence of the mcr-1 gene among E. coli in Canada. They 
screened about 1600 isolates from Canadian sources and iden-
tified 3 E. coli isolates that were mcr-1-positive: 1 was recov-
ered from a clinical specimen in 2011, and 2 were recovered 
from lean ground beef in 2010. These findings as well as the 
data presented in the current study support the rarity of this 
resistance determinant in Canada at present. The 2 multilocus 
sequence types of the isolates that we identified (ST648 and 
ST515) were not closely related to the 3 reported by Mulvey 
and colleagues.32

In the present study, both E. coli isolates with the mcr-1 gene 
were recovered from patients seen at hospital emergency 
departments, which implies community onset of infection. 
Because details regarding the clinical history of the patients were 
not available, it is impossible to determine whether the isolates 
were community-acquired or hospital-acquired. It is also not 
known whether either patient had a history of travel to a country 
where E. coli harbouring the mcr-1 gene are more prevalent. 
Given these limitations and the small number of mcr-1-positive 
isolates in this study, no definitive conclusions can be drawn 
about whether this resistance mechanism may be more com-
monly found among E. coli isolates acquired in the community.

Colistin has been widely used in veterinary medicine for 
infections caused by Enterobacteriaceae in animals consumed 
as food.33 The detection of E. coli with the mcr-1 gene in a 
higher proportion of animal and raw meat samples relative to 
human clinical samples supports the notion that this resis-
tance mechanism likely emerged in animals and subsequently 
spread to humans. It is speculated that the relative infre-
quency of mcr-1 among E. coli in Canada may relate to lower 
use of colistin among livestock in this country.34

Limitations
There are several important limitations to our study. Only 
E.  coli isolates that tested phenotypically resistant to colistin 
were assessed for the presence of the mcr-1 gene. In the litera-
ture, E. coli that harbour mcr-1 typically have colistin MIC val-
ues of 4 µg/mL or greater. However, infrequently, this gene 
has been detected among isolates with an MIC of 2 µg/mL.8 It 
is possible that a very small number of mcr-1-positive isolates 
may have been missed by restricting testing to the colistin-
resistant subset, although this is unlikely. We did not evaluate 
the isolates for other mechanisms of colistin resistance. 
Hence, it is not known whether the phenotypic expression of 
colistin resistance among the isolates that tested positive for 
mcr-1 was entirely due to this resistance mechanism. We also 
did not determine the mechanism of colistin resistance among 
the 10 colistin-resistant isolates that did not contain the mcr-1 

Table 3: Antimicrobial susceptibility profile for the 2 Escherichia coli isolates that tested positive for 
MCR-1

Antimicrobial

Isolate from Ontario Isolate from British Columbia

MIC, µg/mL Interpretation MIC, µg/mL Interpretation

Amoxicillin–clavulanate > 32 Resistant 4 Susceptible

Cefazolin 8 Resistant 2 Susceptible

Ceftazidime 0.5 Susceptible 0.5 Susceptible

Ceftriaxone ≤ 0.25 Susceptible ≤ 0.25 Susceptible

Ciprofloxacin > 16 Resistant 0.5 Susceptible

Colistin 16 Resistant 4 Resistant

Gentamicin 32 Resistant ≤ 0.5 Susceptible

Meropenem ≤ 0.03 Susceptible ≤ 0.03 Susceptible

Piperacillin–tazobactam 16 Susceptible 2 Susceptible

Trimethoprim–sulfamethoxazole > 8 Resistant ≤ 0.12 Susceptible
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or mcr-2 genes. Data were not available for 2011, as colistin 
was not included on the susceptibility panel during that year. 
Finally, members of the family Enterobacteriaceae other than 
E. coli were not included in this analysis.

Conclusion
Colistin resistance was infrequent among 5571 E. coli clinical 
isolates obtained from patients at Canadian hospitals between 
2008 and 2015. The proportion of E. coli isolates resistant to 
colistin varied from 0.0% to 0.5% depending on the study 
year, and there was no clear trend toward increasing resis-
tance over time. Only 2 isolates were found to harbour the 
mcr-1 gene, and the mcr-2 gene was not detected in any of the 
isolates. These findings suggest that colistin resistance among 
E. coli clinical isolates, including resistance mediated by the 
mcr-1 gene, remains rare in Canada at present.
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