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Espedido and coworkers found that up to 38.7% of methicillin-
resistant Staphylococcus aureus (MRSA) clonal group ST239-

MRSA-III strains in a Sydney hospital carried an arginine cata-
bolic mobile element (ACME) type II variant that inserted
between orfX and the staphylococcal cassette chromosome mec
element (SCCmec) (1), whereas Ghaznavi-Rad and coworkers de-
tected ACME in 1.1% of ST239-MRSA-III strains isolated from a
Kuala Lumpur hospital, but did not specify its insertion point (2).
The practical implications of such strains cannot be underesti-
mated, especially in institutions where MRSA screening is pre-
dominantly performed using commercial molecular tests, because
the majority of these currently detect the presence of sequences in
the junction between orfX and SCCmec, and will potentially yield

false-negative results if the sequences on the two sides of the junc-
tion are separated by a 13-kb ACME insertion.

Given Singapore’s geographical proximity to and relations
with Australia and Malaysia, we postulated that such ACME-pos-
itive strains are likely to be present locally. We had recently assem-
bled a randomly selected sample of 110 clinical ST239-MRSA-III
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FIG 1 Distribution of ACME-positive ST239 MRSA strains in Singaporean hospitals over time. The sole ACME-positive MRSA strain where the insertion point
was outside the orfX-SCCmec junction was isolated in 2008.
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strains isolated between 2000 and 2010 from 3 local hospitals for
whole-genome sequencing, which was performed following pre-
viously described protocols (3, 4). De novo assembly of the ge-
nomes using Velvet v0.7.03 (5) revealed 14 (12.7%) ST239 strains
with ACME, and contigs bridging orfX and ACME as well as
ACME and SCCmec III were found in 13 of the strains, whereas
one strain appeared to have ACME inserted before sasH (data not
shown). This was confirmed by orfX-ACME-specific PCR (1),
which was positive for the initial 13 strains and negative for the
last. None of the ST22-MRSA strains carried ACME.

The distribution of ACME-positive ST239 strains—which
were present in all 3 hospitals—is shown in Fig. 1. Despite the
small number of ST239 strains collected each year, it is striking
that ACME tests were positive in at least 20% of ST239-MRSA
strains isolated since 2006, and that virtually all (92.9%) strains
had ACME inserted into the orfX-SCCmec junction.

As proof of concept, we ran saline suspensions of six of these
clinical strains (viable counts ranging from 1.8 to 8.2 � 103 CFU/
ml) along with an ACME-negative MRSA strain (ATCC BAA-
1026; viable count, 1.6 � 102 CFU/ml) control on the Xpert
MRSA assay (Cepheid, Sunnyvale, CA), following the manufac-
turer’s instructions. Only the ATCC MRSA strain and the strain
with ACME inserted outside the orfX-SCCmec junction yielded
strongly positive results, while all the other strains were negative
on the Xpert MRSA system. Parallel aliquots of these suspensions
were plated and subsequently demonstrated good growth of
MRSA colonies that again tested positive on mecA PCR (6). Al-
though we did not test other commercial orfX-SCCmec molecular
MRSA assays, it is extremely unlikely that these would be able to
detect such ACME-positive MRSA strains.

Our results suggest that ST239-MRSA-III strains with ACME
inserted between orfX and SCCmec are an emerging threat in the
region. The inability of current commercial orfX-SCCmec molec-
ular tests to detect such strains will complicate MRSA control

efforts wherever such strains are prevalent, and institutions where
ST239 is the prevalent MRSA clone are advised to test for the
prevalence of such strains prior to investing in current commer-
cial molecular testing platforms for MRSA.
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