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Abstract

According to the EARS-Net surveillance data, Portugal has the highest prevalence of nosocomial methicillin-resistant
Staphylococcus aureus (MRSA) in Europe, but the information on MRSA in the community is very scarce and the links
between the hospital and community are not known. In this study we aimed to understand the events associated to the
recent sharp increase in MRSA frequency in Portugal and to evaluate how this has shaped MRSA epidemiology in the
community. With this purpose, 180 nosocomial MRSA isolates recovered from infection in two time periods and 14 MRSA
isolates recovered from 89 samples of skin and soft tissue infections (SSTI) were analyzed by pulsed-field gel electrophoresis
(PFGE), staphylococcal chromosome cassette mec (SCCmec) typing, spa typing and multilocus sequence typing (MLST). All
isolates were also screened for the presence of Panton Valentine leukocidin (PVL) and arginine catabolic mobile element
(ACME) by PCR. The results showed that ST22-IVh, accounting for 72% of the nosocomial isolates, was the major clone
circulating in the hospital in 2010, having replaced two previous dominant clones in 1993, the lberian (ST247-l) and
Portuguese (ST239-lll variant) clones. Moreover in 2010, three clones belonging to CC5 (ST105-ll, ST125-IVc and ST5-1Vc)
accounted for 20% of the isolates and may represent the beginning of new waves of MRSA in this hospital. Interestingly,
more than half of the MRSA isolates (8/14) causing SSTI in people attending healthcare centers in Portugal belonged to the
most predominant clones found in the hospital, namely ST22-IVh (n=4), ST5-IVc (n=2) and ST105-Il (n=1). Other clones
found included ST5-V (n=6) and ST8-VI (n=1). None of the MRSA isolates carried PVL and only five isolates (ST5-V-t179)
carried ACME type Il. The emergence and spread of EMRSA-15 may be associated to the observed increase in MRSA
frequency in the hospital and the consequent spillover of MRSA into the community.
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usually type IV and V, and are resistant to fewer classes of
antimicrobials [3]. Also, CA-MRSA isolates are strongly associ-
ated with virulence factors such as Panton-Valentine leukocidin
(PVL) and the arginine catabolic mobile element (ACME) which

Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is known to be
a major cause of infections worldwide in the hospital and

community settings, and while hospital-associated MRSA (HA-
MRSA) generally affect patients with predisposing risk factors
(prolonged hospitalization, use of indwelling catheters or prior
surgical procedures) [1], community-associated MRSA (CA-
MRSA) generally affect healthy and younger people without such
risk factors [2]. Moreover, HA-MRSA and CA-MRSA belong to
distinct genetic lineages, and while HA-MRSA are mostly
multidrug-resistant and carry the larger SCCmec types 1, II, 1II,
CA-MRSA isolates frequently carry smaller SCCmec elements,
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are thought to contribute to their pathogenic potential [4,5,6].

Nowadays, however, CA-MRSA has been increasingly identi-
fied as a cause of hospital-onset and healthcare associated
infections [7,8]. On the other hand, hospital-associated clones
have been described to cause infections in the community [9,10]
suggesting that certain clones have the ability to cross barriers
between hospitals and the community.

In Portugal, MRSA prevalence is one of the highest in Europe,
having sharply increased in the last decade from 31.9% in 2001 to
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52.2% in 2010, which contrasts with the decreasing trend in
MRSA prevalence observed for other countries such as England,
France and Belgium [11,12].

On the other hand and in spite of its clinical relevance, the
prevalence and epidemiology of MRSA causing infection in the
Portuguese community are not known. A single study assessing the
contemporary causes of skin and soft tissue infections, which are
the most common clinical manifestation of CA-MRSA, showed
that Portugal, among all European countries, had the highest
prevalence of MRSA causing SSTI between 1998 and 2004 [13].

Additionally, MRSA colonization in healthy young people was
found to be extremely low (0.24% in 1996-1998 and 0.13% in
2006-2009) [14,15]. Furthermore, only sporadic cases of CA-
MRSA infections have been reported [16,17] in Portugal.

In this study we aimed to understand the epidemiologic
phenomenon associated to the recent sharp increase in MRSA
frequency and to evaluate how this has shaped the MRSA
population structure in the community. For this purpose we
analyzed the clonal nature of MRSA during two time periods
(1993 and 2010) spanning 17 years in a major tertiary teaching
hospital in Portugal and compared it with the population structure
of MRSA causing skin and soft tissue infections of people
attending healthcare centers in the last time period (2010/2011).
We hope to understand the extension of the epidemiological links
between hospital and community in a country with a high
prevalence of MRSA.

Materials and Methods

Ethical Statement

Isolates were obtained as part of routine diagnostic testing and
were analyzed anonymously and the isolates, not humans, were
studied. All data was collected in accordance with the European
Parliament and Council decision for the epidemiological surveil-
lance and control of communicable disease in the European
community [18,19].

Study Design and Bacterial Collections

Hospital setting. Hospital de Santa Maria (HSM) is a 1,300-
bed tertiary teaching hospital in Lisbon providing direct
healthcare to approximately 350,000 people in Lisbon, but also
providing services at a regional and national level.

Two collections were assembled at HSM in two time periods.
Fifty-four MRSA isolates from inpatients were collected between
January and March of 1993 from pus (50%), blood (22.2%), urine
(9.3%), bronchial aspirates (7.4%), sputum (5.6%), catheter (3.7%)
and pleural fluid (1.8%) [20]. A second collection of 520 MRSA
isolates was recovered between January and December 2010, from
which a subset of 180 isolates was selected according to the
following criteria: the first fifteen isolates collected in each month,
recovered from blood, pus and urine. From the 180 isolates
collected in 2010 that were characterized in this study, 117 (65%)
were from pus; 50 (27.8%) were from blood and 13 (7.2%) were
from urine.

S. aureus were isolated at the hospital laboratory using standard
procedures and identified as MRSA using the automated system
VITEK? Advanced Expert Spstem (BioMérieux, Marcy, L’Etoile,
France) or MicroScan® Walk-Away® (Siemens AG, Munich,
Germany). All clinical and demographic data were recorded for
each isolate.

Community setting. A total of 89 swabs from skin and soft
tissue infections (SSTI) were recovered between November, 2010
and October, 2011 from people attending nine healthcare centers
scattered throughout Portugal, mainly the north and center region
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(Agueda, Aveiro, Baltar, Braga, Cantanhede, Mealhada, Soure
and Vila Real) and one located in the south (Lagos). For each
sample, a questionnaire assessing risk factors for hospital contact
was filled by the clinician. The questionnaires addressed the
following questions: age and gender of the patient, previous
contact with the hospital setting or surgery in the last 12 months,
stay at a nursing home, previous colonization/infection with
MRSA, presence of catheter or an indwelling device and previous
antibiotic therapy in the last 12 months.

S. aureus were isolated by growth on mannitol salt agar and
identification was performed by testing the production of clumping
factor and protein A (Oxoid, Basingstoke, Hampshire, England).
When the latex slide agglutination test produced inconclusive
results, the production of coagulase was tested using the BD BBL
Coagulase plasma, Rabbit test (Becton Dickinson, Sparks,
Maryland, USA).

According to the information available from the questionnaires,
isolates were considered to belong to two different groups as
proposed by Salgado ¢t al. [21]: community-onset MRSA (CO-
MRSA) with healthcare-associated risk factors; and CO-MRSA
without healthcare-associated risk factors.

Antibiotic susceptibility testing. All MRSA isolates were
tested for antimicrobial susceptibility through disk diffusion
method (Kirby-Bauer), according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines. Susceptibility was tested to a
panel of 12 antibiotics: oxacillin, erythromycin, clindamycin,
linezolid, ciprofloxacin, quinupristin-dalfopristin, sulfamethoxa-
zole-trimethoprim, tetracycline, fusidic acid, rifampicin, vanco-
mycin and gentamicin. In the case of fusidic acid, the European
Committee on Antimicrobial Susceptibility Testing (EUCAST)
guidelines from 2011 were used.

The minimal inhibition concentration (MIC) was determined by
E-test (AB BioMérieux, Solna, Sweden) for isolates with a
vancomycin inhibition halo =14 mm and for isolates susceptible
to oxacillin by the disk diffusion method.

If isolates were resistant to three different antimicrobial
classes, other than P-lactams, they were considered multidrug
resistant.

Molecular Characterization

Pulsed-field gel electrophoresis. All isolates were charac-
terized by pulsed-field gel electrophoresis (PFGE) after digestion of
the total DNA with Smal, as described by Chung et al. [22]. PFGE
patterns were analyzed with Bionumerics software (v6.6 Applied
Maths, Saint-Martens-Latem, Belgium) with previously optimized
parameters for S. aureus [23]. Dendrograms were constructed by
the unweighted-pair group method using average linkages
(UPGMA) and PFGE types and subtypes defined by groups
formed at 80% and 95% Dice similarity cutoffs, respectively, as
previously defined [23].

mecA detection and  Staphylococcal  Cassette
Chromosome mec (SCCmec) typing. The presence of mecAd
gene was detected by PCR for all S. aureus isolates collected in the
community setting as previously described [24]. SCCmec typing
was directly performed by multiplex PCR [25] for all isolates from
the hospital, since they had been previously identified as MRSA by
the hospital clinical laboratory, and for all S. aureus isolates from
the community that were positive for the presence of the mecA
gene. The subtype of all isolates carrying SCCmec IV was
identified by multiplex PCR as described before [26].

For those isolates in which SCCmec could not be assigned
through the multiplex strategy, the mec gene complex class and
ccrAB/ cerC were determined as previously described [27,28,29].
Confirmation of SCCmec V variant was achieved by long range

April 2013 | Volume 8 | Issue 4 | 59960



PCR (Expand Long Template PCR System, Roche Diagnostics
GmbH, Manheim, Germany) using the primers mecA P7 [24] and
YR [29] to assure the linkage between mec complex C2 and ccrC.

spa typing. The spa typing was performed for at least one
1solate from each different combination of PFGE type and SCCinec
type. The spa polymorphic X region was amplified by PCR as
described [30,31] and the nucleotide sequence determined. The
obtained sequences were analyzed using the Ridom StaphType
program (v2.2.1, Ridom GmbH, Miinster, Germany).

Multilocus sequence typing (MLST). MLST was per-
formed as previously described [32] on selected isolates (n=23)
representing each spa type present in both collections. The
sequences were analyzed using the software SeqMan (v5.03,
DNASTAR, Inc.) and submitted to the MLST database (http://
saureus.mlst.net) for allele attribution. The eBURST algorithm
(eBURST v.3) was applied to all MLST data in order to assign
MLST clonal complexes (CC) (http://eburst.mlst.net). Last
accessed at September 2, 2012.

Detection of Panton-Valentine leukocidin (PVL) and the
arginine catabolic mobile element (ACME). Panton-Valen-
tine Leukocidin genes were detected by PCR as described by Lina
et al. [33] and the presence and type of ACME was determined by
the amplification of arcd [34] and opp3 [5] genes as described
before.

Results

Evolution of MRSA in a Single Hospital within a 17-year
Period: Evidence of a Major Clonal Replacement

The molecular characterization of the 54 MRSA isolates
recovered in the hospital in 1993 [20] showed that during this
period, two clones were circulating in the hospital: the Iberian
clone (ST247-1, t008/t051) and the Portuguese clone (ST239-II1
variant, t421), accounting for 72% (n=39) and 28% (n=15) of the
isolates, respectively (see Table 1).

Seventeen years later the MRSA population in this same
hospital was completely different. From the 180 MRSA isolates
collected in 2010 and selected for analysis, nine clonal types were
identified. The major type found was ST22-IVh, the so-called
EMRSA-15 clone, accounting for 72% of the isolates (n = 129). Six
different spa types were identified among the 21 representative
isolates of this clone tested: the 2357, t910, t025, t032, t1467 and
t1302. The second most frequent clone was ST105-11-t002 (NY/
Japan related) (18%, n=30), followed by ST125-IVc-t067/t002
(Pediatric clone related) (4%, n=7) and ST5-IVc-t535, the
Pediatric clone, (a single isolate, 0.5%); all three clones belong to
clonal complex 5 (CC5).

Together, the two major groups of isolates (EMRSA-15 and the
group of the three different clones related to CC5) accounted for
more than 90% of the isolates.

The remaining 6.2% of the isolates belonged to less prevalent
clones such as ST2246-111-t037, ST8-IVc-t008 and ST8-VI-t024
(CC8), ST36-1I-t018 (CC30) and STI1-IVa-t127 (CCIL5) (see
Table 1). None of the MRSA isolates collected in the hospital
during the two study periods carried PVL or ACME.

Concerning the antimicrobial resistance profiles, in 1993, all
isolates were multidrug resistant, being resistant to oxacillin and at
least four non P-lactam antibiotics. In contrast, in 2010, the
majority exhibited a non-multidrug resistant pattern (81.7%),
being mostly resistant to oxacillin (99%), ciprofloxacin (98%) and
erythromycin (84%). One isolate belonging to ST22-IVh was
susceptible to oxacillin with an MIC =2 pg/ml.
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High Prevalence of Nosocomial MRSA Clones in the

Community

A total of 89 swabs were collected from SSTI at the nine
healthcare centers, from which 54 S. aureus isolates were isolated
(60.7%). The mean age of the patients infected with . aureus was
71 years old.

Among the 54 S. aureus isolates, 14 carried the mecA gene, which
represents an MRSA infection rate of 25.9% among SSTT patients
attending healthcare centers. However, of the 14 MRSA only two
1solates were considered as CO-MRSA without risk factors. The
other 12 isolates were collected from patients with at least one risk
factor for hospital contact or did not have information in one or
more questionnaire fields and were classified as CO-MRSA with
risk factors.

The 14 MRSA isolates belonged to five different clones: ST5-V
(n=6) associated to spa types t179 and t442; ST22-IVh (EMRSA-
15 clone) (n=4) associated to spa types t2357, t032 and t5888;
ST5-IVc (Pediatric clone) (n=2) characterized by spa type t535;
ST105-II (New York/Japan clone related) (n = 1) characterized by
spa type t002 and ST8-VI (n=1) characterized by spa type t008
(see Table 2). Interestingly, most of the isolates belong to clones
that were also found in the hospital setting. Three isolates
belonging to ST5-V-t179, carried additionally to SCCmec type V,
a cerABI that might correspond to the presence of an additional
SCC element. In these isolates the presence of SCCmec V, and
thus the linkage of mec complex C2 to ¢erC and not to ccrABI, was
confirmed by long-range PCR.

None of the MRSA isolates carried PVL; however, five isolates
(36%) belonging to ST5-V-t179, carried ACME type II with the
amplification of the arc4 gene but not the opp3 gene and were all
collected from the same health-care center in the south of
Portugal.

Considering antimicrobial resistance profiles, all isolates were
resistant to ciprofloxacin, 50% to erythromycin and 43% to
gentamicin. Of note, eight isolates (belonging to ST5-V and ST8-
VI) were susceptible to oxacillin with an MIC =2 pg/ml, in spite
of the fact that they carried mecA.

Furthermore, six out of the 14 MRSA isolates exhibited a
multidrug resistance profile, being resistant to three or more
classes of antibiotics other than B-lactams (see Table 2).

Epidemiological Links between the Hospital and the
Community Settings

Comparing the populations of MRSA recovered in the
community and hospital in 2010, it can be observed that some
isolates from both settings share exactly the same molecular
characteristics, namely PFGE type, SCCmec type, spa type and ST.
This was the case of isolates belonging to ST22-IVh-t2357, ST22-
IVh-t032, ST105-11-t002 and ST5-IVc-t535 that had the same
genetic features independently of the fact that they were isolated in
the hospital or in the community. In addition, five of these isolates
showed an identical antimicrobial resistance profile.

Opverall, our results suggest the occurrence of dissemination of
typical HA-MRSA clones into the community (see Figure 1).

Discussion

In a major tertiary teaching hospital in Portugal, the frequency
of MRSA has sharply increased from 30% in 1993 to 49% in
2010. This is a picture that mirrors the situation observed in most
of the hospitals in Portugal (Faria et al., unpublished). However,
the reasons lying behind this high prevalence are complex and
were not explored in this study.
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Table 1. Main characteristics of nosocomial MRSA isolates collected in 1993 and 2010.

PFGE type, no. SCCmec (no.
Year isolates (%) isolates) spa type® ST (cc)® Resistance Profile® (no. isolates)

1993

M, 39 (72.2%) 1" (39) t008/t051 247 (8) OX-ERY-CLI-CIP-TE-CN (8)
OX-ERY-CIP-TE-RD-CN (8)
OX-ERY-CIP-TE-CN (7)
OX-ERY-CLI-CIP-TE-RD-CN (4)
OX-ERY-CIP-QD-TE-CN (3)
OX-ERY-CLI-CIP-QD-TE-RD-CN (1)
OX-ERY-CLI-CIP-QD-TE-CN (1)
OX-ERY-SXT-TE-CN (1)
OX-ERY-CIP-QD-TE-RD-CN (1)
OX-ERY-CIP-QD-TE-RD (1)
OX-ERY-CIP-SXT-TE-CN (1)
OX-ERY-CIP-SXT-TE (1)
OX-ERY-CIP-TE-RD (1)
OX-ERY-CIP-RD-CN (1)

N, 12 (22.2%) IIl variant? (12) 421 239 (8) OX-ERY-CIP-QD-SXT-TE-CN (4)
OX-ERY-SXT-TE-CN (2)
OX-ERY-TE-RD-CN (2)
OX-CIP-SXT-TE-CN (1)
OX-ERY-CIP-SXT-TE (1)
OX-ERY-CIP-QD-SXT-TE (1)
OX-ERY-QD-SXT-TE-CN (1)

2010
0O, 3 (5.6%) 11l variant® (3) t421 239 (8) OX-ERY-CIP-SXT-TE-CN (2)
OX-ERY-CIP-TE-RD-CN (1)
K, 129 (71.7%) IVh (129) 12357/t910/t025/t032/t1467/ 22 (22) OX-ERY-CIP (94)
11302
OX-CIP (22)

OX-ERY-CLI-CIP (4)
OX-ERY-CIP-FD (3)
OX-ERY-CLI-CIP-QD (2)
OX-ERY-CIP-RD (1)
OX-ERY-CIP-TE (1)
OX-ERY-CIP-SXT (1)
ERY-CIP (1)
I, 38 (21.1%) I (30) t002 105 (5) OX-ERY-CIP (16)

OX-ERY-CLI-CIP (8)
OX-ERY-CIP-FD (3)
OX-ERY-CLI-CIP-FD (2)
OX-ERY-CIP-RD (1)

Ve (7) t067/t002 125 (5) OX-CIP (4)
OX-ERY-CIP (2)
OX-ERY-CLI-CIP-QD (1)

Ve (1) t535 5 (5) OX-CIP-RD (1)

F, 5 (2.8%) 1 (3) t037 2246 (8) OX-ERY-CLI-CIP-SXT-TE-RD-CN (3)
IVa (2) t127 1(15) OX-ERY-TE (2)

B, 4 (2.2%) I (4) t018 36 (30) OX-ERY-CLI-CIP (4)

C 2 (1.1%) Ve (1) t008 8 (8) OX-ERY-CIP (1)
VI (1) 1024 8 (8) OX-FD (1)
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SCCmec (no.
isolates)

PFGE type, no.

Year isolates (%)

spa type®

ST (cc)® Resistance Profile® (no. isolates)

E 2 (1.1%) 11 (2) t002

105 (5) OX-ERY-CIP (2)

simplex PCR;

fusidic acid; RD, rifampicin; VAN, vancomycin; CN, gentamicin.
doi:10.1371/journal.pone.0059960.t001

Our results showed that this steep increase in MRSA frequency
was associated with a major clonal shift, in which the Portuguese
and Iberian clones were replaced by EMRSA-15 and some less
prevalent clones.

In fact, no common PFGE types, spa types (except for t008) or
STs were found between the two study periods. The only CC that
prevailed between the two study periods was CC8, although
associated to distinct clones (the ST247-1 and ST239-III variant in
1993 and ST2246-III and ST8-IV/VI in 2010). Moreover, a
major change in the antibiogram profile was concomitantly
observed between the two periods. Whereas in 1993 isolates were
resistant to almost all antimicrobial agents tested, in 2010 the great
majority of isolates was non-multidrug resistant (81.7%).

The establishment of the non-multidrug resistant clone ST22-
IVh, or EMRSA-15, as the major clone in hospitals in Portugal,
was previously reported [35,36], suggesting that this clone has
been in Portugal for at least 11 years. EMRSA-15 was first
described in the United Kingdom, where it became the major HA-
MRSA clone, together with EMRSA-16, accounting for more
than 95% of bacteremia in this country [37]. It has also spread
throughout Europe, being reported in Germany, Malta, Italy
[38,39,40], and representing the major clone in hospitals in
Majorca and the Czech Republic [41,42].

'One isolate with SCCmec type | variant: presence of mec complex class B and ccrAB type 1 was confirmed in simplex PCR;
2No amplification could be retrieved from SCCmec type Ill J1 locus (primer RIF5 F10/RIF5 R13). The presence of mec complex class A and ccrAB type 3 was confirmed in

3spa typing and MLST were only performed on representative isolates of each PFGE type-SCCmec association;
40X, oxacillin; E, erythromycin; CLI, clindamycin; LZD, linezolid; CIP, ciprofloxacin; QD, quinupristin-dalfopristin; SXT, sulfamethoxazole-trimethoprim; TE, tetracycline; FD,

The clonal replacement that occurred within the major hospital
analyzed in this study, has occurred in the past in Portugal [35],
and also in other parts of the world [38,39,43,44,45,46]. Although
the reasons lying behind the fade of one clone and the emergence
of another are not known, it is believed that the newly introduced
clone has a higher fitness than the displaced one.

EMRSA-15 carries few resistant traits, the small SCCimec type
IV and has an increased capacity to form biofilm [47]. Moreover,
its capacity of dissemination and invasion can be enhanced by the
acquisition of additional virulence factors like ACME and PVL
[48,49]. Altogether, these characteristics may have conferred to
this particular clone a higher epidemicity, growth rate and
capacity for persistence that could explain its success and fitness
and may also explain the increase of the MRSA frequency
observed in the hospital between 1993 and 2010.

Besides EMRSA-15, we observed that two additional clones
(ST105-II and ST125-IVc), belonging to CC5, accounted for a
significant part of the MRSA population (22%). Previously, the
New York/Japan clone was observed in the nosocomial setting in
Portugal and had been suggested as the most probable next
emergent MRSA clone in the nosocomial setting in this country
[35]. However, this role appears to have been taken by its
descendants, the ST105-II and ST125-IVc. These clones differ
from ST5 by one point mutation [50] on ygi locus and have

Table 2. Main characteristics of the 14 MRSA isolates collected in the healthcare centers in 2010/2011.

PFGE type, no. SCCmec spa type2

ACME Resistance Profile*

isolates (%) (no. isolates) (no. isolates) ST (CC)? PVL (no. isolates) (no. isolates)
I, 6 (43%) Ve (2) 535 5(5) - = CIP-FD (1)
OX-ERY-CIP-QD-FD (1)
vV (3) 179 5(5) - arcA+(2) CIP-CN (2)
1442 5 (5) - - CIP-SXT-TE-CN (1)
(1) 1002 105 (5) - - OX-ERY-CIP (1)
P, 3 (21%) V' (3) 1179 5 (5) - arcA+(3) CIP-FD-CN (1)
ERY-CIP-FD-CN (1)
ERY-CIP-QD-FD-CN (1)
K, 4 (29%) IVh (4) 1032/t5888/t2357 22 (22) - - OX-ERY-CIP (2)
OX-CIP (1)
OX-ERY-CLI-CIP-QD (1)
Q1 (7%) VI (1) 1008 8 (8) - - CIP-FD (1)

fusidic acid; RD, rifampicin; VAN, vancomycin; CN, gentamicin.
doi:10.1371/journal.pone.0059960.t002

PLOS ONE | www.plosone.org

"lsolates carry the ccrAB1, ccrC and mec complex C2. SCCmec type was confirmed by long-range PCR;
2spa typing and MLST were only performed on representative isolates of each PFGE type-SCCmec association.
30X, oxacillin; E, erythromycin; CLI, clindamycin; LZD, linezolid; CIP, ciprofloxacin; QD, quinupristin-dalfopristin; SXT, sulfamethoxazole-trimethoprim; TE, tetracycline; FD,
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Hospital
2010 ?

MRSA in Hospitals and Community in Portugal

Community

2010/2011

Figure 1. MRSA population structure in the hospital and community in Portugal. Schematic representation of the MRSA population
structure in the hospital and community settings and the possible dissemination of hospital clones into the community.

doi:10.1371/journal.pone.0059960.g001

already been described as major clones in hospitals in Switzerland
[43] and Spain [51] and as minor clones in Brazil [52], the USA
[53] and Norway [54]. However, as far as we are concerned, this is
the first time that ST105-II and ST125-IVc are reported in a
Portuguese hospital. Since these clones have already proven to be
capable of disseminating in the hospital and becoming dominant,
it is worth watching for the replacement of EMRSA-15 by ST105-
IT and/or ST125-IVc.

Besides, being one of the countries with the highest prevalence
of MRSA 1in hospitals, Portugal is also the European country with
the highest prevalence of MRSA causing skin and soft tissue
infections, the most common manifestation of community-
associated MRSA disease [13]. In the study presented here, we
documented for the first time the characterization of MRSA
causing SSTT in persons attending healthcare centers in Portugal
and verified that the rate of MRSA causing SSTT (=26%) in this
population was alarmingly high.

However, this study has some limitations since we cannot ignore
the fact that a low number of samples were recovered, which could

have influenced the MRSA rate obtained. Also, the type of

population analyzed may have not been the most adequate to
evaluate the prevalence of CA-MRSA since it was composed in its
majority of old people (median age 71) with risk factors for hospital
contact. The rate of MRSA in SSTT is much higher than that
found in nasopharyngeal colonization in children in Portugal [15],
but similar to the rates of MRSA in long-term care facilities
(Miragaia et al., unpublished), suggesting that probably elderly,
rather than children, may constitute a reservoir of MRSA in the
community in Portugal.

PLOS ONE | www.plosone.org

Almost half of the MRSA isolates identified as causing SSTT in
the community belonged to clone ST5-V, associated to ACME II.
This clonal type was recently described as a possible emerging CA-
MRSA clone in Japan [55], and might be emerging in Portugal as
well.

We did not find representatives of the USA300 and ST80-IV
clones, which are typical pandemic CA-MRSA clones. This clearly
contrasts with the situation observed in Europe and the USA,
wherein nowadays these are the most frequent clones in the
community [56,57]. This, however, may not be surprising since
the prevalence of isolates belonging to epidemic CA-MRSA clones
in Portugal continues to be low (<3%) (Tavares e/ al. unpublished).

Interestingly, the other half of MRSA found causing SSTI
belonged to the major HA-MRSA clones found in the hospital
setting in this study (ST22-IVh-t032/t2357, ST105-1I-t002 and
ST5-IVc-t535) sharing the same PFGE, spa type, SCCimec and ST.
Moreover, five isolates shared the same antibiotic susceptibility
profile. Altogether, these results suggest a spillover of HA-MRSA
isolates into the community.

Of notice, all MRSA recovered from SSTI in this study were
resistant to ciprofloxacin, which might reflect the trend of
antibiotic consumption in the outpatient setting in Portugal, since
quinolones are the third most prescribed antimicrobials [58] and,
accordingly, ciprofloxacin (a fluoroquinolone) was prescribed to at
least 50% of the patients with MRSA infection in our study (data
not shown).

Also of interest was the fact that eight MRSA isolates belonging
to ST5-V (CC)5) and ST8-VI (CC8) were susceptible to oxacillin,
in spite of the fact that they carried mecd. Shartt, K.A. et al [59],
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recently described two cases of infections caused by oxacillin
susceptible MRSA strains belonging to these exact same clonal
complexes, one of which was fatal. Since oxacillin-susceptible
MRSA strains from this study carry SCCmec V and VI, which lack
functional mecA regulators, the failure to detect the expression of
beta-lactams resistance ¢ vitro probably results from the fact that
they have a heterogeneous profile of resistance, rather than from
the lack of induction by beta-lactams. In hospitals MRSA
identification relies on antimicrobial susceptibility testing only,
which in cases like this, can lead to treatment failure and increased
burden of disease.

The vehicles of dissemination of HA-MRSA from the hospital
into the community are not firmly established and may differ in
different countries. A recent study showed that public buses could
function as an important reservoir of this clone in the community
[60]. Nevertheless, patients themselves and healthcare workers
may be the main means of dispersal. In fact, a great part of MRSA
collected from SSTT were isolated from elderly people, whom for
their intrinsic condition have a higher probability of having a
history of hospitalization and surgery or other risk factors
associated with a previous contact with healthcare-associated
MRSA, and could have served as a means of spreading of MRSA
from the hospital in the community.

The spillover of S. aureus from the hospital into the community
observed in this study probably results from the high frequencies of
MRSA observed inside the hospital setting, like was observed
before for penicillin resistant S. aureus [61]. Nowadays, penicillin
resistant S. aureus are endemic in the community, and is worrisome
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to assume that a similar situation might occur with nosocomial
multidrug resistant MRSA in the future in Portugal.

Overall, our findings showed that the increase in the rate of
MRSA in a major hospital in Portugal was associated to a clonal
replacement and to the emergence of EMRSA-15. Moreover, we
showed that in a country with a high rate of nosocomial MRSA,
the population structure of MRSA in the community might mirror
that found in the hospital setting.

Acknowledgments

“Meédicos Sentinela Network™ Ana Maria da Conceigdo Ernesto,
Centro de Saude da Mealhada, Mealhada, Portugal; Isabela Chorio,
Centro de Satde de Braga, Braga, Portugal; Jodo Horacio Soares
Medeiros, Unidade de Satde Familiar Fénix, Vila Real, Portugal; José
Armando Baptista Pereira, Unidade de Satde Familiar Baltar, Baltar,
Portugal; José Augusto Simdes, Unidade de Saude Familiar Marqués
de Marialva, Cantanhede, Portugal; Maria Manuel Cunha, Centro de
Satde de Aveiro, Aveiro, Portugal; and Manuel Godinho, Centro de
Saude de Lagos, Lagos, Portugal. We would also like to thank Aldora
Firmo and Maria Manuela Sucena, for collecting samples and
corresponding data in Centro de Satde de Soure, Soure, Portugal, and
Centro de Saude de Agueda, Agueda, Portugal, respectively.

Author Contributions

Revised the manuscript: HdL. MM NF. Conceived and designed the
experiments: NI MM LML JMC HdL. Performed the experiments: DE.
Analyzed the data: NF MM HdL. Contributed reagents/materials/analysis
tools: DE NF MM LML JMC HdL. Wrote the paper: DE.

young and healthy members of the community in Portugal. Microb Drug Resist
7: 237-245.

15. Tavares DA, Sa-Ledo R, Miragaia M, de Lencastre H (2010) Large screening of
CA-MRSA among Staphylococcus aureus colonizing healthy young children living
in two areas (urban and rural) of Portugal. BMC Infect Dis 10: 110.

16. Conceigao T, Aires-de-Sousa M, Pona N, Brito MJ, Barradas C, et al. (2011)
High prevalence of STI121 in community-associated methicillin-susceptible
Staphylococcus aureus lineages responsible for skin and soft tissue infections in
Portuguese children. Eur J Clin Microbiol Infect Dis 30: 293-297.

17. Nazareth R, Goncalves-Pereira J, Tavares A, Miragaia M, de Lencastre H, et al.
(2012) Community-associated methicillin-resistant Staphylococcus aureus infection
in Portugal. Rev Port Pneumol 18(1): 34-38.

18. The European Commission of the European Communities, European Union
website (2000) Commission decision of 22 December 1999 on the communicable
diseases to be progressively covered by the community network under decision
number 2119/98/EC of the Parliament and of the Council. Official J Eur
Communities 1.28/50. Available: http://europa.cu.int/eur-lex/pri/en/oj/dat/
2000/1_028/1_02820000203en00500053.pdf. Accessed 2012 Dec 19.

19. The European Parliament, the Council of the EU, European Union website
(1998) Decision number 2119/98/EC of the European Parliament and of the
Council of 24 September 1998: setting up a network for the epidemiological
surveillance and control of communicable diseases in the community: Official J
Eur Communities 1.268/1. Available: http://eur-lex.curopa.cu/LexUriServ/
LexUriServ.do?uri = CELEX:31998D2119:EN:NOT. Accessed 2012 Dec 19.

20. Couto I, Melo-Cristino J, Fernandes ML, Garcia T, Serrano N, et al. (1995)
Unusually large number of methicillin-resistant Staphylococcus aureus clones in a
Portuguese hospital. J Clin Microbiol 33: 2032-2035.

21. Salgado CD, Farr BM, Calfec DP (2003) Community-acquired methicillin-
resistant Staphylococcus aureus: a meta-analysis of prevalence and risk factors. Clin
Infect Dis 36: 131-139.

22. Chung M, de Lencastre H, Matthews P, Tomasz A, Adamsson I, et al. (2000)
Molecular typing of methicillin-resistant Staphylococcus aureus by pulsed-field gel
clectrophoresis: comparison of results obtained in a multilaboratory effort using
identical protocols and MRSA strains. Microb Drug Resist 6: 189-198.

23. Faria NA, Carrigo JA, Oliveira DC, Ramirez M, de Lencastre H (2008) Analysis
of typing methods for epidemiological surveillance of both methicillin-resistant
and methicillin-susceptible Staphylococcus aureus strains. J Clin Microbiol 46: 136
144.

24. Oliveira DC, de Lencastre H (2002) Multiplex PCR strategy for rapid
identification of structural types and variants of the mec element in methicillin-
resistant Staphylococcus aureus. Antimicrob Agents Chemother 46: 2155-2161.

25. Milheirigo C, Oliveira DC, de Lencastre H (2007) Update to the multiplex PCR
strategy for assignment of mec element types in Staphylococcus aureus. Antimicrob
Agents Chemother 51: 3374-3377.

April 2013 | Volume 8 | Issue 4 | 59960



26.

27.

28.

29.

33.

34.

36.

38.

40.

41.

42.

43.

Milheirigo C, Oliveira DC, de Lencastre H (2007) Multiplex PCR strategy for
subtyping the staphylococcal cassette chromosome mec type IV in methicillin-
resistant Staphylococcus aureus: ‘SCCmec IV multiplex’. J Antimicrob Chemother
60: 42-48.

Okuma K, Iwakawa K, Turnidge JD, Grubb WB, Bell JM, et al. (2002)
Dissemination of new methicillin-resistant Staphylococcus aureus clones in the
community. J Clin Microbiol 40: 4289-4294.

Ito T, Katayama Y, Asada K, Mori N, Tsutsumimoto K, et al. (2001) Structural
comparison of three types of staphylococcal cassette chromosome mec integrated
in the chromosome in methicillin-resistant Staphylococcus aureus. Antimicrob
Agents Chemother 45: 1323-1336.

Ito T, Ma XX, Takeuchi F, Okuma K, Yuzawa H, et al. (2004) Novel type V
staphylococcal cassette chromosome mec driven by a novel cassette chromosome
recombinase, ¢crC. Antimicrob Agents Chemother 48: 2637-2651.

. Aires-de-Sousa M, Boye K, de Lencastre H, Deplano A, Enright MC, et al.

(2006) High interlaboratory reproducibility of DNA sequence-based typing of
bacteria in a multicenter study. J Clin Microbiol 44: 619-621.

. Harmsen D, Claus H, Witte W, Rothganger J, Turnwald D, et al. (2003) Typing

of methicillin-resistant Staphylococcus aureus in a university hospital setting by using
novel software for spa repeat determination and database management. J Clin
Microbiol 41: 5442-5448.

. Enright MC, Day NP, Davies CE, Peacock SJ, Spratt BG (2000) Multilocus

sequence typing for characterization of methicillin-resistant and methicillin-
susceptible clones of Staphylococcus aureus. ] Clin Microbiol 38: 1008-1015.

Lina G, Piemont Y, Godail-Gamot F, Bes M, Peter MO, et al. (1999)
Involvement of Panton-Valentine leukocidin-producing Staphylococcus aureus in
primary skin infections and pneumonia. Clin Infect Dis 29: 1128-1132.

Diep BA, Gill SR, Chang RF, Phan TH, Chen JH, et al. (2006) Complete
genome sequence of USA300, an epidemic clone of community-acquired
meticillin-resistant Staphylococcus aureus. Lancet 367: 731-739.

. Aires-de-Sousa M, Correia B, de Lencastre H (2008) Changing patterns in

frequency of recovery of five methicillin-resistant Staphylococcus aureus clones in
portuguese hospitals: surveillance over a 16-year period. J Clin Microbiol 46:
2912-2917.

Amorim ML, Faria NA, Oliveira DC, Vasconcelos C, Cabeda JC, et al. (2007)
Changes in the clonal nature and antibiotic resistance profiles of methicillin-
resistant Staphylococcus aureus isolates associated with spread of the EMRSA-15
clone in a tertiary care Portuguese hospital. J Clin Microbiol 45: 2881-2888.

. Johnson AP, Aucken HM, Cavendish S, Ganner M, Wale MC, et al. (2001)

Dominance of EMRSA-15 and -16 among MRSA causing nosocomial
bacteraemia in the UK: analysis of isolates from the European Antimicrobial
Resistance Surveillance System (EARSS). J Antimicrob Chemother 48: 143
144.

Albrecht N, Jatzwauk L, Slickers P, Ehricht R, Monecke S (2011) Clonal
replacement of epidemic methicillin-resistant Staphylococcus aureus strains in a
German university hospital over a period of eleven years. PLoS One 6: €28189.

. Campanile F, Bongiorno D, Borbone S, Stefani S (2009) Hospital-associated

methicillin-resistant - Staphylococcus aureus (HA-MRSA) in Italy. Ann Clin
Microbiol Antimicrob 8: 22.

Monecke S, Slickers P, Ellington M]J, Kearns AM, Ehricht R (2007) High
diversity of Panton-Valentine leukocidin-positive, methicillin-susceptible isolates
of Staphylococcus aureus and implications for the evolution of community-associated
methicillin-resistant S. aureus. Clin Microbiol Infect 13: 1157-1164.

Alcoceba E, Mena A, Cruz Perez M, Ruiz de Gopegui E, Padilla E, et al. (2007)
Molecular epidemiology of methicillin-resistant Staphylococcus aureus in Majorcan
hospitals: high prevalence of the epidemic clone EMRSA-15. Clin Microbiol
Infect 13: 599-605.

Melter O, Urbaskova P, Jakubu V, Mackova B, Zemlickova H (2006)
Emergence of EMRSA-15 clone in hospitals throughout the Czech Republic.
Euro Surveill 11: E060803 060806.

Blanc DS, Petignat C, Wenger A, Kuhn G, Vallet Y, et al. (2007) Changing
molecular epidemiology of methicillin-resistant Staphylococcus aureus in a small
geographic area over an eight-year period. J Clin Microbiol 45: 3729-3736.

PLOS ONE | www.plosone.org

44.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

57.

58.

59.

60.

61.

MRSA in Hospitals and Community in Portugal

Concei¢ao T, Aires-de-Sousa M, Fuzi M, Toth A, Paszti J, et al. (2007)
Replacement of methicillin-resistant Staphylococcus aureus clones in Hungary over
time: a 10-year surveillance study. Clin Microbiol Infect 13: 971-979.

. Holden MT, Hsu LY, Kurt K, Weinert LA, Mather AE, et al. (2013) A genomic

portrait of the emergence, evolution and global spread of a methicillin resistant
Staphylococcus aureus pandemic. Genome Res. In press.

Perez-Roth E, Lorenzo-Diaz F, Batista N, Moreno A, Mendez-Alvarez S (2004)
Tracking methicillin-resistant Staphylococcus aureus clones during a 5-year period
(1998 to 2002) in a Spanish hospital. J Clin Microbiol 42: 4649-4656.

Smith K, Perez A, Ramage G, Lappin D, Gemmell CG, et al. (2008) Biofilm
formation by Scottish clinical isolates of Staphylococcus aureus. ] Med Microbiol 57:
1018-1023.

Linde H, Wagenlehner F, Strommenger B, Drubel I, Tanzer J, et al. (2005)
Healthcare-associated outbreaks and community-acquired infections due to
MRSA carrying the Panton-Valentine leucocidin gene in southeastern
Germany. Eur J Clin Microbiol Infect Dis 24: 419-422.

Shore AC, Rossney AS, Brennan OM, Kinnevey PM, Humphreys H, et al.
(2011) Characterization of a novel arginine catabolic mobile element (ACME)
and staphylococcal chromosomal cassette mec composite island with significant
homology to Staphylococcus epidermidis ACME type II in methicillin-resistant
Staphylococcus aureus genotype ST22-MRSA-IV. Antimicrob Agents Chemother
55: 1896-1905.

Nubel U, Roumagnac P, Feldkamp M, Song JH, Ko KS, et al. (2008) Frequent
emergence and limited geographic dispersal of methicillin-resistant Staphylococcus
aureus. Proc Natl Acad Sci U S A 105: 14130-14135.

Perez-Vazquez M, Vindel A, Marcos C, Oteo J, Cuevas O, et al. (2009) Spread
of invasive spanish Staphylococcus aureus spa-type t067 associated with a high
prevalence of the aminoglycoside-modifying enzyme gene anf(4')-Ia and the
efflux pump genes msrA/msrB. J Antimicrob Chemother 63: 21-31.

Carmo MS, Inoue F, Andrade SS, Paschoal L, Silva FM, et al. (2011) New
multilocus sequence typing of MRSA in Sdo Paulo, Brazil. Braz ] Med Biol Res
44:1013-1017.

Chung M, Dickinson G, De Lencastre H, Tomasz A (2004) International clones
of methicillin-resistant Staphylococcus aureus in two hospitals in Miami, Florida.
J Clin Microbiol 42: 542-547.

Fossum AE, Bukholm G (2006) Increased incidence of methicillin-resistant
Staphylococcus aureus ST80, novel ST125 and SCCmeclV in the south-eastern part
of Norway during a 12-year period. Clin Microbiol Infect 12: 627-633.

. Kawaguchiya M, Urushibara N, Kuwahara O, Ito M, Mise K, et al. (2011)

Molecular characteristics of community-acquired methicillin-resistant Staphylo-
coccus aureus in Hokkaido, northern main island of Japan: identification of
sequence types 6 and 59 Panton-Valentine leucocidin-positive community-
acquired methicillin-resistant Staphylococcus aureus. Microb Drug Resist 17: 241~
250.

Deleo FR, Otto M, Kreiswirth BN, Chambers HF (2010) Community-associated
meticillin-resistant Staphylococcus aureus. Lancet 375: 1557-1568.

Rolo J, Miragaia M, Turlej-Rogacka A, Empel J, Bouchami O, et al. (2012)
High genetic diversity among Community-Associated Staphylococcus aureus in
Europe: Results from a multicenter study. PLoS One 7: e34768.

European Surveillance of Antimicrobial Comsumption (ESAC) website (2009)
ESAC Yearbook 2009. Available: http://www.esac.ua.ac.be/main.
aspx?c = *ESAC2&n = 50036. Accessed 2012 Dec 19.

Sharfl’ KA, Monecke S, Slaughter S, Forrest G, Pfeiffer C, et al. (2012)
Genotypic resistance testing creates new treatment challenges: two cases of
oxacillin-susceptible methicillin-resistant Staphylococcus aureus. J Clin Microbiol 50:
4151-4153.

Simdes RR, Aires-de-Sousa M, Concei¢do T, Antunes F, da Costa PM, et al.
(2011) High prevalence of EMRSA-15 in Portuguese public buses: a worrisome
finding. PLoS One 6: ¢17630.

Lowy FD (2003) Antimicrobial resistance: the example of Staphylococcus aureus.
J Clin Invest 111: 1265-1273.

April 2013 | Volume 8 | Issue 4 | 59960



