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We define the epidemiology of predominant and sporadic methicillin-resistant Staphylococcus aureus
(MRSA) strains in a central teaching and referral hospital in Kuala Lumpur, Malaysia. This is done on the
basis of spa sequencing, multilocus sequence typing (MLST), staphylococcal cassette chromosome mec
(SCCmec) typing, and virulence gene profiling. During the period of study, the MRSA prevalence was
44.1%, and 389 MRSA strains were included. The prevalence of MRSA was found to be significantly higher
in the patients of Indian ethnicity (P < 0.001). The majority (92.5%) of the isolates belonged to ST-239,
spa type t037, and possessed the type III or IIIA SCCmec. The arginine catabolic mobile element (ACME)
arcA gene was detected in three (1.05%) ST-239 isolates. We report the first identification of ACME arcA
gene-positive ST-239. Apart from this predominant clone, six (1.5%) isolates of ST-22, with two related spa
types (t032 and t4184) and a singleton (t3213), carrying type IVh SCCmec, were detected for the first time
in Asia. A limited number of community-acquired (CA) MRSA strains were also detected. These included
ST-188/t189 (2.1%), ST-1/t127 (2.3%), and ST-7/t091 (1%). Panton-Valentin leukocidin (PVL) was detected
in all ST-1 and ST-188 strains and in 0.7% of the ST-239 isolates. The majority of the isolates carried agr
I, except that ST-1 strains were agr III positive. Virulence genes seg and sei were seen only among ST-22
isolates. In conclusion, current results revealed the predominance of ST-239-SCCmec III/IIIA and the
penetration of ST-22 with different virulence gene profiles. The emergence in Malaysia of novel clones of

known epidemic and pathogenic potential should be taken seriously.

Methicillin-resistant Staphylococcus aureus (MRSA) is an
established human pathogen that causes both health care-as-
sociated (HA) and community-acquired (CA) infections. Mod-
ern MRSA has evolved from several successful clonal lineages
of methicillin-susceptible S. aureus strains via acquisition of a
mobile genetic element called staphylococcal cassette chromo-
some mec (SCCmec). This element contains the mecA gene,
which encodes penicillin-binding protein 2" (PBP2") with sig-
nificantly reduced affinity for B-lactams (36).

Increased emergence of multidrug resistance among MRSA
strains has become a major concern in the hospital environ-
ment, as it invokes a tremendous financial burden and en-
hanced morbidity and mortality due to hard-to-treat systemic
infections (7). Genotyping data from large international stud-
ies have shown that a limited number of major clones of
MRSA display an enhanced propensity to spread and cause
opportunistic human infections in various parts of the world (5,
13, 33). MRSA was introduced into Malaysia in the early 1970s
(26), and a review of the records of the microbiology labora-
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tories of all state hospitals in Malaysia showed that the pro-
portion of MRSA isolates from S. aureus-infected individuals
had been approximately 21% throughout the last few years.
Phenotypic MRSA typing methods are not suited to detailed
epidemiological surveillance (20, 40). Several superior molec-
ular typing methods can be used for supporting infection con-
trol and for tracing the nosocomial sources and transmission
routes of bacterial pathogens. Among these methods, multilo-
cus sequence typing (MLST) has recently been proven to be
the best for long-term global epidemiological and bacterial
population genetics studies. It is a discriminatory genotypic
method where isolates are typed by sequencing variable re-
gions of housekeeping genes. A combination of alleles from
the seven loci forms a sequence type (ST). Similar STs are
grouped into clonal complexes (13). spa typing has been shown
to be as discriminatory as the current gold standard method,
pulsed-field gel electrophoresis (PFGE) (10). spa types can be
determined via amplification and sequencing of the X region of
the protein A gene (spa), which contains polymorphic direct
repeats. StaphType (version 1.4; Ridom GmbH, Wiirzburg,
Germany) provides a software tool enabling straightforward
sequence analysis and designation of spa types by synchroni-
zation via a central server (42). spa typing is useful in analyzing
hospital outbreaks and in identifying genetic changes that oc-
cur over a relatively short time span (14, 43). Molecular typing
data on HA MRSA isolates in Malaysia are sparse in compar-
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ison with those on strains deriving from Europe, the United
States, or Japan. This is notwithstanding the steadily increasing
but already high rates of MRSA infections in Malaysia (38).
Pilot data hinted at the predominance of a single MRSA ge-
notype in Malaysia. This is similar to the situation in many
other Asian countries (1, 23, 31).

For the present study, clinical MRSA isolates associated
with various infections were collected from the largest public
tertiary referral hospital in Kuala Lumpur, the capital of Ma-
laysia. The epidemiology of MRSA in this hospital (HKL) will
most likely reflect the nation’s epidemiology as it is the major
government referral hospital for patients from all states in
Malaysia. Each year at least 1 million people (~3.8% of the
total Malaysian population) are treated here. HKL records an
annual MRSA prevalence over 40%. Many of these MRSA
strains are multidrug resistant. Additional epidemiological
studies are clearly warranted in order to increase the insight
into the dynamics of MRSA epidemiology in Malaysia.

The aims of the present study were to characterize the cur-
rent Malaysian MRSA isolates and determine their molecular
epidemiology by MLST, spa typing, SCCmec typing, and viru-
lence gene profiling.

MATERIALS AND METHODS

Clinical setting and bacterial strains. Hospital Kuala Lumpur (HKL) is the
largest government tertiary referral hospital, with 81 wards and 2,502 beds. It is
located in Kuala Lumpur. An average of 40% MRSA prevalence is recorded
annually in this hospital. For conducting an adequate statistical analyses, taking
into account the prevalence of MRSA in this hospital, the sample size (SS) was
determined using the equation SS = Z? X p X (1 — p)/c? where Z is the statistic
for the level of confidence (for a level of confidence of 95% or a 5% type I error,
which is conventional, Z is 1.96), p is the estimated proportion of an attribute
that is present in the population (in the present study, p = 0.468), and c is the
desired level of precision, which is 0.05 (8, 25).

MRSA samples used in the current study were collected from October 2007 to
September 2008. Out of a total number of 1,887 MRSA strains, a random
selection of 389 strains was investigated in molecular detail. Thirty-two nonre-
petitive MRSA samples per month (approximately eight per week) were col-
lected from clinical samples obtained from hospitalized patients. The first 8
isolates (irrespective of the ward) per week were collected. Demographic and
culture data such as age, gender, ethnicity, ward, site of isolation, and type of
sample were all recorded. All isolates previously identified to the species level by
the hospital laboratory were reconfirmed in the microbiology laboratory at Uni-
versiti Putra Malaysia by standard methods such as Gram staining, catalase
testing, tube coagulation, mannitol testing, and MRSA screen latex agglutination
testing (Denka Seiken Co., Ltd., Tokyo, Japan). Isolates were confirmed as
MRSA by oxacillin and cefoxitin susceptibility testing according to the CLSI
guidelines (6). All isolates were also reevaluated for the presence of the mecA
gene by PCR (32). Confirmed MRSA isolates were then stored at —80°C in
Luria-Bertani broth supplemented with 20% glycerol awaiting further investiga-
tion.

SCCmec typing, spa typing, and MLST. Chromosomal DNA was extracted
using the DNeasy kit (Qiagen Inc.) according to the manufacturer’s instructions.
SCCmec typing was carried out according to the protocol described by Zhang et
al. (50). Confirmation of SCCmec type V and subtyping of type IV were done
based on the variation in the ccrC and ccrA2B2 genes, as recently described by
Kondo et al. (24) and Milheirico et al. (29).

All MRSA isolates, irrespective of their SCCmec types, were subjected to spa
typing according to the method of Shopsin et al. (41) using the primers SpaF
(AGACGATCCTTCGGTGA) and SpaR (CAGCAGTAGTGCCGTTTG). The
amplified spa gene fragments were purified and sequenced. spa types were
assigned by using StaphType software (version 1.4; Ridom GmbH, Wiirzburg,
Germany), as described by Harmsen et al. (16). By application of the BURP
(based upon repeat pattern) algorithm, spa types with more than five repeats
were clustered into distinct groups.

MLST was conducted for representatives of each spa lineage, including the
new and uncommon ones, as described previously (13). Twenty-six selected
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TABLE 1. Distribution of MRSA isolates based on the
ward of isolation

No. (%) of MRSA Total no. (%) of MRSA

Ward isolates characterized isolates during the
in the present study study period
General medicine 97 (24.9) 378 (20.1)
Pediatrics 30(7.7) 174 (9.2)
General surgery 54 (13.9) 212 (11.2)
Urology/nephrology 60 (15.4) 297 (15.7)
Neurosurgery 51 (13.1) 286 (15.2)
Orthopedic surgery 68 (17.5) 243 (12.8)
Maternity 2(0.5) 15(0.8)
ICU“ 27 (6.9) 94 (5.1)
Unknown
188 (9.9)
Total 389 (100) 1,887 (100)

“1CU, intensive care unit.

strains were processed for MLST. Sequence types (STs) and clonal clusters
(CCs) were assigned using the S. aureus MLST database (www.mlst.net) hosted
by Imperial College in London, United Kingdom.

PCR-based assays for virulence factors of S. aureus. Four different categories
of virulence factors were screened. These included cytolytic toxin genes such as
pvl (28); superantigen genes including sea, seb, sec, sed, see, seg, seh, sei, and tsst
(21); exotoxin genes such as eta and etb (26); genes encoding adhesions such as
cna (2), fnbA (51), ica, and icaD (37); and the newly identified arginine catabolic
mobile element (ACME) gene cluster, which is involved in bacterial growth and
development (4). Multiplex PCR-based protocols for allotyping agr classes I to
IV were performed as described elsewhere (27).

Statistical analysis. Statistical analyses were made with SPSS version 14 soft-
ware (SSPS, Inc., Chicago, IL). Categorical variables between two groups were
compared by means of chi-square or Fisher exact tests. The latter was done if
20% of the expected values were smaller than 5. A P value of <0.05 indicated
statistical significance. A goodness-of-fit test was used to test the prevalence of
MRSA strains among different ethnic groups in Malaysia. The model used for
the test is the Malaysian population statistics (http://www.statistics.gov.my),
which shows that 65%, 26%, 7.7%, and 1.3% of the Malaysian population are
Malay (bumiputras), Chinese, Indians, and others, respectively.

RESULTS

Demographical characterization of MRSA strains. From
October 2007 to September 2008, 44.1% (n = 1,887) of all S.
aureus strains (n = 4,280) causing infections in the hospital
were identified as MRSA and 389 of them were collected for
molecular investigation. The frequencies of MRSA isolates
obtained from various wards and different type of specimens
are summarized in Table 1 and Fig. 1.

All patients were divided into four groups according to age.
The infant group ages ranged from 1 to 11 months (9 subjects,
2.3%), the child group ages ranged from 1 to 15 years (31
subjects, 8%), the adult group ages ranged from 16 to 65 years
(271 subjects, 69.7%), and the elderly were more than 65 years
old (78 subjects, 20.1%). The median age of patients was 47.8
years, and the age range was 4 days to 88 years (standard
deviation [SD], £21.1 years). The male-to-female patient ratio
was 61.2:38.8, which showed no significance (x> = 0.282) for
gender relatedness of MRSA infection. The highest prevalence
of MRSA was seen in the adult category. When data were
stratified according to the three major ethnic groups in Malay-
sia, it was found that MRSA was isolated from 207 (53.2%)
Malays, 88 (22.6%) Chinese, and 94 (24.2%) Indians. The
prevalence of MRSA infection among Indians was found to be
significantly elevated (goodness x* = 88.09, P < 0.001).
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Number of specimens

FIG. 1. Number of MRSA strains isolated from different types of specimens: pus, cellulites, and abscess, referred as wound and soft-tissue
infections; respiratory specimens (pulmonary secretion, sputum, and tracheal aspirate); medical devices (central nervous system tip and catheter);
cerebrospinal fluid (CSF); conjunctiva; body fluids (peritonea and synovial); and bone marrow.

SCCmec typing, spa typing, and MLST. SCCmec typing
identified that the vast majority (92.8%) of isolates carried
either SCCmec type III (n = 78 or 20%) or its variant IITA
(n = 283 or 72.8%), while 22 (5.7%) and 6 (1.5%) isolates
harbored SCCmec types V and IVh, respectively.

spa typing of the 389 isolates revealed 13 different spa types.
Repeats among the spa types varied from 4 (t4150) to 17
(t4184). The majority (73.5%) of the isolates belonged to t037.
The BURP algorithm was used to group all isolates into def-
inite clonal lineages on the basis of sequence relatedness. Since
clustering parameters excluded spa types shorter than five re-
peats, one spa type (t4150) was excluded from BURP group-
ing. The phylogenetic tree produced two different groups, and
4 other spa types were singletons. Group 1 contained 6 spa
types, with t037 as the founder, while group 2 contained 2 spa
types (t032 and t4184), with t032 as the founder. Among the 13
spa types 3 new spa types were identified and deposited in the
spa database. Two of these new types clustered with t037, while
one resembled t032.

MLST (60 isolates) was performed on all isolates belonging
to the different spa types except for the two predominant ones
(t037 and t421), for which 10 and 6 isolates, respectively, were
MLST typed. This identified six STs, ST-239 (CC8) (n = 360;
92.5%), ST-1 (CC1) (n = 9; 2.3%), ST-188 (CC1) (n = §;
2.1%), ST-22 (CC22) (n = 6; 1.5%), ST-7 (CC7) (n = 4; 1%),
and ST-1283 (CC8), confirming the existence of six distinct
clones among the 389 MRSA isolates. Application of the
eBURST algorithm to the six STs clustered both ST-239 and
ST-1283 in CC8. ST-1283 was described for the first time in this
study and deposited at the MLST database. This ST was re-
covered from a cerebrospinal fluid sample and is a single-locus
variant (SLV) of ST-239, differing from this genotype by a
single synonymous point mutation in the gene encoding guan-
ylate kinase (gmk). The other four STs and CCs were ST-1
(CC1), ST-22 (CC22), ST-188 (CC1), and ST-7 (CC7). ST-188
is closely related to ST-1, with differences only in the two loci
arcC (carbamate kinase gene) and gmk (http://saureus.mlst
.net/). Figure 2 illustrates the molecular characterization of
strains representing the different SCCmec types, spa types, and
STs.

Toxin gene profile. All MRSA strains irrespective of STs and
spa types were examined for the presence of several virulence

factors (Table 2). All strains were commonly positive for ad-
hesin genes such as the fibronectin binding protein gene (fnbA)
and the biofilm-related genes ica4 and icaD, while the collagen
adhesin gene (cna) was amplified in 384 (98.7%) strains.
Among the superantigen genes, sea was the most prevalent one
and was detected in 337 (86.6%) strains (ST-239, -1, -188, and
-7), followed by seh, detected in 9 strains (ST-1), while sec was
found in 4 strains (ST-22). seg and sei genes were demonstrated
only in ST-22 isolates. None of the other superantigenic toxin
genes such as seb, sed, and tsst were observed in the strains
investigated. The pvl gene was amplified in 19 (4.9%) strains
(0.7% of ST-239 strains and 100% of ST-1 and ST-188 strains).
Three ST-239 strains (1.1%) harbored the ACME-associated
arcA gene, two from wounds and one from a respiratory infec-
tion. Analyzing the relationship between the toxin genes and
the STs by x? test revealed that there is an association between
MLST and certain virulence genes: sea and ST-239 are corre-
lated (x> = 54.84, P < 0.001) and ST-22 and sec, seg, and sei are
also correlated (x* = 389, P < 0.001), whereas the association
between ST-188, ST-1, and pvl (x> = 389, P < 0.001) is clearly
significant. agr typing grouped the majority of the isolates in
the agr I category, except that ST-1 strains were of the agr 111
class.

DISCUSSION

In agreement with earlier reports, the prevalence of MRSA
in the study hospital did not vary by gender (22). However, the
MRSA infection rates are significantly different between ethnic
groups and the rate is clearly elevated in the Indian population.
A similar observation was reported for CA MRSA in African-
American children (39).

The highest rate of MRSA, as reported from our general
medicine ward, is in the dermatology ward, with a high rate of
soft-tissue infection. The short hospital stay and adequate an-
tibiotic therapy in otherwise healthy patients in the maternity
ward explain the low prevalence in that ward (31, 46).

Several international epidemiological investigations demon-
strated that most hospital-acquired MRSA infections are
caused by a relatively small number of epidemic MRSA clones
spread worldwide. The most frequently encountered clones are
the Iberian (ST-247-IA), Brazilian/Hungarian (ST-239-III),
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FIG. 2. Phylogenic tree of MRSA strains included in the present study showing the combination of data from spa typing, MLST, and SCCmec
typing. The tree is a dendrogram based on the unweighted pair group method using average linkages (UPGMA) and constructed based on the
pairwise differences in the MLST allelic profiles. The numbers above the row lines demonstrate the genetic distances between the strains: two
isolates that differ at one of seven loci differ at a distance of 14.3% (1/7). The diagram shows distances along each branch as 7.1%, half that of
the single-locus difference. In this way the distance between ST-239 and ST-1283, defined by a single locus, is 7.1% whereas for ST-1 and ST-188,

with two different loci, the distance is again 14.3%.

Berlin (ST-45-1V), New York/Japan (ST-5-1I), pediatric (ST-
5-1V), EMRSA-15 (ST-22-1V), and EMRSA-16 (ST-36-1I)
clones (33). We here show the high endemicity of a limited
number of clones including ST-239 (CC8), which is the pre-
dominant Malaysian clone. This clone usually is SCCmec type
III/IIIA and spa type t037, which is dominant in most other

Asian countries except South Korea and Japan (23). Six spa
types were obtained for ST-239, which shows that there are at
least 6 subtypes circulating in a single hospital. Surprisingly,
ST-22 (CC22) of SCCmec type IVh, spa 1032, seems to have
recently penetrated Malaysia.

We present the first cases of infection by ST-22, SCCmec

TABLE 2. Distribution of different virulence factors among MRSA isolates

No. (%) of isolates carrying:

No. of a agr
isolates MEST pa P Aacrcl\jE sea seh S;rfa“v:fi’ pvl icaA icaD fnbA cna type
284 ST-239 t037 (10) 3 (1.05) 243 (85.5) 2(0.7) 284 (100) 284 (100) 284 (100) 284 (100) 1
1 ST-1283  t037 (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) I
61 ST-239 t421 (6) 59 (96.7) 61 (100) 61 (100) 61 (100) 61 (100) 1
5 ST-239 t4213 (5) 5 (100) 5(100) 5 (100) 5 (100) 5 (100) I
4 ST-239 t4150 (4) 4 (100) 4 (100) 4 (100) 4 (100) 4 (100) 1
1 ST-239 t138 (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) I
1 ST-1283  t138 (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1
1 ST-239 t932 (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) I
1 ST-239 t2575 (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1
4 ST-22 t032 (4) 4 (100) 4 (100) 4 (100) 4 (100) 4 (100) I
1 ST-22 t4184 (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1

1 ST-22 3213 (1) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100)

9 ST-1 t127 (9) 9 (100) 9 (100) 9 (10) 9 (100) 9 (100) 9 (100) 9 (100) 11T
8 ST-188 t189 (8) 8 (100) 8 (100) 8 (100) 8 (100) 8 (100) 8 (100) I
4 ST-7 t091 (4) 4 (100) 4 (100) 4 (100) 4 (100) 1
3 ST-239 NT? 3) 3 (100) 3 (100) 3 (100) 3 (100) 3 (100) I

“ The numbers in parentheses indicate the numbers of isolates that were typed by MLST for that particular spa type.

? NT, nontypeable.
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type IVh, with three different spa types (1932, t3213, and t4184)
in Malaysia. These strains were mainly isolated from blood
(66.6%) or skin and soft-tissue infection (33.3%). SCCmec
IVh, present in a recently described specific subtype of
EMRSA-15 (ST-22), was reported for the first time in Portugal
(29) but shortly after from places as distant as Sweden (3) and
lately from Spain (48). The SCCmec IV element is small in
comparison to elements such as SCCmec type III; the small
size enables easier spread among S. aureus strains. As a pos-
sible consequence of its enhanced mobility, it is also more
variable than other SCCmec types. The detection of ST-22
(which is one of the predominant MRSA clones in Europe,
Australia, and New Zealand [40]) in Singapore (18) and later
in Malaysia strengthens the case for the epidemic nature of this
clone and also suggests that it may easily spread to other
Southeast Asian countries.

S. aureus produces a wide variety of exoproteins that con-
tribute to its ability to colonize and cause disease in mamma-
lian hosts. The majority of the virulence factors produced in S.
aureus are under the control of the agr system. Although agr IT
and III are found in some well known clones (pediatric, New
York/Japan, and EMRSA-16) (15, 21), the most predominant
agr group among worldwide MRSA clones is agr group I (47).
A similar situation was observed in our isolates, where 96.7%
of the isolates were agr I while only 3.3% carried agr III. Our
results illustrate that the pv/ locus is more common (80.9%)
among CA MRSA strains that belonged to ST-1- SCCmec
V-agr III and ST-188-SCCmec V-agr 1, while a small percent-
age (0.7%) were seen among the ST-239-SCCmec III and III-
A-agr 1 isolates. pvl-positive ST-1-SCCmec IV-agr 111 isolates
were first reported in the United States, but strains recently
detected from Europe and Asia are of agr type I or II (44).
Recently, ST-1 and ST-188 MRSA strains with type V SCCmec
were reported from Singapore (17, 19). Furthermore, pvi-pos-
itive HA MRSA isolates harboring SCCmec type III were
found in Algeria (34) and China (49). In general, pvl is carried
in less than 5% of the MRSA strains that harbor SCCmec types
I to III (9).

The current study for the first time reports the presence of
the ACME arcA gene in ST-239 SCCmec type III MRSA
isolates. ACME arcA, which contributes to growth and survival
by encoding resistance and virulence determinants that en-
hance fitness and pathogenicity, was first detected in USA300
(ST-8) (4, 11).

Exotoxins with superantigenic properties are responsible for
strong inflammatory responses that contribute to the severity
of staphylococcal infections. Regardless of the STs, most
(86.6%) of the isolates studied carried the sea gene. Our results
are in accordance with those obtained for Russian isolates,
where 88% of the MRSA strains from clinical samples were sea
positive (12). Although in previous studies sea was not de-
tected in the Brazilian clone in general (45), it was found in our
isolates which matched the Brazilian and Hungarian clones in
MLST and SCCmec type. Enterotoxin H was found to be
present only among the Malaysian ST1 isolates. Enterotoxin H
has a particularly high affinity for binding to the major histo-
compatibility complex type II molecules and is usually reported
in CA MRSA strains (35). Among all isolates, only the ST-22
clone shared the enterotoxin gene cluster locus (egc), compris-
ing five superantigenic enterotoxin genes (seg, sei, sem, sen, and
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seo). The combination of classical (enterotoxin C-positive) (21)
and variant (enterotoxin C-negative) strains (30) among our
isolates reconfirms that diverse ST-22 strains have penetrated
our hospital. Despite of high percentages of wound and soft-
tissue infections, exfoliative toxin genes (eta and etb) were not
detected in any of our strains, indicating the role of other
virulence factors involved in establishing the infections.

In conclusion, this study identified three main types of
MRSA in HKL. The majority of strains are ST-239, which is
predominant in several other Asian countries as well. ST-22,
first described in the United Kingdom and later in other Eu-
ropean countries, Australia, New Zealand, and Singapore, has
now penetrated Malaysia, and this emphasizes the epidemic
nature of strains with this ST. In addition, minor groups of CA
MRSA strains detected in the current study indicate the ability
of such strains to settle in the hospital environment. The com-
bination of ST-1-SCCmec V-agr 111 and ST-188-SCCmec V-agr
I was commonly detected among CA MRSA strains. This is the
first study to report the ACME arcA gene in ST-239-SCCmec
type III MRSA. The presence of a series of virulence deter-
minants in the local MRSA strains suggests the ability of these
strains to cause a broad spectrum of infectious diseases under
favorable conditions.
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