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To determine frequency of methicillin-resistant
Staphylococcus aureus infections caused by strains typi-
cally associated with community-acquired infections
(USA300) among persons with healthcare-related risk fac-
tors (HRFs), we evaluated surveillance data. Of patients
with HRFs, 18%-28% had a “community-associated”
strain, primarily USA300; of patients without HRFs, 26%
had a “healthcare-associated” strain, typically USA100.

n the United States, initial reports of methicillin-resistant

Staphylococcus aureus (MRSA) infections among injec-
tion drug users in Detroit in 1981 were followed by reports
of MRSA associated with the deaths of 4 children in
Minnesota and North Dakota in 1997 (1). For the next few
years, public health personnel in several states investigat-
ed outbreaks of MRSA infections of skin and soft tissue
among diverse populations who typically had little or no
previous contact with the healthcare system, such as
Native Americans (2), sports teams (3), prison inmates (4),
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and child-care facility attendees (5). These outbreaks were
initially associated with a novel MRSA strain known as
MW?2, or pulsed-field gel electrophoresis (PFGE) type
USA400, but were soon replaced by a strain of MRSA
belonging to PFGE type USA300 (6). Through 2002, the
clinical appearance of cases and the microbiologic charac-
teristics of USA300 and USA400 differed substantially
from those associated with strains of MRSA acquired in
healthcare settings (7). Increasingly, MRSA strains of
community origin are causing healthcare-associated dis-
ease (8,9). We evaluated surveillance data from a multisite
project to determine the frequency with which infections
among patients with healthcare-related risk factors (HRFs)
were caused by USA300 or other strains of community ori-

gin.

The Study

Active, population-based surveillance for invasive
MRSA infections is ongoing in 9 US states (California,
Colorado, Connecticut, Georgia, Maryland, Minnesota,
New York, Oregon, and Tennessee) through the Active
Bacterial Core Surveillance system in the Emerging
Infections Program at the Centers for Disease Control and
Prevention (CDC). Personnel in each state actively collect
laboratory reports of positive MRSA cultures from nor-
mally sterile sites (e.g., blood; cerebrospinal, joint, or pleu-
ral fluid) of residents in their catchment areas to identify
cases. In 2005, the estimated combined population under
surveillance was 16.3 million, according to data from the
US Bureau of the Census. To report a case, personnel must
link a laboratory report to the patient’s medical record.
During record reviews, personnel abstract information
about the following HRFs: culture obtained >48 hours
after admission; presence of an invasive device (e.g., vas-
cular catheter, G-tube); and history of MRSA infection or
colonization, surgery, hospitalization, dialysis, or resi-
dence in a long-term care facility in the 12 months preced-
ing the culture. Case-patients may have >1 HRF. For this
analysis, we used information from the record review to
classify cases into 3 mutually exclusive groups: 1) case-
patients with classic healthcare-associated infections (HA)
whose culture was obtained >48 hours after admission
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DISPATCHES

Table 1. Selected characteristics among case-patients with invasive MRSA, by healthcare-related risk factors, Active Bacterial Core

Surveillance, January 2004—February 2006

With HRFs, no. (%)

Without HRFs, no. (%)

Healthcare-associated,

Healthcare-associated, community onset,

Community-associated, T

Characteristic n=2535 n=5353 n=1,259
Median age, y 621 621 46

Pneumonia 413 (16.3) 685 (12.8) 190 (15.1)
Endocarditis 72 (2.8)t 345 (6.4)t 158 (12.6)
Died 687 (27.1) 845 (15.8)t 131 (10.4)

*MRSA, methicillin-resistant Staphylococcus aureus; HRFs, healthcare-related risk factors.
tPatients with community-associated infections were those who did not have HRFs; these patients were used as reference.

p<0.05 for xz test for categorical variables; Wilcoxon rank sum for age.

with or without other HRFs; 2) case-patients with HRFs
but with community onset (i.e., whose cultures were
obtained <48 hours after admission) (HACO); and 3) case-
patients with community-associated (CA) infections with-
out HRFs, according to medical record review.

A subset of isolates from case-patients was collected
from laboratories that voluntarily submitted them for
microbiologic characterization. Of the isolates received at
CDC by October 2005, a sample of 100 was selected for
testing as follows. First, isolates were stratified by
Emerging Infections Program site; none were available
from Maryland. Second, all isolates from tissues other than
blood were selected from each Emerging Infections
Program site. To ensure 12—13 isolates per site, we select-
ed blood isolates from case-patients classified as CA and
obtained the remainder from samples from HA and HACO
case-patients. Isolates were tested by PFGE; patterns were
analyzed by using BioNumerics (Applied Maths, Austin,
TX, USA). Isolates were grouped into PFGE types using
Dice coefficients and 80% relatedness (10). We considered
isolates with PFGE types USA300, 400, or 1000 to be of
community origin and those with types USA100, 200, and
500 to be of healthcare origin as previously described (10).

Statistical analysis consisted of comparisons of propor-
tions between CA and HA and between CA and HACO
cases using y?2 pairwise comparisons. Differences in medi-
an age were tested by using Wilcoxon rank sum test.

Of 9,147 cases of invasive MRSA infection investigat-
ed from January 2004 through February 2006, 2,535 (28%)

were HA, 5,353 (59%) were HACO, and 1,259 (14%)
were CA. The median age of case-patients with HA and
HACO was significantly higher than that of case-patients
with CA (Table 1). CA case-patients were 1) more likely to
have pneumonia than HACO but not HA case-patients; 2)
more likely to have endocarditis than either HA or HACO
case-patients; and 3) less likely to die during this hospital
stay than were HA or HACO case-patients.

Of the 100 isolates selected for initial testing, 29 were
from HA case-patients, 44 were from HACO case-patients
(including 1 isolate of a unique PFGE type), and 27 were
from CA case-patients (including 1 isolate that could not
be typed) (Table 2). Of the HA isolates, 8 (28%) were
USA300. Of the HACO isolates, 6 (14%) were USA300, 1
(2%) was USA400, and 1 (2%) was USA1000. Thus,
18%-28% of isolates in patients with HRFs (HA and
HACO) had PFGE patterns typical of community strains.
Of the 27 isolates from CA case-patients, 5 (19%) were
USA100 and 2 (7%) were USA500; thus, 7 (26%) of iso-
lates among CA case-patients were strains typically con-
sidered to be of healthcare origin.

Conclusions

MRSA strains such as USA300, which were initially a
cause of MRSA infections in the community, have migrat-
ed into healthcare settings. The results from this multisite
project are consistent with observations from individual
facilities, where USA300 isolates caused illness in patients
whose infection was healthcare associated (11,12).

Table 2. MRSA isolates from invasive sites by healthcare-related risk factors and PFGE type, Active Bacterial Core Surveillance,

January 2004—-February 2006*

Healthcare associated, Healthcare associated, Community associated, T Total,
PFGE type no. (%) community onset, no. (%) no. (%) no. (%)
USA100 20 (69) 30 (68) 5(19) 55 (55)
USA200 1(3) 0 0 1(1)
USA300 8 (28) 6(14) 18 (67) 32(32)
USA400 0 1(2) 0 1(1)
USA500 0 5(11) 2(7) 7(7)
USA1000 0 1(2) 1(4) 2(2)
Unique type 0 1(2) 0 1(1)
Not typeable 0 0 1(4) 1(1)
Total 29 (100) 44 (100) 27 (100) 100 (100)

*MRSA, methicillin-resistant Staphylococcus aureus; PFGE, pulsed-field gel electrophoresis.
tPatients with community-associated infections were those who did not have healthcare-related risk factors.
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Although age and frequency of endocarditis still differed
between case-patients with HRFs (HA and HACO) and
those without HRFs (CA), PFGE testing indicated that
18%-28% of patients with HRFs were infected with a
“community-associated” strain of MRSA, primarily
USA300. Furthermore, 26% of patients without HRFs had
a “healthcare-associated” strain, typically USA100. Thus,
the distinction between healthcare- and community-associ-
ated MRSA is rapidly blurring.

Acknowledgments

We are indebted to Rachel Gorwitz and Jeff Hageman for
their review of the report and to Roberta Carey, Jean Patel, and
Sigrid McAllister for their guidance and contributions to labora-
tory testing of isolates.

Dr Klevens is a medical epidemiologist at CDC. She is the
CDC principal investigator in a multistate project that measures
methicillin-resistant Staphylococcus aureus in the population,
and she provides epidemiologic support to the National
Healthcare Safety Network.

References

1. Centers for Disease Control and Prevention. Four pediatric deaths
from community-acquired methicillin-resistant Staphylococcus
aureus—Minnesota and North Dakota, 1997-1999. JAMA.
1999;282:1123-5.

2. Baggett HC, Hennessy TW, Rudolph K, Bruden D, Reasonover A,
Parkinson A, et al. Community-onset methicillin-resistant
Staphylococcus aureus associated with antibiotic use and the cytotox-
in Panton-Valentine leukocidin during a furunculosis outbreak in
rural Alaska. J Infect Dis. 2004;189:1565-73.

3. Centers for Disease Control and Prevention. Methicillin-resistant
Staphylococcus aureus infections among competitive sports partici-
pants—Colorado, Indiana, Pennsylvania, and Los Angeles County,
2000-2003. MMWR Morb Mortal Wkly Rep. 2003;52:793-5.

Community MRSA and Healthcare Risk

4. Centers for Disease Control and Prevention. Public health dispatch:
outbreaks of community-associated methicillin-resistant Staphylo-
coccus aureus skin infections—Los Angeles County, California,
2002-2003. JAMA. 2003;289:1377.

5. Adcock PM, Pastor P, Medley F, Patterson JE, Murphy TV.
Methicillin-resistant Staphylococcus aureus in two child care centers.
J Infect Dis. 1998;178:577-80.

6. Tenover FC, McDougal LK, Goering RV, Killgore G, Projan SJ, Patel
JB, et al. Characterization of a strain of community-associated methi-
cillin-resistant Staphylococcus aureus widely disseminated in the
United States. J Clin Microbiol. 2006;44:108-18.

7. Fridkin SK, Hageman JC, Morrison M, Sanza LT, Como-Sabetti K,
Jernigan JA, et al. Methicillin-resistant Staphylococcus aureus dis-
ease in three communities. N Engl J Med. 2005;352:1436-44.
Erratum in: N Engl J Med. 2005;352:2362.

8. Healy CM, Hulten KG, Palazzi DL, Campbell JR, Baker CJ.
Emergence of new strains of methicillin-resistant Staphylococcus
aureus in a neonatal intensive care unit. Clin Infect Dis.
2004;39:1460-6.

9. Saiman L, O’Keefe M, Graham PL I, Wu F, Said-Salim B,
Kreiswirth B, et al. Hospital transmission of community-acquired
methicillin-resistant Staphylococcus aureus among postpartum
women. Clin Infect Dis. 2003;37:1313-9.

10. McDougal LK, Steward CD, Killgore GE, Chaitram JM, McAllister
SK, Tenover FC. Pulsed-field gel electrophoresis typing of oxacillin-
resistant Staphylococcus aureus isolates from the United States:
establishing a national database. J Clin Microbiol. 2003;41:5113-20.

11. Seybold U, Kourbatova EV, Johnson JG, Halvosa SJ, Wang YF, King
MD, et al. Emergence of community-associated methicillin-resistant
Staphylococcus aureus USA300 genotype as a major cause of health
care-associated blood stream infections. Clin Infect Dis.
2006;42:647-56.

12. Huang H, Flynn NM, King JH, Monchaud C, Morita M, Cohen SH.
Comparisons of community-associated methicillin-resistant
Staphylococcus aureus (MRSA) and hospital-associated MSRA
infections in Sacramento, California. J Clin Microbiol. 2006;
44:2423-7.

Address for correspondence: R. Monina Klevens, Division of Healthcare
Quality Promotion, Centers for Disease Control and Prevention, Mailstop
A24, 1600 Clifton Rd NE, Atlanta, GA 30333, USA; email:rmk2@
cdc.gov

www.cdc.gov/eid

EMERGING
INFECTIOUS

The print journal is available at no charge to public health professionals

|:| YES, | would like to receive Emerging Infectious Diseases.

Full text free online at

Please print your name and business address in
the box and return by fax to 404-639-1954 or mail to
EID Editor
CDC/NCID/MS D61
1600 Clifton Road, NE
Atlanta, GA 30333

Moving? Please give us your new address (in the box)
and print the number of your old mailing label here

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 12, No. 12, December 2006

1993





