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Background: Studies have shown that community-acquired methi-
cillin-resistant Staphylococcus aureus (MRSA) causes S. aureus skin
and soft-tissue infection in selected populations.

Objective: To determine the proportion of infections caused by
community-acquired MRSA, the clinical characteristics associated
with community-acquired MRSA, and the molecular epidemiology
of community-acquired MRSA among persons with community-
onset S. aureus skin and soft-tissue infection.

Design: Active, prospective laboratory surveillance to identify S.
aureus recovered from skin and soft-tissue sources.

Setting: 1000-bed urban hospital and its affiliated outpatient clinics
in Atlanta, Georgia.

Patients: 384 persons with microbiologically confirmed community-
onset S. aureus skin and soft-tissue infection.

Measurements: Proportion of infections caused by and clinical
factors associated with community-acquired MRSA among persons
with community-onset S. aureus skin and soft-tissue infection.
Pulsed-field gel electrophoresis and antimicrobial susceptibility pat-
terns were used to epidemiologically classify community-onset S.
aureus infections. Community-acquired MRSA was defined by
MRSA isolates that either demonstrated a USA 300 or USA 400
pulsed-field type or had a susceptibility pattern showing resistance
only to �-lactams and erythromycin (for isolates not available for
pulsed-field gel electrophoresis).

Results: Community-onset skin and soft-tissue infection due to S.
aureus was identified in 389 episodes, with MRSA accounting for

72% (279 of 389 episodes). Among all S. aureus isolates, 63%
(244 of 389 isolates) were community-acquired MRSA. Among
MRSA isolates, 87% (244 of 279 isolates) were community-ac-
quired MRSA. When analysis was restricted only to MRSA isolates
that were available for pulsed-field gel electrophoresis, 91% (159
of 175 isolates) had a pulsed-field type consistent with community-
acquired MRSA; of these, 99% (157 of 159 isolates) were the
MRSA USA 300 clone. Factors independently associated with com-
munity-acquired MRSA infection were black race (prevalence ratio,
1.53 [95% CI, 1.16 to 2.02]), female sex (prevalence ratio, 1.16
[CI, 1.02 to 1.32]), and hospitalization within the previous 12
months (prevalence ratio, 0.80 [CI, 0.66 to 0.97]). Inadequate
initial antibiotic therapy was statistically significantly more common
among those with community-acquired MRSA (65%) than among
those with methicillin-susceptible S. aureus skin and soft-tissue in-
fection (1%).

Limitations: Some MRSA isolates were not available for molecular
typing.

Conclusions: The community-acquired MRSA USA 300 clone was
the predominant cause of community-onset S. aureus skin and
soft-tissue infection. Empirical use of agents active against commu-
nity-acquired MRSA is warranted for patients presenting with seri-
ous skin and soft-tissue infections.
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Methicillin-resistant Staphylococcus aureus (MRSA) in-
fections have usually been associated with exposure

to health care settings, but they have recently been recog-
nized in persons without traditional risk factors. These in-
fections have been called community-acquired or commu-
nity-associated MRSA (1). Most cases have been associated
with skin and soft-tissue infection and have been reported
among selected populations, including correctional facility
inmates, homosexual men, and sports teams (2–5). Molec-
ular typing studies in the United States and Australia have
demonstrated that most community-acquired MRSA in-
fections are caused by one of several clones or pulsed-field
types (6, 7). In the United States, 2 clones, designated as
USA 300 and USA 400 by the Centers for Disease Control
and Prevention (CDC), have been identified as the pri-
mary types that cause community-acquired MRSA infec-
tions (6). The outbreaks of MRSA skin and soft-tissue
infections observed in correctional facilities and among
athletes have been associated with the USA 300 pulsed-

field type, while outbreaks associated with severe and fatal
disease in children, as well as skin and soft-tissue infections
in Native American populations, have been associated with
the USA 400 pulsed-field type (6).

The community-acquired MRSA clones have fre-
quently been associated with the Panton–Valentine leuko-
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cidin virulence factor and the presence of staphylococcal
chromosome cassette mec (SCCmec) type IV allele (1,
6–9). In contrast, hospital-acquired or health care–associ-
ated MRSA strains usually lack genes for Panton–Valen-
tine leukocidin and are associated with other SCCmec al-
leles (for example, SCCmec type II) (1, 6, 7). In addition to
Panton–Valentine leukocidin and SCCmec type IV, the
community-acquired MRSA USA 300 and USA 400 ge-
notypes have usually demonstrated resistance to �-lactams
and erythromycin while retaining susceptibility to clinda-
mycin, trimethoprim–sulfamethoxazole, and fluoroquino-
lones, whereas health care–associated genotypes are often
multidrug-resistant (1, 6).

Although increasingly reported as a cause of outbreaks
of skin and soft-tissue infection, the proportion of S. aureus
skin and soft-tissue infections caused by community-ac-
quired MRSA in nonoutbreak settings remains poorly de-
fined. We sought to determine the proportion of infections
caused by community-acquired MRSA, the clinical charac-
teristics associated with community-acquired MRSA, and
the molecular epidemiology of community-acquired
MRSA among persons with community-onset S. aureus
skin and soft-tissue infection who were receiving care at a
large hospital and its affiliated clinics in urban Atlanta,
Georgia.

METHODS

Laboratory Surveillance for Community-Onset S. aureus
Skin and Soft-Tissue Infection

We conducted active, prospective laboratory surveil-
lance from 1 August 2003 to 15 November 2003 to iden-
tify S. aureus isolates of patients with skin and soft-tissue

infections at the Grady Health System. The Grady Health
System includes Grady Memorial Hospital, a 1000-bed
public inner-city hospital, and its affiliated outpatient clin-
ics. We limited surveillance to S. aureus isolates that were
obtained from patients with a community-onset skin and
soft-tissue infection (isolates designated either as an exu-
date or a body fluid culture). We defined community-onset
S. aureus by positive test results from cultures that were
obtained within 72 hours of admission or at an outpatient
visit. An investigator classified community-onset S. aureus
before we performed molecular typing studies or before we
reviewed antimicrobial susceptibility results other than
methicillin susceptibility. We identified S. aureus and
tested antimicrobial susceptibility for all isolates in the
Grady Memorial Hospital Clinical Microbiology Labora-
tory in accordance with the National Committee for Clin-
ical Laboratory Standards (10).

Study Sample and Data Collection
The Emory University Institutional Review Board and

the Grady Research Oversight Committee approved the
study. Grady Memorial Hospital provides medical care for
a primarily medically indigent inner-city population, ap-
proximately 80% of whom are African American, residing
within inner-city Atlanta (Fulton County and DeKalb
County). The hospital serves as a teaching hospital for both
Emory University School of Medicine and Morehouse
School of Medicine. The referral pattern for the hospital
and its affiliated clinics is primarily patient self-referral on
the basis of place of residence (that is, residence within
DeKalb or Fulton Counties) or indigent status, with some
patients referred for tertiary academic medical care. We
retrospectively reviewed computerized medical and labora-
tory records to document patient demographic characteris-
tics, HIV status, presence of end-stage renal disease, hospi-
talization within the previous 12 months, and any history
of MRSA infection or colonization. The reviewer com-
pleted the abstraction process blinded to the molecular typ-
ing results of MRSA isolates. We documented the need for
hospitalization for managing the S. aureus skin and soft-
tissue infection. We obtained S. aureus antimicrobial sus-
ceptibility profiles from the hospital’s microbiology labora-
tory, and we categorized infections as due to either
methicillin-susceptible S. aureus (MSSA) or MRSA. We
reviewed computerized pharmacy records to document the
antimicrobial agent therapy that was used to treat the pa-
tient’s skin and soft-tissue infection. We considered anti-
microbial agent therapy to be adequate if the prescribed
antimicrobial agent had in vitro activity against the isolated
S. aureus strain.

Molecular Typing and Genetic Analyses
We performed pulsed-field gel electrophoresis (PFGE)

using SmaI as a restriction endonuclease on all available
MRSA isolates, as described by Bannerman and colleagues
(11). We digitized gels and saved them as an image for
analysis with BioNumerics software (Applied Maths, Sint-

Context

In community outbreaks of methicillin-resistant Staphylo-
coccus aureus (MRSA), 2 clones predominate in the
United States: USA 300 and USA 400. Little is known
about these infections in the nonoutbreak setting.

Contribution

This study evaluated nonoutbreak community-acquired S.
aureus skin and soft-tissue infections in patients in a large
urban setting. Almost three quarters of the soft-tissue in-
fections were caused by MRSA, and these were predomi-
nantly the USA 300 type. No MRSA USA 300 isolate was
resistant to trimethoprim–sulfamethoxazole or vancomycin,
while most were resistant to erythromycin in addition to
�-lactams.

Implications

Antibiotic choice for serious nonoutbreak community-ac-
quired skin and soft-tissue infection should consider high
rates of MRSA in some communities.

—The Editors
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Martens-Latem, Belgium). We performed cluster analysis
by using the unweighted pair-group method based on Dice
coefficients. We defined pulsed-field type clusters by using
a similarity coefficient of at least 80% and the criteria of
Tenover and colleagues (12). By using the nomenclature
outlined by McDougal and colleagues (6), we categorized
MRSA isolates into 1 of 8 lineages: USA 100 through USA
800.

For some isolates, we determined SCCmec type by
using polymerase chain reaction (PCR)–typing of the mec
gene complex as described by Okuma and colleagues (7).
Similarly, we assessed the presence of Panton–Valentine
leukocidin genes in selected MRSA isolates by using PCR
as previously described by Lina and colleagues (13).

Classification of Community-Onset S. aureus Skin and
Soft-Tissue Infections

We classified community-onset S. aureus skin and soft-
tissue infections into 3 groups on the basis of either mo-
lecular typing results (pulsed-field type) of MRSA isolates

or antimicrobial susceptibility pattern in cases in which the
MRSA isolate was not available for PFGE. The 3 groups
were 1) the community-acquired MRSA USA 300/USA
400 group, 2) the “other MRSA” group, and 3) the MSSA
group. The community-acquired MRSA USA 300/USA
400 group was defined by MRSA skin and soft-tissue in-
fections caused by a MRSA isolate that either demon-
strated a USA 300 or USA 400 pulsed-field type (6) or had
an antimicrobial susceptibility profile demonstrating resis-
tance only to �-lactams and erythromycin while retaining
susceptibility to clindamycin, levofloxacin, trimethoprim–
sulfamethoxazole, and vancomycin. The “other MRSA”
group was defined by MRSA skin and soft-tissue infections
caused by a MRSA isolate that either demonstrated a
pulsed-field type other than USA 300 or USA 400 (for
example, USA 100, USA 500, or USA 800 [which have all
been described as health care–associated pulsed-field
types]) or had an antimicrobial susceptibility profile dem-
onstrating resistance to �-lactams, erythromycin, and at

Figure 1. Clinical and molecular epidemiology of Staphylococcus aureus skin and soft-tissue infection.

CA-MRSA � community-acquired methicillin-resistant Staphylococcus aureus; MRSA � methicillin-resistant Staphylococcus aureus; MSSA � methicillin-
susceptible Staphylococcus aureus; PFGE � pulsed-field gel electrophoresis.

ArticleCommunity-Acquired MRSA Skin and Soft-Tissue Infections

www.annals.org 7 March 2006 Annals of Internal Medicine Volume 144 • Number 5 311



least 1 additional antibiotic. We defined the MSSA group
by skin and soft-tissue infections caused by MSSA.

Statistical Analysis
We performed data management and statistical analy-

ses by using Microsoft Excel 2000 software (Microsoft
Corp., Redmond, Washington) and SAS software, version
8.2 (SAS Institute, Cary, North Carolina). We assessed risk
factors for community-acquired MRSA skin and soft-tissue
infection in 2 separate analyses. Our first analysis com-
pared the community-acquired MRSA USA 300/USA 400
group with the MSSA group, and our second analysis com-
pared the community-acquired MRSA USA 300/USA 400
group with the other MRSA group. In addition, we re-
peated each analysis using data that were limited to those
skin and soft-tissue infections in which a MRSA isolate was
available for PFGE to account for any potential misclassi-
fication bias introduced when skin and soft-tissue infec-
tions were classified according to antimicrobial susceptibil-
ity profile.

We initially identified potential risk factors for com-
munity-acquired MRSA skin and soft-tissue infection by
univariate analysis. We calculated prevalence ratios and the
corresponding 95% CIs. Multivariable log-binomial re-
gression models included variables that were statistically
significantly associated with community-acquired MRSA
skin and soft-tissue infection in univariate analysis, as well
as potential confounders and effect modifiers. We tested
interaction among main effect covariates by using 2-way
interaction terms, and we assessed confounding. We chose
the variables included in the final model a priori on the

basis of the biological plausibility of their association with
the outcome of interest, as well as on the basis of statistical
and epidemiologic criteria. We defined a P value of 0.05 or
less as being statistically significant.

Role of the Funding Sources
The Emory Medical Care Foundation, Emory Men-

tored Clinical Research Scholars Program, National Insti-
tutes of Health, National Center for Research Resources,
and National Institute of Allergy and Infectious Diseases
provided funding for the study. The funding sources had
no role in the study design, data collection, data analysis,
and data interpretation or in the writing of the report.

RESULTS

Clinical and Molecular Epidemiology of
Community-Onset S. aureus Skin and Soft-Tissue
Infection

We identified microbiologically confirmed communi-
ty-onset S. aureus skin and soft-tissue infection in 389 ep-
isodes of skin and soft-tissue infection among 384 persons.
Of these episodes, 279 (72%) episodes were caused by
MRSA and 110 (28%) episodes were caused by MSSA
(Figure 1). Among the 389 community-onset S. aureus
skin and soft-tissue infections, 244 (63%) were classified
within the community-acquired MRSA USA 300/USA
400 group (159 infections by pulsed-field type and 85 in-
fections by antimicrobial susceptibility profile [for isolates
not available for PFGE]). Among the 279 community-
onset MRSA skin and soft-tissue infections, 244 (87%)

Figure 2. Dendrogram of representative pulsed-field types from methicillin-resistant Staphylococcus aureus isolates causing skin
and soft-tissue infections.

The figure shows infections among patients seen at Grady Memorial Hospital (lanes 2 to 7, 9, 11, 13, and 15) and representative methicillin-resistant
Staphylococcus aureus standard-type strains previously published by the Centers for Disease Control and Prevention (CDC) (lanes 1, 8, 10, 12, and 14)
(6). CDC data from McDougal et al. (6).
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infections were classified within the community-acquired
MRSA USA 300/USA 400 group and 35 (13%) infections
were classified within the other MRSA group (Figure 1).

When we considered only isolates in which PFGE was
performed, 159 of 175 (91%) MRSA isolates had a pulsed-
field type consistent with community-acquired MRSA
USA 300 or USA 400 pulsed-field type and 16 (9%)
MRSA isolates had non–community-associated or health
care–associated pulsed-field types (Figures 1 and 2). The
predominant community-acquired MRSA pulsed-field
type was USA 300, which accounted for 157 of 159 (99%)
community-acquired MRSA isolates studied (Figure 2,
lanes 2 to 7). The other 2 community-acquired MRSA
isolates had a USA 400 pulsed-field type (Figure 2, lane
15). Among the 157 isolates with a USA 300 pulsed-field
type, 121 (77%) isolates were identical to a CDC USA 300
type strain (Figure 2, lanes 2 and 3) and 36 (23%) isolates
were consistent with USA 300 variant strains (Figure 2,
lanes 4 to 7) on the basis of coefficients of similarity of
80% or higher and the criteria of Tenover and colleagues
(12). Figure 2 (lanes 9, 11, and 13) also shows the pulsed-
field types that are representative of non–community-ac-
quired MRSA strains (USA 500, USA 100, and USA 800)
obtained from MRSA isolates of patients with skin and soft-
tissue infections at Grady Memorial Hospital. Two of 2
(100%) community-acquired MRSA USA 300 isolates tested
had Panton–Valentine leukocidin and SCCmec type IV.

Antimicrobial Susceptibility Patterns of MRSA Isolates
according to Pulsed-Field Type

Most USA 300 isolates demonstrated resistance only
to �-lactams and erythromycin (136 of 157 [87%] iso-
lates), with fewer demonstrating resistance to levofloxacin
(15 of 157 [10%] isolates), clindamycin (4 of 157 [3%]
isolates), rifampin (1 of 157 [1%] isolates), or gentamicin
(1 of 157 [1%] isolates) (Table 1). No USA 300 isolate
was resistant to trimethoprim–sulfamethoxazole or vanco-
mycin, and 2 of 157 (1%) isolates demonstrated resistance
only to �-lactams. In contrast, MRSA isolates with non–
community-associated or “health care–associated” pulsed-
field types usually were resistant to other antibiotics in
addition to �-lactams and erythromycin (14 of 16 [88%]
isolates) (Table 1).

Characteristics of Patients with S. aureus Skin and
Soft-Tissue Infection

Table 2 shows the characteristics of persons in the
community-acquired MRSA USA 300/USA 400 group,
the other MRSA group, and the MSSA group. When com-
pared with the MSSA group in univariate analysis, persons
in the community-acquired MRSA USA 300/USA 400
group were more likely to be black and female. Persons in
the community-acquired MRSA USA 300/USA 400 group
were less likely to have been hospitalized within the previ-
ous 12 months than those in the MSSA group (Table 2).
Age, HIV status, or the frequency of previous infection or
colonization with MRSA did not differ between the com-

munity-acquired MRSA USA 300/USA 400 group and the
MSSA group. When compared with the other MRSA
group, persons in the community-acquired MRSA USA
300/USA 400 group were more likely to be younger than
50 years of age, to be black, and to be HIV-seronegative.
As observed in the MSSA comparison, persons in the com-
munity-acquired MRSA USA 300/USA 400 group were
also less likely than those in the other MRSA group to have
been hospitalized in the previous 12 months (Table 2). Sex
or the frequency of previous infection or colonization with
MRSA did not statistically significantly differ between the
MRSA groups. Inadequate empirical and definitive antibi-
otic therapy (that is, use of agents without in vitro activity
against the S. aureus isolate recovered from the patient)
were much more common among patients with communi-
ty-acquired MRSA (65% and 43%, respectively) than
among those in the MSSA group (1% and 1%, respec-
tively).

Multivariate Analyses
Black race (prevalence ratio, 1.53 [95% CI, 1.16 to

2.02]), female sex (prevalence ratio, 1.16 [CI, 1.02 to
1.32]), and hospitalization within the previous 12 months
(prevalence ratio, 0.80 [CI, 0.66 to 0.97]) were indepen-
dently associated with the community-acquired MRSA
USA 300/USA 400 group compared with the MSSA group
in multivariate analysis (Table 3). When we repeated the
analysis by using data that were limited to those with skin
and soft-tissue infections in which a MRSA isolate was
available for PFGE, black race (prevalence ratio, 1.87 [CI,
1.25 to 2.81]), female sex (prevalence ratio, 1.25 [CI, 1.04
to 1.50]), and hospitalization within the previous 12
months (prevalence ratio, 0.71 [CI, 0.53 to 0.95]) re-
mained independently associated with the community-ac-
quired MRSA USA 300/USA 400 group (Table 3). The
few cases in the other MRSA group limited construction of
multivariate models comparing the community-acquired
MRSA USA 300/USA 400 group with the other MRSA
group; therefore, we present results of only the univariate
analysis comparing these groups (Table 2).

Table 1. Antimicrobial Susceptibility Patterns of
Methicillin-Resistant Staphylococcus aureus Isolates
according to Pulsed-Field Type*

Resistance Pattern Community-Acquired
MRSA USA 300
Group, n (%)

Other MRSA
Group, n (%)†

�-Lactam and erythromycin 136 (87) 2 (12)
�-Lactam, erythromycin, and

�1 additional antibiotic
19 (12) 14 (88)

�-Lactam only 2 (1) 0 (0)

* Pulsed-field types are defined in accordance with nomenclature outlined by
McDougal et al. (6). MRSA � methicillin-resistant Staphylococcus aureus.
† The other MRSA group represents MRSA isolates with pulsed-field types other
than USA 300 or USA 400. These included USA 100, USA 500, and USA 800
and are representative of health care–associated genotypes.
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DISCUSSION

Over 3.5 months, 72% of all community-onset S. au-
reus skin and soft-tissue infections at a large public hospital
and its affiliated clinics in urban Atlanta were caused by
MRSA. We have shown that community-acquired MRSA,
primarily the USA 300 clone, was the predominant cause
of community-onset S. aureus skin and soft-tissue infection
at Grady Memorial Hospital. Community-acquired MRSA
accounted for 63% of all S. aureus skin and soft-tissue
infections and 87% of MRSA skin and soft-tissue infec-
tions. However, most clinicians did not recognize that
community-acquired MRSA emerged as the leading cause
of community-onset skin and soft-tissue infection, as evi-
denced by the high proportion of community-acquired
MRSA infections treated with antimicrobial agents lacking
activity against MRSA (primarily �-lactams).

The proportion of skin and soft-tissue infections
caused by community-acquired MRSA at Grady Memorial

Hospital in 2003 was much higher than that reported in a
population-based study conducted in Minnesota in 2000,
in which 22% of MRSA isolates from skin and soft-tissue
infection were community-acquired MRSA (1). Although
previous reports of community-acquired MRSA skin and
soft-tissue infection have primarily been limited to out-
breaks in selected populations, such as injection drug users,
homosexual men, those incarcerated in correctional facili-
ties, Native Americans, and children (2–5, 9), our data
indicate that community-acquired MRSA has now become
a widespread and endemic cause of S. aureus skin and soft-
tissue infection in our community. Data from San Fran-
cisco also suggest that community-acquired MRSA strains
are increasingly prevalent, with 69% of MRSA strains har-
boring Panton–Valentine leukocidin genes recovered from
skin and soft-tissue sources from patients who attended a
clinic that specializes in skin and soft-tissue infections (8).
In this specialized clinic, with many injection drug users,

Table 2. Characteristics of Patients with Staphylococcus aureus Skin and Soft-Tissue Infection and Univariate Risk Factors for
Community-Acquired Methicillin-Resistant S. aureus USA 300/USA 400 Skin and Soft-Tissue Infection*

Characteristic Community-Acquired
MRSA USA 300/
USA 400 Group
(n � 244)

MSSA Group
(n � 110)

Prevalence Ratio
(95% CI)†

Other MRSA
Group
(n � 35)

Prevalence Ratio
(95% CI)‡

Sex, n (%)
Female 123 (50) 40 (36) 1.19 (1.04–1.37) 15 (43) 1.04 (0.95–1.14)
Male 121 (50) 70 (64) 20 (57)

Race, n (%)
Black 216 (89) 79 (72) 1.54 (1.17–2.04)§ 25 (71) 1.22 (1.00–1.48)§
White 20 (8) 13 (12) 9 (26)
Other 8 (3) 18 (16) 1 (3)

Median age (range), y� 34 (0–70) 36 (0–94) – 45 (0–84) –
Age group, n (%) 1.16 (0.93–1.45)¶ 1.25 (1.04–1.50)¶

�2 y 22 (9) 10 (9) 3 (9)
3–5 y 5 (2) 7 (6) 0 (0)
6–17 y 36 (15) 9 (8) 0 (0)
18–34 y 63 (26) 27 (25) 10 (28)
35–49 y 84 (34) 35 (32) 9 (26)
50–64 y 31 (13) 13 (12) 10 (28)
�65 y 3 (1) 9 (8) 3 (9)

HIV negative, n (%)** 203 (83) 88 (80) 1.07 (0.88–1.30) 21 (60) 1.25 (1.04–1.50)
ESRD, n (%) 0 (0) 2 (2) – 0 (0) –
MRSA bacteremia, n (%) 5 (2) 4 (4) 0.80 (0.45–1.44) 1 (3) 0.95 (0.66–1.37)
Hospitalized in previous 12 mo,

n (%)
45 (18) 32 (29) 0.81 (0.66–1.00) 20 (57) 0.74 (0.63–0.88)

History of MRSA infection or
colonization, n (%)

23 (9) 7 (6) 1.12 (0.91–1.39) 6 (17) 0.95 (0.74–1.09)

Required hospitalization, n (%) 99 (41) 49 (45) 0.95 (0.82–1.10) 19 (54) 0.93 (0.85–1.02)
Antibiotic therapy, n (%)††

Initial active 62 (35) 68 (99) – 11 (50) 0.93 (0.83–1.04)
Ultimate active 100 (57) 68 (99) – 17 (77) 0.92 (0.83–1.00)

* ESRD � end-stage renal disease; MRSA � methicillin-resistant Staphylococcus aureus; MSSA � methicillin-susceptible Staphylococcus aureus.
† Prevalence ratio for comparison of community-acquired MRSA USA 300/USA 400 group vs. MSSA group.
‡ Prevalence ratio for comparison of community-acquired MRSA USA 300/USA 400 group vs. other MRSA group.
§ Prevalence ratio represents comparison of black race with white race and other race combined.
� P � 0.001 for median age comparison of community-acquired MRSA USA 300/USA 400 vs. other MRSA.
¶ Prevalence ratio for comparison of age � 50 y to age � 50 y.
** HIV negative encompasses persons with a known HIV-negative status or an unknown HIV status. HIV status known for 92 of 244 patients (38%) in the community-
acquired MRSA group, 37 of 110 patients (34%) in the MSSA group, and 17 of 35 patients (49%) in the other MRSA group.
†† “Active” defined as the use of an antibiotic with in vitro activity against the S. aureus isolate recovered from patient. Proportion based on patients known to have received
antibiotics: 176 patients for community-acquired MRSA USA 300/USA 400 group; 69 patients for MSSA group; and 22 patients for the other MRSA group. Prevalence ratio
for comparison of community-acquired MRSA vs. MSSA was not calculated because of small cell size for MSSA (cell size � 1 for MSSA group not receiving adequate
antibiotic therapy).

Article Community-Acquired MRSA Skin and Soft-Tissue Infections

314 7 March 2006 Annals of Internal Medicine Volume 144 • Number 5 www.annals.org



76% of the S. aureus isolates from skin and soft-tissue
cultures were MRSA, a prevalence similar to our observa-
tions in urban Atlanta (14).

In areas with a high prevalence of community-ac-
quired MRSA, empirical use of agents that are active
against community-acquired MRSA (for example, vanco-
mycin) is now warranted for patients who present with
serious skin and soft-tissue infections. The emergence of
community-acquired MRSA as an endemic cause of com-
munity-onset skin and soft-tissue infection has led to mod-
ifications of our institutional guidelines for treating skin
and soft-tissue infections. These guidelines now recom-
mend vancomycin as a first-line agent for patients who are
hospitalized with a serious skin and soft-tissue infection.
Previously (when MSSA was the predominant cause of
community-onset staphylococcal skin and soft-tissue infec-
tions), vancomycin was not a recommended antimicrobial
agent for treating community-onset skin and soft-tissue in-
fection because of concerns about the effect of inappropri-
ate vancomycin use on glycopeptide resistance in gram-
positive organisms, including S. aureus (15, 16). Given the
potential ramifications of increased vancomycin use, clini-
cians should obtain specimens for culture in this setting so
that infections caused by MSSA or streptococci can be
treated with a �-lactam rather than vancomycin or other
non–�-lactam agents. In areas with a high prevalence of
community-acquired MRSA, clinicians should use non–�-
lactam agents for localized skin and soft-tissue infections,
particularly for those associated with abscess formation,
which are amenable to outpatient therapy and require pri-
mary or adjunctive antimicrobial agent therapy. Some
studies have suggested use of clindamycin, trimethoprim–
sulfamethoxazole, or linezolid for the outpatient treatment
of skin and soft-tissue infections due to MRSA (17). How-
ever, the efficacy of nonglycopeptide antimicrobial agents
in treating MRSA skin and soft-tissue infections remains
incompletely defined, and clinical trials are needed to bet-
ter define their role.

Concerns about inducible clindamycin resistance via
erm genes among community-acquired MRSA isolates that
are resistant to macrolides but demonstrate in vitro suscep-
tibility to clindamycin have made many clinicians reluctant
to treat community-acquired MRSA infections with clin-
damycin. Inducible resistance mediated by erm genes oc-
curs by modification of ribosomal drug-binding sites, re-
sulting in resistance to macrolides, lincosamides, and group
B streptogramins, and has been called the MSLBi pheno-
type (18). Although data are limited, clinical failures of
clindamycin treatment for community-acquired MRSA
isolates with a MSLBi phenotype have been reported,
which suggests that clindamycin probably should be
avoided for treating infections caused by isolates with an
MSLBi phenotype (18, 19). In contrast, efflux pump–me-
diated macrolide resistance in S. aureus (msr[A]) does not
lead to inducible clindamycin resistance, and infections
caused by such isolates can be treated with clindamycin

(20). However, standard in vitro susceptibility testing does
not differentiate between msr(A)-mediated and MSLBi-
mediated resistance in S. aureus. Inducible clindamycin re-
sistance can be detected in the laboratory by performing a
“D-zone test.” In the test, the clindamycin zone of inhibi-
tion is blunted when a clindamycin and erythromycin sus-
ceptibility disk are placed side by side on an agar plate
containing the S. aureus isolate, resulting in a D shape
when inducible clindamycin resistance is present (21). In
areas with a high prevalence of community-acquired
MRSA infections, laboratories should consider routine im-
plementation of testing for inducible clindamycin resis-
tance.

Incision and drainage without adjunctive antimicro-
bial agent therapy has often been used as a primary treat-
ment method for skin abscesses with successful outcomes,
and this may be applicable for community-acquired MRSA
abscesses. Limited data from immunocompetent children
suggest that this approach may be successful for abscesses
less than 5 cm in diameter (22). In addition, data from San
Francisco have shown that most patients with MRSA skin
and soft-tissue infections who received treatment with an-
tibiotics that were not active against MRSA after initial
incision and drainage experienced clinical resolution (14).
However, further data on treatment outcomes for incision
and drainage, with or without adjunctive antimicrobial
agent therapy, of community-acquired MRSA skin and
soft-tissue infection are needed to determine the efficacy of
these methods, as well as to define the risk for recurrence,
which may be higher since community-acquired MRSA
strains often possess Panton–Valentine leukocidin.

Previous studies have classified patients with MRSA

Table 3. Multivariate Analysis of Risk Factors for
Community-Acquired Methicillin-Resistant Staphylococcus
aureus USA 300/USA 400 Skin and Soft-Tissue Infection
Compared with Methicillin-Susceptible S. aureus*

Risk Factor Prevalence Ratio
(95% CI)

P
Value

Pulsed-field type–defined and
antibiogram–defined community-
acquired MRSA†

Black race‡ 1.53 (1.16–2.02) 0.002
Female sex 1.16 (1.02–1.32) 0.024
Hospitalized in previous 12 mo 0.80 (0.66–0.97) 0.023

Pulsed-field type–defined
community-acquired MRSA§

Black race‡ 1.87 (1.25–2.81) 0.003
Female sex 1.25 (1.04–1.50) 0.019
Hospitalized in previous 12 mo 0.71 (0.53–0.95) 0.019

* MRSA � methicillin-resistant Staphylococcus aureus.
† Analysis includes all cases classified in the community-acquired MRSA USA
300/USA 400 group (i.e., both pulsed-field type and antimicrobial susceptibility
pattern–defined community-acquired MRSA [n � 244]).
‡ Black race compared with white race and other race combined.
§ Analysis restricted to data that were limited to those skin and soft-tissue infec-
tions in which a MRSA isolate was available for pulsed-field gel electrophoresis
(n � 159 community-acquired MRSA infections).
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infections who were hospitalized within the previous year
as having health care–associated MRSA (1). In our study of
community-onset S. aureus skin and soft-tissue infection,
we did not use hospitalization within the previous year as
an exclusion criterion when defining community-acquired
MRSA. Although previous hospitalization was seen less fre-
quently in patients with community-acquired MRSA than
in patients in the other MRSA group or the MSSA group,
we observed a history of hospitalization within 1 year in
18% of patients with a USA 300 pulsed-field type. Thus, a
history of hospitalization within 1 year should not be used
to exclude the possibility of community-acquired MRSA.
Whether acquisition of the community-acquired MRSA
USA 300 clone is occurring in the community or in health
care settings among those with a history of hospitalization
is unknown. Acquisition is probably occurring in both set-
tings on the basis of evidence of community-acquired
MRSA transmission in both community settings and, more
recently, in health care settings (2–5, 23–27).

In our study, black persons were more likely to have
skin and soft-tissue infections caused by the community-
acquired MRSA USA 300/USA 400 group compared with
those with MSSA infections. Other studies have also dem-
onstrated an association between nonwhite race and com-
munity-acquired MRSA (1). The reason for this associa-
tion is unclear, but the association parallels that seen in
other invasive bacterial infections, such as those caused by
Streptococcus pneumoniae (28, 29). Persons in the commu-
nity-acquired MRSA USA 300/USA 400 group were
younger than persons in the other MRSA group, a finding
that was also confirmed by previous investigations (1).
Younger age may be associated with more frequent close
contact between individuals or intrafamilial transmission,
child care attendance, less hygienic practices, more fre-
quent skin trauma, and increased rates of incarceration,
which have all been implicated in outbreaks of communi-
ty-acquired MRSA skin and soft-tissue infection (2–5, 30).
When compared with persons in both the MSSA group
and the other MRSA group, persons in the community-
acquired MRSA USA 300/USA 400 group were less likely
to have been hospitalized in the preceding 12 months. This
suggests that spread of the USA 300 clone is primarily
occurring in the community, with a smaller portion poten-
tially acquired in a health care setting. Whether this asso-
ciation will remain constant as more patients with commu-
nity-acquired MRSA infections are hospitalized, which
may increase transmission of community-associated strains
within hospitals or may even establish these strains as en-
demic strains within hospitals, will require continued clin-
ical and molecular observation.

Some MRSA isolates were not available for molecular
typing by PFGE, and we relied on isolate antimicrobial
susceptibility pattern to define community-acquired
MRSA in these cases. For these cases, misclassification bias
is possible. However, the similarities in demographic char-
acteristics, underlying medical conditions, and other find-

ings from our study observed between pulsed-field type–
defined and antibiogram–defined community-acquired
MRSA suggest that misclassification bias was limited. In
addition, we conducted separate analyses using data that
were restricted to those patients whose MRSA isolates were
available for PFGE. These analyses demonstrated findings
similar to those of the overall analysis, which incorporated
both pulsed-field type–defined and antibiogram–defined
cases. Furthermore, in the event of misclassification, the
overall proportion of skin and soft-tissue infections caused
by the community-acquired MRSA USA 300/USA 400
group was most likely underestimated since isolates with
fluoroquinolone resistance, which has been reported in
some community-acquired MRSA isolates, were defined as
other MRSA (1, 20). We retrospectively reviewed medical
records of patients with S. aureus skin and soft-tissue in-
fections. Given our study design, confounding of the iden-
tified risk factors by unmeasured factors (for example, pre-
vious incarceration and day care attendance) or by
unavailable data (for example, HIV status) is possible. Fur-
thermore, caution must be used when interpreting the
identified associations with community-acquired MRSA,
and causal relationships should not be inferred. Future
studies using prospective patient interviews are needed to
fully define the contribution of these unmeasured risk fac-
tors to the risk for developing a skin and soft-tissue infec-
tion from community-acquired MRSA.

In an urban Atlanta hospital and its affiliated clinics,
the community-acquired MRSA USA 300 clone has be-
come the most common cause of community-onset S. au-
reus skin and soft-tissue infections. Improved recognition
by physicians that community-acquired MRSA is the ma-
jor cause of staphylococcal skin and soft-tissue infection is
needed to ensure that appropriate therapy is initiated and
to reduce the risk for horizontal transmission in health care
settings. Continued hospital-based and population-based
surveillance will be required to fully understand the mag-
nitude and ongoing evolution of community-acquired
MRSA infections.
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