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Of 1,927 Enterococcus species isolates collected across Canada from 2007 to 2013, 80 (4.2%) were identified as vancomycin-resis-
tant enterococci (VRE). VRE infections during this time tripled in Canadian hospitals, from 1.8% to 6.0% (P � 0.03). All VRE
were Enterococcus faecium, with 90% possessing vanA. The prevalence of vanB decreased from 37.5% in 2007 to 0% in 2013 (P <
0.05). The VRE were multidrug resistant, but 70.6%, 86.3%, and 100% were susceptible to doxycycline, linezolid, and daptomy-
cin, respectively.

Vancomycin-resistant enterococci (VRE) are an important
cause of nosocomial infections worldwide and may cause sig-

nificant mortality in immunosuppressed populations (1). Since
the first description of VRE in 1986, the incidence of VRE infec-
tions has significantly increased, particularly in parts of Asia, Eu-
rope, and the United States (2, 3). The annual VRE burden in U.S.
hospitals was estimated in 2004 to range from a conservative
20,931 infections (95% confidence interval [CI], 12,596 to
29,266), to a more liberal 85,586 infections (95% CI, 55,986 to
115,186 [4]). The number of U.S. hospitalizations with VRE dis-
charges more than doubled between 2000 and 2006, with a re-
ported prevalence as high as 65% in U.S. hospitals (2, 5). In con-
trast, the prevalence of VRE in Canadian hospitals remains low,
although it has been increasing steadily since the first description
of these organisms in 1993 (6). The Canadian Nosocomial Infec-
tion Program (CNISP) was the first to report the prevalence of
VRE in Canadian hospitals, which was reported at 0.1% in 1996
(7). The Canadian National Intensive Care Unit (CAN-ICU)
study reported the prevalence in Canadian ICUs to have increased
from 1.8% in 2007 to 4.6% in 2009 (8). A second report from the
CNISP studying the epidemiology of VRE in bloodstream infec-
tions (BSI) described a significant increase in bacteremia caused
by VRE in eastern and central Canada since 2007 (9). Only a few
studies have been performed on the epidemiology of VRE in Ca-
nadian hospitals and have focused on specific scenarios (i.e., ICUs
and BSI) since its first report in 1996. As such, the purpose of this
study was to update and assess the epidemiology of VRE isolated
from various clinical specimens in Canadian hospitals from 2007
to 2013.

From 2007 through 2013, 10 to 15 tertiary care centers across
Canada submitted consecutive pathogens to an ongoing national
surveillance study (CANWARD), obtained from samples from
patients attending hospital clinics, emergency rooms, medical and
surgical wards, and intensive care units. Each site submitted iso-
lates (one isolate per patient) from blood (n � 100 to 360), respi-
ratory (n � 100 to 200), urine (n � 25 to 100), and wound (n � 25
to 50) specimens. The number of isolates submitted differed by
study year (10). All isolates were deemed clinically significant by
the participating laboratories. Statistical analysis was performed
with GraphPad QuickCalcs using the chi-square analysis. A total
of 1,927 Enterococcus species isolates were submitted as part of the

CANWARD study. Of the 1,927 Enterococcus species isolated,
4.2% (80/1,927) were identified as VRE and had an MIC of �32
�g/ml for vancomycin using the Clinical and Laboratory Stan-
dards Institute (CLSI) broth microdilution method (11). Over the
study period, the national prevalence of VRE tripled from 1.8%
in 2007 to 6.0% in 2013 (P � 0.03) and peaked at 7.9% in 2011
(Fig. 1). This observation is consistent with other studies doc-
umenting the increasing prevalence of VRE in Canadian ICUs
and VRE as a cause of BSI in Canadian hospitals (8, 9). Simi-
larly, the prevalence of VRE in a single hospital in China in
2012 to 2013 was reported at 4.4% (12). In contrast, the prev-
alence of VRE in Canadian hospitals was much lower than that
seen with significant increases observed in other countries; in
the United States, the prevalence of VRE in elderly increased
significantly from 6% in 1998 to 25% in 2009 (13), and in
Taiwan, there was an increase in the prevalence of VRE blood
isolates from 3.9% in 2003 to 18.9% in 2010 (3).

The majority of the VRE isolates obtained in the current study
were from central (Ontario and Quebec, 58.8% [n � 47]) and
western Canada (British Columbia, Alberta, Saskatchewan, and
Manitoba, 40% [n � 32]), with only one isolate (1.2%) coming
from eastern Canada (New Brunswick and Nova Scotia). The ob-
served distribution of VRE in Canadian hospitals is consistent
with that in other studies (7, 9). Interestingly, it appears that VRE
emerged in central and western Canada (6, 7) but remains a rare
finding in eastern Canada �2 decades after its first description in
Canadian hospitals. The majority of the isolates originated from
blood (68.8%), followed by wound (15.0%), urine (13.7%), and
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respiratory specimens (2.5%). Although it would appear from the
data that VRE are a significant cause of invasive infections in Ca-
nadian hospitals, this most likely reflects the methodology of the
CANWARD study, as more blood isolates are requested than
other specimen sources. The patient demographics for this study
are summarized in Table 1. Most VRE were identified from med-
ical wards (45.0%), followed by ICUs (32.5%), surgery wards
(12.5%), emergency rooms (6.3%), and hospital clinics (3.8%). In
comparison to vancomycin-susceptible enterococci (VSE), VRE
were more commonly isolated from patients in ICUs (P �
0.0016), whereas VSE were more commonly isolated from pa-
tients in hospital clinics (P � 0.01) and emergency rooms (P �
0.0019). In addition, VRE were more commonly isolated from
patients 18 to 64 years old (P � 0.03), whereas VSE were more
commonly isolated from patients �17 years old (P � 0.05).

All 80 VRE isolates were confirmed to be E. faecium using the
previously described ddl gene PCR to identify Enterococcus species
(14). In contrast, the first CNISP report in 1996 found that 11.3%

of the VRE isolates were E. faecalis. In addition, a recent report
from a hospital in China found the prevalence of vancomycin-
resistant E. faecalis in 2012 to 2013 to be higher, at 6.5%, than that
of vancomycin-resistant E. faecium, at 2.7% (15). A recent CNISP
study evaluating VRE in BSI in Canada from 1999 to 2009 also
isolated E. faecium only, and the results were similar to those of the
current study (9). Vancomycin-resistant E. faecalis is now consid-
ered a rare finding in Canadian hospitals. Genotypes were deter-
mined by using a PCR for vanA and vanB genes (9). Of the VRE,
90% carried the vanA gene, while the remainder carried vanB. The
proportion of VRE possessing the vanB determinant decreased
over the study period from 37.5% in 2007 to 0% in 2013 (P �
0.05). Remarkably, the first report in 1996 found that 96% of VRE
harbored the vanB gene and may be accounted for by the spread of
VRE in a single facility (7). Consequently, it appears that vanA
genotypes are now the predominant genetic proponent in vanco-
mycin resistance in enterococci in Canada. The predominance of
the vanA genotype in VRE isolates has been documented in Eu-
rope, Canada, and the United States (2, 9).

Susceptibility testing was performed using CLSI broth mi-
crodilution methods (11). The antimicrobial susceptibility pro-
files are summarized in Table 2. All VRE were resistant to cipro-
floxacin, levofloxacin, and vancomycin, as expected. Of the VRE,
70.6%, 86.3%, and 100% were susceptible to doxycycline, lin-
ezolid, and daptomycin, respectively. In comparison, 44.7%,
58.1%, 51.6%, 95.5%, and 100% of vancomycin-susceptible en-
terococci were susceptible to ciprofloxacin, levofloxacin, doxycy-
cline, linezolid, and daptomycin, respectively. Interestingly, lin-
ezolid susceptibility for both VRE (86.3%) and VSE (95.5%) was
lower than that reported in high VRE prevalence settings, such as
the United States and China (14, 15). Furthermore, all enterococ-
cal isolates in this study that were linezolid nonsusceptible fell in
the intermediate category (MIC, 4 �g/ml) and did not display
frank resistance. Future studies are required to elucidate the
mechanism of linezolid nonsusceptibility in these isolates.

In summary, the prevalence of VRE infections has tripled be-
tween 2007 and 2013 in Canadian hospitals, from 1.8% to 6.0%.
The majority of the VRE isolates were vanA-positive E. faecium.
The proportion of VRE possessing vanB decreased over the study

FIG 1 The prevalence of Enterococcus spp. (n � 1,927) with vancomycin resistance (n � 80) observed in Canada from 2007 to 2013.

TABLE 1 Summary of demographics of patients with VRE and VSE
infections in Canadian hospitals

Demographic

No. (%) of patients witha:

P valuebVRE (n � 80) VSE (n � 1,847)

Gender
Female 40 (50) 777 (42.1) �0.05
Male 40 (50) 1,070 (57.9) �0.05

Age group (yr)
�17 1 (1.3) 178 (9.6) 0.05
18–64 42 (52.5) 740 (40.1) 0.03
�65 37 (46.3) 929 (50.3) �0.05

Location
Hospital clinic 3 (3.8) 237 (12.8) 0.01
Emergency room 5 (6.3) 353 (19.1) 0.0019
ICU 26 (32.5) 325 (17.6) 0.0016
Medical ward 36 (45.0) 683 (37.0) �0.05
Surgical ward 10 (12.5) 249 (13.5) �0.05

a VRE, vancomycin-resistant enterococci; VSE, vancomycin-susceptible enterococci.
b P � 0.05 is considered statistically significant.
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period. Although treatment options are limited for infections
caused by VRE, most remain susceptible to linezolid and dapto-
mycin.
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TABLE 2 Antimicrobial susceptibility profiles of vancomycin-resistant
and -susceptible E. faecium isolates from CANWARD study

Antimicrobial used

Susceptibility
profile (%)a

MIC range
(�g/ml)

MIC50

(�g/ml)
MIC90

(�g/ml)S I R

Vancomycin-resistant
enterococci

Ciprofloxacin 100 �16 �16 �16
Levofloxacin 100 �32 �32 �32
Vancomycin 100 �32 �32 �32
Doxycycline 70.6 8.8 20.6 �0.12 to 16 2 16
Linezolid 86.3 13.8 0.5 to 4 2 4
Daptomycin 100 �0.06 to 2 1 2

Vancomycin-susceptible
enterococci

Ciprofloxacin 44.7 12.8 42.5 �0.06 to �16 2 �16
Levofloxacin 58.1 0.8 41.1 �0.06 to �32 2 �32
Vancomycin 100 �0.25 to 4 1 2
Doxycycline 51.6 32.7 15.7 �0.12 to 32 4 16
Linezolid 95.5 4.5 �0.12 to 4 2 2
Daptomycin 100 �0.06 to 4 0.5 2

a S, susceptible; I, intermediate; R, resistant.
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