
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, May 2010, p. 2265–2268 Vol. 54, No. 5
0066-4804/10/$12.00 doi:10.1128/AAC.01717-09
Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Antimicrobial Susceptibilities of Health Care-Associated and
Community-Associated Strains of Methicillin-Resistant

Staphylococcus aureus from Hospitalized Patients in
Canada, 1995 to 2008�

Andrew E. Simor,1,2* Lisa Louie,1 Christine Watt,1 Denise Gravel,3 Michael R. Mulvey,4
Jennifer Campbell,4 Allison McGeer,2,5 Elizabeth Bryce,6 Mark Loeb,7

Anne Matlow,8 and the Canadian Nosocomial Infection
Surveillance Program

Sunnybrook Health Sciences Centre, Toronto, ON, Canada1; Department of Laboratory Medicine & Pathobiology, University of
Toronto, Toronto, ON, Canada2; Centre for Communicable Diseases and Infection Control, Public Health Agency of Canada,

Ottawa, ON, Canada3; National Microbiology Laboratory, Public Health Agency of Canada, Winnipeg, MN, Canada4;
Mount Sinai Hospital, Toronto, ON, Canada5; Vancouver General Hospital, Vancouver, BC, Canada6;

McMaster University, Hamilton, ON, Canada7; and Hospital for Sick Children, Toronto, ON, Canada8

Received 7 December 2009/Returned for modification 7 February 2010/Accepted 27 February 2010

We determined the in vitro antimicrobial susceptibilities of 7,942 methicillin-resistant Staphylococcus aureus
(MRSA) isolates obtained from patients hospitalized in 48 Canadian hospitals from 1995 to 2008. Regional
variations in susceptibilities were identified. The dissemination of community-associated strains in Canada
appears to have contributed to increased susceptibility of MRSA to several non-�-lactam antimicrobial agents
in the past decade. Reduced susceptibility to glycopeptides was not identified.

The incidence of infections caused by health care-associ-
ated and community-associated strains of methicillin-resis-
tant Staphylococcus aureus (MRSA) continues to increase in
most parts of the world (4, 6). Community-associated MRSA
(CA-MRSA) strains were initially reported to be more suscep-
tible to various classes of antimicrobial agents than health
care-associated MRSA (HA-MRSA) strains (16). However,
this may no longer be true, particularly as CA-MRSA strains
are increasingly being introduced into hospital settings (13,
18). Although glycopeptides have long been considered the
treatment of choice for serious MRSA infections, concern has
arisen because of the emergence and spread of strains with
reduced susceptibility to vancomycin (7, 10, 12). In this study,
we determined the in vitro susceptibilities of HA- and CA-
MRSA strains obtained in national surveillance conducted in
Canadian hospitals to commonly used systemic and topical
antimicrobial agents. We were specifically interested in moni-
toring trends over time and regional differences across the
country and determining whether there were differences in
resistance profiles of CA-MRSA compared to HA-MRSA in
Canada.

Prospective surveillance for MRSA in hospitalized patients
has been conducted by the Canadian Nosocomial Infection
Surveillance Program (CNISP) since 1995 (20–22). The CNISP
involves 48 sentinel hospitals across Canada, working in col-
laboration with the Centre for Communicable Diseases and
Infection Control and the National Microbiology Laboratory,

both of the Public Health Agency of Canada. Most (94%) of
the hospitals are tertiary care teaching hospitals, representing
almost all of the university-affiliated medical centers in the
country. To maintain site-specific confidentiality, the hospitals
were grouped into one of three geographic regions: western
Canada (16 hospitals from the provinces of British Columbia,
Alberta, Saskatchewan, and Manitoba), central Canada (24
hospitals from Ontario and Quebec), and eastern Canada (8
hospitals from New Brunswick, Nova Scotia, and Newfound-
land and Labrador).

Surveillance for MRSA was laboratory based, as previously
described, and only hospitalized patients newly identified as
colonized or infected with MRSA were included (20, 21). The
medical records were reviewed to extract clinical and demo-
graphic information. The presence of infection caused by
MRSA was determined using standard surveillance definitions
(8). As the surveillance was observational, did not involve any
change in patient care, and was considered to be within the
usual scope of hospital-based infection prevention and control
programs, research ethics board approval was not required.

MRSA isolates obtained from 1995 to 2008 were included in
this study and submitted to a central laboratory for further
characterization; only one isolate (generally the first) from
each patient was included. All isolates were confirmed as
MRSA by detection of the nuc and mec genes by PCR (14). All
isolates submitted in 1995 and 1996 and a geographically rep-
resentative subset of those submitted in each subsequent year
were selected for antimicrobial susceptibility testing.

Antimicrobial susceptibility testing was done by broth mi-
crodilution in accordance with Clinical and Laboratory Stan-
dards Institute guidelines (3). Detection of inducible clinda-
mycin resistance was done by the disk approximation D-zone
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test or by broth microdilution with a combined erythromycin
(4.0 �g/ml) and clindamycin (0.5 �g/ml) well (3). Multidrug-
resistant organisms were defined as those resistant to three or
more non-�-lactam classes of antimicrobial agents.

All isolates were typed by pulsed-field gel electrophoresis
(PFGE) following SmaI digestion of genomic DNA and ana-
lyzed using BioNumerics software, version 5.1 (Applied Maths,
Austin, TX) (15, 22). Clonal similarities were derived from the
unweighted pair group method using arithmetic averages
(UPGMA) and based on Dice coefficients. Band position toler-
ance and optimization were set at 1.5% and 2.0%, respectively.
A similarity coefficient of �80% was used to determine clonal-
ity. CA-MRSA strains were defined as PFGE types CMRSA-7
and CMRSA-10, resembling genotypes USA400 (multilocus
sequence type 1 [ST1], clonal complex 1 [CC1]) and USA300
(ST8, CC8), respectively (2). These strains all had the staphy-
lococcal cassette chromosome mec (SCCmec) type IV, as de-
termined by PCR using previously described primers and
methods (17).

A total of 7,942 unique patient isolates were available for
antimicrobial susceptibility testing; the results are summarized
in Table 1. There were no isolates with reduced susceptibility
to vancomycin, and there was no increase in the vancomycin
MIC90, or change in the distribution of vancomycin MICs over
time (data not shown). Resistance to linezolid, daptomycin,
tigecycline, and ceftobiprole was not detected. The proportion
of isolates resistant to certain antimicrobial agents decreased
over time. The rates of resistance to clindamycin, tetracycline,
and trimethoprim-sulfamethoxazole decreased from 92%,
31%, and 55%, respectively, in the first 5 years of surveillance
(1995 to 1999) to 66%, 8%, and 7%, respectively, in the last 4
years of surveillance (2005 to 2008) (P � 0.001 for each anti-
microbial agent). Overall, 2,594 (33%) isolates were multidrug
resistant, but the proportion of multidrug-resistant isolates de-
creased from 60% of those recovered from 1995 to 1999 to
13% recovered between 2005 and 2008 (P � 0.001). The rates
of high-level resistance to mupirocin increased over time from
2% to 6% (P � 0.001).

There were regional differences in MRSA antimicrobial sus-
ceptibilities in Canada. Isolates recovered from patients hos-
pitalized in western provinces were less likely to be resistant to
clindamycin (66% in the west versus 89% in the rest of the
country; P � 0.001) and to ciprofloxacin (84% versus 93%; P �
0.001). However, they were more likely to be resistant to tet-
racycline (31% versus 7%; P � 0.001), trimethoprim-sulfa-
methoxazole (31% versus 23%; P � 0.001), gentamicin (14%
versus 7%; P � 0.001), and mupirocin (6% versus 3%; P �
0.001). Similar regional differences were also found if only the
last year of the surveillance was considered (data not shown).
There were no significant differences in the antimicrobial sus-
ceptibilities of isolates from MRSA-infected patients com-
pared to isolates from patients with MRSA colonization with-
out infection (data not shown).

There were 1,316 CA-MRSA isolates (CMRSA-10/USA300 or
CMRSA-7/USA400) and 6,626 HA-MRSA isolates (other PFGE
genotypes). Compared to HA-MRSA strains, CA-MRSA strains
were more likely to be susceptible to erythromycin, clindamycin,
tetracycline, trimethoprim-sulfamethoxazole, ciprofloxacin, gen-
tamicin, rifampin, and fusidic acid but were more likely to have
high-level resistance to mupirocin (Table 2). CA-MRSA isolates
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were also less likely to be multidrug resistant (6% of CA-MRSA
isolates versus 38% of HA-MRSA isolates; P � 0.001).

This study provides the first comprehensive data describing
the antimicrobial susceptibilities of a large sample of MRSA
isolates from hospitalized patients in Canada. The results sug-
gest that the antimicrobial susceptibilities vary regionally, have
evolved over time, and vary depending on the genotype (CA-
MRSA versus HA-MRSA). Resistance to erythromycin, clin-
damycin, and ciprofloxacin was relatively common. However,
most isolates were susceptible to tetracycline, trimethoprim-
sulfamethoxazole, gentamicin, and rifampin and were uni-
formly susceptible to newer agents, such as linezolid, dapto-
mycin, tigecycline, and ceftobiprole. We did not identify any
strains with reduced susceptibility to vancomycin, and there
has been only one prior report of a Canadian isolate with
intermediate vancomycin resistance (27). A previous study
identified a small number of MRSA isolates with vancomycin
heteroresistance (hVISA) in Canada (1), but there has not
been any evidence of “MIC creep,” as has been reported else-
where (19, 26).

Similar to results reported in the United States (24), we
observed regional differences in the antimicrobial resistance
profiles of MRSA. Resistance to certain agents (tetracycline,
trimethoprim-sulfamethoxazole, and mupirocin) was more
common in the western provinces than in central Canada or
the eastern part of the country. In contrast, MRSA isolates
from patients hospitalized in western Canada were less likely
to be resistant to clindamycin. The reasons for this regional
variability are uncertain but may be related to differences in
MRSA clonal distribution (most of the CA-MRSA isolates
were recovered from patients in western provinces) (20) or to
variations in antimicrobial utilization (our study was not able
to assess antimicrobial utilization).

Compared to isolates obtained in the first few years of the
surveillance, recent MRSA isolates tended to be more suscep-

tible to a variety of oral antimicrobial agents often used to treat
less severe MRSA infections. In particular, isolates became
increasingly susceptible to clindamycin, tetracycline, and tri-
methoprim-sulfamethoxazole. The only significant increase in
resistance over time was seen with high-level resistance to
mupirocin, as previously reported in Canada (23). This change
in antimicrobial susceptibilities appeared to be associated with
an increase in the proportion of CA-MRSA isolates identified
in Canadian hospitals in the past 5 years (5, 20). Community-
associated strains were generally more susceptible to antimi-
crobial agents and much less likely to be multidrug resistant
than were HA-MRSA strains, as previously reported in recent
U.S. studies (11, 25). However, resistance is likely to increase
in CA-MRSA strains, as they become prevalent in health care
settings and become subject to increasing antimicrobial selec-
tion pressure (13).

This study presents the results of antimicrobial susceptibility
testing of a large number of MRSA isolates obtained in pro-
spective surveillance across Canada over 14 years. A limitation
of the study is that most of the participating hospitals were
tertiary care referral centers, and the results may not be rep-
resentative of other health care facilities in Canada; they are,
however, representative of teaching hospitals in the country.

In conclusion, in the past decade, Canadian MRSA strains
have become more susceptible to several classes of non-�-
lactam antimicrobial agents. Much of this change is likely at-
tributable to the recent emergence of CA-MRSA strains in
Canada. Ongoing surveillance is required to monitor changes
in antimicrobial susceptibility profiles, particularly as CA-
MRSA strains become prevalent in health care settings.
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TABLE 2. Antimicrobial susceptibilities of health care-associated
MRSA and community-associated MRSA (CMRSA7/USA400
and CMRSA-10/USA300) isolates recovered from hospitalized

patients in 48 Canadian hospitals, 1995 to 2008

Antimicrobial
agent(s) or

characteristic

Antimicrobial susceptibility of MRSA isolates

CMRSA-7 (USA400)/
CMRSA-10 (USA300) Other genotypes

No.
tested

MIC90
(�g/ml)

%
resistant

No.
tested

MIC90
(�g/ml)

%
resistant

Erythromycin 1,316 �8.0 80 6,626 �8.0 94
Clindamycin 1,316 �4.0 16 6,216 �4.0 91
Tetracycline 1,316 �2.0 3 6,565 �16 20
TMP-SMXa 1,316 �0.25 1 6,626 �8.0 30
Ciprofloxacin 1,316 �8.0 69 6,626 �8.0 93
Gentamicin 1,269 1.0 2 3,370 �16 13
Rifampin 1,315 �0.25 0.2 6,565 �0.25 2
Vancomycin 1,316 1.0 0 6,626 1.0 0
Fusidic acidb 1,312 0.25 4 6,231 0.5 6
Mupirocinc 1,315 �512 12 6,565 �512 3
Tigecycline 661 0.25 0 1,292 0.5 0
Linezolid 1,275 2.0 0 3,830 2.0 0
Daptomycin 661 0.5 0 1,292 0.5 0
Ceftobiprole 661 1.0 0 1,292 2.0 0
Multidrug resistant 1,316 6 2,626 38

a TMP-SMX, trimethoprim-sulfamethoxazole.
b Resistance to fusidic acid defined as exhibiting an MIC of �2.0 mg/ml (9).
c (High-level) resistance to mupirocin defined as exhibiting an MIC of �512

mg/ml (22).
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