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INTRODUCTION

Methicillin-resistant Staphylococcus aureus
(MRSA) is one of the most important nosoco-
mial pathogens worldwide. It has firstly been
recognized from outbreaks in the United King-
dom and other European countries more than
40 years ago (Jevon, 1961). Nowadays, it ac-
counts for more than 40% of Staphylococcus
aureus isolates especially in many hospitals in
Asia (Bell et al, 2002). MRSA differs from sus-
ceptible strain in harboring a special mobile ge-
netic element, named Staphylococcal cassette
chromosome mec (SCCmec), of which mecA
and its regulatory genes are the main compo-
nents (Ito et al, 2001).

Effective control measures need knowledge
of the bacterium’s epidemiology, which requires
typing techniques that can be ideally applied to
all situations. For the last decade, typing meth-
ods have been developed for differentiation of
MRSA strains, such as antibiogram, phage typ-
ing, serotyping, protein electrophoresis, plasmid
analysis, Southern blot hybridization, pulsed-field
gel electrophoresis (PFGE) and PCR-based
typings (Weller, 2000). PFGE has been sug-
gested to be a gold standard for typing of MRSA
(Murchan et al, 2003); however, it needs exper-
tise and special instrument, and takes time to
conduct (van Belkum et al, 1998; Deplano et al,
2000). PCR-based typing methods provide a
feasible alternative tool, which is more rapid and
cost-effective than other molecular typing sys-
tems (Deplano et al, 2000; Stranden et al, 2003).
Recently, SCCmec typing has been introduced
as an additional PCR typing technique for epi-
demiological investigation (Okuma et al, 2002;
Oliviera et al, 2002). In this study, we evaluated
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the discriminatory powers of PFGE, Southern
blot hybridization and PCR-based methods for
differentiation of MRSA in a 2,400-bed univer-
sity hospital in Bangkok, Thailand based on cal-
culation of Simpson’s discriminatory index
(Hunter and Gaston, 1998).

MATERIALS AND METHODS

Bacterial isolates

A total of 30 methicillin-resistant Staphylo-
coccus aureus isolates were investigated in this
study. These bacterial isolates were randomly
selected from individual patients admitted to
Siriraj Hospital in 1999 (4 isolates), 2002 (19 iso-
lates), and 2003 (7 isolates). Nine isolates of year
2002 were obtained during an outbreak in an
intensive care unit. These MRSA isolates were
derived from blood, cerebrospinal fluid, nasal
swab, pus, sputum, and soft tissues. Identifica-
tion of bacterial species had been performed by
routine laboratory procedures (Bannerman,
2003). All isolates were confirmed to harbor
mecA gene by PCR using the primer set de-
scribed by Ishino et al (2002). Control strains in
this study were methicillin-resistant S. aureus
strain NCTC 10442 (with type-I SCCmec), strains
N315, Mu50, Mu3 (with type-II SCCmec), strain
85/2082 (with type-III SCCmec), methicillin-sus-
ceptible S. aureus ATCC 25923.

Antimicrobial susceptibility testing

Antimicrobial susceptibilities of MRSA iso-
lates were performed by disk diffusion technique
under standard recommendation by CLSI (for-
merly NCCLS) (NCCLS, 2000). All MRSA isolates
were tested for resistance to ampicillin, oxacillin,
cefazolin, cefuroxime, cefotaxime, ceftriaxone,
ceftazidime, cefpirome, cefepime, amoxicillin/
clavulanic acid, sulbactam/cefoperazone,
tazobactam/piperacillin, imipenem, meropenem,
erythromycin, clindamycin, amikacin, gentamicin,
netilmicin, ciprofloxacin, fosfomycin, fusidic acid,
vancomycin, teicoplanin and linezolid.

Chromosomal DNA preparation

Chromosomal DNA of clinical isolates and
control strains of MRSA was purified by using
phenol-chloroform extraction (Sambrook and
Russel, 2001) and 20 µl of 0.2 mg/ml of lysos-

taphin (Sigma diagnostic, ST Louis, USA) was
added as lysis agent in the extraction process.
Purified chromosomal DNA was stored at -20ºC
until used.

Pulsed-field gel electrophoresis (PFGE)

Sma I-pulsed-f ield gel electrophoresis
(SmaI-PFGE) was performed as described pre-
viously by Prevost et al (1992) with some modi-
fications. PFGE was carried out in a contour-
clamped homogeneous electric field apparatus
(CHEF-DRII or GenPath, BioRad) with an initial
time of 5 seconds, 6.0 volts/cm for 20 hours and
a final time of 40 seconds. Lambda marker was
used as molecular size marker. After the elec-
trophoresis was completed, the gel was stained
by 0.5 µg/ml of ethidium bromide and destained
with distilled water. Gels were photographed and
analyzed as described by Tenover et al (1995).

Ribotyping

Ribotyping was performed as described by
Blumberg et al (1992). In brief, 3 µl of chromo-
somal DNA of tested isolates were digested by 2
µl of EcoRI (30 U) (Amersham Biosciences) in 30
µl of reaction solution and left at 37ºC. After over-
night incubation, 5 µl of loading dye were added
to stop the reaction. Southern blot hybridization
was performed following a protocol described
elsewhere (Sambrook and Russel, 2001) using the
Gene ImagesTM random prime labeling module
and Gene Images CDP-Star detection module
(Amersham Pharmacia Biotech) with 16S rDNA
fragment prepared by polymerase chain reaction,
using 16S rDNA-1 forward primer, 5´-AGC
GGCGGACGGGTGAGTAA-3´ and 16S rDNA-2
reverse primer, 5´-AAGGGTGCGCTCGTTGCGG-
3´ (GenBank accession number BA000018; po-
sition 506260-507287, MRSA strain N315).

Determination of mecA and Tn554 polymor-
phisms

mecA and Tn554 polymorphisms were
studied based on Southern blot hybridization
using ClaI restriction enzyme and probed with
DNA fragment of mecA gene and transposase
B of Tn554 following the technique described
previously (Krieswirth et al, 1993).

SCCmec typing

SCCmec typing was performed by PCR as
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described previously by Okuma et al (2002) and
Oliviera et al (2002).

Determination of hypervariable region down-
stream of mecA gene

PCR amplification of hypervariable region
downstream of mecA was performed as de-
scribed by Senna et al (2002) using primer HVR1,
5´-ACTATTCCCTCAGGCGTCC-3´ (position 338-
356 of GenBank accession number X52594) and
HVR2, 5´-GGAGTTAATCTACGTCTCATC-3´ (po-
sition 912-892 of GenBank accession number
X52594). The amplicons were separated in 4%
agarose gel and stained by 0.5 µg/ml of ethidium
bromide. The images were recorded by a CCD
camera via UV-transluminator.

PCR-restriction enzyme analysis for spa and
coa repeat units

The polymorphic region of spa encoding
surface protein A was performed by protocol
described by Frenay et al (1994) by PCR using
forward primer, 5´-TGTAAAACGACGGCCAG
TGCTAAAAAGCTAAACGATGC-3´ and reverse
primer, 5´-CAGGAAACAGCTATGACCCCACC
AAATACAGTTGTACC-3´. After PCR, 10 µl of am-
plified products were digested with 8 U of RsaI
(Amersham Biotech), according to the manu-
facturer’s recommendation, and incubated at
37ºC for an hour. The reaction was terminated
by adding 5 µl of loading dye into each tube.
The digested products were separated in 4%
agarose gel.

Similar to the protocol for spa typing, coa
gene polymorphisms of MRSA isolates were
also performed by PCR using coa2, 5´-CGAG
ACCAAGATTCAACAA G-3´, and coa3, 5´-AAAG
AAAACCACTCACATCA-3´, primers as described
by Goh et al (1992). Ten µl of the amplicons were
digested with 10 U of AluI (Amersham Biotech),
following the manufacturer’s instruction, and in-
cubated at 37ºC for one hour. After stopping the
reaction, the digested products were separated
in 4% agarose gel.

Calculation of discriminatory index

Discriminatory indices of typing systems
and their combinations were calculated based
on the formula described by Hunter and Gaston
(1988).

RESULTS

Thirty isolates of methicillin-resistant Sta-
phylococcus aureus showed multi-drug resis-
tance to many varieties of antibiotics. They were
susceptible to vancomycin, fosfomycin, fusidic
acid, teicoplanin, and linezolid and some isolates
were additionally susceptible to trimethoprim-
sulfamethoxazole (TMP/SXT), and we used this
phenotype as one of the criteria for differentia-
tion of MRSA isolates in our hospital. MRSA iso-
lates in this study were typeable by individual
molecular methods with different degrees of dis-
criminatory powers. Based on restriction frag-
ment analysis, such as ribotyping, ClaI-mecA
and ClaI-Tn554 polymorhisms, and SmaI-PFGE,
we could distinguish MRSA into 2, 4, 4 and 5
groups, respectively. Whereas PCR-based meth-
ods, such as PCR-REA of coa gene, spa gene,
SCCmec typing and HVR-PCR differentiated the
isolates into 3, 4, 4 and 5 groups, respectively.
Table 1 shows 11 groups of MRSA categorized
primarily by ribotyping, TMP/SXT susceptibility,
SCCmec typing, spa and coa polymorphisms
and a number of repeat units in hypervariable
region downstream of mecA gene, following
SmaI-PFGE and ClaI-mecA/ClaI-Tn554 polymor-
phisms as supplementary methods. It was no-
ticeable that SmaI-PFGE distinguished MRSA
into 5 closely related groups designated as A
and A1 to A4, the majority of which were classi-
fied into pulsotype A.

Table 2 shows the discriminatory indices of
individual typing methods and their combina-
tions. Individual tests provided quite low discrimi-
natory indices of 0.07, 0.40, 0.48, 0.51, 0.58,
0.60, 0.61 and 0.75 corresponding to ribotyping,
ClaI-Tn554 polymorphisms, coa typing, spa typ-
ing, SCCmec typing, ClaI-mecA polymorphisms,
SmaI-PFGE and HVR typing, respectively. Nev-
ertheless, discriminatory indices of their combi-
nations with TMP/SXT susceptibility were further
calculated in order to elucidate which combina-
tions should be appropriate for MRSA typing.
Combination of all tests, excluding ribotyping,
provided highest discriminatory index of 0.94.
They could differentiate MRSA isolates in this
study into 18 groups. The typing techniques
associated with restriction fragment analysis
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Group Isolate Ribotyping TMP/SXT SCCmec spa type coa type HVR Pulsotype ClaI-
susceptibility (DRUs) mecA/

ClaI-Tn554

1 466/99 A R III A B 7 A A/A
777/99 A R III A B 7 A A/A

2 94/02 A R III A B 9 A A/B
3 19/02 A R III A B 13 A A/A

32/02 A R III A B 13 A A/B
216/02-ICU A R III A B 13 A A/B
92/03 A R III A B 13 A A/A

4 20/02 A R III A B 15 A A/A
269/02-ICU A R III A B 15 A4 A/A
26/03 A R III A B 15 A A/A

5 3/02-ICU B S IIIA A A 2 A1 B/B
6 1/02 A S IIIA A A 9 A1 B/A
7 786/99 A R IIIA A B 7 A B/A

102/02 A R IIIA A B 7 A A/A
9/02-ICU A R IIIA A B 7 A B/A
38/02-ICU A R IIIA A B 7 A B/A
152/02-ICU A R IIIA A B 7 A B/A
234/02-ICU A R IIIA A B 7 A B/A
17/03 A R IIIA A B 7 A B/A
82/03 A R IIIA A B 7 A B/A

8 34/02-ICU A S IIIA B A 9 A4 B/A
209/02-ICU A S IIIA B A 9 A4 B/A

9 7/02 A S IIIA C A 9 A4 B/A
31/02 A S IIIA C A 9 A4 B/A
240/02-ICU A S IIIA C A 9 A1 B/A
23/03 A S IIIA C A 9 A1 B/A
38/03 A S IIIA C A 9 A4 B/A

10 107/02 A R IIIB C A 13 A2 C/C
78/03 A R IIIB C A 13 A3 C/C

11 643/99 A S II D C 9 A D/D
Control NCTC10442 - S I ND ND ND - II*

N315 A S II D C 9 - D/D
85/2085 B R III A B 10 - IV*

TMP/SXT: trimethroprim/sulfamethoxazole; SCCmec: staphylococcal cassette chromosome  mec; spa: surface
protein A gene; coa: coagulase gene; HVR: hypervariable region downstream of mecA; DRU: direct repeat units;
ND: not done; *: ClaI-mecA

Table 1
Phenotypic and genotypic characteristics of MRSA isolated at Siriraj Hospital, Bangkok, in 1999,

2001 and 2002.

(SmaI-PFGE, ClaI-mecA and ClaI-Tn554 poly-
morphisms) could distinguish MRSA isolates into
11 groups with discriminatory index of 0.88,
while combination of PCR-based methods with
TMP/SXT susceptibility gave a discriminatory
index of 0.89.

DISCUSSION

Molecular typing methods provide valuable
information of the genetic background of methi-
cillin-resistant S. aureus isolates. These tech-
niques have been useful for differentiation among
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MRSA strains and further utilized as tools for
epidemiological purposes (van Belkum et al,
2001). The goal of this study was to evaluate
the discriminatory indices of various techniques,
which may be used as typing tools for MRSA in
a hospital setting.

Individual typing methods showed low dis-
criminatory power, ranging from 0.07 to 0.75.
PFGE is the method of choice for genotyping of
MRSA; however, it is time-consuming and ex-
pensive (Tenover et al, 1994; Bannerman et al,
1995). Moreover, it may also provide low dis-
criminatory power when the outbreak is caused
by clonal pathogens (Tenover et al, 1994; Dos
Santos Soares et al, 2001). In this study, PFGE
distinguished 30 MRSA isolates into five related
pulsotypes, which were classified into A to A4
corresponding to the criteria described by
Tenover et al (1995), with a discriminatory index
of 0.61. This finding implies that MRSA strains

spread in our hospital represent closely related
clones, which was also demonstrated by ClaI-
mecA polymorphisms and SCCmec typing. The
polymorphisms of ClaI-mecA and ClaI-Tn554
restriction fragment analysis did not differ as
much as the study of Krieswirth et al (1993) and
Dominguez et al (1994). This typing requires well-
defined strains for comparing patterns among
tested isolates.

Based on SCCmec typing, 29 of the tested
isolates were classified as Brazilian/Hungarian
clone (type-III SCCmec harboring MRSA), while
only one isolate was identified as New York/Ja-
pan clone (Oliviera et al, 2001, 2002; Okuma et
al, 2002). Type-III SCCmec and its variants (type-
IIIA and IIIB) have been primarily reported from
Brazil, Hungarian, Spain and Portugal including
Australia (Oliviera et al, 2001). Recently, it was
noticed that type-III SCCmec element harbor-
ing MRSA strains are mainly distributed in Asian

Typing technique(s) No of types Discriminatory index

Pulsed-field gel electrophoresis (PFGE) 5 0.61
Ribotyping 2 0.07
ClaI-mecA 4 0.60
ClaI-Tn554 4 0.40
SCCmec typing 4 0.58
spa typing (spa) 4 0.51
coa typing (coa) 3 0.48
Hypervariable region typing (HVR) 5 0.75
ClaI-mecA, ClaI-Tn554 6 0.69
PFGE, ClaI-mecA, ClaI-Tn554 11 0.88
SCCmec, spa 6 0.77
SXT, SCCmec, spa 7 0.80
SXT, SCCmec, spa, coa 7 0.80
SXT, SCCmec, spa, HVR 11 0.89
SXT, SCCmec, spa, coa, HVR 11 0.89
PFGE, HVR 12 0.89
PFGE, TMP/SXT, SCCmec, spa, coa, HVR 16 0.91
PFGE, TMP/SXT, SCCmec, spa, HVR 16 0.91
SXT, SCCmec, spa, HVR, ClaI-mecA 12 0.90
SXT, SCCmec, spa, coa,  HVR, ClaI-mecA, ClaI-Tn554 13 0.91
PFGE, TMP/SXT, SCCmec, spa, coa, HVR, ClaI-mecA 17 0.93
PFGE, TMP/SXT, SCCmec, spa, coa, HVR, ClaI-mecA,ClaI-Tn554 18 0.94

Table 2
Discriminatory indices of individual typing techniques and their combination for typing of

methicillin-resistant S. aureus at Siriraj Hospital, Bangkok.
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countries, such as Saudi Arabia, India, Sri Lanka,
China, Taiwan, Hong Kong, Indonesia, Philip-
pines, Singapore, and Thailand, while type-II
SCCmec MRSA strains have been found mainly
in Japan and Korea (Aires de Sousa et al, 2003;
Ip et al, 2003; Ko et al, 2005). Not only could
SCCmec typing distinguish MRSA isolates, but
it also provided the principal epidemiological data
of the spread of MRSA in our hospital.

The other epidemiological marker for MRSA
typing was detect ion of var iable units in
hypervariable regions downstream of mecA
gene. Nichi et al (1995) designed a primer set
for amplification of this region and performed
PCR among MRSA isolates in Japan. They dem-
onstrated five different PCR products among 61
MRSA isolates. Further study by Nahvi et al
(2001) showed that the number of repeat units
in HVR is not associated with al lotype of
SCCmec element, which was also observed in
this study.

In case of coa polymorphism and ribotyping,
these two typing techniques had been claimed
to have low power for differentiation of MRSA iso-
lates (Tenover et al, 1994; Schwarzkopf and
Karch, 1994; Hoefnagels-Schuermans et al,
1997). In this study, typing by coa polymorphism
distinguished thirty isolates of MRSA into three
groups with discriminatory power of 0.48,
whereas ribotyping gave only 0.07. The discrimi-
natory indices made clear that these two tech-
niques are not appropriate for MRSA typing.

Combinations of typing methods are con-
siderably useful for typing of MRSA (Tenover et
al, 1994; Schmitz et al, 1998; Dos Santos Soares
et al, 2001). In this study, combination of all tech-
niques including trimethoprim/sulfamethoxazole
(TMP/SXT) susceptibility provided the best reso-
lution; it was able to identify 18 genotypes among
30 MRSA isolates with discriminatory index of
0.94. However, SCCmec, spa polymorphism,
and HVR-PCR combined with TMP/SXT suscep-
tibility could distinguish MRSA isolates into 11
types with discriminatory power of 0.89. PCR-
based methods have the advantage of rapid per-
formance and easy handling; however, PFGE has
been demonstrated superior in some studies
(Schmitz et al, 1998; Senna et al, 2002; Stranden
et al, 2003).

In summary, combination of molecular typ-
ing techniques is essential for MRSA typing.
PCR-based typing methods including SCCmec
typing, PCR-REA of spa gene and PCR for de-
tection of variable repeat units located down-
stream of mecA gene combined with TMP/SXT
susceptibility may be usable tools for MRSA typ-
ing in a hospital setting.
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