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We investigated the emergence and spread of community-associated strains of methicillin-resistant Staph-
ylococcus aureus (CA-MRSA) in central and northern Wisconsin by determining the temporal and clonal
relationships and geographic expansion among 581 of 956 clinical isolates of MRSA collected between 1989 and
1999. Based on EcoRI plasmid profiles (PP), two types, PP-11 and PP-13, were highly stable over time and were
consistently associated with multidrug-sensitive strains recovered from outpatients treated at Native American
community clinics. Pulsed-field gel electrophoresis (PFGE) yielded six major clonal groups (MCGs) and 19
minor clonal groups. The six MCGs represented 82% of the isolates. All strains with either PP-11 or -13 were
present in MCG-2. Eighty-nine percent of the isolates in MCG-2 originated from Native American clinics, and
90% belonged to two PFGE types (19 and 20), the types associated with an outbreak of MRSA in a Native
American community in 1992. MCG-2 isolates were multidrug sensitive, harbored type IVa staphylococcal
cassette chromosome mec, and were very closely related by PFGE to the Midwestern CA-MRSA strain MW2.
MCG-2 strains were mostly obtained from skin infections and affected patients with a mean age of 24 (�18.0)
years. MCG-2 strains spread to four additional Native American communities and 20 other communities. Our
findings suggest that CA-MRSA in Wisconsin likely originated in Native American communities in the early
1990s and since has become widespread throughout the state. Two early CA-MRSA strains (WI-33 and WI-34)
in Wisconsin represent progenitors of the MW2 strain, based on their almost indistinguishable genotypic
characteristics.

For many years, methicillin-resistant Staphylococcus aureus
(MRSA) was considered a multidrug-resistant pathogen that
was strongly associated with infections in individuals with es-
tablished risk factors, the most important of which was recent
hospitalization (7, 9). Surveillance in U.S. hospitals indicated
that staphylococcal infections due to MRSA increased from
2.4% in 1975 to 54.5% in 1999 (31, 35). More recently, there
have been reports of community-associated MRSA (CA-
MRSA) strains affecting individuals who have few risk factors
for infection. As CA-MRSA strains have become more thor-
oughly characterized, it has been found that CA-MRSA strains
are less likely to be resistant to multiple antibiotic classes and
are more often associated with superficial skin and soft tissue
infections than hospital-associated MRSA (HA-MRSA)
strains (17, 19, 27). Furthermore, strains of MRSA that origi-
nate in the community appear to have molecular features that
are quite distinct from those of HA-MRSA. These include
unique pulsed-field gel electrophoresis (PFGE) clonal types (1,
2, 15, 21, 28), the presence of type IV staphylococcal cassette
chromosome mec (SCCmec) (12, 34), and the presence of the
Panton-Valentine leukocidin (pvl) genes (22, 47). Recently,
our group showed that almost all CA-MRSA strains in rural
Wisconsin contain both SCCmec IV and pvl genes (41).

Certain ethnic groups are reported to have a propensity for

the acquisition of CA-MRSA. These include Native American
populations in the Midwest United States (15, 18) and aborigi-
nals in Canada (14, 44) and Australia (24, 46). CA-MRSA
infections have also been reported for other patient popula-
tions across many regions of the United States, including Min-
nesota and North Dakota (8, 28), Illinois (16, 19, 43), Texas (2,
27), Hawaii (17), Nebraska (15), and California (10). In states
adjacent to Wisconsin, studies have documented CA-MRSA
infections in pediatric populations (16, 19), including four
deaths (8) and an increased incidence among young individuals
(median age range, 16 to 20 years) (28). The CA-MRSA strain
MW2 is a hypervirulent strain that was responsible for the
death of a Native American child in North Dakota in 1998 (4,
8) and has been linked to several other reports (15, 18, 28). The
MW2 strain has been classified as part of the USA400 clonal
group in a proposed MRSA database in the United States (26).

Although MRSA was detected in the United States as early
as 1968 (6), clinical isolates of MRSA were not identified at
Marshfield Laboratories until 1989. Marshfield Laboratories is
a large reference laboratory that serves a significant portion of
rural central and northern Wisconsin. Since 1989, the number
of MRSA cases has increased dramatically, and currently
about 20% of S. aureus isolates in our laboratory are resistant
to methicillin. In the spring of 1992, we detected an outbreak
of multidrug-sensitive MRSA among outpatients in a Native
American community in rural Wisconsin (42). At that time, we
had begun using EcoRI restriction analysis of plasmid DNA as
a genetic typing method and determined that the outbreak
isolates shared a common restriction profile. Although only a
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limited epidemiologic investigation was undertaken, the index
cases were believed to be children with impetigo who attended
a day care center. Subsequent phenotypic and genetic charac-
terizations of these early isolates were consistent with CA-
MRSA (M. E. Stemper, S. K. Shukla, and K. D. Reed, Abstr.
102nd Gen. Meet. Am. Soc. Microbiol., abstr. C-296, 2002).
The purpose of this study was to determine the temporal and
geographic spread of CA-MRSA strains in central and north-
ern Wisconsin for the period of 1989 to 1999.

MATERIALS AND METHODS

MRSA isolates and their identification. A total of 956 clinical strains of MRSA
were collected between October 1989 and December 1999. Of the 956 isolates,
581 were stored at �70°C and were available for plasmid and PFGE typing. The
remaining 375 isolates were recovered exclusively from patients who were
treated at five Native American clinics between 1994 and 1999, and these sam-
ples were not saved in frozen storage. All strains (n � 956) were recovered from
clinical specimens and occasional surveillance cultures submitted to our refer-
ence laboratory for routine microbiological testing. The isolates were identified
as S. aureus by standard laboratory methods, including colony morphology de-
termination, Gram staining, and tests for catalase and coagulase.

This investigation was approved by the Institutional Review Board of Marsh-
field Clinic Research Foundation.

Demographic data. Data collected for each isolate included the date of col-
lection, the specimen source, the patient’s age and sex, and the submitting
healthcare facility. Duplicate isolates from the same patients were excluded. The
healthcare facilities were categorized as private clinics, hospitals, or long-term-
care facilities. The type of infection associated with each isolate was defined as
invasive or noninvasive based upon the source of the clinical specimen. For the
purposes of this study, isolates recovered from blood, spinal fluid, sputum,
tracheal or bronchial aspirates, and urine sources were considered invasive.
Isolates from all other sources, such as skin and soft tissue infections, were
considered noninvasive.

Susceptibility testing. Antimicrobial susceptibilities were determined for all
956 isolates by broth microdilution with the Vitek system (bioMèrieux Inc.,
Durham, N.C.) according to the protocols of the National Committee for
Clinical Laboratory Standards (30). The antimicrobial agents tested included
penicillin, oxacillin (OXA), ampicillin, cephalothin, erythromycin (ERY), cipro-
floxacin (CIP), gentamicin, clindamycin (CLI), tetracycline (TET), tri-
methoprim-sulfamethoxazole (SXT), and rifampin. Isolates were considered re-
sistant to methicillin if the OXA MIC was �4 �g/ml. OXA resistance was
confirmed by the use of OXA screen agar (Becton Dickinson, Franklin Lakes,
N.J.).

Molecular methods. (i) Plasmid analysis. The extraction of plasmid DNAs
and the separation of EcoRI restriction fragments were performed as described
previously (36, 37).

(ii) PFGE. Preparations of chromosomal DNAs were performed by modifica-
tions of previously described methods (5, 25). The modifications included making
cell suspensions from overnight growth on blood agar plates. Plugs were made by
adding 4 �l of lysostaphin (1 mg/ml) to 250 �l of cell suspension and combining
this mixture with 250 �l of 1.8% SeaPlaque agarose. The plugs were incubated
for 4 h at 37°C in lysis buffer followed by an overnight incubation at 55°C in
proteinase K buffer. DNAs were digested with 35 U of SmaI at 25°C for 3 h
(without agitation). Fragments were resolved in 1% SeaKem agarose in 0.5�
Tris-borate-EDTA buffer at 14°C with a CHEF-DRIII system (Bio-Rad Labo-
ratories, Hercules, Calif.) for 20 h at 6 V/cm, with pulse times ramping from 5 to
40 s. The gels were poststained with ethidium bromide and digitally imaged with
a Gel Doc 2000 system (Bio-Rad Laboratories). A SmaI digest of DNA from S.
aureus NCTC 8325 was applied to multiple lanes of each gel as a reference
standard.

(iii) SCCmec typing. Representative isolates from each major clonal group
(MCG) were characterized by a PCR assay for SCCmec. The method was based
on a modification (41) of the multiplexed PCR assay of Oliveira and de Lencastre
(34).

Analysis of genetic relatedness. PFGE patterns were analyzed with Molecular
Analyst Fingerprinting Plus, version 1.1, software (Bio-Rad Laboratories). The
patterns were also analyzed visually to resolve occasional ambiguities in band
assignments. Dendrograms were created by means of the Dice coefficient and the
unweighted pair group method using averages. The position tolerance between
two bands for them to be considered a match was set to 1.5%. The evaluation of

genetic relatedness among the strains was based on the following definitions: (i)
clonal groups were defined as isolates having PFGE patterns with six or fewer
band differences based on the criteria of Tenover et al. (45) and having a
similarity index of �80%, (ii) MCGs were defined as groups that contained �5%
of the study isolates, and (iii) minor clonal groups (mCGs) were MRSA groups
that accounted for �5% of the study isolates. Isolates were assigned PFGE
patterns and were placed into clonal groups based on the order in which they had
been collected. The CA-MRSA strain MW2 was used for comparison (a kind gift
from Timothy Naimi of the Minnesota Department of Health).

Statistical analysis. Associations between MCGs, patient healthcare facili-
ties, and isolate invasiveness were analyzed by the two-tailed Fisher exact test
(StatXact-3; Cytel Software Corporation, Cambridge, Mass.). P values of
�0.05 were considered statistically significant. The age distribution for the
MCGs was analyzed by the use of SAS software (version 8.2; SAS Institute,
Inc., Cary, N.C.).

RESULTS

MRSA isolates and demographic data. A total of 956 MRSA
isolates were collected between 1989 and 1999. These isolates
were submitted from 77 Wisconsin healthcare facilities located
in 33 counties within an approximately 160-mile radius of
Marshfield, Wis. (Fig. 1). The submitting facilities included
private clinics (64%), hospitals (23%), and long-term-care fa-
cilities (13%). The isolates came from a patient population
consisting of 51% males and 49% females. Of the 956 isolates,
581 were available for molecular subtyping by PFGE and plas-
mid analysis.

Description of an MRSA outbreak in a single Native Amer-
ican clinic. Between April and December 1992, 20 cases of
MRSA infections were identified among patients seen at a
small Native American clinic designated NAC-A. All of the
isolates had the same antimicrobial susceptibility pattern,
showing resistance only to ERY in addition to the �-lactam
antibiotics. The initial genetic typing of these isolates in 1992
was done by plasmid analysis, the only molecular typing

FIG. 1. Map of Wisconsin showing the 77 patient care facilities that
submitted clinical specimens containing MRSA between 1989 and
1999. Each circle represents a patient care facility. The sizes of the
circles are proportional to the numbers of isolates collected from the
sites. The dashed circle indicates a 160-mile radius from Marshfield
(�).

5674 STEMPER ET AL. J. CLIN. MICROBIOL.



method available in our laboratory at that time. Remarkably,
all 20 isolates had the same plasmid profile (PP), PP-11. The
first two MRSA index strains, WI-33 and WI-34, were recov-
ered on 21 April and 6 May 1992 from skin wounds on the arm
of a 16-year-old girl and the knee of a 7-year-old boy, respec-
tively. The two children were not related and neither had
known risk factors for MRSA infection. Laboratory records
showed that there were no previously documented reports of
MRSA in this community prior to these index cases. Shortly
after the onset of the outbreak, MRSA strains with a similar
multidrug-sensitive antibiogram were isolated from additional
patients in this community. These strains had PP-13, which had
a similar band pattern to PP-11 but lacked two fragments.
During the course of the decade, both PP-11 and PP-13 strains
were observed in other clinics serving primarily Native Amer-
ican communities.

Molecular analysis. The clonal relationship of 581 MRSA
isolates was determined by SmaI PFGE analysis. PFGE iden-
tified 109 unique macrorestriction patterns based on one or
more band differences. A total of 25 clonal groups were estab-
lished based on related PFGE patterns with six or fewer frag-
ment differences. Eighty-two percent of the isolates clustered
into six MCGs, designated MCG-1 (6.4%), MCG-2 (26.6%),
MCG-4 (5.8%), MCG-7 (29.4%), MCG-10 (9.3%), and
MCG-18 (5.0%) (Fig. 2). The number of PFGE types present
in the different MCGs ranged from 7 to 14. The PFGE patterns
within each MCG had a genetic similarity index of �80.0% and
were represented by �5.0% of the study isolates. The remain-
ing 18% of the isolates were classified into 19 mCGs.

The resulting dendrogram revealed that MCG-2 was genet-
ically divergent from the other Wisconsin MCGs, as it had a
similarity index of �60% (Fig. 2). MCG-2 was comprised of 12
closely related PFGE patterns (similarity index, �83%) repre-
senting 155 isolates, including the outbreak index isolates
WI-33 and WI-34. Even though the outbreak strains had the
same PP, their PFGE types differed by two bands, consistent
with a single genetic event (45). Eighty-nine percent of the
isolates in MCG-2 (n � 155) were either PFGE type 19 (PFGE
19) (16%) or PFGE 20 (73%). All of the MCG-2 isolates were
closely related (three or fewer band differences) to PFGE 20.
In addition, isolate WI-34 (PFGE 20) was indistinguishable by
PFGE from the MW2 strain, but it had a different PP. How-
ever, strain WI-99, isolated in 1993 from a patient in the out-
break community, was the earliest strain in MCG-2 to have an
indistinguishable PFGE pattern in addition to the same PP
(PP-13) as the MW2 strain.

Stability of PPs among MCG-2 strains. PPs were deter-
mined for all of the isolates in this investigation (data not
shown) and were compared to the clonality of strains based on
PFGE. We observed a strong correlation between MCG-2 and
PP-11 or PP-13. In fact, 96% of the isolates in MCG-2 (n �
155) had PP-11 (74%) or PP-13 (22%), while the remaining
4% represented six isolates with unique PPs. PP-11 and -13
remained stable within MCG-2 during the course of the de-
cade. Furthermore, neither of these plasmid types was identi-
fied in strains belonging to other clonal groups. The presence
of PP-11 also consistently correlated with resistance to ERY,
while strains with PP-13 were sensitive to all antibiotic classes
other than the �-lactams.

Antimicrobial susceptibilities. There were 24 antibiogram
patterns among the 956 study isolates. Sixty-nine percent of the
isolates were sensitive to all but one or two antimicrobial
agents (typically ERY) in addition to the �-lactam antibiotics.
Strains were rarely resistant to gentamicin (1.7%) or rifampin
(1.3%). The antibiograms of MRSA isolates within the MCGs
are shown in Table 1. MCG-2 isolates were susceptible to
multiple antibiotic classes, including CIP, CLI, TET, and SXT.
ERY resistance was present in 73% of the isolates in this
group. Isolates belonging to MCG-2 did not show an increasing
trend in the resistance pattern but rather remained multidrug
sensitive throughout the study period. In contrast, �65% of
the MRSA isolates within the other five MCGs, MCG-1, -4, -7,
-10, and -18, were resistant to three or more antibiotic classes,
including CIP, CLI, and ERY. The average levels of resistance
to CIP, CLI, and ERY among these five MCGs were 93, 82,
and 94%, respectively.

MCG-2 strains are CA-MRSA. Isolates belonging to MCG-2
were designated as CA-MRSA based on multiple established
phenotypic and genotypic features associated with CA-MRSA
strains. All of the isolates had multidrug-sensitive antibiograms
and PFGE patterns that were indistinguishable from or within
one to three band differences of the MW2 strain. In addition,
the SCCmec types were determined for 49 isolates within
MCG-2. Ninety-eight percent of the isolates harbored type IVa
SCCmec, including the index strains. In contrast, 48 isolates
representing the other five MCGs harbored type II SCCmec
(41). Type II SCCmec has been shown to be more commonly
associated with HA-MRSA (29). Further evidence that
MCG-2 is CA-MRSA is based on the following demographic
data and clinical presentations of infections associated with
this group of MRSA.

(i) Age distribution. The mean age of patients with isolates
belonging to MCG-2 was 24.3 	 18.0 years (Table 1). This was
compared to an average mean age of 72.0 	 21.0 years for
patients with isolates in MCG-1, -4, -7, -10, and -18.

(ii) Healthcare setting. A correlation was observed between
outpatient healthcare settings and MCG-2 isolates compared
to all other clonal groups (Table 1). Seventy-eight percent of
the isolates in MCG-2 were recovered from patients who were
seen in outpatient clinic settings. These data were statistically
significant compared to the number of isolates in the other five
MCGs that came from outpatient clinic settings (P � 0.001).

(iii) Isolate invasiveness. The type of infection (i.e., invasive
or noninvasive [see Materials and Methods]) caused by each
MRSA strain was correlated with the MCG by PFGE (Table
1). Ninety-seven percent of infections caused by MCG-2 iso-
lates were skin related. Only 3.2% (n � 155) of the isolates in
MCG-2 were considered invasive, compared to 32.4 to 50.0%
invasive isolates within the other clonal groups (P � 0.001). A
seasonal trend in infections caused by MCG-2 isolates was
noticed, with the incidence of infections increasing during the
summer and fall (data not shown). This was possibly due to
more skin exposure during the summer and to vulnerability to
secondary infection of wounds such as insect bites.

Earliest CA-MRSA strains in our investigation. We recog-
nized two isolates in MCG-2, WI-2 and WI-23, that occurred
prior to the 1992 outbreak. The first isolate, WI-2, was from
the nares of a 46-year-old male from Wood County in central
Wisconsin in November 1990. This strain was sensitive to all
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non-�-lactam antibiotics except TET. The isolate had PFGE 2
and PP-5 and harbored SCCmec IVa. The second strain, WI-
23, was identified in January 1992 in a tracheal culture of a
1-year-old male from Forest County in northeast Wisconsin.
This isolate was sensitive to all non-�-lactam antibiotics and
had PP-9 and PFGE 15, respectively. It harbored SCCmec IV,
although not the IVa subtype. Both isolates had PFGE pat-
terns that were closely related to PFGE 20, but they possessed
unique genotypic and phenotypic features compared to the
other CA-MRSA strains in our collection. No definitive epi-

demiologic link could be identified between these patients and
the outbreak cases.

Emergence and geographic spread of CA-MRSA from a
Native American community. The yearly distribution of the
956 isolates during this study period is shown in Fig. 3. The
data are divided into isolates in MCG-2 and those in all other
MCGs and mCGs. The emergence of MCG-2 isolates corre-
sponded to the recognition of the MRSA outbreak in 1992.
Since 98.2% (n � 110) of multidrug-sensitive MRSA isolates
that were submitted from Native American clinics clustered in

FIG. 2. Dendrogram of representative MRSA isolates from six major clonal groups (MCGs) based on the unweighted pair group method using
averages and the Dice similarity coefficient. The number of isolates (n) within each MCG is indicated along the left margin. The first column on
the right identifies MRSA strain numbers. The second column indicates the years of isolation. The third column describes the unique PFGE
designations present within the MCGs. MW2 is a CA-MRSA control strain. The two asterisks (*) identify the index cases of CA-MRSA from the
Native American community outbreak in 1992. The horizontal lines across the dendrogram were drawn to separate each clonal group.
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MCG-2, it is very likely that the 375 MRSA isolates with
multidrug-sensitive antibiograms that were recovered from pa-
tients at the same five clinics between 1994 and 1999 but were
unavailable for PFGE were also members of MCG-2. Alto-
gether, the incidence of MCG-2 peaked in 1996 and then
declined between 1997 and 1999, as a steady increase in MRSA
groups other than MCG-2 was observed (Fig. 3). MCG-2 rep-
resented the most predominant clonal group during the study
period, with a total isolation rate of 55.4% (n � 956). Eighty-
nine percent (n � 530) of the patients with MCG-2 MRSA
were seen at Native American facilities. Only 10.7% of patients
with MCG-2 strains were identified in other rural Wisconsin
communities. These patients had a similar average age of 26
years, and they had no apparent differences in the epidemiol-
ogy of their CA-MRSA.

The geographic distribution of MCG-2 MRSA isolates
within Wisconsin expanded over the course of the study period
(Fig. 4). New locations were identified each year after the
onset of the outbreak. Altogether, strains belonging to MCG-2
were also identified in 24 new Wisconsin communities. Four of
these locations were Native American communities identified
between 1993 and 1995. The remaining 20 Wisconsin commu-
nities were identified during the following 2-year periods, with
an incidence of 4, 3, 6, and 7 communities, respectively: 1992–
1993, 1994–1995, 1996–1997, and 1998–1999. Most of these
communities were rural locations within an approximately 45-
mile distance from a Native American community. Collec-
tively, the spread of MCG-2 encompassed 21 of the 33 counties
that submitted cultures that were positive for MRSA. All but 2
of the 20 counties lie in the northern half of Wisconsin (Fig. 4).

DISCUSSION

This retrospective investigation of 956 isolates from 1989 to
1999 provides the first comprehensive epidemiological analysis
of MRSA strains from patients in the largely rural area of
central and northern Wisconsin. During the 11-year study pe-
riod, an outbreak of CA-MRSA occurred in a Native Ameri-
can community in 1992, and over the course of the decade, the
outbreak strain spread geographically to other locations in
Wisconsin. Our retrospective analysis provided a unique op-
portunity to study the clonal relationship of MRSA strains at a
time when CA-MRSA was being recognized as an emerging
health concern. Furthermore, this study provides evidence that
the outbreak of CA-MRSA in Wisconsin in 1992 predated
reports from the late 1990s of the presence of CA-MRSA in
neighboring states of Wisconsin (8, 19, 28).

Genetic relationships based on plasmid analysis led to the
earliest evidence of the MRSA outbreak in 1992. Even though
the utility of plasmid analysis for MRSA outbreak investiga-
tions has been described previously (23, 38, 48), we recognize
that plasmid typing is no longer a widely used tool for molec-

FIG. 3. Frequency distribution of MRSA isolates in Wisconsin be-
tween 1989 and 1999 at Marshfield Laboratories. The solid bars rep-
resent MCG-2 isolates. The open bars specify isolates belonging to all
other MCGs and mCGs.

FIG. 4. Map of Wisconsin showing the temporal and geographic
distribution of MCG-2 isolates throughout the period 1992–1999. Each
symbol represents the time period in which the isolates were identified.

TABLE 1. Antimicrobial resistance patterns and clinical data for MRSA isolates within the six major clonal groups

MCG n Mean age
of patients

% Antimicrobial resistance No. (%) of MRSA isolates by healthcare site % MRSA infections

CIP CLI ERY TET SXT Clinic Hospital LTCFa P Invasiveb Noninvasive P

2c 155 24.3 0.0 0.6 73.1 2.6 0.6 121 (78.0) 34 (21.9) 0 (0) 3.2 96.8
1 37 70.6 78.4 81.1 91.9 0.0 5.4 17 (45.9) 20 (54.0) 0 (0) 0.0002 32.4 67.6 �0.0001
4 34 71.0 91.7 88.9 97.2 0.0 8.3 9 (26.5) 23 (67.6) 2 (5.8) �0.0001 44.4 55.6 �0.0001
7 171 73.6 98.8 66.3 95.9 1.7 3.5 51 (29.8) 56 (32.7) 64 (37.4) �0.0001 36.0 64.0 �0.0001

10 54 74.6 98.2 88.9 94.4 0.0 5.6 12 (22.2) 21 (38.9) 21 (38.9) �0.0001 50.0 50.0 �0.0001
18 26 69.2 100.0 84.6 88.5 0.0 3.9 11 (42.3) 12 (46.2) 3 (1.2) 0.0005 34.6 65.4 �0.0001

a LTCF, long-term-care facility.
b Based on source (blood, spinal fluid, sputum, endotracheal sample, urine).
c Reference group.
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ular epidemiology. However, in our case, EcoRI PP data
showed the presence of two distinct PPs that were consistently
associated with CA-MRSA in MCG-2 throughout the decade.
The fact that these plasmid types remained stable in MCG-2
suggests that they may provide additional fitness factors that
give strains a selective advantage. The correlation between one
of the PPs and ERY resistance also suggests that there are
plasmid-mediated determinants involved in the expression of
ERY resistance. Recently, O’Brien et al. (32) described induc-
ible ERY resistance associated with a 2-kb plasmid in CA-
MRSA in Australia.

Our SmaI PFGE data for 581 isolates showed the clustering
of 82% of the isolates into six MCGs. MCG-2 was quite diver-
gent from the other MCGs in Wisconsin based on its similarity
index of �60% (Fig. 2). Several of the other MCGs contained
multidrug-resistant strains of MRSA that are known to be
endemic to a nursing home setting (13), supporting the likeli-
hood that these MCGs represent HA-MRSA. Indeed, we re-
cently showed that representative isolates within these five
MCGs had molecular features of HA-MRSA (41). The two
most prevalent PFGE patterns within MCG-2, PFGE 19 and
20, not only characterized the community outbreak isolates,
but were also indistinguishable from or closely related by
PFGE to the well-characterized CA-MRSA strain MW2. Since
MW2 has been described as part of the lineage of the USA400
clonal group established by the Centers for Disease Control
(26), MCG-2 in Wisconsin corresponds to this clonal group. In
addition to related PFGE patterns, the outbreak index strains
WI-33 and WI-34 in MCG-2 shared multiple common features,
including the SCCmec IVa type. Specifically, they also pos-
sessed a multilocus-sequence-type allelic profile 1-1-1-1-1-1-1
(ST1) and the pvl genes (41). In an evolutionary context, the
clonal expansion within MCG-2 appeared to have favored the
genetic background of strain WI-34 over that of the related
WI-33 strain given the fact that all of the isolates in the group
were closely related to PFGE 20. This suggests that strain
WI-34 was ecologically more successful. Since strains WI-34
and WI-99 had an identical PFGE 20 pattern and SCCmec IVa
type, we suggest that WI-34 was probably the precursor strain
of WI-99 identified in 1993 (Fig. 5). Furthermore, WI-99 has
identical features, including its antibiogram, PFGE type,
SCCmec type, and PP, as the MW2 strain (Fig. 5). Analogous
deletions were also detected in the mecI and mecR1 genes of
strain WI-99 compared to the MW2 strain (40). Taken to-
gether, the events described in Fig. 5 show that strain WI-34
was likely the progenitor of the MW2 strain and that WI-99,
which has been in Wisconsin since 1993, appears identical to
MW2.

The geographic expansion of MCG-2 during the study pe-
riod was remarkable. After the 1992 outbreak, MCG-2 isolates
spread to 24 additional communities in the state. The temporal
pattern of dissemination over time coincided with the geogra-
phy of five Native American communities and their surround-
ing vicinities in central and northern Wisconsin. This geo-
graphic relationship suggests that residents in Native American
communities were one of the reservoirs for CA-MRSA within
Wisconsin. The fact that nearly 90% of the patients infected
with MCG-2 isolates were treated at one of these Native
American clinics also suggests that this population is at a
higher risk of CA-MRSA infection. Whether Native Ameri-

cans are essentially predisposed to acquiring S. aureus is not
known at this time. However, some authors have speculated
about risk factors among Native Americans, including de-
pressed socioeconomic levels, overcrowded living conditions,
sanitation concerns, limited access to health care, and empir-
ical use of antibiotics (3, 11, 14, 18, 28). The majority of the
individuals seeking medical care at a Native American clinic
are likely of Native American ethnicity. However, the true
ethnic prevalence within this clonal group could not be ascer-
tained, as patient medical records were unavailable for review.
A study by Groom et al. (18), which included medical record
reviews, similarly showed that CA-MRSA strains in an Amer-
ican Indian population in the Midwest were clonally related to
MW2. Fey et al. (15) further described the CA-MRSA in a
Native American community in Nebraska as indistinguishable
from or highly related to the CA-MRSA reported by Groom et
al. (18) and Naimi et al. (28).

This is the first large-scale investigation of temporal MRSA
isolates from Wisconsin. Our data indicate that CA-MRSA
strains were present as early as 1990 and accounted for more
than half (55%) of the 956 isolates in our 11-year collection.

FIG. 5. Schematic diagram showing suggested precursor and pre-
decessor strains of the MW2 strain. Strains WI-33 and WI-34 share the
same common phenotypic and genotypic features, except that they
have different PFGE profiles due to a single genetic event. “ST1-
MRSA-IVa” represents strains with the multilocus-sequence-type al-
lelic profile 1-1-1-1-1-1-1 and SCCmec type IVa. The bidirectional
arrow between WI-33 and WI-34 suggests that either strain could have
been a precursor to the other. The straight arrows suggest definitive
events. Strain WI-99 is genetically identical to WI-34, except that it has
a different plasmid type. The MW2 strain has the same phenotypic and
genotypic features as strain WI-99.
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Not only were MCG-2 isolates divergent from other Wisconsin
clonal groups by PFGE, but they also harbored SCCmec IVa,
in contrast to the SCCmec II types found in the other MCGs.
Other reports of CA- and HA-MRSA strains preferentially
harboring SCCmec type IV and other types, respectively, have
been described previously (1, 15, 20, 29, 33). Oftentimes, ac-
curate information about the timeline of exposure to MRSA is
difficult to obtain. Molecular analysis is likely to play a critical
role in identifying CA-MRSA strains as they are transmitted
(39) or become endemic to healthcare facilities. In the same
way, molecular distinctions would also allow basic comparisons
of isolates across the globe. Nevertheless, the distinctions as-
sociated with MCG-2 were not limited to molecular features.
One of the more remarkable observations for this group was
the younger mean age than the average of 72 years for patients
infected with the other MCGs. Naimi et al. (28) made a similar
observation in Minnesota, where CA-MRSA was prevalent
among individuals with a mean age of 16 years. In addition, we
identified a statistical difference in the number of patients with
CA-MRSA presenting with skin and soft tissue infections at
outpatient clinic facilities. This was in spite of the fact that
cultures submitted from hospital facilities included those col-
lected in emergency rooms, urgent care units, obstetric depart-
ments, and other outpatient settings and may have allowed an
overrepresentation of CA-MRSA from hospitals.

In conclusion, we have demonstrated that the CA-MRSA
strains in MCG-2 in Wisconsin are clonally related to the MW2
strain. More specifically, we showed that the CA-MRSA strain
WI-34 that emerged in Wisconsin in 1992 was likely a progen-
itor of the MW2 strain. The plasmid types associated with
CA-MRSA were stable over time and appeared to play a role
in ERY expression. The largest proportion of CA-MRSA iso-
lates were associated with young individuals from Native
American communities. Given the prevalence of CA-MRSA
strains circulating within rural areas of Wisconsin, the treat-
ment of outpatient skin infections, particularly in young indi-
viduals, should be guided by susceptibility testing. More de-
tailed epidemiological studies are warranted to determine the
specific risk factors associated with acquisition and to establish
preventive measures within the community.
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