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M A J O R A R T I C L E

Are Community-Associated Methicillin-Resistant
Staphylococcus aureus (MRSA) Strains Replacing
Traditional Nosocomial MRSA Strains?

Kyle J. Popovich, Robert A. Weinstein, and Bala Hota
Division of Infectious Disease, Department of Medicine, Rush University Medical Center, and Division of Infectious Disease,
Department of Medicine, Stroger Hospital of Cook County, Chicago, Illinois

(See the editorial commentary by Boyce on pages 795–8)

Background. Recent studies have suggested that community-associated methicillin-resistant Staphylococcus au-
reus (MRSA) infection is encroaching on health care settings. We describe the epidemiology of hospital-onset
community-associated MRSA bloodstream infections using phenotypic and genotypic analysis.

Methods. Using an update of an established rule derived from antibiotic susceptibilities, we inferred genotypes
(i.e., community [CG] or hospital [HG]) for 208 MRSA isolates from hospital-onset (172 h after hospital admission)
bloodstream infections during 2000–2006. We compared demographic characteristics, risk factors, and outcomes
of patients infected with CG or HG strains.

Results. Total hospital-onset MRSA bloodstream infection incidence density rates for the periods January
2000–June 2003 and July 2003–December 2006 (0.215 cases per 1000 patient-days and 0.207 cases per 1000 patient-
days, respectively) were stable (risk ratio, 1.0; 95% confidence interval, 0.7–1.3; , period 2 vs. period 1).P p .79
However, the risk that these bloodstream infections were due to CG strains doubled (risk ratio, 1.9; 95% confidence
interval, 1.2–3.1; ), whereas the risk due to HG strains decreased (risk ratio, 0.7; 95% confidence interval,P p .01
0.46–0.93; ). After adjustment for comorbidities in multivariate analysis, no significant risk factors for orP p .02
outcomes of infections due to CG versus HG strains were detected. Patients infected with HG strains showed a
trend toward later day of acquisition of a positive blood culture, and those infected with CG strains showed trend
toward greater risk of intensive care unit admission.

Conclusion. Although total hospital-onset MRSA bloodstream infection rates were relatively stable during
2000–2006, CG strains were responsible for an increasing proportion of cases (from 24% to 49%), suggesting
replacement of traditional hospital-associated strains. For most risk factors and outcomes, patients infected with
CG and HG strains were similar, suggesting that, thus far, CG strains are behaving like their traditional hospital-
associated counterparts.

Methicillin-resistant Staphylococcus aureus (MRSA) was

once thought to be primarily a hospital-associated path-

ogen; however, a clone of MRSA—predominantly,

strain type USA300—has emerged in the community

[1, 2]. Community-associated (CA) methicillin-resis-

tant (MRSA) infection is increasingly common in out-

patient clinics and emergency departments [3]; has
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caused outbreaks among athletes [4], children [1], pris-

oners [5], aboriginal populations [6], military person-

nel [7], Native Americans [8], and men who have sex

with men [9]; and produces clinical syndromes that

range from minor skin and soft-tissue infections [10]

to severe systemic infections, including necrotizing fas-

ciitis [11] and pneumonia [12].

Epidemiologic and molecular typing methods exist

for classifying CA MRSA infections. Epidemiologic def-

initions have been used to distinguish CA MRSA from

hospital-associated MRSA among inpatients (e.g., oc-

currence within the first 3 days of hospitalization for

CA MRSA infection or, thereafter, for hospital-associ-

ated MRSA infection) [2]. In addition, specific health

care exposures among patients with MRSA infections

that arise in the community—dialysis, surgery, hospi-
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talization, residence in a long-term care facility, or surgery dur-

ing the prior year; presence of an in-dwelling catheter or per-

cutaneous medical device; or history of MRSA infection [13]—

identify a third potential epidemiologic category, termed health

care–associated MRSA [14].

Molecular methods that have been used to describe MRSA

strains include PFGE [15], testing for presence of the Panton-

Valentine leukocidin gene (PVL) [16], and staphylococcal cas-

sette chromosome mec (SCCmec) typing [17], multilocus se-

quence typing [18], and spa typing [19]. In addition,

phenotypic rules (e.g., using antibiotic susceptibility) can be

used to infer MRSA strain type [20]. Because USA300 isolates

are typically susceptible to a greater number of non–b-lactam

antibiotics than are traditional hospital MRSA strains, com-

binations of antibiotic susceptibility may provide useful infor-

mation for studying the epidemiology—for example, trends

over time—of CA MRSA infections [13].

Multiple studies have described outbreaks of CA MRSA in

the community or within 72 h after admission to a hospital

[2, 3, 10, 21]. Recent studies have suggested that CA MRSA

strains may be encroaching on nosocomial settings [22, 23],

causing infections that have onset 172 h after hospital admis-

sion. In this study, we examined whether changes in the epi-

demiology and rates of MRSA bloodstream infection (BSI) oc-

curred over a 7-year period, whether prevalence of CA MRSA

isolates increased among hospital-onset BSIs, and whether the

outcomes of patients with hospital-onset BSIs caused by CA

MRSA strains were different from those of patients infected

with traditional hospital-associated strains of MRSA.

METHODS

Phenotype rule. We updated an established algorithm that

used PFGE results and antibiotic susceptibilities (MicroScan;

Dade Behring) to derive phenotypic rules for predicting ge-

notype [20]. The prior rule was based on an analysis of all

genotyped MRSA BSI isolates at Stroger (formerly Cook

County) Hospital (Chicago, IL). The updated phenotypic rule

was derived from hospital-onset (defined as onset 172 h after

hospital admission) MRSA BSI isolates that were the subject

of our study. Gentoypic analyses—PFGE, PVL, and SCCmec

typing—were performed, as described elsewhere [17, 24, 25],

on hospital-onset BSI isolates during 2004–2006. The pheno-

typic rule was applied retrospectively to all hospital-onset

MRSA BSIs from January 2000 through December 2006, to

infer genotype (inferred community genotype [CG] or inferred

hospital genotype [HG]).

Surveillance of hospital-onset MRSA BSIs. We retrospec-

tively studied patients hospitalized at Stroger Hospital, a 464-

bed inner-city safety-net hospital in Chicago. Using electronic

data, we identified patients with hospital-onset MRSA BSIs

during January 2000–December 2006. The first blood culture

(if obtained after 72 h into the hospitalization) was studied;

any second blood culture �30 days after the first culture, during

a single hospitalization, also was studied.

MRSA BSI incidence density rates for all strains, CG strains,

and HG strains were measured using hospital-wide patient-

days as the denominator. Intensive care unit (ICU) and non-

ICU incidence density rates were measured using combined

patient-days for all 7 ICUs at Stroger Hospital or non-ICU

patient-days as the denominator, respectively. Patient-days for

6 months in 2003 were not available and were imputed on the

basis of the patient-days in the prior and subsequent 6 months.

Using all hospital-onset MRSA BSIs, we derived a yearly MRSA

antibiogram to examine temporal trends in clindamycin, cip-

rofloxacin, and gentamicin susceptibility.

Cohort study. We evaluated risk of hospital-onset MRSA

BSI due to HG strains versus CG strains. Using electronic data

and chart review, we collected patient-level information, in-

cluding demographic characteristics, use of immunosuppres-

sive medications, presence of HIV infection, Charlson com-

orbidity score [26], health care exposures, prior surgery, prior

MRSA infection, illicit drug use, and presence of a vascular

catheter. A central venous catheter was recorded as being pres-

ent if it was in site any time from 3 days before until 1 day

after the positive MRSA blood culture collection date; central

venous catheters were classified as being “upper line” (internal

jugular, subclavian, peripherally inserted central catheter) or

“lower line” (femoral). BSIs were classified as being primary

or secondary, as determined by established definitions; addi-

tional sites for which results of culture were positive were iden-

tified for BSIs categorized as secondary [27]. Individuals with-

out central venous catheters but with BSIs identified as primary

infections were further evaluated for the diagnosis of throm-

bophlebitis related to peripheral intravenous catheters.

Outcomes of all-cause in-hospital mortality, duration of bac-

teremia, and ICU admission were examined. Appropriate therapy

was included in the analysis and was defined as treatment (if an

isolate was susceptible) with vancomycin, linezolid, daptomycin,

trimethoprim-sulfamethoxazole, or clindamycin. For each pa-

tient, admission to an ICU was documented both at the time of

and in the week after the date the positive culture specimen was

collected. Persistent BSI was defined as bacteremia for �7 days

while the patient received appropriate therapy [28].

Statistical methods. SPSS software, version 10 (SPSS), was

used for statistical analysis. Categorical variables were examined

with x2 analysis, with Fisher’s exact test used for small samples

(i.e., if counts in �2 cells in a contingency table were !10;

continuous variables were analyzed with the Student’s inde-

pendent-samples t test; changes over time were evaluated with

the x2 test for trend; and logistic regression analysis was used

for multivariate analysis. For risk-factor analysis, the outcome

variable was the inferred genotype (CG or HG). For outcomes
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Table 1. Distribution of PFGE, Panton-Valentine leukocidin (PVL) gene de-
tection, and staphylococcal cassette chromosome mec typing (SCCmec) for
available hospital-onset methicillin-resistant Staphylococcus aureus blood-
stream isolates, 2004–2006.

PFGE type

No. of isolates

Total
PVL

positive
PVL

negative SCCmec II SCCmec IVa

USA100 27 0 27 24 3
USA500 5 2 3 1 3
USA800 4 0 4 0 4
USA300b 23 21 1 1 19

USA300–0114c 16 15 0 1 13
USA400 1 1 0 0 1
USA600 1 0 1 NT NT
Otherd 5 0 5 2 3

NOTE. NT, not tested.
a SCCmec analysis was not performed for 1 USA500 isolate, 3 USA300 isolates, and

1 USA600 isolate.
b PVL analysis was not performed for 1 isolate.
c USA300–0114 represents the strain described by Tenover et al. [16], and the 16 isolates

listed comprise the major subset of all 23 USA300 strains in our study.
d These isolates did not conform to the standard PFGE designations, as described by

McDougal et al. [15], and were not used to derive our prediction rule.

Figure 1. Overall rate of hospital-onset methicillin-resistant Staphylococcus aureus bacteremia for the period 2000–2006. Rates of infection with
community genotype (CG) and hospital genotype (HG) strains, as inferred by the phenotypic rule (see Methods), are shown.

analysis, each outcome of interest was modeled in a separate

logistic regression model, and the inferred genotype was in-

cluded as the main covariate of interest in each model. Statis-

tically important (i.e., ) factors on univariate analysis,P ! .2

including comorbidities, demographic characteristics, days un-

til positive culture result, and secondary sites of infection, were

included in each model. Variables were removed using back-

ward elimination of covariates with P values 1.15.

RESULTS

Phenotype rule. PFGE was performed for 66 hospital-onset

MRSA BSI isolates during 2004–2006, which included a subset

of 47 isolates previously studied [20]. A CA MRSA strain was

identified by PFGE for 24 isolates: USA300 (23) and USA400

(1); of the USA300 isolates, 16 had the prevalent USA300–0114

PFGE pattern [16]. We classified 36 isolates as being hospital-

associated MRSA strains: USA100 (27), USA500 (5), and

USA800 (4) (table 1). Six isolates (1 USA600 and 5 with ge-

notypes of indeterminate origin) were not used to derive the

prediction rule; the 6 isolates were dispersed over time.

For these 60 isolates, phenotypic analysis revealed that 2

susceptibility patterns—clindamycin susceptible and clinda-

mycin or ciprofloxacin susceptible—were better than other

phenotypic combinations at predicting a CA MRSA strain (like-

lihood ratio, 5.75; 95% CI, 3.39–6.89). In our subsequent anal-

yses, we used the “clindamycin- or ciprofloxacin-susceptible

rule” because of potential increased applicability.

PVL and SCCmec analyses were performed for 65 and 61
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Table 2. Rates of hospital-onset bloodstream infections caused
by inferred community genotype (CG) and hospital genotype (HG),
2000–2006.

Patient location and genotype

Incidence
density rates

Risk ratio
(95% CI) PPeriod 1 Period 2

Hospitala

Total 0.215 0.207 0.96 (0.73–1.27) .79

CG 0.05 0.1 1.93 (1.2–3.1) .01

HG 0.16 0.11 0.66 (0.46–0.93) .02

Intensive care unitb

Total 0.29 0.31 1.08 (0.67–1.74) .86

CG 0.05 0.17 3.12 (1.25–7.81) .02

HG 0.23 0.14 0.61 (0.33–1.13) .15

Non–intensive care unitc

Total 0.19 0.18 0.91 (0.65–1.27) .63

CG 0.05 0.08 1.55 (0.88–2.73) .16

HG 0.14 0.1 0.68 (0.44–1.03) .08

NOTE. The study period was divided into 2 study periods: period 1 (January
2000–June 2003) and period 2 (July 2003–December 2006). The bacteremia
rates are shown with a risk ratio with period 1 as reference.

a Hospital incidence density rates are per 1000 patient-days.
b Intensive care unit incidence density rates are per 1000 intensive care

unit patient-days.
c Non–intensive care unit incidence density rates are per 1000 non–intensive

care unit patient-days.

Figure 2. Resistance of hospital-onset methicillin-resistant Staphylococcus aureus bloodstream isolates to clindamycin, ciprofloxacin, and gentamicin.
Associated P values were calculated by the x2 test for trend.

isolates, respectively. CA MRSA strains typically carried PVL

and SCCmec-IV, whereas hospital-associated MRSA strains did

not (table 1).

Surveillance of MRSA BSIs. Clindamycin or ciprofloxacin

susceptibility was used to infer genotype of all hospital-onset

MRSA BSIs from January 2000 through December 2006 (i.e.,

isolates susceptible to either clindamycin or ciprofloxacin were

identified as CG; isolates resistant to both antibiotics were clas-

sified as HG). During this period, there were 208 isolates for

199 patients; 75 isolates were classified, using the phenotypic

rule, as being CG, and 133 isolates were classified as being HG.

Over the 7 years of the study, hospital-onset MRSA BSI rates

were relatively stable. When the study period was divided in

half, the January 2000–June 2003 (period 1) and July 2003–

December 2006 (period 2) total hospital-onset MRSA BSI in-

cidence density rates (0.215 cases per 1000 patient-days and

0.207 cases per 1000 patient-days, respectively) were similar

(risk ratio, 1.0; 95% CI, 0.7–1.3; , for period 2 vs. periodP p .79

1) (figure 1). However, the risk for hospital-onset MRSA BSIs

due to CG strains increased (risk ratio, 1.9; 95% CI, 1.2–3.1;

), whereas the risk for a BSI due to HG strains decreasedP p .01

(risk ratio, 0.7 95% CI, 0.46–0.93; ) (table 2). The pro-P p .02

portion of cases due to CG doubled between the 2 time periods

(24% vs. 49%). Similarly, the proportion of patients infected

with CG strains in an ICU or non-ICU setting increased from

period 1 to period 2 (19% to 54% and 27% to 45%,

respectively).

The antibiogram for MRSA reflected the increasing number

of hospital-onset MRSA BSIs due to CG strains during the

study period; over time, there was a statistically significant de-

crease in the number of strains with clindamycin ( ),P ! .001

ciprofloxacin ( ), or gentamicin ( ) resistanceP p .037 P ! .001

(figure 2).

Cohort study. In univariate analysis (table 3), variables as-

sociated with hospital-onset MRSA BSIs due to HG strains

included day of acquisition of positive blood culture, residence

in a long-term care facility, and exposure to clindamycin, cip-

rofloxacin, or any antibiotic in the prior 3 months. There were

no statistically significant differences between patients infected

with CG and HG strains with regard to demographic charac-

teristics, Charlson comorbidity score, other health care expo-

sures, type of BSI (primary or secondary), or presence in the

ICU when the culture was performed.

Vascular catheter use (i.e., peripheral intravenous catheter or

central venous catheter) was not statistically different between

patients infected with CG and HG strains. Additionally, among

patients with central venous catheters, the location of the line

was unimportant in assessing risk.

On multivariate analysis, only greater number of days between



Table 3. Univariate analysis of risk factors and outcomes for patients with hospital-
onset methicillin-resistant Staphylococcus aureus bloodstream isolates, 2000–2006.

Characteristic
CG

(n p 75)
HG

(n p 133) P

Age, mean years � SD 49 � 17.5 50 � 20.2 .816

Sex .333

Male 48 (64) 76 (57)

Female 27 (36) 57 (43)

Ethnicity .438

White 11 (15) 11 (8)

Black 50 (67) 94 (71)

Hispanic 10 (13) 23 (17)

Other 4 (5) 5 (4)

Charlson comorbidity score, mean � SD 1.8 � 2.8 2.6 � 3 .063

Hemodialysis treatment 5 (7) 8 (6) .852

Prior surgery 5 (7) 21 (16) .056

Prior MRSA infection 1 (1) 10 (8) .056

Prior hospitalization 37 (49) 81 (61) .106

Resident of long-term care facility 0 7 (5) .043

Diabetes 37 (49) 57 (43) .368

HIV infection 7 (9) 15 (11) .661

Use of immunosuppressive medications 11 (15) 19 (14) .94

In ICU at time of culture 41 (55) 72 (54) .941

Illicit drug use 13 (17) 23 (17) .994

Vascular catheter usea .91

Secondary bacteremia 37 (49) 68 (51)

Primary bacteremia, catheter related 25 (33) 45 (34)

Primary bacteremia, not catheter related 13 (17) 20 (15)

Central venous catheter, upper lineb 30 (70) 60 (66) .659

Antibiotic exposurec 22 (29) 62 (47) .015

Clindamycin 0 16 (12) .002

Ciprofloxacind 9 (12) 34 (26) .02

Trimethoprim-sulfamethoxazole 3 (4) 11 (8) .238

Tetracycline 0 1 (1) .452

Penicillin 4 (5) 14 (11) .201

Oxa b-lactamase 18 (24) 38 (29) .475

Linezolid 1 (1) 0 .182

Vancomycin 9 (12) 26 (20) .162

Erythromycin 4 (5) 14 (11) .201

Time to culture, mean days � SD 13.8 � 15.9 24.5 � 42.3 .01

Persistent bacteremia 9 (12) 26 (20) .162

Duration of hospital stay, mean days � SD 34.7 � 30.2 42.4 � 59.2 .295

Hospital readmission at 3 months 20 (27) 45 (34) .284

In ICU 72 h after culture was performed 32 (43) 42 (32) .109

In ICU 1 week after culture was performed 38 (51) 55 (41) .195

ICU during hospitalization 49 (65) 77 (58) .292

All-cause in-hospital mortality 12 (16) 31 (23) .211

NOTE. Data are no. (%) of patients, unless otherwise indicated. ICU, intensive care unit. CG, inferred
community genotype; HG, inferred hospital genotype.

a Patients were classified as having secondary bacteremia, having primary bacteremia with a vascular
catheter as the source (i.e., either a peripheral intravenous catheter causing thrombophlebitis [6 patients]
or a central venous catheter infection [64 patients]), or having primary bacteremia with no obvious vascular
catheter source. Central venous catheter data were missing for 17 patients (CG, 3 patients; HG, 14
patients).

b Upper lines included internal jugular, subclavian, or peripherally inserted central catheter lines. Re-
maining central catheter lines were femoral. For the analysis of location of central catheter line, data
were missing for 5 cases.

c Antibiotic exposures were within the 3 months before culture was performed (OR for HG, 2.1; 95%
CI, 1.16–3.83).

d OR for HG, 2.52; 95% CI, 1.15–5.5.
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Table 4. Multivariate analysis of risk factors and outcomes for
patients with hospital-onset methicillin-resistant Staphylococcus
aureus bloodstream infection, 2000–2006.

Risk factora OR (95% CI) P

Increased risk of inferred hospital geno-
type strain for each additional day into
length of stayb 1.02 (0.998–1.041) .08

Increased risk of admission to the inten-
sive care unit within 72 h after admis-
sion with inferred community genotype
strain 1.8 (0.91–3.55) .09

a Each represents a separate multivariate model; other variables were not
statistically significant.

b Length of stay refers to days from hospital admission until acquisition of
the positive blood culture.

hospital admission and blood culture sample collection showed

a trend toward association with HG, but the difference did not

reach statistical significance (table 4). Clinical outcomes—bac-

teremia duration, length of hospital stay, and hospital readmis-

sion within 3 months—were similar for patients infected with

CG and HG strains. Frequency of receiving vancomycin as initial

therapy was not statistically different between patients infected

with CG and HG strains. Even after adjustment for comorbid-

ities, there was no all-cause in-hospital mortality difference noted

between patients infected with CG and HG strains. Patients in-

fected with CG strains, however, did show a nonsignificant trend

toward greater risk of ICU admission within 72 h after culture

specimen acquisition (table 4).

For hospital-onset MRSA BSI strains that were classified as

causing secondary infections, positive primary sites were most

commonly the respiratory tract (73% for CG strains and 60%

for HG strains; ), followed by skin and soft tissue (32%P p .194

for CG strains and 41% for HG strains; ).P p .378

DISCUSSION

To establish the epidemiology of hospital-onset MRSA BSIs at

our institution, we used a phenotypic prediction rule that was

based on antibiotic susceptibility results during 2000–2006. We

found that the proportion of hospital-onset BSIs attributable

to CG strains increased over this period (from 24% [January

2000–June 2003] to 49% [July 2003–December 2006]), whereas

the overall hospital-onset MRSA BSI rate was stable. Further-

more, there does not appear to be a clustering attributable to

CG strains in a particular hospital location (e.g., the proportion

of infections due to CG strains increased in ICUs and in non–

ICU wards). The statistically significant decrease in resistance

to clindamycin, ciprofloxacin, and gentamicin among hospital-

onset MRSA BSI isolates parallels the increase in number of

BSIs due to CG strains.

On univariate analysis, time to culture, residence in a long-

term care facility, and antibiotic exposure in the prior 3 months

were predictors of infections with HG strains. After multivariate

analysis, increased time to culture showed a nonsignificant

trend toward association with HG isolates, suggesting exoge-

nous infection with hospital-associated flora, whereas CG in-

fections presenting earlier during hospitalization may reflect

nosocomial infection due to endogenous CA MRSA. Although

outcomes for individuals infected with CG and HG isolates

were largely similar, there was a nonsignificant trend toward

infections with CG strains being associated with earlier ICU

admission. Cases of fulminant infections due to CA MRSA have

been described [11, 29]. Although there were no mortality dif-

ferences detected in our study, our ICU admission data suggest

that a subset of CA MRSA strains may be more virulent than

traditional hospital-associated MRSA strains.

CA MRSA strains are now a prominent cause of skin and

soft-tissue infections in the community [3]. Although skin and

soft-tissue infections are the predominant presentation of CA

MRSA, more-invasive infections also have been seen [2, 30,

31]. In a 7.5-month study period in 2004, BSIs due to the

USA300 genotype were found among both health care–asso-

ciated and nosocomial BSIs in Atlanta [22]. Our study found

that CA MRSA is not only an important cause of hospital-

onset BSIs but also that CA MRSA has increased over the past

7 years at our hospital as a cause of these infections and may

be replacing traditional hospital MRSA strains. Our results sup-

port the mathematical model of Bootsma et al. [32] that pre-

dicted—on the basis of an assumption of higher growth rate

and better fitness in the community—that CA MRSA strains

would replace, not add to, traditional hospital-associated MRSA

strains. This replacement is in marked contrast to our expe-

rience with outpatient infections due to CA MRSA, which are

occurring in addition to, rather than replacing, infections with

CA methicillin-susceptible S. aureus [33].

In addition to encroaching on nosocomial settings, the CA

MRSA strains that we studied are behaving largely like their

traditional hospital-associated counterparts in terms of de-

mographic characteristics and outcomes. A study by Miller et

al. [34] found that clinical and epidemiologic data could not

consistently differentiate CA MRSA infection from CA meth-

icillin-susceptible S. aureus infection among hospitalized pa-

tients. Our study suggests that, among hospital-onset MRSA

BSIs, demographic data and risk factors cannot reliably distin-

guish patients infected with CG strains from those infected with

HG strains.

The potential replacement of traditional hospital-associated

MRSA strains with CA MRSA strains has several important in-

fection-control implications. First, current guidelines are aimed

at decreasing the rate of transmission of MRSA within the hos-

pital [35, 36]; however, the effectiveness of these interventions

for controlling CA MRSA is unknown. For example, anitibiotic

stewardship of fluoroquinolones has been proposed as a method
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for decreasing rates of MRSA infection within hospitals [37].

Although not achieving statistical significance on multivariate

analysis, on univariate analysis, ciprofloxacin exposure in the 3

months before infection was a significant risk factor for an in-

fection due to an HG strain. Fluoroquinolone use in our hospital

was stable over the 7-year study period (data not shown). Further

study is needed to clarify the relationship of fluoroquinolone

overuse with infection due to CG strains.

Second, much is unknown regarding the colonization-to-

infection pathway of CA MRSA strains. Because CA MRSA

may colonize sites different from those colonized by traditional

nosocomial MRSA [38], the effectiveness of control of CG

strains of interventions using nasal surveillance to identify pa-

tients for isolation and to target decolonization is unknown.

Furthermore, although MRSA traditionally was thought to be

an exogenous pathogen spread person to person in the hospital,

it is unclear whether hospital-onset CA MRSA infections are

exogenous or endogenous. Cross-transmission of CA MRSA

already has been documented in both the hospital [39] and the

community [40], but improved understanding of the acquisi-

tion and transmission of CA MRSA strains is needed to direct

infection-control strategies.

Our findings should be interpreted in light of study limitations.

First, the study is retrospective; however, data elements used were

collected prospectively in an electronic database, which enhances

accuracy and completeness of data and limits recall bias. Second,

antibiotic susceptibilities were used to infer genotype. Misclas-

sification of strain type was made less likely, however, by reas-

sessing our previously published prediction rules [20]. The ap-

plicability of the rule elsewhere depends on the local antibiogram

for CA MRSA. Third, our overall hospital-onset BSI rates may

have been relatively low in comparison with those of other in-

stitutions [41], which may limit the degree to which our findings

can be generalized. In addition, surveillance for nasal colonization

of MRSA is not routinely performed at our hospital. Therefore,

it is unknown whether changes in hospital-onset MRSA epide-

miology resulted from increases in hospital cross-transmission

of CA MRSA strains (i.e., exogenous infections) or increases in

the number of CA MRSA–colonized patients entering the hos-

pital (i.e., endogenous infections). Finally, although we did not

detect differences in risks between patients infected with CG and

HG strains, this may reflect less heterogeneity in epidemiologic

risks among patients at our institution, the major safety-net hos-

pital in our region.

Our study suggests that CA MRSA infections are encroaching

on nosocomial settings and that the demographic character-

istics and outcomes of patients with CG- and HG-strain hos-

pital-onset BSIs are largely similar. Our study specifically ex-

amined BSIs; assessing whether this shift is occurring among

other nosocomial infections is an area for further study. CA

MRSA strains may be replacing traditional MRSA strains in the

hospital, and differentiating these 2 groups with epidemiologic

definitions and risk factors may become increasingly difficult.

We did not determine whether CG strains colonized patients

before hospital admission or were acquired while in the hos-

pital; prospective surveillance studies will be needed to answer

this question. Our findings have important implications for

treatment and prevention strategies for MRSA within health

care settings.

Acknowledgments

We thank Alla Aroutcheva and Thomas Rice for laboratory assistance.
Financial support. Centers for Disease Control and Prevention (5 U01

CI000327–02).
Potential conflicts of interest. All authors: no conflicts.

References

1. Herold BC, Immergluck LC, Maranan MC, et al. Community-acquired
methicillin-resistant Staphylococcus aureus in children with no iden-
tified predisposing risk. JAMA 1998; 279:593–8.

2. Fridkin SK, Hageman JC, Morrison M, et al. Methicillin-resistant
Staphylococcus aureus disease in three communities. N Engl J Med
2005; 352:1436–44.

3. Moran GJ, Krishnadasan A, Gorwitz RJ, et al. Methicillin-resistant S.
aureus infections among patients in the emergency department. N Engl
J Med 2006; 355:666–74.

4. Methicillin-resistant Staphylococcus aureus infections among compet-
itive sports participants—Colorado, Indiana, Pennsylvania, and Los
Angeles County, 2000–2003. MMWR Morb Mortal Wkly Rep 2003;
52:793–5.

5. Methicillin-resistant Staphylococcus aureus skin or soft tissue infections
in a state prison—Mississippi, 2000. MMWR Morb Mortal Wkly Rep
2001; 50:919–22.

6. Udo EE, Pearman JW, Grubb WB. Genetic analysis of community
isolates of methicillin-resistant Staphylococcus aureus in Western Aus-
tralia. J Hosp Infect 1993; 25:97–108.

7. Campbell KM, Vaughn AF, Russell KL, et al. Risk factors for com-
munity-associated methicillin-resistant Staphylococcus aureus infections
in an outbreak of disease among military trainees in San Diego, Cal-
ifornia, in 2002. J Clin Microbiol 2004; 42:4050–3.

8. Groom AV, Wolsey DH, Naimi TS, et al. Community-acquired meth-
icillin-resistant Staphylococcus aureus in a rural American Indian com-
munity. JAMA 2001; 286:1201–5.

9. Outbreaks of community-associated methicillin-resistant Staphylococ-
cus aureus skin infections—Los Angeles County, California, 2002–2003.
MMWR Morb Mortal Wkly Rep 2003; 52:88.

10. King MD, Humphrey BJ, Wang YF, Kourbatova EV, Ray SM, Blumberg
HM. Emergence of community-acquired methicillin-resistant Staph-
ylococcus aureus USA 300 clone as the predominant cause of skin and
soft-tissue infections. Ann Intern Med 2006; 144:309–17.

11. Miller LG, Perdreau-Remington F, Rieg G, et al. Necrotizing fasciitis
caused by community-associated methicillin-resistant Staphylococcus
aureus in Los Angeles. N Engl J Med 2005; 352:1445–53.

12. Bradley SF. Staphylococcus aureus pneumonia: emergence of MRSA in
the community. Semin Respir Crit Care Med 2005; 26:643–9.

13. Naimi TS, LeDell KH, Como-Sabetti K, et al. Comparison of com-
munity- and health care–associated methicillin-resistant Staphylococcus
aureus infection. JAMA 2003; 290:2976–84.

14. Friedman ND, Kaye KS, Stout JE, et al. Health care–associated blood-
stream infections in adults: a reason to change the accepted definition
of community-acquired infections. Ann Intern Med 2002; 137:791–7.

15. McDougal LK, Steward CD, Killgore GE, Chaitram JM, McAllister SK,
Tenover FC. Pulsed-field gel electrophoresis typing of oxacillin-resistant



794 • CID 2008:46 (15 March) • Popovich et al.

Staphylococcus aureus isolates from the United States: establishing a
national database. J Clin Microbiol 2003; 41:5113–20.

16. Tenover FC, McDougal LK, Goering RV, et al. Characterization of a
strain of community-associated methicillin-resistant Staphylococcus au-
reus widely disseminated in the United States. J Clin Microbiol 2006;44:
108–18.

17. Berglund C, Molling P, Sjoberg L, Soderquist B. Predominance of staph-
ylococcal cassette chromosome mec (SCCmec) type IV among meth-
icillin-resistant Staphylococcus aureus (MRSA) in a Swedish county and
presence of unknown SCCmec types with Panton-Valentine leukocidin
genes. Clin Microbiol Infect 2005; 11:447–56.

18. Robinson DA, Enright MC. Multilocus sequence typing and the evo-
lution of methicillin-resistant Staphylococcus aureus. Clin Microbiol
Infect 2004; 10:92–7.

19. Koreen L, Ramaswamy SV, Graviss EA, Naidich S, Musser JM, Kreis-
wirth BN. spa Typing method for discriminating among Staphylococcus
aureus isolates: implications for use of a single marker to detect genetic
micro- and macrovariation. J Clin Microbiol 2004; 42:792–9.

20. Popovich K, Hota B, Rice T, Aroutcheva A, Weinstein RA. A phenotypic
prediction rule for community-associated methicillin-resistant Staph-
ylococcus aureus. J Clin Microbiol 2007; 45:2293–5.

21. Kazakova SV, Hageman JC, Matava M, et al. A clone of methicillin-
resistant Staphylococcus aureus among professional football players. N
Engl J Med 2005; 352:468–75.

22. Seybold U, Kourbatova EV, Johnson JG, et al. Emergence of com-
munity-associated methicillin-resistant Staphylococcus aureus USA300
genotype as a major cause of health care-associated blood stream in-
fections. Clin Infect Dis 2006; 42:647–56.

23. Davis SL, Rybak MJ, Amjad M, Kaatz GW, McKinnon PS. Character-
istics of patients with healthcare–associated infection due to SCCmec
type IV methicillin-resistant Staphylococcus aureus. Infect Control Hosp
Epidemiol 2006; 27:1025–31.

24. Johnsson D, Molling P, Stralin K, Soderquist B. Detection of Panton-
Valentine leukocidin gene in Staphylococcus aureus by LightCycler PCR:
clinical and epidemiological aspects. Clin Microbiol Infect 2004; 10:
884–9.

25. Matushek MG, Bonten MJ, Hayden MK. Rapid preparation of bacterial
DNA for pulsed-field gel electrophoresis. J Clin Microbiol 1996; 34:
2598–600.

26. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index
for use with ICD-9-CM administrative databases. J Clin Epidemiol
1992; 45:613–9.

27. Trick WE, Zagorski BM, Tokars JI, et al. Computer algorithms to detect
bloodstream infections. Emerg Infect Dis 2004; 10:1612–20.

28. Fowler VG Jr, Sakoulas G, McIntyre LM, et al. Persistent bacteremia
due to methicillin-resistant Staphylococcus aureus infection is associated
with agr dysfunction and low-level in vitro resistance to thrombin-
induced platelet microbicidal protein. J Infect Dis 2004; 190:1140–9.

29. Frazee BW, Salz TO, Lambert L, Perdreau-Remington F. Fatal com-
munity-associated methicillin-resistant Staphylococcus aureus pneu-
monia in an immunocompetent young adult. Ann Emerg Med 2005;46:
401–4.

30. Maree CL, Daum RS, Boyle-Vavra S, Matayoshi K, Miller LG. Com-
munity-associated methicillin-resistant Staphylococcus aureus isolates
causing healthcare-associated infections. Emerg Infect Dis 2007; 13:
236–42.

31. Kourbatova EV, Halvosa JS, King MD, Ray SM, White N, Blumberg
HM. Emergence of community-associated methicillin-resistant Staph-
ylococcus aureus USA 300 clone as a cause of health care-associated
infections among patients with prosthetic joint infections. Am J Infect
Control 2005; 33:385–91.

32. Bootsma MCJ, Hota B, Diekmann O, Weinstein RA, Bonten MJM. A
mathematical model to determine the growth rate of CA-MRSA and
options for control [abstract K-1680]. In: Program and abstracts of
the 46th Interscience Conference on Antimicrobial Agents and Che-
motherapy (San Francisco). Washington, DC: American Society for
Microbiology, 2006:365.

33. Hota B, Ellenbogen C, Hayden MK, Aroutcheva A, Rice TW, Weinstein
RA. Community-associated methicillin-resistant Staphylococcus aureus
skin and soft tissue infections at a public hospital: do public housing
and incarceration amplify transmission? Arch Intern Med 2007; 167:
1026–33.

34. Miller LG, Perdreau-Remington F, Bayer AS, et al. Clinical and epi-
demiologic characteristics cannot distinguish community-associated
methicillin-resistant Staphylococcus aureus infection from methicillin-
susceptible S. aureus infection: a prospective investigation. Clin Infect
Dis 2007; 44:471–82.

35. Muto CA, Jernigan JA, Ostrowsky BE, et al. SHEA guideline for pre-
venting nosocomial transmission of multidrug-resistant strains of
Staphylococcus aureus and Enterococcus. Infect Control Hosp Epidemiol
2003; 24:362–86.

36. Sehulster L, Chinn RY. Guidelines for environmental infection control
in health-care facilities: recommendations of CDC and the Healthcare
Infection Control Practices Advisory Committee (HICPAC). MMWR
Recomm Rep 2003; 52:1–42.

37. Cook PP, Catrou P, Gooch M, Holbert D. Effect of reduction in cip-
rofloxacin use on prevalence of meticillin-resistant Staphylococcus au-
reus rates within individual units of a tertiary care hospital. J Hosp
Infect 2006; 64:348–51.

38. Eveillard M, de Lassence A, Lancien E, Barnaud G, Ricard JD, Joly-
Guillou ML. Evaluation of a strategy of screening multiple anatomical
sites for methicillin-resistant Staphylococcus aureus at admission to a
teaching hospital. Infect Control Hosp Epidemiol 2006; 27:181–4.

39. Saiman L, O’Keefe M, Graham PL III, et al. Hospital transmission of
community-acquired methicillin-resistant Staphylococcus aureus among
postpartum women. Clin Infect Dis 2003; 37:1313–9.

40. Huijsdens XW, van Santen-Verheuvel MG, Spalburg E, et al. Multiple
cases of familial transmission of community-acquired methicillin-re-
sistant Staphylococcus aureus. J Clin Microbiol 2006; 44:2994–6.

41. Huang SS, Yokoe DS, Hinrichsen VL, et al. Impact of routine intensive
care unit surveillance cultures and resultant barrier precautions on
hospital-wide methicillin-resistant Staphylococcus aureus bacteremia.
Clin Infect Dis 2006; 43:971–8.


