
A comparison of clinical outcomes between healthcare-associated

infections due to community-associated methicillin-resistant

Staphylococcus aureus strains and healthcare-associated

methicillin-resistant S. aureus strains

S. J. EELLS 1,2,3, J. A. MCKINNELL1,2,3, A. A. WANG1, N. L. GREEN4, D. WHANG 4,

P. O’HARA 5, M. L. BROWN 5
AND L. G. MILLER1,2,3*

1 Division of Infectious Diseases, Harbor–UCLAMedical Center, and Los Angeles Biomedical Research Institute

at Harbor–UCLA Medical Center, Torrance, CA, USA
2 Infectious Disease Clinical Outcomes Research Unit (ID-CORE), Los Angeles Biomedical Research Institute at
Harbor–UCLA Medical Center, Torrance, CA, USA
3 David Geffen School of Medicine at the University of California, Los Angeles, Los Angeles, CA, USA
4 Department of Internal Medicine, Harbor–UCLA Medical Center, Torrance, CA, USA
5 Department of Computational Microbiology, GlaxoSmithKline, Collegeville, PA, USA

Received 24 August 2012; Final revision 29 October 2012; Accepted 29 October 2012;

first published online 7 December 2012

SUMMARY

There are limited data examining whether outcomes of methicillin-resistant Staphylococcus aureus

(MRSA) healthcare-associated infections (HAIs) are worse when caused by community-associated

(CA) strains compared to HA strains. We reviewed all patients’ charts at our institution from

1999 to 2009 that had MRSA first isolated only after 72 h of hospitalization (n=724). Of these,

384 patients had a MRSA-HAI according to CDC criteria. Treatment failure was similar in those

infected with a phenotypically CA-MRSA strain compared to a phenotypically HA-MRSA strain

(23% vs. 15%, P=0.10) as was 30-day mortality (16% vs. 19%, P=0.57). Independent risk

factors associated with (P<0.05) treatment failure were higher Charlson Comorbidity Index,

higher APACHE II score, and no anti-MRSA treatment. These factors were also associated with

30-day mortality, as were female gender, older age, MRSA bloodstream infection, MRSA

pneumonia, and HIV. Our findings suggest that clinical and host factors, not MRSA strain type,

predict treatment failure and death in hospitalized patients with MRSA-HAIs.
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INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA)

is one of the most common healthcare-associated

infections (HAIs) [1]. Over the last decade, the epi-

demiology of MRSA has rapidly changed. Previously,

MRSA-HAIs were primarily caused by a limited

amount of healthcare-associated MRSA strains

(HA-MRSA), for example USA100 in the USA [2].

Community-associated strains (CA-MRSA), such

as USA300, now cause an increasingly recognized

proportion of HAIs, and are now reported to

cause 20–60% of MRSA-HAIs [3–8]. In the USA,

CA-MRSA strains are predominantly the USA300

pulse-field type [2], and are characterized by the

presence of Panton–Valentine leukocidin (PVL) [9],

SCCmec type IV [10], and/or susceptibility to
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clindamycin, trimethoprim-sulfamethoxazole, and

gentamicin [11].

Some clinicians and investigators disagree on

whether the presence of specific virulence factors such

as PVL makes CA-MRSA strains intrinsically more

virulent than HA-MRSA strains and that CA-MRSA

strains result in more severe infection and worse

clinical outcomes [12, 13]. While several studies have

examined the molecular epidemiology of CA-MRSA

and HA-MRSA, there are only limited data on the

associations between strain type and the clinical out-

comes of patients with HAIs. Investigation compar-

ing outcomes between CA-MRSA and HA-MRSA

strains have been limited by relatively small sample

size [14, 15], or focus on a subset of HAIs (bacter-

aemia) [15]. Two reports of S. aureus bacteraemia

found a decrease in all-cause mortality and infection

with CA-MRSA strains [16,17], while another of

MRSA bacteraemia found an increase in mortality

in those infected with USA300 [18]. However,

each of these investigations included patients with

community-onset infections. Community-onset infec-

tions are frequently less severe than HAIs and may

confound the ability to assess associations with

clinical outcomes [19, 20]. Additionally, none of the

three foregoing studies examined non-bloodstream

MRSA-HAIs.

We set out to compare the clinical outcomes of

patients with MRSA-HAIs. To test the hypothesis

that CA-MRSA strains were associated with worse

clinical outcomes compared to HA-MRSA strains, we

conducted a retrospective cohort investigation at a

large tertiary-care, urban, county hospital.

METHODS

Study design

A retrospective investigation of adult (aged o18

years) patients with MRSA-HAI was performed at

Harbor–UCLA Medical Center, a 400-bed tertiary-

care county hospital. All cultures from the Clinical

Microbiology Laboratory that grew MRSA and were

collected o72 h after patient admission between

1 January 1999 and 31 December 2009 were ex-

amined. Laboratory data from 1 January 2005 to

30 April 2006 were not available for review and thus

patients admitted during this time period were not

included in the cohort. For patients with >1 culture

during admission, only the first MRSA culture

associated with infection was used. Patients with

MRSA-HAI from >1 admission were only included

once (first episode).

Standardized definitions of HA and CA infection

were used, according to CDC criteria [21]. Of note,

this definition categorizes an infection as HA if the

infection occurred >48 h after admission. However,

we used amore conservativeo72 h cut-off tominimize

the chance of bias in which community-associated

infections would inadvertently be categorized as

HAIs. Categorization of infection by infection site

(e.g. skin and soft tissue, pneumonia, etc.) were made

using CDC criteria [22]. A study physician reviewed

the medical records of each patient to confirm that the

MRSA culture represented an infection based on

CDC criteria and not a colonization, contamination,

or reflected an infection present on admission. Anti-

MRSA antibiotics were defined as vancomycin,

daptomycin, linezolid, clindamycin, trimethoprim-

sulfamethoxazole, doxycycline, minocycline, tigecy-

cline, and quinupristin/dalfopristin. Microbiologically

active antibiotics were defined as antibiotics to which

the infection isolate was susceptible according to anti-

biotic susceptibility test results.

The primary outcome was treatment failure at

14 days, which was defined as lack of resolution of

infection and/or need for additional intervention or

change in antibiotic therapy and the secondary out-

come was all-cause mortality at 30 days. We did not

attempt to analyse attributable mortality due to

MRSA as the cohort had various underlying condi-

tions that prohibited matching and distinguishing

the cause of death due to MRSA vs. non-MRSA

was considered too subjective [23]. This investigation

was approved by the Los Angeles Biomedical Re-

search Institute at Harbor–UCLA Medical Center

Institutional Review Board.

Data collection

A standardized instrument based on previous surveys

previously developed for investigations of MRSA

epidemiology [4, 24–26] was used to abstract infor-

mation from the medical records of each patient.

Data were abstracted from paper and electronic

medical records by physician investigators (A.A.W.,

N.L.G., D.W.). This included demographics, ad-

mission date and time, hospital location, comorbid-

ities, laboratory values, Charlson Comorbidity Index

[27], APACHE II score [28], antibiotic treatment,

treatment failure at 14 days, and 30-day all-cause

mortality.
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Definition of HA-MRSA and CA-MRSA strains and

molecular analysis

Because all strains were not available for molecular

typing, we used a phenotypic definition of a CA-

MRSA or HA-MRSA strain, as described and used

previously [4]. This method has been shown to corre-

late with molecular phenotypes in 92% of specimens

at our institution [4]. MRSA strains were defined as

CA-MRSA strain phenotype if the isolates were

resistant to oxacillin and susceptible to gentamicin,

clindamycin, and trimethoprim-sulfamethoxazole. All

other isolates were considered to be phenotypically

HA-MRSA strains.

A limited selection of MRSA isolates from sterile

sites was saved for infection control purposes at

Harbor–UCLA Medical Center. Available isolates

were genotyped to validate the above phenotypic

definitions of CA-MRSA and HA-MRSA strains

using spa typing, multi-locus sequence typing and

polymerase chain reaction for the presence of PVL

as described elsewhere [29–31]. Strain types were

classified as HA-MRSA or CA-MRSA strains based

on accepted categorizations [2, 32].

Data analysis

Bivariate analysis was used to compare variables from

the chart abstraction instrument hypothesized to be

associated with treatment failure at 14 days or 30-day

all-cause mortality. Bivariate analyses were assessed

using odds ratios (ORs), 95% confidence intervals

(CIs), and the associated P values. All variables with a

P value f0.20 in the bivariate analysis were included

in a multivariate logistic regression analysis predicting

failure or mortality using standard modelling pro-

cedures [33]. Multi-collinearity for the logistic re-

gression model was assessed by condition indices

and variance decomposition proportions analysis.

Backwards elimination was performed using the

Likelihood ratio test to find the best model. Models

were examined for goodness of fit using the Hosmer–

Lemeshow statistic. All variables were considered

statistically significant at the a=0.05 level. Data

analyses were performed using SAS version 9.3 (SAS

Institute, USA).

RESULTS

We found 724 patients with MRSA-positive cultures

during the study period. Of these, 384 (53%) were

considered to reflect MRSA-HAI and were included

in the final analysis. Of the 339 patients excluded

from the infection cohort, 209 cultures were cate-

gorized as contamination or colonization cultures;

66 represented infections present at admission, 49 re-

presented patients that did not fit the infection defi-

nition (e.g. cultures taken <72 h after admission),

eight had charts that were unavailable for review; five

patients were transferred to another facility on the

day of culture collection; and three cultures were from

autopsy.

Of the 384 patients, mean age was 51 years (median

50 years, range 19–97 years), 67% were male ;

39% were Hispanic, 22% were African-American,

25% were Caucasian, and 14% were of other race/

ethnicity. Site of infection was skin and soft tissue in

35% of cases (86/133 were surgical site infections),

bacteraemia in 19%, pneumonia in 34%, and other in

12%. For our study outcomes, treatment failure at

14 days occurred in 20% and the 30-day mortality

rate was 18%.

Among infection isolates, 30%were phenotypically

classified as a CA-MRSA strain and 70% as HA-

MRSA strain. Molecular typing of 43 bloodstream

isolates, showed an 82% correlation between the

genotype and the phenotypic definition of each strain.

Twenty-three isolates were classified as HA-MRSA

strains (12 ST5, 10 ST239, 1 ST840) and 20 were

CA-MRSA strains (1 ST1, 19 ST8). Eight strains

were discordant in genotype and phenotype with four

ST8/t008/PVL-positive strains being resistant to

clindamycin and four ST5/t242/PVL-negative strains

being susceptible to gentamicin, clindamycin and

trimethoprim-sulfamethoxazole.

The results for the bivariate analysis of failure at

14 days are summarized in Table 1. Treatment failure

occurred in 23% (60/267) of those infected with a

HA-MRSA strain and 15% (18/117) of those infect-

ed with a CA-MRSA strain (OR 0.63, 95% CI

0.35–1.12, P=0.10). Factors associated with treat-

ment failure at 14 days (Pf0.05) included Hispanic

ethnicity (OR 0.51, 95% CI 0.27–0.95), older age (OR

1.02 for each year of age, 95% CI 1.01–1.04), MRSA

pneumonia (OR 1.84, 95% CI 1.01–3.35), never

having been treated with an anti-MRSA antibiotic

(OR 6.26, 95% CI 3.11–12.61), higher Charlson

Comorbidity score (OR 1.10, 95% CI 1.01–1.20),

and higher APACHE II score (OR 1.03, 95% CI

1.01–1.06).

Of note, when examining predictors of failure at

14 days, we found no significant interaction between

MRSA strain type (CA vs. HA) and type of infection
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Table 1. Bivariate analysis of risk factors associated with failure at 14 days

Variable
All patients,
n=384 (%)

Treatment
failure at 14 days,
n=78 (%)

No treatment
failure at 14 days,
n=306 (%) OR 95% CI

P
value

Strain type*
Healthcare associated 267 (70) 60 (23) 207 (77) Ref.
Community associated 117 (30) 18 (15) 99 (84) 0.63 0.35–1.12 0.10

Ethnicity
Caucasian 95 (25) 26 (27) 69 (73) Ref.
Hispanic 150 (39) 24 (16) 126 (84) 0.51 0.27–0.95 0.03

African-American 86 (22) 14 (16) 72 (84) 0.52 0.25–1.07 0.08
Other 53 (14) 14 (26) 39 (74) 0.95 0.45–2.04 0.90

Gender
Female 126 (33) 28 (22) 98 (78) 1.19 0.71–2.00 0.59
Male 258 (67) 50 (19) 208 (81) Ref.

Age
Mean¡S.D. 51¡16 56¡16 50¡16 1.02 1.01–1.04 0.004

Median (range) 50 (19–97) 55 (24–97) 49 (19–92)

Year of infection
1999 29 (8) 3 (10) 26 (90) 0.42 0.10–1.66 0.21
2000 42 (11) 11 (26) 31 (74) 1.28 0.48–3.41 0.63
2001 32 (8) 6 (19) 26 (81) 0.83 0.27–2.57 0.75
2002 22 (6) 5 (23) 17 (77) 1.06 0.31–3.58 0.93
2003 32 (8) 4 (13) 28 (88) 0.51 0.15–1.81 0.30
2004 30 (8) 8 (27) 22 (73) 1.31 0.45–3.82 0.62
2005 1 (0) 0 (0) 1 (100) — — 0.99
2006 34 (9) 5 (15) 29 (85) 0.62 0.19–2.02 0.43
2007 65 (17) 14 (22) 51 (78) 0.99 0.40–2.47 0.98
2008 51 (13) 12 (24) 39 (77) 1.11 0.43–2.88 0.83
2009 46 (12) 10 (22) 36 (78) Ref.

Length of stay prior to culture collection
Mean¡S.D. 20¡27 17¡15 21¡29 0.99 0.98–1.01 0.23
Median (range) 13 (3–400) 11 (3–77) 14 (3–400)

Type of infection
Skin/soft tissue 133 (35) 22 (17) 111 (83) Ref.
Bloodstream 74 (19) 14 (19) 60 (81) 1.18 0.56–2.47 0.67
Pneumonia 131 (34) 35 (27) 96 (73) 1.84 1.01–3.35 0.046

Other# 46 (12) 7 (15) 39 (85) 0.91 0.36–2.39 0.83
On empirical anti-MRSA antibiotic
when culture obtained

65 (17) 17 (26) 48 (74) 1.50 0.81–2.78 0.24

Never treated with an anti-MRSA
antibiotic

38 (10) 21 (55) 17 (45) 6.26 3.11–12.61 <0.0001

Charlson Comorbidity Index
Mean¡S.D. 3¡3 3¡3 2¡2 1.10 1.01–1.20 0.04

Median (range) 2 (0–12) 2 (0–12) 2 (0–11)
Cancer 61 (16) 11 (18) 50 (82) 0.84 0.42–1.70 0.73
HIV 9 (2) 3 (33) 6 (67) 2.00 0.49–8.18 0.40
Diabetes 116 (30) 25 (22) 91 (78) 1.11 0.65–1.90 0.68

APACHE II score
Mean¡S.D. 17¡11 21¡11 17 ¡11 1.03 1.01–1.06 0.005

Median (range) 17 (0–55) 20 (0–55) 15 (0–50)

OR, Odds ratio ; CI, confidence interval ; Ref., reference group.
* Based on antibiotic susceptibility phenotype (minimum inhibitory concentration susceptible to gentamicin, clindamycin,

and trimethoprim-sulfamethoxazole).
# Other infection type (n=46) includes 21 urinary tract infections, 19 intra-abdominal infections, and six arterial or venous
cardiovascular system infections.
Bold values indicate variables statistically significant at the alpha=0.05 level.
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(skin/soft tissue, blood, pneumonia, or other). In the

multivariate logistic regression model of treatment

failure at 14 days (Table 2), independent predictors

of failure included never having been treated with a

microbiologically active antibiotic (OR 9.89, 95% CI

4.55–21.50, P<0.0001), higher Charlson Comorbidity

score (OR 1.11, 95% CI 1.01–1.23, P=0.033), and

higher APACHE II score (OR 1.05, 95%CI 1.02–1.07,

P=0.0003). A subset analysis of treatment failure at

14 days in patients who received effective anti-MRSA

therapy showed similar results (data not shown).

Bivariate analysis of 30-day mortality is summar-

ized in Table 3. Seventy (18%) patients of the cohort

died within 30 days of their MRSA infection. This

includes 19% (51/267) of persons with a HA-MRSA

strain and 16% (19/117) of persons with a CA-MRSA

strain (OR 0.82, 95% CI 0.46–1.46, P=0.57). In

the bivariate analysis, factors associated with 30-day

mortality (Pf0.05) included female gender (OR 2.28,

95% CI 1.34–3.86), older age (OR 1.05, 95% CI

1.03–1.07), MRSA bloodstream infection (OR 5.37,

95% CI 2.11–13.66), MRSA pneumonia (OR 7.91,

95% CI 3.39–18.46), HIV infection (OR 6.0, 95% CI

1.56–22.81), higher Charlson Comorbidity score (OR

1.20, 95% CI 1.09–1.31), and higher APACHE II

score (OR 1.07, 95% CI 1.04–1.09).

When examining predictors of 30-day mortality,

we found no significant interaction between MRSA

strain type (CA vs. HA) and type of infection (skin/

soft tissue, blood, pneumonia, or other). In the multi-

variate logistic regression model of 30-day mortality

(Table 4), predictors of mortality included female

gender (OR 2.34, 95% CI 1.25–4.35, P=0.008), older

age (OR 1.03, 95% CI 1.01–1.05, P=0.006), MRSA

bloodstream infection (OR 4.00, 95% CI 1.42–11.02,

P=0.009), MRSA pneumonia (OR 5.24, 95% CI

1.96–14.01, P=0.001), never having been treated

with a microbiologically active antibiotic (OR 4.99,

95% CI 1.80–13.80, P=0.002), HIV infection (OR

9.46, 95% CI 1.71–52.21, P=0.01), higher Charlson

Comorbidity score (OR 1.15, 95% CI 1.02–1.29,

P=0.02), and higher APACHE II score (OR 1.05,

95% CI 1.02–1.09, P=0.002). A subset analysis of

30-day mortality in patients who received effective

anti-MRSA therapy showed similar results.

Of note, our investigation found that 10% (39/385)

of the cohort was never treated with a micro-

biologically active antibiotic, a finding associated with

treatment failure and mortality. We examined the

39 cases in detail and found that most (15/39) of these

patients were discharged or transferred before the

results were available at our centre. These patients

were managed at outside hospitals or in the outpatient

setting. Thirteen of the 39 had died prior to or by the

time culture results were available ; 10 patients were

treated only surgically (source control). The remain-

ing patient was treated with clindamycin that was

inactive against their MRSA strain. Our proportion

is consistent with other investigations of S. aureus

bacteraemia that have a similar percentage (10–21%)

of patients not receiving appropriate therapy [14, 34].

DISCUSSION

MRSA-HAIs are common and often result in sub-

stantial clinical morbidity, mortality, and cost. There

are increasing reports of CA-MRSA strains causing

HAI and heightened concern about the implications

CA-MRSA strains may have on patients ’ outcomes.

In our retrospective cohort investigation, we did not

find any significant difference in treatment failure or

mortality based upon MRSA strain type. Treatment

failure was, however, associated with factors that

were expected to predict poor outcomes, such as

higher Charlson Comorbidity score, higher APACHE

II score, and never having been treated with an

Table 2. Multivariable analysis of risk factors associated with treatment failure at 14 days

Variable OR 95% CI P value

Community-associated strain type* 0.78 0.42–1.44 0.43
Never treated with an anti-MRSA antibiotic# 9.89 4.55–21.50 <0.0001

Charlson Comorbidity Index$ 1.11 1.01–1.23 0.03
APACHE II score$ 1.05 1.02–1.07 0.0003

OR, Odds ratio ; CI, confidence interval.
* Referent group is healthcare-associated strain type ; community-associated strain type based on antibiotic susceptibility

phenotype (minimum inhibitory concentration susceptible to gentamicin, clindamycin, and trimethoprim-sulfamethoxazole).
# Referent group is those treated with an anti-MRSA antibiotic.
$ These items measured each as continuous variables where odds ratio reflects changes for a one point change in the score.
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Table 3. Bivariate analysis of risk factors associated with 30-day mortality

Variable
All patients,
n=384 (%)

Dead at 30 days,
n=70 (%)

Alive at 30 days,
n=314 (%) OR 95% CI

P
value

Strain type*

Healthcare associated 267 (70) 51 (19) 216 (81) Ref.
Community associated 117 (30) 19 (16) 98 (84) 0.82 0.46–1.46 0.57

Ethnicity
Caucasian 95 (25) 19 (20) 76 (80) Ref.

Hispanic 150 (39) 22 (15) 128 (85) 0.69 0.35–1.35 0.28
African-American 86 (22) 15 (17) 71 (83) 0.85 0.40–1.79 0.66
Other 53 (14) 14 (26) 39 (74) 1.44 0.65–3.17 0.37

Gender
Female 126 (33) 34 (27) 92 (73) 2.28 1.34–3.86 0.003

Male 258 (67) 36 (14) 222 (86) Ref.

Age

Mean¡S.D. 51¡16 61¡16 49¡15 1.05 1.03–1.06 <0.0001

Median (range) 50 (19–97) 62 (26–97) 48 (19–88)

Year of infection

1999 29 (8) 3 (10) 26 (90) 0.95 0.21–4.28 0.94
2000 42 (11) 12 (29) 30 (71) 3.28 1.04–10.30 0.04
2001 32 (8) 5 (16) 27 (84) 1.52 0.39–5.75 0.54

2002 22 (6) 3 (14) 19 (86) 1.30 0.28–5.99 0.74
2003 32 (8) 3 (9) 29 (91) 0.85 0.19–3.83 0.83
2004 30 (8) 8 (27) 22 (73) 2.90 0.87–10.22 0.08
2005 1 (0) 0 (0) 1 (100) — — 0.99

2006 34 (9) 5 (15) 29 (85) 1.41 0.38–5.33 0.61
2007 65 (17) 16 (25) 49 (75) 2.69 0.90–7.94 0.08
2008 51 (13) 10 (20) 41 (80) 2.00 0.63–6.36 0.24

2009 46 (12) 5 (11) 41 (89) Ref.

Length of stay prior to culture collection
Mean¡S.D. 20¡27 18¡15 21¡29 0.99 0.98–1.008 0.40

Median (range) 13 (3–400) 14 (3–77) 13 (3–400)

Type of infection
Skin/soft tissue 133 (35) 7 (5) 126 (95) Ref.
Blood 74 (19) 17 (23) 57 (77) 5.37 2.11–13.66 0.0004

Pneumonia 131 (34) 40 (31) 91 (69) 7.91 3.39–18.46 <0.0001

Other# 46 (12) 6 (13) 40 (87) 2.70 0.86–8.50 0.09
On appropriate anti-MRSA

antibiotic at culture

65 (17) 15 (23) 50 (77) 1.44 0.76–2.75 0.29

Never treated with an
anti-MRSA antibiotic

38 (10) 11 (29) 27 (71) 1.98 0.93–4.21 0.08

Charlson Comorbidity Index

Mean¡S.D. 3¡3 4¡3 2¡3 1.20 1.09–1.31 <0.0001

Median (range) 2 (0–12) 3 (0–12) 2 (0–11)
Cancer 61 (16) 15 (25) 46 (75) 1.59 0.83–3.05 0.20

HIV 9 (2) 5 (56) 4 (44) 6.00 1.59–22.81 0.01

Diabetes 116 (30) 19 (16) 97 (84) 0.83 0.46–1.49 0.57

APACHE II score
Mean¡S.D. 17¡11 24¡9 16¡11 1.07 1.04–1.09 <0.0001

Median (range) 17 (0–55) 24 (0–55) 14 (0–50)

OR, Odds ratio ; CI, confidence interval ; Ref., reference group.
* Based on antibiotic susceptibility phenotype (minimum inhibitory concentration susceptible to gentamicin, clindamycin,
and trimethoprim-sulfamethoxazole).

# Other infection type (n=46) includes 21 urinary tract infections, 19 intra-abdominal infections, and six arterial or venous
cardiovascular system infections.
Bold values indicate variables statistically significant at the alpha=0.05 level.
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anti-MRSA antibiotic. We also could not find an

association between mortality and MRSA strain type.

To our knowledge, this is the first investigation to

look specifically at the role MRSA strain type plays

in both clinical cure and mortality in patients with

a HAI. Other studies comparing HA-MRSA and

CA-MRSA strains have focused on bloodstream in-

fections [15–18, 34–36], included community-onset

infections [14, 16–18, 34, 36], or did not look at both

clinical cure and mortality [14–16, 18, 35, 37]. Our

findings suggest that host factors and severity of

illness drive clinical outcome, not the MRSA strain

type. Other investigations, although limited in power

or scope, also failed to find an association with strain

type and key clinical outcomes [15, 35, 36]. One study

that did find an association between SCCmec type II

(HA-MRSA strain) and higher mortality in bacter-

aemic patients [17] did not examine infections other

than bacteraemia, included both MSSA and CA-

onset infections, and did not examine the relationship

between days of hospitalization prior to infection and

strain type, which was associated with poor outcome

in a previous investigation [4]. Similarly, another

investigation found an association between USA300

and decreased mortality in MRSA bacteraemia [16],

and did not examine other types of HAIs, included

community-onset infections, and also did not examine

the relationship between days of hospitalization prior

to infection and strain type. Another report of MRSA

bacteraemia found an increase in mortality in those

infected with USA300 and again did not examine

other types of HA-MRSA infection, and included

CA-onset infections or the relationship of hospital-

ization [18].

Of note, there were 39 subjects who were not

treated with anti-MRSA antibiotics, a factor associ-

ated with treatment failure and mortality. While this

number was surprising, we found that the proportion

of persons not being treated with effective antibiotics

in our cohort (10%) is consistent with investigations

of S. aureus bacteraemia where 10–21% of patients

did not receive appropriate therapy [14, 34]. More-

over, a detailed analysis of the 39 subjects revealed

that the majority classified as lack of treatment had a

clinically understandable reason, such as transfer to

another hospital (for which we had no records) or had

died before results were available. Only one patient

was treated with an antimicrobial that was not active

against their MRSA strain.

There are limitations to our investigation. First, our

phenotypic definition of HA-MRSA and CA-MRSA

strains was accurate in only 82% of strains that could

be typed, which was lower than the 92% that we

anticipated, based on a prior, similar investigation at

our institution [4]. The major discrepancy was clinda-

mycin resistance which is known to be increasing in

USA300 strains [38, 39]. To address this in a post-hoc

analysis, we modified our phenotypic definition of

CA-MRSA strains to include clindamycin-resistant

isolates resulting in a 91% concordance between

the phenotypic and genotypic definitions of CA-

MRSA strains. Using the modified definition did not

Table 4. Multivariable analysis of risk factors associated with 30-day all-cause mortality

Variable OR 95% CI P value

Community strain type* 1.32 0.68–2.59 0.41
Female gender 2.34 1.25–4.35 0.008

Age 1.03 1.01–1.05 0.006

Type of infection
Skin/soft tissue Ref.
Blood 4.00 1.42–11.02 0.009

Pneumonia 5.24 1.96–14.01 0.001
Other# 3.33 0.93–11.93 0.064

Never treated with an anti-MRSA antibiotic 9.46 1.71–52.21 0.01

Charlson Comorbidity Index$ 1.15 1.02–1.29 0.02
APACHE II score$ 1.05 1.02–1.09 0.002

OR, Odds ratio ; CI, confidence interval ; Ref., reference group.
* Based on antibiotic susceptibility phenotype (minimum inhibitory concentration susceptible to gentamicin, clindamycin,

and trimethoprim-sulfamethoxazole).
# Other infection type (n=46) includes 21 urinary tract infections, 19 intra-abdominal infections, and six arterial or venous
cardiovascular system infections.
$ These items measured each as continuous variables where odds ratio reflects changes for a one point change in the score.
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significantly change any of the results (data not

shown) and would only be of relevance for more

recent MRSA strains. Second, the patients in this

cohort are from a single centre and the findings may

not be generalizable to other populations although

our patient population is similar to many tertiary and

community hospitals and is ethnically diverse. Third,

our investigation is retrospective and limited to the

data recorded in the medical charts. Data on MRSA

cultures from 1 January 2005 to 30 April 2006

were not available for inclusion in this analysis.

Nevertheless, we had a robust sample size with which

to analyse the data and no differences were found

between clinical outcomes and year of infection.

There are strengths to our investigation. First,

while almost all other studies of clinical outcomes in

HAIs focus on bacteraemia and mortality, we have

focused on the associations between all HAIs and

included data on treatment failure. Second, several

types of infections were included rather than limiting

the scope to only bloodstream infections. Third,

we used strict definitions of infection and excluded

possible infections and MRSA colonization, which

allowed us to eliminate 47% of patients with MRSA

cultures during the study period and ensured that

cases truly reflected infection.

In summary, we found that patients with MRSA-

HAIs caused by CA-MRSA strains were not more

likely to have treatment failure at 14 days or death at

30 days compared to patients with HAIs caused by

traditional HA-MRSA strains. In fact, treatment

outcomes of failure and death were heavily driven by

host comorbidities and severity of illness, not strain

factors. Although CA-MRSA strains have a variety

of virulence factors that distinguish them from

traditional HA-MRSA strains, in hospitalized pa-

tients these characteristics do not appear to have a

significant association with key clinical outcomes.
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