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Uruguay, 2002–2004
Stephen R. Benoit,* Concepción Estivariz,* Cristina Mogdasy,† Walter Pedreira,‡ Antonio Galiana,‡
Alvaro Galiana,§ Homero Bagnulo,‡ Rachel Gorwitz,* Gregory E. Fosheim,* Linda K. McDougal,*
and Daniel Jernigan*

Community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) strains have emerged in Uruguay.
We reviewed S. aureus isolates from a large healthcare facility in Montevideo (center A) and obtained information from 3
additional hospitals on patients infected with CA-MRSA. An
infection was defined as healthcare-onset if the culture was
obtained >48 hours after hospital admission. At center A, the
proportion of S. aureus infections caused by CA-MRSA increased from 4% to 23% over 2 years; the proportion caused
by healthcare-associated MRSA (HA-MRSA) decreased
from 25% to 5%. Of 182 patients infected with CA-MRSA, 38
(21%) had healthcare-onset infections. Pulsed-field gel electrophoresis determined that 22 (92%) of 24 isolates were
USA1100, a community strain. CA-MRSA has emerged in
Uruguay and appears to have replaced HA-MRSA strains at
1 healthcare facility. In addition, CA-MRSA appears to cause
healthcare-onset infections, a finding that emphasizes the
need for infection control measures to prevent transmission
within healthcare settings.

M

ethicillin-resistant Staphylococcus aureus (MRSA)
was recognized as a nosocomial pathogen in the
1960s and now represents a substantial proportion of
S. aureus infections in inpatient and outpatient settings
(1,2). Risk factors for healthcare-associated MRSA (HAMRSA) are well defined and include hospitalization,
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surgery, dialysis, residence in a long-term care facility,
and use of indwelling catheters or other percutaneous
medical devices (3,4).
During the 1990s, MRSA emerged as a cause of infection among healthy persons in the community who had
none of the above HA-MRSA risk factors (5–10). Community-associated MRSA (CA-MRSA) infections most commonly manifest as skin and soft tissue infections, but more
invasive infections, including sepsis syndrome, necrotizing
pneumonia, and fasciitis, also occur (11,12). Outbreaks
of CA-MRSA infection have occurred among prisoners,
sports participants, military recruits, and healthy full-term
newborns (7–9). In a population-based study in Atlanta and
Baltimore, the incidence of CA-MRSA infection was highest among children <2 years old (11). Factors that appear
to facilitate transmission of CA-MRSA include frequent
skin-to-skin contact, crowding, compromised skin integrity, sharing of potentially contaminated items, and lack of
personal hygiene.
HA-MRSA and CA-MRSA possess resistance to
β-lactam antimicrobial agents, conferred by the staphylococcal cassette chromosome (SCC) mec element (13).
However, CA-MRSA strains are typically less resistant
to non–-β-lactam antimicrobial agents (14). CA-MRSA
strains almost invariably contain a particular SCCmec type
(SCCmec IV, V, or VI), whereas HA-MRSA strains usually contain SCCmec types I, II, or III (15–18). CA-MRSA
strains typically possess the Panton-Valentine leukocidin
(PVL) toxin, which has been associated with skin abscesses
and necrotizing pneumonia (19).
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CA-MRSA has been reported worldwide, and several
reports describe the entrance of CA-MRSA strain types
into healthcare settings (20–22). However, few articles
have documented CA-MRSA emergence in South America
(23,24). The objectives of this investigation were to describe trends in S. aureus and MRSA infections in Uruguay, to explore transmission of these strains in healthcare
settings, and to characterize CA-MRSA strains circulating
in Uruguay.

patients), were included. Only the first culture was selected
for each patient over the study period. Of the total number
of S. aureus infections, the percentage due to MRSA was
calculated for each quarter year of the study. Similarly, of
the MRSA infections, the percentages caused by CA-MRSA and HA-MRSA were calculated for each quarter year.
Chi-square tests for trend were calculated by using SAS
version 9.1 software (SAS, Cary, NC, USA).
Assessment of Healthcare Transmission

Methods
Definitions

In this investigation, we defined a case of MRSA infection as illness compatible with staphylococcal disease
in a patient from whom a strain of S. aureus resistant to
oxacillin by disk diffusion was isolated from a clinically
relevant site. Because it was suspected that community
strains had entered the healthcare setting, epidemiologic
risk factor data were not useful in distinguishing community versus healthcare strains. Therefore, microbiologic
definitions were used. A MRSA isolate was considered
to be an HA-MRSA strain if it was resistant to at least 2
of the following antimicrobial agents: trimethoprim/ sulfamethoxazole (TMP/SMX), ciprofloxacin, gentamicin, rifampin, and tetracycline. A MRSA isolate was considered
to be a CA-MRSA strain if 1) antimicrobial susceptibility
results were available for at least 2 of the following agents:
TMP/SMX, ciprofloxacin, gentamicin, rifampin, tetracycline, and 2) the isolate was resistant to no more than 1 of
the agents and was confirmed to be susceptible to at least 2
of these agents.
We considered an infection to be healthcare onset if the
MRSA culture was obtained >48 hours after a patient was
admitted to the hospital and the patient had no evidence
of the infection at the time of admission. A MRSA culture
obtained within 48 hours of hospital admission or evidence
of infection on admission was considered an indication of a
community-onset infection.
Skin disease was defined as a primary skin infection
such as abscess, cellulitis, folliculitis, or a skin infection
spreading to contiguous tissues. Surgical site infections
(SSIs) were not considered to be skin disease.
Assessment of Temporal Trends

To describe trends in S. aureus and MRSA infections,
we reviewed laboratory records from August 2002 through
July 2004 from a large healthcare facility (center A) that
provided inpatient, outpatient, emergency, and long-term–
care services to nearly 200,000 persons of all ages and
socioeconomic levels. Reports of all S. aureus cultures,
except nasal swabs (to exclude asymptomatic colonized

To explore transmission of CA-MRSA strains in hospitals and describe factors associated with transmission,
we reviewed medical records of patients with CA-MRSA
infections who were hospitalized between January 2003
and August 2004 at 4 facilities in Uruguay, centers A–D.
Centers A and B were prepaid health maintenance organizations serving a heterogenous population of all ages and
socioeconomic status. Centers C and D were large public
referral hospitals serving a population of lower socioeconomic status. Center D was a pediatric hospital. At center
A, we identified cases by reviewing laboratory records (including susceptibility data) of clinical S. aureus isolates (see
Assessment of Temporal Trends). In the other 3 centers,
microbiologists and infectious disease physicians provided
a list of patients with MRSA infections. We identified the
patients who met our microbiologic case definition by reviewing the patients’ laboratory records. Demographic and
clinical data were abstracted from patient records by using
a standardized form. Screening all patients for MRSA was
not standard practice in any of the facilities included in this
study.
Data collected included age, sex, location of residence
(capital city of Montevideo vs. other locations), underlying medical conditions (chronic bronchitis, heart disease or
stroke, liver or kidney disease, diabetes, HIV, AIDS, or history of immunosuppression or cancer), infection site (skin
vs. non-skin), intensive care unit (ICU) admission, and onset of infection (hospital vs. community).
Data Analysis

We performed multivariable analysis by using logistic
regression to determine characteristics independently associated with healthcare-onset CA-MRSA strain type infections. Variable screening was performed by using univariate logistic regression with an α significance level of 0.25.
Variables that met the screening criteria were entered in
a multivariable model and retained with an α significance
level of 0.05. Variables that failed to meet screening criteria
were assessed as potential confounders by using β estimate
changes of >15% as the criteria. We also assessed effect
modification between facility and infection site, facility
and age, and infection site and age.
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Results
Trends in S. aureus and MRSA Infections (center A)

Of 1,553 S. aureus infections at the health maintenance
organization facility (center A), 42% were cultured in the
hospital setting, 14% in the emergency department, 42%
ambulatory care, and 2% from long-term-care service. The
patients’ median age was 56 years, and 55% were male.
The proportion of S. aureus infections caused by MRSA remained stable over the 2-year period (χ2 for trend p = 0.46),
averaging 28% (Figure 1). CA-MRSA strains increased
from 4% to 23% of all S. aureus infections (χ2 for trend
p<0.0001) over the 2-year study period, whereas the proportion caused by HA-MRSA decreased from 25% to 5%
(χ2 for trend p<0.0001) (Figure 2).
CA-MRSA Infections among Patients Hospitalized in 4
Facilities (centers A–D)

Of the hospitalized patients with CA-MRSA in the 4
facilities, 59% were male, 80% were from Montevideo,
and 29% had an underlying chronic medical condition (Table 1). Most infections were of the skin (63%), followed by
respiratory infections (13%), bacteremias (9%), and SSIs
(9%) (Table 2).
Of 182 study patients, 38 (21%) were considered to
have healthcare-onset infections. The age distribution of
1218
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Figure 1. Number of Staphylococcus aureus and methicillinresistant S. aureus (MRSA) infections by quarter and year, center
A, August 2002–July 2004. N = 1,553.

the healthcare-onset and community-onset groups differed
with median ages of 59 and 7 years, respectively (Figure 3).
Twenty percent of the community-onset group was <2 years
of age compared with 3% in the healthcare-onset group. Infection site also differed between the healthcare-onset and
community-onset groups; skin infections dominated the
community-onset group, whereas most healthcare-onset
infections were SSIs or respiratory tract infections (Table
2). ICU admission was more common in the healthcareonset than in the community-onset group (61% and 19%,
respectively, p<0.05) (Table 1).
In multivariable modeling, after the facility was controlled for, age >18 years (odds ratio [OR] 4.8) and nonskin infection sites (OR 5.1) were independently associated
30

% Total cases of S. aureus

Microbiologists and infectious disease physicians in
Uruguay had a list of available isolates from patients infected with MRSA. We selected a convenience sample of
24 isolates from this list to obtain different clinical manifestations (skin and systemic infections), patient characteristics (pediatric and adult), treatment settings (inpatient
and outpatient), healthcare institutions, and community
and healthcare-onset disease. All isolates were from patients whose disease met our microbiologic definition of
CA-MRSA disease. Isolates were sent to the Division of
Healthcare Quality Promotion staphylococcal reference
laboratory at the Centers for Disease Control and Prevention
(CDC, Atlanta, GA, USA). After initially being screened
for oxacillin resistance, isolates were tested for antimicrobial susceptibility by broth microdilution, according to the
Clinical and Laboratory Standards Institute (25). In addition, antimicrobial-susceptibility disk tests were performed
to study inducible clindamycin resistance (25). A PCR was
used to characterize the SCCmec resistance complex and to
detect the genes encoding the PVL cytotoxin, toxic shock
syndrome toxin 1, and enterotoxins A–E and H (15,26).
Pulsed-field gel electrophoresis (PFGE) was performed on
restriction digests of chromosomal DNA (by using SmaI
restriction endonuclease); gels were analyzed with BioNumerics software according to published criteria (27).
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Figure 2. Proportion of Staphylococcus aureus due to communityassociated methicillin-resistant S. aureus (CA-MRSA) infections
and healthcare-associated MRSA (HA-MRSA) infections by quarter
and year, center A, August 2002–July 2004.
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Table 1. Association of factors with healthcare- versus community-onset CA-MRSA, hospitalized patients, centers A–D, Uruguay,
2003–2004*†
HealthcareCommunityUnivariate odds of
Multivariate odds
Total no. (%), onset, no. (%),
onset, no. (%),
healthcare-onset
of healthcaren = 38
n = 144
(95% CI)
onset (95% CI)†
Factors
N = 182
Age >18 y‡
79 (44)
33 (89)
46 (32)
17.4 (5.8–52.0)
4.8 (1.2–18.7)
Male
107 (59)
26 (68)
81 (56)
1.7 (0.8–3.6)
Residence outside Montevideo§
31 (20)
5 (15)
26 (21)
0.7 (0.2–1.9)
Chronic medical condition¶
51 (29)
21 (57)
30 (22)
4.7 (2.2–10.2)
Infection site, nonskin
68 (37)
31 (82)
37 (26)
12.8 (5.2–31.5)
5.1 (1.7–15.1)
Intensive-care unit admission
51 (28)
23 (61)
28 (19)
6.4 (2.9–13.7)
*CA-MRSA, community-associated methicillin-resistant Staphylococcus aureus; CI, confidence interval.
†Controlling for facility.
‡n = 180; age not available for 2 patients.
§n = 159; location of residence not available for 23 patients.
¶n = 175. Chronic conditions: chronic bronchitis, heart disease or stroke, liver or kidney disease, diabetes, HIV, AIDS, or history of immunosuppression or
cancer.

with healthcare-onset CA-MRSA strain type infections
(Table 1). Effect modification between facility and infection site, facility and age, and infection site and age was
not significant.
Characterization of CA-MRSA Strains

Of 24 isolates selected for molecular typing and
toxin testing, 15 (63%) were associated with skin infections, 5 (21%) bloodstream, 3 (13%) respiratory, and 1
(4%) a catheter-site infection. One third of the patients
were <18 years of age (3 were <2 years of age), and 50%
were female. Nineteen (79%) patients were initially seen
at hospitals, 3 (13%) at outpatient centers, and 2 (8%) at a
prison. Three (13%) were considered to have healthcareonset infections.
Twenty-two (92%) of the 24 isolates were of PFGE
type USA1100, a community strain (28). These 22 isolates
contained SCCmec type IVc and the PVL locus, and 19 of
the 22 had indistinguishable SmaI PFGE patterns. The other 3 USA1100 isolates were at least 91% related to the homogeneous group. The 3 healthcare-onset infections were
of PFGE type USA1100. The 2 non-USA1100 isolates had
microbiologic properties consistent with HA-MRSA belonging to PFGE type USA600 and USA800—one from
the respiratory tract and the other from a catheter site. Both
of these isolates were from adult patients who were considered to have community-onset infections.
Discussion
In summary, in at least 1 healthcare facility in Uruguay,
CA-MRSA strains appears to be replacing HA-MRSA
strains. Transmission of infections caused by CA-MRSA
strain types appeared to be occurring in the hospital as well
as the community, and patients whose infections developed
in the hospital were older and more likely to have non-skin
infections than those with community-onset disease.
In the United States, according to the National Nosocomial Infections Surveillance System, MRSA rates have

risen during the 1990s and early 2000s (1). Klevens et al.
(2) demonstrated that the antimicrobial resistance profile of
ICU MRSA isolates from this surveillance system changed
from 1992 through 2003. MRSA consistent with HA-MRSA strain types decreased from 55% in 1992 to 10% in
2003, while CA-MRSA strain types increased from 4% to
14% during the same period. This resistance pattern change
was also described in Europe over an 11-year period (1992–
2002) in France and over a 4-year period (1995–1998) in
Belgium (29,30). In our study, although the proportion of
S. aureus infections caused by MRSA remained stable, we
observed a dramatic increase (4% to 23%) in the proportion
of MRSA consistent with CA-MRSA strain types at 1 large
healthcare institution in Uruguay. Whether the proportion
of S. aureus due to MRSA remains stable or starts to increase over time should be monitored.
Healthcare-onset infections of MRSA are typically
caused by HA-MRSA strain types. However, since the
emergence of CA-MRSA strains, nosocomial transmission
of CA-MRSA strains has been documented. Saiman et al.
(20) described nosocomial transmission in an outbreak setting among postpartum women in New York City and in
San Francisco. Carleton et al. (31) found a proportion of
nosocomial MRSA isolates with molecular typing consistent with community strains. In Atlanta, during a 7.5-month
prospective study in 2004, Seybold et al. (21) found that
20% of nosocomial MRSA bloodstream infections were
due to USA300, a CA-MRSA strain type. In our study, 38
(21%) hospitalized patients with CA-MRSA strain type
infections met our definition for having healthcare-onset
infections.
The virulence and transmissibility of CA-MRSA
strains in the hospital, compared with that of HA-MRSA
strains, are unknown. CA-MRSA strains are typically
susceptible to more antimicrobial agents than HA-MRSA
strains, but this situation may change as CA-MRSA strains
in the healthcare setting are exposed to high antimicrobial
selection pressures. In addition, CA-MRSA strains may
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Table 2. Infection type for 182 hospitalized patients with community-onset CA-MRSA infections, centers A–D, Uruguay, 2003–2004*
Total no. (%) infections, Healthcare-onset no. (%), Community-onset no. (%),
N = 269
n = 45
n = 224
Infection type†
p value
Skin (any)
169 (63)
10 (22)
159 (71)
<0.0001
Impetigo
29
2
27
Foliculitis/pustule
3
0
3
Abscess
65
3
62
Furunculosis
9
0
9
Hidradenitis
1
0
1
Cellulitis
49
2
47
Abrasion
4
0
4
Pressure wound
4
0
4
Trauma wound
3
3
0
Burn/necrotic lesion
2
0
2
Respiratory
36 (13)
17 (38)
19 (9)
<0.0001
Pneumonia‡
34
16
18
Pleuritis
1
1
0
Pleural abscess
1
0
1
Bacteremia
24 (9)
3 (7)
21 (9)
0.78
Surgical site
23 (9)
12 (27)
11 (5)
<0.0001
Organ/space
11 (4)
1 (2)
10 (4)
0.70
Septic arthritis
6
1
5
Osteomyelitis/myositis
5
0
5
Indwelling devices
3 (1)
1 (2)
2 (1)
0.42
Catheter infection
1
0
1
Arteriovenous fistula infection
2
1
1
Otitis
2 (<1)
1 (2)
1 (<1)
0.31
Cerebral ventriculitis
1 (<1)
0
1 (<1)
1.00
*CA-MRSA, community-associated methicillin-resistant Staphylococcus aureus.
†Infections are not mutually exclusive (269 infections in 182 patients).
‡Pneumonia or tracheobronchitis.

have opportunities to exchange genetic material with HAMRSA strains. CA-MRSA strains commonly contain toxin
genes such as the PVL toxin gene, which may cause more
serious nosocomial infections (32). In our study, 22 of the
24 isolates characterized by PCR had the PVL gene.
Typically, patients with CA-MRSA infections have
skin and soft tissue infections. However, this might not
be the case for healthcare-onset CA-MRSA strain type infections. Davis et al. (33) surmise that CA-MRSA strains
exposed to healthcare settings may develop characteristics
associated with HA-MRSA strains such as decreased accessory gene regulator function, inducible macrolide-lincosamide-streptogrammin resistance, and non–β-lactam
resistance patterns. Whether this translates into a clinical
picture more consistent with HA-MRSA infections is unclear. According to our findings, healthcare-onset CA-MRSA strain type infections were more likely than community-onset CA-MRSA infections to be non-skin diseases and
to occur in older populations, characteristics common to
HA-MRSA disease (34).
Based on this study and that of Ma et al. (24), description of the Uruguayan CA-MRSA outbreak, USA1100
or multilocus sequence type ST30 appears to be the predominant CA-MRSA strain circulating in Uruguay. This
strain was identified in Australia, New Zealand, Europe,
1220

the United States, and most recently Brazil (23,31,35). In
the United States, ST30 accounted for 41% of CA-MRSA
infections in 1 study in San Francisco (31). However, more
recent data from that city suggest replacement of ST30 by
ST8 (USA300) (36). Whether replacement of this strain in
Uruguay will occur and what its effect on illness and mortality rates would be remain to be seen.
The emergence of CA-MRSA in Uruguay has been
rapid and is associated with significant illness and mortality rates (37). Although most CA-MRSA strain type infections in Uruguay are of skin or soft tissue, primary pulmonary disease appearing as necrotizing pneumonia has been
described as well as skin or soft tissue infections leading
to septic pulmonary embolic events (38,39). Of note, all
isolates tested in our study were susceptible to multiple
antimicrobial agents, most importantly TMP/SMX. On the
basis of these findings, TMP/SMX may be a viable, costeffective treatment option for many CA-MRSA infections
(40).
This study was subject to limitations. Because we
based our definition of healthcare-onset CA-MRSA strain
type infections on time from hospital admission to culture
and no evidence of infection on admission, misclassification was possible. Patients admitted to the hospital for
non-MRSA diagnoses may have had CA-MRSA strain skin
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infections were acquired in the hospital or whether patients
were colonized before arrival and infections subsequently
developed in the hospital.
In conclusion, this study describes CA-MRSA emergence in South America. In addition, similar to what is
occurring in other countries, it demonstrates CA-MRSA
strain type transmission within healthcare settings. Clinicians should be aware that CA-MRSA strains have entered
the healthcare setting and cause skin as well as non-skin
infections. These infections may respond to a variety of
non–β-lactam antimicrobial agents. Adherence to infection
control precautions while one is caring for patients with
suspected or confirmed CA-MRSA strain infections is critical for preventing transmission and further penetration of
CA-MRSA in healthcare settings.
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Figure 3. Patient age distribution of A) healthcare-onset versus
B) community-onset community-associated methicillin-resistant
Staphylococcus aureus strain type infections, centers A–D,
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infections on admission that were not documented or cultured within the first 48 hours. These skin infections would
have been differentially misclassified as healthcare-onset
and would have diluted the relationship between non-skin
infections and healthcare-onset CA-MRSA disease, thereby underestimating our associations. In addition, because
electronic laboratory records were unavailable in 3 of the
4 facilities, unrecognized CA-MRSA cases potentially affected the distribution of healthcare and community-onset
CA-MRSA strain type cases. However, unless cases were
systematically excluded, a selection bias was unlikely to
have affected factors associated with healthcare-onset disease. Finally, because we suspected that CA-MRSA strains
had entered the healthcare setting, we defined CA-MRSA
on the basis of susceptibility patterns rather than epidemiologic risk factors. Without PFGE typing all isolates, it is not
possible to determine if all included infections were consistent with known CA-MRSA strain patterns. However, of
the 24 isolates that were sent to CDC for characterization
and met our definition of CA-MRSA, 22 (92%) were consistent with CA-MRSA strain types.
This study describes characteristics of patients with
healthcare-onset CA-MRSA strain type infections but does
not identify the risk factors involved in nosocomial transmission such as the presence of indwelling catheters, intubation, certain procedures or surgeries, and specific units
within the hospital. In addition, we do not know whether

Dr Benoit is a medical epidemiologist at CDC. At the time
of this investigation, he was an Epidemic Intelligence Service officer in the Division of Healthcare Quality Promotion, focusing on
healthcare-associated infections and antimicrobial resistance.
References
1.

2.

3.
4.
5.

6.
7.

8.

Centers for Disease Control and Prevention. National Nosocomial
Infections Surveillance (NNIS) System report, data summary from
January 1992 through June 2003, issued August 2003. Am J Infect
Control. 2003;31:481–98. DOI: 10.1016/j.ajic.2003.09.002
Klevens RM, Edwards JR, Tenover FC, McDonald LC, Horan T,
Gaynes R; National Nosocomial Infections Surveillance System.
Changes in the epidemiology of methicillin-resistant Staphylococcus aureus in intensive care units in US hospitals, 1992–2003. Clin
Infect Dis. 2006;42:389–91. DOI: 10.1086/499367
Thompson RL, Cabezudo I, Wenzel RP. Epidemiology of nosocomial infections caused by methicillin-resistant Staphylococcus aureus.
Ann Intern Med. 1982;97:309–17.
Boyce JM. Methicillin-resistant Staphylococcus aureus: detection,
epidemiology, and control measures. Infect Dis Clin North Am.
1989;3:901–13.
Baggett HC, Hennessy TW, Leman R, Hamlin C, Bruden D, Reasonover A, et al. An outbreak of community-onset methicillin-resistant
Staphylococcus aureus skin infections in southwestern Alaska. Infect
Control Hosp Epidemiol. 2003;24:397–402. DOI: 10.1086/502221
Boubaker K, Diebold P, Blanc DS, Vandenesch F, Praz G, Dupuis G,
et al. Panton-Valentine leukocidin and staphyloccoccal skin infections in schoolchildren. Emerg Infect Dis. 2004;10:121–4.
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. DOI: 10.1001/jama.282.12.1123
Centers for Disease Control and Prevention. Methicillin-resistant
Staphylococcus aureus infections in correctional facilities—Georgia, California, and Texas, 2001–2003. MMWR Morb Mortal Wkly
Rep. 2003;52:992–6.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 8, August 2008

1221

RESEARCH

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

1222

Centers for Disease Control and Prevention. Methicillin-resistant
Staphylococcus aureus infections among competitive sports participants—Colorado, Indiana, Pennsylvania, and Los Angeles County,
2000–2003. MMWR Morb Mortal Wkly Rep. 2003;52:793–5.
Centers for Disease Control and Prevention. Public health dispatch: outbreaks of community-associated methicillin-resistant
Staphylococcus aureus skin infections—Los Angeles County,
California, 2002–2003. JAMA. 2003;289:1377. DOI: 10.1001/
jama.289.11.1377
Fridkin SK, Hageman JC, Morrison M, Sanza LT, Como-Sabetti K,
Jernigan JA, et al. Methicillin-resistant Staphylococcus aureus disease in three communities. N Engl J Med. 2005;352:1436–44. DOI:
10.1056/NEJMoa043252
Miller LG, Perdreau-Remington F, Rieg G, Mehdi S, Perlroth J,
Bayer AS, et al. Necrotizing fasciitis caused by community-associated methicillin-resistant Staphylococcus aureus in Los Angeles. N
Engl J Med. 2005;352:1445–53. DOI: 10.1056/NEJMoa042683
Hiramatsu K, Katayama Y, Yuzawa H, Ito T. Molecular genetics of
methicillin-resistant Staphylococcus aureus. Int J Med Microbiol.
2002;292:67–74. DOI: 10.1078/1438-4221-00192
Naimi TS, LeDell KH, Como-Sabetti K, Borchardt SM, Boxrud DJ,
Etienne J, et al. Comparison of community- and health care-associated methicillin-resistant Staphylococcus aureus infection. JAMA.
2003;290:2976–84. DOI: 10.1001/jama.290.22.2976
Okuma K, Iwakawa K, Turnidge JD, Grubb WB, Bell JM, O’Brien
FG, et al. Dissemination of new methicillin-resistant Staphylococcus
aureus clones in the community. J Clin Microbiol. 2002;40:4289–
94. DOI: 10.1128/JCM.40.11.4289-4294.2002
Boyle-Vavra S, Ereshefsky B, Wang CC, Daum RS. Successful multiresistant community-associated methicillin-resistant Staphylococcus aureus lineage from Taipei, Taiwan, that carries either the novel
staphylococcal chromosome cassette mec (SCCmec) type VT or SCCmec type IV. J Clin Microbiol. 2005;43:4719–30. DOI: 10.1128/
JCM.43.9.4719-4730.2005
Ito T, Ma XX, Takeuchi F, Okuma K, Yuzawa H, Hiramatsu K.
Novel type V staphylococcal cassette chromosome mec driven by a
novel cassette chromosome recombinase, ccrC. Antimicrob Agents
Chemother. 2004;48:2637–51. DOI: 10.1128/AAC.48.7.26372651.2004
Oliveira DC, Milheirico C, de Lencastre H. Redefining a structural
variant of staphylococcal cassette chromosome mec, SCCmec type
VI. Antimicrob Agents Chemother. 2006;50:3457–9. DOI: 10.1128/
AAC.00629-06
Dufour P, Gillet Y, Bes M, Lina G, Vandenesch F, Floret D, et al.
Community-acquired methicillin-resistant Staphylococcus aureus
infections in France: emergence of a single clone that produces
Panton-Valentine leukocidin. Clin Infect Dis. 2002;35:819–24. DOI:
10.1086/342576
Saiman L, O’Keefe M, Graham PL III, 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. DOI: 10.1086/379022
Seybold U, Kourbatova EV, Johnson JG, Halvosa SJ, Wang YF,
King MD, et al. Emergence of community-associated methicillinresistant Staphylococcus aureus USA300 genotype as a major cause
of health care-associated blood stream infections. Clin Infect Dis.
2006;42:647–56. DOI: 10.1086/499815
Klevens RM, Morrison MA, Fridkin SK, Reingold A, Petit S, Gershman K, et al. Community-associated methicillin-resistant Staphylococcus aureus and healthcare risk factors. Emerg Infect Dis.
2006;12:1991–3.
Ribeiro A, Dias C, Silva-Carvalho MC, Berquo L, Ferreira FA,
Santos RN, et al. First report of infection with community-acquired
methicillin-resistant Staphylococcus aureus in South America. J
Clin Microbiol. 2005;43:1985–8. DOI: 10.1128/JCM.43.4.19851988.2005

24. Ma XX, Galiana A, Pedreira W, Mowszowicz M, Christophersen
I, Machiavello S, et al. Community-acquired methicillin-resistant
Staphylococcus aureus, Uruguay. Emerg Infect Dis. 2005;11:973–6.
25. National Committee for Clinical Laboratory Standards. Performance
standards for antimicrobial susceptibility testing. 14th informational
supplement M100–S14. Vol. 24. No. 1. Wayne (PA): The Committee; 2004.
26. Moran GJ, Krishnadasan A, Gorwitz RJ, Fosheim GE, McDougal LK, Carey RB, et al. Methicillin-resistant S. aureus infections among patients in the emergency department. N Engl J Med.
2006;355:666–74. DOI: 10.1056/NEJMoa055356
27. McDougal LK, Steward CD, Killgore GE, Chaitram JM, McAllister
SK, Tenover FC. Pulsed-field gel electrophoresis typing of oxacillinresistant Staphylococcus aureus isolates from the United States: establishing a national database. J Clin Microbiol. 2003;41:5113–20.
DOI: 10.1128/JCM.41.11.5113-5120.2003
28. Diep BA, Carleton HA, Chang RF, Sensabaugh GF, PerdreauRemington F. Roles of 34 virulence genes in the evolution of hospital- and community-associated strains of methicillin-resistant
Staphylococcus aureus. J Infect Dis. 2006;193:1495–503. DOI:
10.1086/503777
29. Donnio PY, Preney L, Gautier-Lerestif AL, Avril JL, Lafforgue N.
Changes in staphylococcal cassette chromosome type and antibiotic
resistance profile in methicillin-resistant Staphylococcus aureus isolates from a French hospital over an 11 year period. J Antimicrob
Chemother. 2004;53:808–13. DOI: 10.1093/jac/dkh185
30. Denis O, Deplano A, De Ryck R, Nonhoff C, Struelens MJ. Emergence and spread of gentamicin-susceptible strains of methicillinresistant Staphylococcus aureus in Belgian hospitals. Microb Drug
Resist. 2003;9:61–71. DOI: 10.1089/107662903764736355
31. Carleton HA, Diep BA, Charlebois ED, Sensabaugh GF, PerdreauRemington F. Community-adapted methicillin-resistant Staphylococcus aureus (MRSA): population dynamics of an expanding community reservoir of MRSA. J Infect Dis. 2004;190:1730–8. Epub
2004 Oct 18. DOI: 10.1086/425019
32. Labandeira-Rey M, Couzon F, Boisset S, Brown EL, Bes M, Benito
Y, et al. Staphylococcus aureus Panton-Valentine leukocidin causes
necrotizing pneumonia. Science. 2007;315:1130–3. DOI: 10.1126/
science.1137165
33. Davis SL, Rybak MJ, Amjad M, Kaatz GW, McKinnon PS. Characteristics of patients with healthcare-associated infection due to
SCCmec type IV methicillin-resistant Staphylococcus aureus. Infect
Control Hosp Epidemiol. 2006;27:1025–31. DOI: 10.1086/507918
34. Lodise TP Jr, McKinnon PS, Rybak M. Prediction model to identify
patients with Staphylococcus aureus bacteremia at risk for methicillin resistance. Infect Control Hosp Epidemiol. 2003;24:655–61.
DOI: 10.1086/502269
35. Vandenesch F, Naimi T, Enright MC, Lina G, Nimmo GR, Heffernan H, et al. Community-acquired methicillin-resistant Staphylococcus aureus carrying Panton-Valentine leukocidin genes: worldwide
emergence. Emerg Infect Dis. 2003;9:978–84.
36. Diep BA, Sensabaugh GF, Somboona NS, Carleton HA, PerdreauRemington F. Widespread skin and soft-tissue infections due to
two methicillin-resistant Staphylococcus aureus strains harboring the genes for Panton-Valentine leucocidin. J Clin Microbiol.
2004;42:2080–4. DOI: 10.1128/JCM.42.5.2080-2084.2004
37. Galiana A, Pedreira W. Staphylococcus aureus meticilino resistente
de la comunidad [cited 2005 May 26]. Available from http://www.
smu.org.uy/emc/novedades/samr/galiana.pdf
38. Bagnulo H, Pedreira W, Soca A, Galianas A. Pulmonary involvement during an outbreak of community-acquired methicillin-resistant Staph. aureus infections (CA-MRSA). International Congress
for Infectious Diseases, Lisbon, June 2006. Abstract. Brookline
(MA): International Society for Infectious Diseases [cited 2008 May
1]. Available from http://www.isid.org/Downloads/12th_ICID_
Abstracts.pdf

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 8, August 2008

Community Strains of MRSA, Uruguay

39.

40.

Pedreira W, Galiana A. Una nueva clona de Staphylococcus aureus
con resistencia a meticilina y alta virulencia emergente en la comunidad y en los grandes hospitales en Uruguay [cited 2005 May 26].
Available from http://www.higiene.edu.uy/clona.htm
Gorwitz RJ, Jernigan DB, Powers JH, Jernigan JA, and Participants
in the CDC-Convened Experts’ Meeting on Management of MRSA
in the Community. Strategies for clinical management of MRSA
in the community: summary of an experts’ meeting convened by
the Centers for Disease Control and Prevention. 2006 [cited 2005
May 26]. Available from http://www.cdc.gov/ncidod/dhqp/ar_mrsa_
ca.html

Address for correspondence: Stephen R. Benoit, Centers for Disease
Control and Prevention, 1600 Clifton Rd NE, Mailstop E51, Atlanta, GA
30333, USA; email: sbenoit@cdc.gov
The opinions expressed by authors contributing to this journal do
not necessarily reflect the opinions of the Centers for Disease Control and Prevention or the institutions with which the authors are
affiliated.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 8, August 2008

1223

