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INTRODUCTION: Methicillin-resistant Staphylococcus aureus
(MRSA) infection in intensive care units (ICUs) has increased dra-
matically in prevalence in recent years, and is associated with
increased morbidity, mortality and cost of care. The aim of the present
study was to describe the epidemiology and outcomes of MRSA infec-
tion in the general systems ICU at the University of Alberta Hospital
in Edmonton, Alberta.

METHODS: A retrospective cohort analysis of patients infected with
MRSA in a general systems ICU was conducted from January 1, 1997,
to August 15, 2005.

RESULTS: Forty-six cases of MRSA were identified, of which
36 (78.3%) were infected. The most common admitting diagnoses
included respiratory failure (41.7%) and sepsis or septic shock
(36.1%). Infection was hospital acquired in 58.3% of cases (10 cases
ICU acquired), with a median time to infection of 11 days. The most
common sites of infection were the respiratory tract, skin and blood.
Median lengths of stay were 13 days in the unit and 27 days in-hospital.
Crude mortality was 55.6%. Time to appropriate antimicrobial treat-
ment was delayed in 80.5% of patients. Four prototypical Canadian
MRSA (CMRSA) strains were identified by pulsed-field gel elec-
trophoresis. Hospital-acquired strains were predominantly CMRSA-2
(59%), indicating that this clone circulates at the University of
Alberta Hospital.

CONCLUSIONS: MRSA infection remains uncommon at the
University of Alberta Hospital, resulting in delays in instituting
appropriate antimicrobial therapy. To date, only a few community-
acquired strains have been noted. ICU acquisition of MRSA remains
rare, with only 10 cases over the past nine years. The majority of
hospital-acquired strains were CMRSA-2.
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Staphylocoque doré méthicillinorésistant dans
une unité de soins intensifs canadienne :
Instauration du traitement efficace retardée
par la faible prévalence de 'infection

INTRODUCTION : La prévalence des infections a staphylocoque doré
méthicillinorésistant (ou MRSA, pour methicillin-resistant Staphylococcus
aureus) dans les unités de soins intensifs (USI) a considérablement
augmenté depuis quelques années et elle est associée a une hausse de la
morbidité, de la mortalité et du cotit des soins de santé. Le but de I'étude
était de décrire l'infection 2 MRSA dans les USI de soins généraux du
University of Alberta Hospital 2 Edmonton en Alberta du point de vue de
son épidémiologie et de son aboutissement.

METHODES : Une analyse de cohorte rétrospective des patients infectés
par MRSA dans les USI de soins généraux a été réalisée entre le 17 janvier
1997 et le 15 aotit 2005.

RESULTATS : Quarante-six cas de MRSA ont été identifiés, dont
36 (78,3 %) cas d'infection. Les diagnostics les plus fréquents a 'admission
étaient insuffisance respiratoire (41,7 %) et sepsie ou choc septique
(36,1 %). Linfection était nosocomiale dans 58,3 % des cas (10 cas ont été
transmis dans 'USI) avec un temps médian de 11 jours avant I'infection.
Les foyers infectieux les plus courants étaient les voies respiratoires, la peau
et le sang. Les séjours médians étaient de 13 jours a P'USI et de 27 jours a
I'hopital. Le taux brut de mortalité était de 55,6 %. Lintervalle avant
I'antibiothérapie appropriée a été retardé chez 80,5 % des patients. Quatre
souches prototypes du MRSA canadien (C-MRSA) ont été identifiées par
électrophorese sur gel en champ pulsé. Les souches nosocomiales étaient
principalement CMRSA-2 (59 %), indiquant que ce clone circule au
University of Alberta Hospital.

CONCLUSION : Linfection 8 MRSA reste peu fréquente au University
of Alberta Hospital, ce qui occasionne un retard dans l'instauration de
l'antibiothérapie qui s’impose. A ce jour, seules quelques souches acquises
dans la communauté ont été recensées. La transmission du MRSA dans les
USI reste rare, soit seulement dix cas au cours des neuf derniéres années.
La majorité des souches nosocomiales était de type CMRSA-2.
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Methicillin—resistant Staphylococcus  aureus (MRSA) is
responsible for a growing number of nosocomial infec-
tions, particularly in the critically ill (1-3). Data from the
2003 National Nosocomial Infections Surveillance System
demonstrate higher rates of MRSA in intensive care unit
(ICU) patients than in other patient populations (4).
Outbreaks have been described globally in adult, pediatric
and neonatal ICUs (5-7).

Multiple studies have shown increased morbidity and
mortality due to MRSA infection compared with methicillin-
susceptible S aureus infection in critically ill patients. MRSA
has been shown to prolong ICU stays and lengths of hospital
stay, and to result in higher adverse outcomes and costs (8-10).

Clinically and genetically distinct community-acquired
MRSA (CA-MRSA) strains have been recently described;
these strains, in particular, have resulted in severe disease
requiring ICU support (11-13). There is considerable potential
for the spread of these strains in the future, as patients lack tra-
ditional risk factors and may not meet criteria for screening
and/or pre-emptive isolation on admission. The incidence of
such strains within Canadian ICUs is unknown.

We undertook the present study to provide epidemiological
data, describe outcomes, and examine antimicrobial suscepti-
bility patterns and molecular characteristics of MRSA infec-
tion in our general systems ICU at the University of Alberta
Hospital (Edmonton, Alberta). We were specifically interested
in the extent of nosocomial transmission within our unit, and
the presence of community-acquired isolates.

METHODS
The University of Alberta Hospital is a 700-bed tertiary referral
hospital and is the principal teaching hospital of the University of
Alberta’s Faculty of Medicine. It includes a 30-bed general systems
ICU that admits adult general medical, trauma and surgical
patients, as well as solid organ transplant recipients.

Inpatient populations have been prospectively surveyed for
nosocomial and antibiotic-resistant microorganisms since 1986 as
part of routine infection control surveillance. Clinical specimens
are processed and analyzed by the clinical microbiology laboratory.
ICU patients with MRSA isolates are reviewed by infection con-
trol practitioners and are subcategorized as colonized or infected
based on United States Centers for Disease Control and
Prevention criteria (14).

All ICU patients in whom MRSA was isolated from January 1,
1997, to August 15, 2005, were retrospectively reviewed. Clinical
specimens were collected in the setting of suspected infection, and
screening was performed on admission to the ICU in patients
transferred from other hospitals or health care institutions.
Routine MRSA screening for all patients on admission to the unit
was not practiced at the time of the study.

Demographic data, time from admission to the development of
infection, antimicrobial susceptibilities, choice and timing of
empirical antibiotic therapy, ICU length of stay and crude mortal-
ity rates were collected. Effective antimicrobial therapy was
defined as the initiation of an antimicrobial with in vitro activity
against MRSA.

S aureus isolates at the University of Alberta Hospital were
identified by routine laboratory procedures. Susceptibility assays
performed using BD Phoenix instrumentation (Becton, Dickinson
and Company, USA). Methicillin resistance was determined
according to Clinical and Laboratory Standards Institute guide-
lines (15) using a cefoxitin disk diffusion screening test. Isolates
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Figure 1) Annual methicillin-resistant Staphylococcus aureus
infection rates. ICU Intensive care unit

were further characterized by the detection of the penicillin bind-
ing protein (PBP2') using the PBP2' latex agglutination test
(MRSA-Screen, Denka Seiken Co, Ltd, Japan). Any S aureus iso-
late exhibiting cefoxitin resistance and PBP2' positivity was con-
sidered to be MRSA. In cases in which PBP2' was indeterminate
or weakly positive, identification of the mecA gene was performed
using polymerase chain (PCR)  technology.
Staphylococcal chromosomal cassette subtypes and the Panton-
Valentine leukocidin toxin gene were similarly detected using
PCR techniques.

Molecular typing by pulsed-field gel electrophoresis (PFGE) to
generate macrorestriction fragment length polymorphism patterns
was performed on all of the isolates. The protocol was carried out
according to a previously described standardized protocol (16).
The restricted DNA fragments were resolved by electrophoresis
and were analyzed. A relatedness dendrogram was generated using
the Dice coefficient with 1% tolerance and was interpreted
according to Tenover’s criteria along with previously collected
epidemiological data (17). PFGE nomenclature of MRSA strains
used by the Canadian Nosocomial Infection Surveillance Program
at the National Microbiology Laboratory in Winnipeg, Manitoba,
was adopted (18).

MRSA strains were defined as community acquired if they
were present or incubating at the time of admission to hospital
(identified within 48 h of admission). Health care-associated
strains included those acquired at the hospital, as well as those iso-
lated in patients admitted from long-term care facilities or other
hospitals. Based on molecular typing results, specific Canadian
MRSA (CMRSA) strains — CMRSA-7 and CMRSA-10 — were

also considered to be community acquired.

reaction

RESULTS
There were 11,481 admissions to the general systems ICU from
January 1, 1997 to August 15, 2005. Forty-six patients had
MRSA isolated from a clinical specimen during their ICU stay.
Thirty-six patients (78.3%) were infected. The overall infec-
tion rate was 3.1 per 1000 ICU admissions, and annual infec-
tion rates ranged from 0.7 to 7.8 per 1000 ICU admissions
(Figure 1). Of all S aureus isolates from the ICU, approximately
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TABLE 1
Infected subgroup characteristics (n=36)

Mean age, years (range) 62.5 (19 to 88)

Male sex, % 72.2
Comorbidities, n (%)
Malignancy 5(14)
Diabetes (requiring insulin therapy) 4 (11)
Renal dysfunction* 4 (1)
Hepatic dysfunction® 2 (6)
Chronic corticosteroid uset 2 (6)
Transplantation 2 (6)
Neutropenia$ 1(3)
HIV infection 0 (0)
Admitting diagnoses, n (%)
Respiratory failure 15 (41.7)
Sepsis or septic shock 13 (36.1)
Trauma 2 (5.6)
Cardiac arrest 2 (5.6)
Liver failure 2 (5.6)
Postoperative monitoring 1(2.8)
Cerebrovascular accident 1(2.8)
Mechanically ventilated, n (%) 35 (97)
Median time to infection, days (95% CI) 11 (13.1 to 27.6)
Total number of infections, n (%) 36 (100)
Health care-associated infections 34 (94.4)
Acquired at the University of Alberta Hospital 21 (58.3)
Acquired in the intensive care unit 10 (27.8)
Acquired outside of the University of Alberta Hospital 13 (36.1)
Community-acquired infections 2 (5.6)
Number of infected patients that received therapy, n (%) 33 (91.7)
Time to initiation of effective therapy
<24 h1 4(11.1)
24hto72h 15 (41.7)
>72 h 14 (38.9)
Antimicrobial used
Vancomycin 31 (86.1)
Trimethoprim-sulfamethoxazole 2 (5.6)
Outcomes
Crude mortality rate in infected patients, % 55.6

Median length of stay, days (95% CI)
In the intensive care unit 13 (12.9 to 23.8)

In the University of Alberta Hospital 27 (30.0 to 46.6)

*Defined as a creatinine level of at least 200 umol/L, or the need for peritoneal
dialysis or hemodialysis; TDefined as at least two of the following: a bilirubin
concentration of at least 40 umol/L, or aspartate aminotransferase or alanine
aminotransferase levels more than two times the upper limit of normal;
*Defined as at least 20 mg/day prednisone (or equivalent dose of other corti-
costeroid) for two weeks in the 30 days before admission; $Defined as less
than or equal to 500x10%L; TTwo of the four patients were known to be
methicillin-resistant Staphylococcus aureus positive on transfer to the unit

4% were MRSA from 1997 to 2005, with annual rates ranging
from 2% to 14%.

Characteristics, admitting diagnoses, times to infection and
modes of acquisition (health care-associated versus community)
in the infected subgroup are presented in Table 1. There was
one site of infection in 29 patients (80.6%) and two sites in
seven patients (19.4%). There were 24 respiratory infections,
one surgical site infection, one bacteremia infection and
three skin infections.
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Figure 2) Pulsed-field gel electrophoresis demonstrating the clones
identified in the intensive care unit (shown in bold). Four Canadian
methicillin-resistant Staphylococcus aureus (CMRSA) clones and
three nonassigned clones were identified. All 10 CMRSA prototypes
are also shown for comparison

Data on times to treatment with an antimicrobial effec-
tive against MRSA after collection of the clinical specimen
in suspected infection, types of antimicrobial used, and out-
comes are presented in Table 1. Two patients were not treated.
The median time to the initiation of appropriate antibiotic
therapy was four days. The median length of stay in the unit
was 13 days (95% CI 12.9 to 23.8 days), which was substan-
tially longer than that observed for all-comers to the unit
from 1997 to 2005 (median 6.06 days, 95% CI 5.69 to
6.44 days). The crude mortality rate of 55.6% compares with
an overall mortality rate of 13.6% in the ICU study patients
(2005 data; mortality rates over the entire study period were
not available). There were no differences in mortality based
on the timing of appropriate antimicrobial therapy, although
the numbers were too small for statistical comparison.

Antimicrobial susceptibilities were available for 45 of
46 strains (98%). All strains were resistant to cefazolin,
cloxacillin, erythromycin and penicillin. Three isolates (7%)
were susceptible to clindamycin and 39 (87%) were susceptible
to trimethoprim-sulfamethoxazole. All strains were sensitive
to vancomycin, with minimum inhibitory concentrations
(MICs) of 2 mg/L or under in 35 isolates; one isolate had an
MIC of 4 mg/L.

PFGE, as shown in Figure 2, revealed four prototypic
clones: CMRSA-2, CMRSA-4, CMRSA-6 and CMRSA-10
(19-21). Three additional clones not belonging to the CMRSA
prototypes were identified and are denoted ‘not assigned’. The
isolates acquired at the hospital were predominantly CMRSA-2,
which accounted for 59% of the total. Only one CMRSA-10
clone, presenting as one of the two community-acquired infec-
tions, was identified. The presence of staphylococcal chromo-
somal cassette type IV and the Panton-Valentine leukocidin
toxin gene were confirmed by PCR. This strain was not associ-
ated with necrotizing pneumonia, or severe skin or soft tissue
infection.

DISCUSSION
The present retrospective cohort study provides data on the
epidemiology, antimicrobial susceptibility patterns, molecular
characteristics and outcomes of MRSA infection in our adult
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general systems ICU over a nine-year period. It is the first
Canadian study of its kind and serves to emphasize the need for
surveillance of antimicrobial-resistant organisms in our ICUs.

Infection rates from a large study of 38 German ICUs from
2001 to 2003 were comparable (22). Rates in American ICUs
are substantially higher, with MRSA representing 55% to 70%
of S aureus isolates (23,24). One Canadian study (25) found
the mean MRSA rate reported from a survey of infection con-
trol programs in Canadian acute care hospitals in 2005 to be
2.0 per 1000 admissions. This is slightly lower than our reported
rate of 3.1 per 1000 ICU admissions; however, this is expected
because both ICU and non-ICU patients were included in the
former study.

Fifty-eight per cent of infections were acquired within our
institution, and although this is a substantial percentage, it rep-
resents only 21 cases of nosocomial infection over a nine-year
period. Only 10 infections were unit acquired. This low rate of
nosocomial transmission is, we hope, a result of strict infection
control surveillance and isolation procedures at our institution.

The respiratory tract was the most common site of MRSA
infection in our patients and has been similarly demonstrated
to be a major site of infection in other studies (26-28).

Both animal and human studies have demonstrated
improved survival with early, effective antimicrobial therapy
in sepsis (29-31). Delays in initiation of effective therapy in
our patients is concerning and may account for at least some
portion of the high crude mortality observed.

Molecular characterization demonstrated that 59% of the
strains acquired within our institution were identified as
CMRSA-2. CMRSA-2 has been previously described as a hospi-

tal epidemic clone, which is consistent with our epidemiological
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