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a b s t r a c t

Community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) infections have become a
major concern worldwide. We conducted a prospective multicenter study of invasive CA-MRSA to eval-
uate clinical features and genotype of strains causing invasive infections in Argentina. A total of 55
patients with invasive CA-MRSA infections were included. Most patients (60%) had bloodstream infec-
tions, 42% required admission to intensive care unit and 16% died. No CA-MRSA isolates were multiresis-
tant (resistant P3 classes of antibiotics). All isolates carried Panton-Valentine leukocidin (PVL) genes and
staphylococcal cassette chromosome (SCCmec) type IV. The majority CA-MRSA strains belonged to ST30
and had identical pulsed-field gel electrophoresis (PFGE) patterns, qualifying as a clonal dissemination of
a highly transmissible strain. The main clone recovered from patients with CA-MRSA invasive infections
was genotyped as pulsed-field gel electrophoresis type C-ST30, SCCmec type IVc-spa type 019, PVL posi-
tive. It has become predominant and replaced the previously described CA-MRSA clone (PFGE type A, ST5,
SCCmec type IV, spa type 311).

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Infections caused by methicillin-resistant Staphylococcus aureus
(MRSA) have occurred worldwide, primarily in healthcare settings.
Over the last 15 years, there have been increasing reports of pa-
tients with little or no healthcare contact suffering from MRSA
infection. Defined now as community-acquired MRSA (CA-MRSA)
this pathogen has reached epidemic proportions. While most CA-
MRSA infections involve skin and skin structures (Stryjewski and
Chambers, 2008), the invasive nature of CA-MRSA has also been
observed in patients with necrotizing pneumonia, severe sepsis,
osteomyelitis, meningitis and death (David and Daum, 2010; Deleo
et al., 2010; Deurenberg and Stobberingh, 2009).

CA-MRSA strains are phylogenetically distinct from traditional
hospital associated (HA-MRSA) clones. CA-MRSA isolates generally

exhibit SCCmec IV or V, a narrow range of drug resistance, and
commonly carry Panton-Valentine leukocidin (PVL) genes, rarely
identified in HA-MRSA isolates (Ma et al., 2002; Naimi et al.,
2003). Presence of PVL genes in S. aureus isolates has been associ-
ated with abscess formation, primary skin infections (Lina et al.,
1999), severe necrotizing pneumonia, and increased complications
of hematogenous osteomyelitis; however, the role of PVL in the
pathogenesis of S. aureus infections has not been fully elucidated.

CA-MRSA clones seem to have a delineated (but dynamic) geo-
graphical distribution (David and Daum, 2010). In the United
States, USA400 clone (ST1-IVa) was the most prevalent clone be-
fore 2001 (Stemper et al., 2004) and remains a common cause of
community-onset disease among indigenous populations in Alaska
and the Pacific Northwest. A second epidemic CA-MRSA clone, the
USA300 (ST8-IVa, t008, PVL + and ACME-I) emerged between 1999
and 2001 and now causes most of the CA-MRSA infections in the
United States (Kennedy et al., 2008). The European clone (ST80-
IVc) was found to be predominant between 2004 and 2006 in Eur-
ope. However, the frequency of USA300 and related clones has
been increasing in the last two years, representing a changing
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trend in the epidemiology of CA-MRSA in that continent (Rolo
et al., 2012). Moreover, recently it was demonstrated that MRSA
clones causing invasive infection differ considerably between
countries exhibiting a regional distribution in Europe (Grundmann
et al., 2010).

The Southwest Pacific clone (ST30-IV) has mostly been de-
scribed in Australia and New Zealand, where it is also known as
the Western Samoan phage pattern (Nimmo et al., 2006; Smith
and Cook, 2005). Moreover, 45 distinct clones of CA-MRSA have
been identified in Australia; many of these are related to recog-
nized MRSA lineages, but only three clones have successfully
adapted to the Western Australian community environment (Coo-
mbs et al., 2011).

In Argentina, a PVL-positive epidemic CA-MRSA clone has been
previously described (CAA clone: Pulsotype A, ST 5, SCCmec IV, spa
type 311, PVL positive) as the predominant clone causing both
invasive and non invasive MRSA infections (Gardella et al., 2008;
Sola et al., 2008; von Specht et al., 2006).

However, spread of some epidemic clones into other regions has
produced some displacement of previously circulating strains indi-
cating that successful lineages may have competitive advantages
which may be key in the evolution of this pathogen (Amorim
et al., 2007; Gardella et al., 2005). Recent reports describing CA-
MRSA clones invading healthcare settings underscore such poten-
tial advantages (Maree et al., 2007; Sola et al., 2012).

In our country we did not have recent, prospective, multicenter,
clinically based studies in patients with invasive CA-MRSA infec-
tions. The aim of this study was to describe the clinical and molec-
ular epidemiology of current invasive infections caused by CA-
MRSA in adolescent and adult patients in Argentina.

2. Material and methods

2.1. Study design

A prospective, multicenter, observational study was designed to
evaluate clinical and molecular features of invasive CA-MRSA
infections in Argentina between March 2010 and December
2011. Patients were enrolled in 11 participating hospitals located
in the central region of the country: Buenos Aires City (N = 5), Bue-
nos Aires Province (N = 5) and Santa Fe (N = 1). The study was re-
viewed by each Institutional Review Board (IRB) and informed
consent form obtained if requested by the IRB.

2.2. Patient selection and definitions

Patients were enrolled if they were P14 year-old and had inva-
sive MRSA infection (see definition below). Patients were excluded
if they had any of the following during the last 12 months: hospi-
talization, dialysis, surgery, presence of catheters or percutaneous
medical devices, or residence in a long-term care facility. Commu-
nity acquired MRSA infection was defined by a positive MRSA cul-
ture at the time of hospital admission or within the 48 h after
hospital admission. Invasive MRSA infection was defined by the
isolation of MRSA from a normally sterile body site.

2.3. Data collection

Clinical and demographic information was obtained using clin-
ical report forms. Data collected included social–economical vari-
ables, comorbidities, use of prior antibiotic, clinical presentation,
main laboratory results at baseline, source of isolate (e.g. blood,
joint fluid, pleura), and outcomes.

Management decisions were made on an individual basis by
physicians at each participating institution, following local policies

and standards. Follow-up data was intended to be obtained up to
90 days after the end of treatment.

2.4. Microbiological studies

The isolates were identified at the participating hospitals as S.
aureus on the basis of conventional diagnostic procedures. All
MRSA isolates were stored at �20 �C and shipped to a central lab-
oratory (Cátedra de Microbiología, Facultad de Farmacia y Bioquí-
mica, Universidad de Buenos Aires). Antimicrobial susceptibility
testing was performed by diffusion methods according to Clinical
and Laboratory Standards Institute guidelines (CLSI, 2009).

2.5. PCR amplification of mecA, lukS/F-PV, SCCmec and agr typing

Detection of the mecA and PVL coding genes (lukS/F-PV) was
performed after extraction of genomic DNA as previously described
(von Specht et al., 2006). SCCmec types were determined by PCR
with a simplified version of Kondo’s typing system, including M-
PCR-1 and M-PCR-2 (Kondo et al., 2007). SCCmec type IV was fur-
ther sub-typed using published primers (Milheirico et al., 2007). In
specific cases, SCCmec typing was also performed as recommended
by Oliveira et al. (Oliveira and de Lencastre, 2002).

The agr locus was genotyped by multiplex PCR as it was de-
scribed before (Gilot et al., 2002).

2.6. Typing methods

Genotyping analysis was conducted using spa typing (Harmsen
et al., 2003) and Pulsed-Field Gel Electrophoresis (PFGE) with SmaI
as previously described (Chung et al., 2000). Comparison of the
PFGE fingerprints was performed by the unweighted pair-group
method clustering analysis (UPGMA), applying the Dice correlation
coefficient. MRSA clones previously described in Argentina were
included in PFGE pattern analysis (Gardella et al., 2008). Represen-
tative isolates of the major pulsotypes were studied by Multilocus
Sequence Typing (MLST) (Enright et al., 2000).

2.7. Statistical analysis

Descriptive statistics were used to summarize the characteris-
tics of the patients. Continuous variables were expressed as medi-
ans and interquartile range, and categorical variables as
percentages.

3. Results

3.1. Clinical features

A total of 55 patients were included in the study. Most patients
were males, the median age was 29 years-old and only 16% had
diabetes. More than half of patients had medical evaluation and/
or received antibiotics within 30 days prior to the admission. Most
common infections were bloodstream and/or pulmonary. Around
40% of patients required ICU. Demographic and clinical variables
are displayed in Table 1. Vancomycin was the most commonly pre-
scribed antibiotic and almost two thirds of patients were treated
with P2 antibacterials (Table 2). Most patients were cured or
improving at the end of therapy and death was documented in
16% of patients.

3.2. Antimicrobial susceptibility

Antibiotic susceptibility testing revealed resistance to oxacillin
(100%) Resistance to erythromycin (9%), clindamycin (6%),
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gentamicin (11%), and quinolones (4%) was detected. All MRSA iso-
lates were susceptible to vancomycin, teicoplanin, linezolid, rifam-
pin, doxycyclin and trimethoprim/sulfamethoxazol. None of the
isolates were multiresistant (resistant to P3 classes of antibiotics
other than b-lactams).

3.3. Molecular characterization of MRSA isolates

Among the 28 clinical isolates available for molecular analysis,
23 belonged to the clone ST30 with a predominant subtype C1
(16/23) and five minor subtypes (C2 to C6, 7 isolates) (Fig. 1). All

isolates of this clone were SCCmec type IVc, spa t019, PVL positive
and were characterized as agr III (Table 3). One of the minor clones
found in this study (n = 2), the CAA clone, (PFGE type A, ST5-
SCCmec IV-spa t311), had been identified as prevalent in Argentina
since 2004 (Gardella et al., 2008; Sola et al., 2008). Other minor
PFGE types, type F and type E, included 2 and 1 isolates,
respectively.

4. Discussion

The emergence and subsequent waves of infections caused by
CA-MRSA clones is a major world concern. There is a clear need
to better understand the dynamic of CA-MRSA epidemic in each
geographic region. In Argentina, only limited information was
available on CA-MRSA epidemiology in the adult population. The
present prospective study provides data on epidemiology, antimi-
crobial susceptibility patterns, molecular characteristics and out-
comes of adolescents and adults suffering invasive infections due
to CA-MRSA.

In our study, skin and skin structure infections were the most
common primary source for invasive CA-MRSA infection. This find-
ing is in agreement with both recent (Klevens et al., 2007) and old
studies (Skinner and Keefer, 1941) and indicates that certain host-
pathogen interactions may result in more aggressive diseases.

Antimicrobial resistance patterns have been used to distinguish
between CA-MRSA and HA-MRSA strains, with CA-MRSA strains
showing greater susceptibility to several antimicrobial agents
(usually gentamicin, clindamycin, and trimethoprim-sulfamethox-
azole) than HA-MRSA (Ma et al., 2002; Naimi et al., 2003). In our
study, CA-MRSA isolates retained susceptibility to most classes of
non b-lactam antibiotics. In our investigation, the antibiotic regi-
mens used were diverse, and almost two thirds of patients received
combined therapy. Although available evidence (Korzeniowski and
Sande, 1982) and recommendations (Liu et al., 2011) suggest the
use of monotherapy with vancomycin to treat serious MRSA infec-
tions there are concerns regarding a diminished efficacy of this
agent (Deresinski, 2009).

The severity of invasive infections associated with CA-MRSA
infections was reflected in the high proportion of subjects who

Table 1
Demographic and clinical characteristics of patients with invasive infections due to
community-acquired methicillin resistant S. aureus in Argentina.

Variable Total (N = 55)
n (%)a

Demographics features
Age (median) (range) 29 (16–73)
Gender male, n (%) 43 (78)

Predisposing factors
Prior antibiotic usage (6 months) 20 (36)
Play contact sports 12 (22)
Diabetes mellitus 9 (16)
Household member suffering skin and soft tissue infection 7 (13)
HIV infection 5 (9)
Immunosuppressive therapy 1 (2)
Intravenous drug users 1 (2)
Male to male sex 1 (2)
No predisposing factors 20 (36)

Leading causes of hospitalization
Skin and skin structures related infection 16 (29)
Fever 15 (27)
Respiratory symptoms 10 (18)
Osteoarticular infections 8 (15)
Others 6 (11)

Medical consultation prior to hospitalization
Within 30 days prior to admission 40 (73)
Associated to admission diagnosis 36 (66)

Prescribed antibiotics in the previous 30 days 30 (55)

More frequents symptoms
Fever 45 (82)
Mialgias 23 (42)
Chills 21 (38)
Dysnea 19 (35)
Cough 14 (25)
Rash 6 (11)
Sensory impairment 2 (4)

Sites of infection
Bloodstream 33 (60)
Lungs 28 (51)
Skin and skin related structures 27 (47)
Muscle 11 (20)
Bone 9 (16)
Pleural 8 (15)
Joints 5 (9)
Kidney/bladder 4 (7)
Heart and/or major vessels 4 (7)
Central Nervous System 2 (4)
Intraabdominal 1 (2)

Primary source of infection
Skin and skin related structure 26 (47)
Lung 9 (16)
Other/Unknown 20 (36)

Severity Indicators
Intensive care unit admission 23 (42)
Sepsis 31 (56)
ARDS⁄ 8 (15)
Vasoactive drugs requirement 11 (20)
Mechanical ventilation requirement 13 (24)

a ARDS denotes acute respiratory distress syndrome.

Table 2
Treatment and clinical outcomes.

Treatment variable Total (N = 55)
n (%)

Type of antibiotic treatment
Monotherapy 20 (36)
Combined therapy 35 (64)

More frequents antibiotics used
(as mono or combined therapy)

Vancomycin 30 (55)
Monotherapy 10 (18)
Rifampicin 19 (35)
TMP/SMX 18 (33)
Clindamycin 16 (29)

Any type of surgical treatment 33 (60)

Clinical outcome
End of treatment
Clinical cure 30 (55)
Clinical improvement 16 (29)
Clinical failure 9 (16)

Follow up at 90 days
Clinical success 19/31 (61)a

Clinical failure 12/31 (39)a

Death 9/55 (16)

TMP/SMX denotes trimethoprim/sulfamethoxazole.
a From the total of patient with follow-up at 90 days obtained.
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were admitted to ICU, with vasoactive drugs or mechanical venti-
lation. The mortality in our population was relatively high (16%).
This finding was in agreement with other studies (Hageman
et al., 2006; Hidron et al., 2009). Importantly, this study provides
key information to trace the evolution of CA-MRSA clones over
the time. The major clone that had been dominant in Argentina
during the past 6 years (CAA clone: ST5-SCCmec IV-spa t311), has
been replaced by the ST30- SCCmec IVc-spa t019 clone.

CAA clone emerged in 2004 and existed at a high prevalence
rate until now. In a multicenter study conducted in children, this
CA-MRSA clone predominated in community-associated cases
(82%) and healthcare-associated, community-onset cases (57%) in
hospitals of northern, eastern and central regions of Argentina dur-
ing 2007 and 2008 (Sola et al., 2012). Recently, we have demon-
strated that this clone was also widely distributed in colonization
of healthy children (Gardella et al., 2011). By contrast, in this study
conducted between March 2010 and December 2011 the CA-MRSA
lineage ST30, SCCmec IVc, spa t019 has been detected as the dom-
inant clone in adolescent and adult patients with invasive diseases.
The molecular characteristics shared by the isolates belonging to
this major clone largely corresponded to those reported for a minor
clone described in our previous study, among patients with skin
and soft tissue infections in 2004–2006 (Gardella et al., 2008).
The pattern of clonal lineages is now similar to that observed in
neighboring countries and is clearly different from our previous
findings. The clonal replacement is strongly supported by results
obtained by our group in a prospective observational multicenter
study of acute bacterial skin and related structure CA-MRSA infec-
tions conducted in the same period that this study: MRSA was iso-
lated in 70% of patients (218/311) and ST30 clone was
predominant (68%) (unpublished data).

The reasons to explain this replacement have to be explored,
but ST30 lineage is now apparently well adapted to the Argentin-
ean community as a successful CA-MRSA clone, that has undergone
clonal expansion. We speculate that a combination of virulence
factors and epidemic features including a higher ability to survive
on human skin and mucosa would allow ST30 CA-MRSA/PFGE C to
be a successful clone.

The clonal complex 30 currently represents one of the major
among HA-MRSA and CA-MRSA. In contrast to other clones which
have been described to have a certain continent specificity, ST30 is
distributed worldwide (Deleo et al., 2010; Vandenesch et al., 2003).
In our region, ST30-SCCmec IV, PVL positive was the most dissem-
inated clone in the large outbreak reported in Uruguay (limiting to
the East of Argentina) (Ma et al., 2005).

This study provides an overview of the invasive CA-MRSA
clones currently circulating in Argentina, but was limited by the
availability of isolates for molecular studies, as they were sent by
institutions belonging to Buenos Aires and Santa Fe states only,
representing a limited geographic area (central) of our country. Gi-
ven the large population served by the enrolled hospitals, our re-
sults are a good indicator of the evolving epidemiology of MRSA
in our country.

Further surveillance in the region will be required to obtain a
complete description of MRSA clones distribution and to determine
whether colonization by these strains is becoming also prevalent.

Molecular epidemiological research is highly relevant for iden-
tifying the genetic variation that underlies changes in clinical
behavior and to improve our understanding of the pathogenic per-
formance of a particular clone.
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