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A total of 629 nonduplicate methicillin-resistant Staphylococcus aureus MRSA isolates were recovered be-
tween June and November 2006 from 11 hospitals located in different areas of Portugal. Selected isolates (n 5

271, 43%) were typed by pulsed-field gel electrophoresis (PFGE), representatives of which were additionally
characterized by spa typing, multilocus sequence typing, staphylococcal cassette chromosome mec (SCCmec)
typing, and the presence of Panton-Valentine leukocidin (PVL). The 271 isolates were classified into 13
different clonal types. Three pandemic clones included the majority (n 5 241, 88%) of the isolates and were
observed in several hospitals: (i) EMRSA-15 (54%)—PFGE type A, ST22, spa type t022, SCCmec IV—was
found in the 11 hospitals studied and was identified as the major clone in seven of them; (ii) the New
York/Japan clone (17%)—PFGE B, ST5, spa type t067, SCCmec II—was identified in nine hospitals and
represented the major clone in four; and (iii) the Brazilian MRSA (17%)—PFGE C, ST239, spa type t037,
SCCmec IIIA—was also detected in nine hospitals but never as the main clone. All isolates tested were PVL
negative. Clone EMRSA-15 is currently the predominant MRSA clonal type circulating in Portuguese hospi-
tals, but a new wave of MRSA has emerged in the country with the recent introduction and spread of the New
York/Japan clone. The Brazilian MRSA that was the leading clone in Portugal in the late 1990s is declining and
being progressively replaced by the two former clones. We report the first isolate SCCmec type V (ST45) in
Portugal.

Methicillin-resistant Staphylococcus aureus (MRSA) is an
increasing problem all over the world, both in hospitals and in
the community. In hospitals in Europe, it continues to spread
in countries with high, medium, and even low endemicity (16).
Although the prevalence of MRSA has been stabilized in some
European countries and even decreased in France, Slovenia,
Cyprus, and Turkey, in Portugal it was close to 45%, remaining
one of the highest prevalences in Europe—just behind Malta
and Romania (16).
The clonal structure of the MRSA population in different

Portuguese hospitals has been analyzed in several reports since
the early 1990s, and a temporal scheme for the evolution of
MRSA clones between 1990 and 2000 has been constructed
(2). At least two epidemiologically important events were re-
corded: (i) in 1992 and 1993, the replacement of the Portu-
guese clone (PFGE J-ST239-spa type t421-SCCmec type III
variant), widespread in Portuguese hospitals in the mid-1980s
and early 1990s, by the Iberian clone (PFGE G-ST247-t051-
IA); and (ii) in 1994 and 1995, the emergence of the Brazilian
clone (PFGE C-ST239-t037-III/IIIA) and its rapid dissemina-

tion since then. In addition, the massive replacement of the
multiresistant Brazilian clone by the epidemic EMRSA-15
(PFGE A-ST22-t032-IV) clone was recently reported in a ter-
tiary-care hospital in Oporto, Portugal (8). However, the last
global national MRSA surveillance studies included isolates
collected no later than 2000 (2, 43).
The aim of the present study was to identify the MRSA

clonal types currently circulating in the Portuguese healthcare
setting and consequently update the information on the MRSA
clonal evolution over time in the country. An additional inter-
est was to assess the entry into the hospital setting of commu-
nity-acquired MRSA (CA-MRSA) strains. For this purpose, a
collection of MRSA isolates recently recovered from hospitals
scattered over the country was characterized by a combination
of state-of-the-art molecular typing techniques.

MATERIALS AND METHODS

Bacterial isolates. A total of 629 MRSA single patient isolates were recovered

between June and November 2006 from 11 hospitals situated in different areas of

Portugal: six hospitals were located in the area of Lisbon, two in the area of

Oporto, one in Braga, one in Coimbra, and one in Portimão (Fig. 1). Some

hospitals were not enrolled in the study during the whole 6-month period, and in

August some institutions were unable to preserve all isolates due to lack of

personnel. A total of 271 (43%) representative isolates, including 171 hospital-

acquired isolates (recovered .48 h after admission), 44 potentially community-

acquired isolates (recovered ,48 h of admission), and 56 isolates with no infor-

mation concerning the admission date, were selected for further molecular

analysis. Efforts were made to maximize the chance that the selected isolates

reflected the composition of the MRSA flora in the particular hospital during the
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surveillance period. For this reason, the first single patient isolate recovered in

each ward and in each month during the study period was used in the molecular

analysis. The isolates were recovered from a wide variety of infection or coloni-

zation sites: exudates from diverse origin (26%), blood (16%), lower respiratory

tract (14%), sputum (9%), pus (9%), urine (9%), nasal swabs (7%), catheter

(3%), and other sites (7%).

PFGE. Pulsed-field gel electrophoresis (PFGE) was performed after SmaI

digestion as described previously (12). The resulting SmaI patterns were ana-

lyzed by visual inspection using the BioNumerics software (version 4.0; Applied

Maths, Gent, Belgium) as described previously (8, 10).

DNA extraction. DNA for PCR essays was extracted as previously described

(31).

spa typing and MLST. spa typing was performed as described previously (20),

and spa types were assigned through the Ridom web server (http://www.ridom

.de/spaserver/). Multilocus sequence typing (MLST) was carried out as described

previously (6), and MLST alleles and sequence types (STs) were identified by

using the MLST database (http://www.mlst.net). spa typing and MLST were

performed on a representative of the major subtype of each PFGE pattern

(Table 1). The rationale for selecting representative strains and not the entire

collection was the following: if any two strains share the same PFGE subtype,

they have 97% probability of belonging to the same spa BURP group and 82%

of belonging to the same ST (17).

SCCmec typing. SCCmec typing was determined by the multiplex PCR strategy

developed by Oliveira and de Lencastre (40). In addition, all isolates that were

found to be nontypeable or SCCmec type IV were subsequently studied using an

updated version of the multiplex PCR scheme (34). Amplification of the cassette

chromosome recombinase genes (ccrAB1, ccrAB2, ccrAB3, ccrAB4, and ccrC)

was additionally performed on these isolates, as previously described (24, 25, 41).

ccrB sequencing was performed as described previously (42) for nontypeable

isolates.

PVL detection. Panton-Valentine leukocidin (PVL) detection was carried out

as described previously (30) on representatives of each PFGE pattern.

RESULTS

SCCmec typing. The six major SCCmec types described in
the literature were found in the present study (Table 1).
SCCmec type I was found in association with three STs, ST247
(one isolate, SCCmec IA), ST8 (one isolate, SCCmec I vari-
ant), and ST228 (one isolate, SCCmec I). The SCCmec type I
variant showed amplification of the kdp locus usually absent in
SCCmec type I isolates. SCCmec type II was detected in iso-
lates belonging to ST5 (n 5 47), ST36 (n 5 11), and ST34 (n 5

1), whereas SCCmec type III was exclusively associated with
ST239 isolates (n 5 47). SCCmec type IV, the most frequent
SCCmec type found in the present study, was linked to six STs:
ST22 (n 5 147), ST8 (n 5 8), ST72 (n 5 2), ST5 (n 5 1), ST88
(n 5 1), and ST1 (n 5 1). A variant of SCCmec type V was

FIG. 1. Geographic location of the hospitals and clonal type distribution. In the “No. of isolates” column, the first number refers to the number
of isolates studied, while the second number refers the total number of isolates recovered from the particular hospital. Abbreviations: HSMB,
Hospital de São Marcos Braga, Braga; HPH, Hospital Pedro Hispano, Matosinhos; IPOP, Instituto Português de Oncologia do Porto Francisco
Gentil, Oporto; HUC, Hospitais da Universidade de Coimbra, Coimbra; HSJ, Hospital de São José, Lisbon; HDE, Hospital D. Estefânia, Lisbon;
IPO, Instituto Português de Oncologia de Francisco Gentil, Lisbon; SAMS, Hospital do SAMS, Lisbon; HFF, Hospital Dr. Fernando da Fonseca,
Amadora; HBR, Hospital Nossa Senhora do Rosário, Barreiro; HBA, Centro Hospitalar do Barlavento Algarvio, Portimão. Underlined numbers
represent the major clonal types in each hospital. Clones harboring a maximum of two isolates were grouped in “other” clonal types and include
clones ST45-V variant, ST247-IA, ST5-IV, ST72-IV, ST34-II, ST228-I, ST88-IV, and ST1-IV.
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found in one ST45 isolate. When performing the updated
version of the multiplex strategy on this isolate, there was
amplification of the ccrC locus but not of the specific region
designed for SCCmec type V. One isolate belonging to ST8 was
nontypeable by the multiplex strategies and did not amplify any
of the ccr genes described thus far. However, when performing
the ccrB typing for this isolate, we found 100% homology with
the ccrB of SCCmec type VI reference strain, HDE288 (42).

Overall molecular typing. The characterization of the 271
MRSA strains by PFGE, spa typing, MLST, and SCCmec typ-
ing clustered the isolates into 13 clonal types (Table 1). PFGE
analysis showed 63 subtypes and 13 types, out of which five
types (A to E) were represented by at least 10 strains each and
included 97% of the isolates (n 5 262). PFGE type A, the
major type (n 5 147), was subdivided into 10 subtypes. Sub-
types A1 (n 5 118) and A6 (n 5 13) represented 89% of the
clone A isolates. PFGE A1 representative strain showed spa

type t022 and was identical by MLST and SCCmec type anal-
ysis to the internationally disseminated EMRSA-15 clone
(ST22-IV) (36). PFGE type B (n 5 47) showed the highest
number of subtypes (n 5 19). Subtypes B1 (n 5 20), B2 (n 5

7) and B3 (n 5 8) represented 74% of clone B strains. The
PFGE B1 representative strain was classified as spa type t067
and belonged to ST5-SCCmec II clone, previously designated
as the New York/Japan clone (3). PFGE type C strains (n 5

47) were clustered into 14 subtypes. The major subtype, C1,
represented 55% of the isolates (n 5 26). Its representative
strain was characterized by spa type t037, ST239, and SCCmec

IIIA, characteristic of the pandemic Brazilian MRSA (50).
PFGE type D, subdivided in three subtypes, was detected in
11 isolates. The PFGE D1 representative strain was spa type
t018, ST36-II, characteristic of another international clone
(EMRSA-16) (36). PFGE type E (n 5 10) was associated with
eight subtypes. The representative isolate E1 was spa type t008,
ST8-IV, whereas subtype E4 belonged to SCCmec type VI, and

E7 was associated with a SCCmec type I variant. Two addi-
tional pandemic clones were also found in the present study
represented by single isolates only, i.e., the Iberian (spa type
t725, ST247-IA) and the Pediatric (spa type t535, ST5-IV)
clones.

Hospital and geographic clonal distribution. The three clear
major clones found in the present study were detected in sev-
eral hospitals located in different cities (Fig. 1): (i) EMRSA-
15/ST22-IV (54%) was found in the 11 hospitals studied and
was identified as the major clone in seven mainly located out of
Lisbon; (ii) the New York/Japan clone/ST5-II (17%) was iden-
tified in nine hospitals and represented the major clone in four
all located in Lisbon; and (iii) the Brazilian MRSA/ST239-III
(17%) was also detected in nine hospitals but never as the main
clone and seems to be less prevalent in the northern part of the
country. In addition, clone EMRSA-16/ST36-II was identified
among 10 isolates recovered from four northern hospitals and
a single isolate from a hospital in the area of Lisbon. Clone E
(ST8) was found among 10 isolates distributed over six hospi-
tals from four cities.

Detection of PVL. All isolates tested, representatives of the
13 PFGE types, were PVL negative.

Clonal evolution over time. Several major clones have chro-
nologically dominated Portuguese hospitals during the last 16
years (Fig. 2): (i) the Portuguese clone (ST239-III variant) was
the main clone until 1991; (ii) the Iberian clone was introduced
in the country in the early 1990s and dominated between 1992
and 1998; (iii) the Brazilian clone was probably imported from
Brazil in 1994–1995 and rapidly increased in prevalence since
then becoming the major clone between 1998 and 2000; (iv)
EMRSA-15 was most likely introduced in Portugal in 2001 (8)
and replaced very soon the Brazilian clone becoming the pre-
dominant clone; and (v) the New York/Japan reported for the
first time in a northern Portuguese hospital in 2005 (8) ac-
counted for 17% of the isolates in 2006 and therefore seems to

TABLE 1. Genotypic properties of the MRSA clones found in Portuguese hospitals

PFGE
type

No. of
isolates

No. of
subtypes

Isolate tested
(PFGE
subtype)

spaa

STb

SCCmec
Current
nameProfile Type

Multiplex
strategyc

ccr
amplification

Final
classification

A 147 10 HDE461 (A1) 26-23-13-23-31-29-17-31-29-17-25-
17-25-16-28

t022 (ST22) IV ccrAB2 IV EMRSA-15

B 47 19 HBR73 (B1) 26-23-17-34-17-20-17-12-17 t067 (ST5) II NDe II NY/Japan
C 47 14 HUC343 (C1) 15-12-16-02-25-17- 24 t037 (ST239) IIIA ND IIIA Brazilian
D 11 3 HPH2 (D1) 15-12-16-02-16-02-25-17-24-24-24 t018 (ST36) II ND II EMRSA-16
E 10 8 HSJ399 (E1) 11-19-12-21-17-34-24-34-22-25 t008 ST8 IVd ccrAB2d IVd

F 2 2 HSMB103 (F1) 07-23-12-12-17-20-17-12-12-12-17 t2431 ST72 IV ccrAB2 IV
G 1 1 HSJ419 (G1) 11-02-12-21-17-34-24-34-22-25 t725 (ST247) IA ND IA Iberian
H 1 1 HBA3 (H1) 26-17-16 t535 ST5 NT ccrAB2 IV Pediatric
I 1 1 IPO516 (I1) 09-02-16-34-13-13-17-34-16-13 t2429 ST45 NT ccrC V variant
M 1 1 HSMB35 (M1) NT NT ST34 IV ccrAB2 IIf

P 1 1 HFF335 (P1) 26-30-17-34-17-20-17-34-17-20-17-
12-17-16

t041 ST228 I ND I

S 1 1 IPO486 (S1) 07-12-21-17-13-13-34-34-33-34 t186 ST88 NT ccrAB2 IV
T 1 1 HBA17 (T1) 26-16-34-24-13-34-16-34-33-13 t2430 ST1 IV ccrAB2 IV

a Nomenclature according to Harmsen et al. (20). NT, not typeable.
b STs in parentheses were inferred according to a PFGE similarity of greater than 80% with the representatives of the corresponding pandemic clones, namely, strains

JP1 (3), HU25 (50), 90/10685 (37), HPV107 (49), and 96/32010 (37) for the New York/Japan, Brazilian, EMRSA-15, Iberian, and EMRSA-16 clones, respectively;
c Nomenclature according to Oliveira and de Lencastre (40).
d Isolate IPO470 belonging to PFGE subtype E4 was classified as type IV by the multiplex strategy but did not amplify any of the ccr (AB1, AB2, AB3, AB4, and

C) genes. Sequencing of ccrB showed 100% homology with strain HDE288 (42) indicating the isolate should be classified as SCCmec type VI; isolate HBA13 belonging
to PFGE subtype E7 was nontypeable by the multiplex strategy but amplified ccrAB1. It was classified as SCCmec type I variant.

e ND, not done.
f The isolate is ccrAB2, mecI, and dcs positive but kdp and pUB110 negative.

2914 AIRES-DE-SOUSA ET AL. J. CLIN. MICROBIOL.

 b
y
 o

n
 N

o
v
e
m

b
e
r 2

3
, 2

0
0
9
 

jc
m

.a
s
m

.o
rg

D
o
w

n
lo

a
d
e
d
 fro

m
 



be a probable candidate for the leading clone in Portugal in the
near future. It should be mentioned that the values used for
2001 and 2002 (unpublished results) and 2003 to 2005 (8) were
obtained in two hospitals only and therefore are simply indi-
cators of the probable national trend. For that reason, the
prevalence of the Brazilian clone is shown a little higher in
2003 to 2005 than in 2006 and does not reflect the national
trend of the decline of the Brazilian clone.

DISCUSSION

The incidence of MRSA in Portuguese hospitals remains
one of the highest in Europe (16). In order to obtain an update
of the contemporary MRSA clonal types, we characterized
isolates recovered during the second half of 2006 from 11
Portuguese hospitals scattered over the country and demon-
strated the massive dominance of EMRSA-15 clone (ST22-IV)
in coexistence with the New York/Japan (ST5-II) and the Bra-
zilian (ST239-III) clones.
EMRSA-15, together with EMRSA-16, remains one of the

two most dominant epidemic clones in the United Kingdom
(26). Both clones emerged in the United Kingdom in 1991,
spread widely, and account for 93 to 95% of MRSA isolates
seen in recent years (27). Besides having been detected in
several countries (http://saureus.mlst.net), EMRSA-15 is re-
placing previous established clones in different regions of the
world. In Europe, it was found in a number of hospitals
throughout Germany (53), and it is currently established as the
major clone in the Czech Republic (33) and in the Majorcan
islands (7). A recent study performed in a hospital in Oporto,
Portugal, showed that clone EMRSA-15, which might have
been introduced in the hospital in 2001, represents the over-
whelming majority (79%) of the isolates collected between
2003 and 2005 (8). In Asia, EMRSA-15 represented 66.1% of
all MRSA isolated in local hospitals in Singapore in the first
half of 2006, replacing the ST239 clone island-wide (22).
The New York/Japan clone, initially described as the main

clone in the United States (46) and Japan (3) and subsequently
detected in other countries (http://saureus.mlst.net), has been
recently reported for the first time as the main clone in a
European country, in Hungary, in coexistence with the
Southern German clone (ST228-I) (13). It was also found as

the main clone in Asia, in Korea (29). This clone was de-
tected for the first time in a Portuguese hospital in 2005 as
a single isolate (8).
The Brazilian MRSA was first shown to be widely dissemi-

nated in Brazilian hospitals (50) and to have spread to neigh-
boring countries in South America (Argentina [14] and Uru-
guay and Chile [4]) and to Europe (Portugal [5, 39], the Czech
Republic [32], and Greece [1]), where it displaced the local
major clones. In addition, a recent study supports the view that
at least 90% of MRSA isolates in mainland Asia correspond to
ST239 or close relatives (18). Although the Brazilian clone is
still well represented in Portuguese hospitals (17%) and has
been found in nine out of 11 hospitals studied, it was never
found as the dominant clone, which might indicate it is being
progressively replaced in the Portuguese nosocomial setting by
other clones.
The EMRSA-16 clone (ST36-II), which accounted for 4% of

the isolates in the present study, has been reported to be
currently the major clone in two hospitals in Vigo, northwest
Spain (45), and in two hospitals of the Canary Islands (35, 44).
Although EMRSA-16 was found as a minor clone, it has been
detected in 5 of the 11 Portuguese hospitals studied, and it is
possible that it will increase in prevalence in the future, as
happened in some hospitals in the neighboring country.
The pandemic Iberian clone (ST247-IA), which was dissem-

inated in the large majority of Portuguese hospitals between
1992 and 1996 (2, 43), was found in a single isolate only in the
present study. This observation agrees with other studies that
have demonstrated a decrease in the incidence of the Iberian
clone in Europe (15, 31, 35, 44, 52). Similarly, the Pediatric
clone (ST5-IV) described for the first time in a pediatric hos-
pital in Lisbon (48) was not in the same hospital in 2006. The
single isolate ST5-IV was recovered from an adult hospitalized
in the southern region of the country.
Clonal type ST8 associated with different SCCmec types (IV,

I variant, and VI), represented by 4% of the isolates in the
present study, has been previously described mainly associated
with CA-MRSA strains and in many cases coupled with PVL
genes. In our study none of the isolates tested, which repre-
sented all clonal types, was PVL positive. An interesting
observation was the detection of an isolate ST45-V variant.

FIG. 2. Evolution of the clonal profile of MRSA in Portuguese hospitals between 1990 and 2006. The ST and SCCmec type are indicated under
the clonal type current name. The data before 2000 were adapted from Aires de Sousa and de Lencastre (2).
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Reports regarding strains carrying SCCmec type V are increas-
ingly common. Strains harboring this SCCmec type were iden-
tified in CA-MRSA isolates from Australia (38), Taiwan (9,
23), Greece (19), Israel (11), Finland (28), and Hong Kong
(21) mostly associated with STs 59 and 5 but also with ST45.
ST398-V MRSA was identified in Dutch pigs and pig farmers
and, although its natural host is probably porcine, the clone
causes infections in humans (51). To our knowledge, this is the
first report of a SCCmec type V strain in Portugal. Although
the prevalence of CA-MRSA seems to be very low in Portugal
(47), we cannot exclude the hypothesis that the clone ST45-V
variant, as well as ST8, might have been imported from the
community to the hospital.
Interestingly, the distribution of clones was not equivalent

all over the country. Although EMRSA-15 is globally the ma-
jor clone, it was found as the main clone mainly in hospitals out
of Lisbon in opposition to the New York/Japan clone (Fig. 1).
Hospitals located in the capital are probably more prone to
international clone’s exchange, and the observed results might
be an indicator that EMRSA-15 is starting to be replaced by
the New York/Japan clone.
Taking into consideration the present work combined with

previous studies and the information recently reported by
Amorim et al. (8), we could update the MRSA evolution in
Portuguese hospitals (Fig. 2), showing there have been several
waves of major MRSA clones during the last 16 years in Por-
tugal. Interestingly, it seems the predominant MRSA clone in
Portugal, a country with an increasing prevalence of MRSA, is
replaced every few years in contrast to other countries with a
similar prevalence of MRSA, such as the United Kingdom,
where EMRSA-15 and EMRSA-16 have been stable for de-
cades.
In summary, we describe here the clear dominance of

EMRSA-15 in Portuguese hospitals and the significant coex-
istence of the recently introduced New York/Japan clone.
These two clones are progressively replacing the previous dom-
inant clone, the Brazilian MRSA. The global scheme for the
MRSA clonal evolution in Portuguese hospitals was updated,
including data between 1990 and 2006 showing unusual tem-
poral shifts in the dominant MRSA clones. Moreover, this is
the first report of an isolate ST45-V in Portugal, which might
have been imported from the community.
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