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We describe and validate a novel PCR assay to detect the pandemic hospital-acquired methicillin-resistant
Staphylococcus aureus (HA-MRSA) lineage ST 239. Results based on previously uncharacterized isolates from
a hospital in northeast Thailand support the view that at least 90% of HA-MRSA isolates in mainland Asia

correspond to ST 239 or close relatives.

Methicillin-resistant Staphylococcus aureus (MRSA) strains
constitute a considerable health and resource burden in the
hospital environment. Although there is currently a paucity of
data (17), the evidence available suggests a high frequency of
methicillin resistance throughout mainland Asia (9, 14). Two
recent papers have used multilocus sequence typing (MLST)
to characterize hospital-acquired MRSA (HA-MRSA) isolates
from nine Asian countries from Saudi Arabia to the Philip-
pines (4, 15). These data suggest that at least 90% of the cases
of HA-MRSA within a region accounting for >60% of the
world’s population can be accounted for by a single clonal
subgroup, ST 239. This genotype has also been detected in 26
countries outside of Asia, corresponding to the EMRSA-1, -4,
-7, -9, and -11, Brazilian (1), Portuguese, Hungarian (8), and
Viennese clones, although in many countries, it has recently
been replaced by other clones (1, 5, 7, 8, 13, 16, 18-20).

The global dissemination of this clone is consistent with
heightened transmissibility, and two recent reports noted an
association between ST 239 and increased virulence (2, 10). ST
239 has evolved through a large-scale recombination event
involving the import of ~20% of the genome from CC 30 (ST
30-like), while the remaining 80% (genomic backbone) corre-
sponds to CC 8 (ST 8-like) (21). As these two lineages are
unrelated (6), this mosaic structure provides the means to
develop a rapid, accurate, and sensitive PCR-based assay. We
designed two pairs of discriminatory nonredundant primers
based on two variable genes, one of which (SA2003) lies within
the ST 8-like backbone, while the other (SA0317) lies within
the ST 30-like imported region (21) (Fig. 1). As the primers
were designed to amplify products of different sizes (220 bp for

* Corresponding author. Mailing address: Department of Biology
and Biochemistry, University of Bath, Claverton Down, Bath BA2
7AY, United Kingdom. Phone: 44 (0)1225 383021. Fax: 44 (0)1225
386779. E-mail: e.feil@bath.ac.uk.

¥ Published ahead of print on 30 January 2008.

1520

SA2003 and 484 bp for SA0317), it is possible to identify cases
where both products are amplified from a single PCR. The
presence of both amplicons of the predicted sizes indicates
the presence of both the ST 30- and ST 8-like sequences in the
hybrid genome of ST 239.

The primer sequences used were ST 239/ST 30-like specific
primers 5'-TCGCACTCTCGTTGAACA-3" (SA0317Forward)
and 5'-AAATCCGCTTCGACAAACATT (SA0317Reverse) (Fig.
1) and ST 239/ST 8-like specific primers 5'-CACTTTAAATA
CTGACGAAAAT-3" (SA2003Forward) and 5'-TTGAAAAT
TGATCATTCAGCAA-3" (SA2003Reverse).

Heteroduplex PCR was carried in a 25-pl mixture consisting
of 1X PCR buffer, 1.5 mM MgCl,, 0.2 mM deoxynucleoside
triphosphate, 0.7 uM of each of the four primers, 1.25 U of
HotStart Tag DNA polymerase, and 2.5 pl of DNA. PCR
conditions were 95°C for 15 min; 30 cycles of 95°C for 30 s,
55°C for 30 s, and 72°C for 30 s; and 72°C for 7 min.

Figure 2a shows the initial validation of this assay against
well-characterized strains from the United Kingdom (11). As
predicted, only the larger product was amplified in the ST 30
strain (C507), only the smaller product was amplified in the ST
8 strain (C125), and both products were amplified in the ST
239 strain (EMRSA-4). We further validated the assay using 95
HA-MRSA isolates recovered from a tertiary hospital in
Guangzhou, People’s Republic of China, 90 (94.7%) of which
correspond to ST 239 (B. Xu et al., unpublished data). Both
bands were amplified for all 90 ST 239 isolates, but only the
larger band was amplified for single isolates corresponding to
ST 217, ST 188, and ST 864, all of which are unrelated to ST
239 (not shown). Both bands were also amplified for the two
ST 865 isolates. This genotype is a single-locus variant of ST
239, differing at only a single nucleotide site at arcC, and is
assumed to have inherited the mosaic structure.

We then applied the assay to 27 MRSA and 26 methicillin-
sensitive S. aureus (MSSA) isolates assembled as part of an
ongoing prospective study of serious S. aureus infections in



VoL. 46, 2008

2
3 4
ST239/8 CACTTTAAATACTGACGAAAAT
ST30 T.AA..... A..A..T..... c
2 SA2003 2
0 7
2 2
ST239/8 TTGCTGAATGATCAATTTTCAA
ST30 C.CT.AC.A..AG.T..CA.TG

NOTES 1521

6 8

3 9

ST239/30 TCGCACTCTCGTTGAACA
ST8 CT.A.———..A...G.AG
5 SA0317 5

2 4

6 6

ST239/30 AATGTTTGTCGAAGCGGATTT
ST8 ssmsmswesmsenss e Eeae

ST30-like replacement
[ ST8-like backbone

FIG. 1. Primer design. Two pairs of primers were designed based on SA0317 and SA2003 loci (gene codes from the N315 genome and
annotated as hypothetical protein and hysA, respectively). These genes were identified as being the most variable of those sequenced previously
by Robinson and Enright (21), which facilitates the design of primers specific for ST 30- and ST 8-like sequences. The ~550-kb ST 30-like
replacement spans the origin of replication and is shown as the hatched block. The positions of SA0317 and SA2003 are identified by arrows.
SA0317 falls within the ST 30-like replacement, while SA2003 falls outside of it. The primer sequences are shown in boldface type, with the
positions given in vertical numbers above the sites. Primer direction is indicated by arrows. SA2003 forward and reverse primers are specific for
the ST 239/ST 8-like sequence, while the SA0317 forward primer is specific for the ST 239/ST 30-like sequence (note the 3-base indel in the

corresponding ST 8 sequence in this case).

patients presenting to Sappasithiprasong Hospital, Thailand.
Ethical permission was granted by the Ethics Committee of the
Ministry of Public Health, Royal Government of Thailand, and
the Oxford Tropical Research Ethics Committee.

None of the 26 MSSA isolates produced both bands, indi-
cating the absence of ST 239. This was expected, as there are
no examples of MSSA ST 239 in the database (http://www.mlst
.net). In contrast, both bands amplified in 25 of 27 (~93%)
MRSA isolates. This suggests that ST 239 accounts for at least
90% of HA-MRSA isolates in northeast Thailand, which is
highly consistent with the results for south China and for con-
tinental Asia in general. Four of the MRSA isolates and one
MSSA isolate were characterized by MLST. Three of the
MRSA isolates which had amplified both bands were con-
firmed to be ST 239 (Fig. 2b). Amplification of only the smaller
product was noted in the remaining MRSA isolate and the
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FIG. 2. (a) Agarose gel electrophoresis of amplicons using initial
control strains. Lane 1, EMRSA-4 (ST 239); lane 2, C507 (ST 30); lane
3, C125 (ST 8); lane 4, negative control (—ve) (no DNA). Both am-
plicons are present for ST 239, only the larger one is present for ST 30,
and the smaller one is present for ST 8. The sizes of the amplicons are
as predicted. (b) Agarose gel electrophoresis of five Thai isolates
characterized by MLST. Lane 1, MSSA (ST 88) (only the small band
amplifies); lanes 2 to 4, MRSA (ST 239) (both bands amplify); lane 5,
MRSA (ST 779) (only the small band amplifies).

single MSSA isolate, and these isolates were found to corre-
spond to ST 88 and ST 779, respectively. These genotypes are
unrelated to ST 239, hence providing further validation for the
assay.

In all, the PCR assay was tested against 103 isolates with
known MLST genotypes and achieved 100% specificity and
100% sensitivity. Our results are consistent with the domi-
nance of this clone in HA-MRSA infection (~93%) through-
out Asia (excluding Japan and South Korea) (4, 15). If this
epidemiological pattern is confirmed, MLST will prove to be
an inefficient tool for epidemiological studies of HA-MRSA
throughout Asia, where resources may be relatively poor. In-
stead, an initial screening based on the PCR assay described
here will allow the rapid detection of ST 239 isolates. Highly
discriminatory typing procedures, based on hypervirulent loci
or single-nucleotide polymorphism discovery, should be spe-
cifically tailored for this clone to facilitate high-resolution ep-
idemiological data. Such an approach should provide evidence
concerning the introduction and spread of ST 239 into Asia
and other parts of the world. Finally, recent evidence raises the
possibility that ST 239 will in time be replaced by other clones
(3, 12), and the use of this PCR assay should prove to be
instrumental in capturing the dynamics of this process.
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