CC59 Community-Associated Methicillin-Resistant Staphylococcus aureus in Western Australia:
Clonal Spread or Multiple Evolutionary Events?
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Background

Several well characterised community-associated MRSA (CA-MRSA) strains predominate In different regions of the world. Many of

these strains harbour the bicomponent Panton-Valentine leukocidin (PVL).

In the Asian-Pacific region a distinct genotype, clonal

complex (CC) 59/sequence type 59 (ST59) has become widespread. ST59 CA-MRSA are an important cause of morbidity in Taiwan.
This so-called “Taiwan Clone” has acquired a novel type V SCCmec element [V (5C2&5), also known as VT]. ST59-MRSA-V as well as
other CC59 strains have now been reported in several countries including the USA (USA1000), Sweden, Germany, the United Kingdom
and Vietnam. In Western Australia (WA) multiple CC59 strains, colloquially characterised as West Australian MRSA -9, -15, -24, -52, -

55, -56, and -73, have been identified.
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To determine If WA CC59 strains are related to the “Taiwan
Clone” or have evolved independently on multiple occasions.

From July 2003 to June 2008 43 MRSA from 40 individuals living
INn WA were characterised as CC59 MRSA by the Gram-positive
Bacteria Typing and Research Unit. Isolates were recovered
from 33 skin and soft tissue infections and seven nasal screening
swabs. One person yielded three isolates (WA MRSA-15: 04-
16657, 05-17619, 06-17/484) over a three year period, and a
second vielded two isolates (WA MRSA-9: 06-17363, 07-17830)
over a two year period. Three isolates (WA MRSA-52: 07-15076,
07-16295, 07-16320) were obtained from three family members
over a twelve month period. Isolates were characterised using
pulsed-field gel electrophoresis, spa typing, multilocus sequence
typing, diagnostic DNA microarrays, and PCRs targeting
SCCmec elements and PVL genes. To analyze similarities
between DNA microarray profiles, the SplitsTree software was
used.

All i1solates were agr group | and capsule type 8 and carried the
gamma-hemolysin (lukF, lukS and higA), as well as hemolysin
genes hl, hla, hid and hllll. The carriage of set/ssl genes was
uniform among all isolates including the presence of setC, ssl1,
ssl3, ssl4, ssl5, ssl7, ssiI8, ssl9, ssl10, and setBl to B3. The
biofilm operon icaA/C/D was also present.

Genes encoding MSCRAMMSs (microbial surface components
recognising adhesive matrix molecules), bbp, clfA, clfB, ebh,
ebpS, eno, fib, fnbA, fnbB, map, sasG, sdrC, sdrD and vwb
were detected In all isolates.

The carriage of resistance genes, PVL, hemolysin-beta
Integrating phages and of superantigens was variable.

At least seven different variants of SCCmec elements were
identified including Va [2B], IVb [2B], IVd [2B], IVvariant [2B],
IVa [2B&5], Vvariant [5C2] and V [5C2&5].

DNA microarray-based analysis of the CC59 isolates clustered
them into six groups (Figure 1).

The first group [spa t528] Is similar to the American ST59-
MRSA-IV(2B) CA-MRSA strain “USA1000”. The second group
[spa t216] comprises a PVL-negative ST87 strain with a
SCCmec element subtype Vb (2B). The third group [spa 437]

Figure 1. SolitsTree graph visualising similarities of CC59 isolates and strains based
on hybridization results for mecA, delta mecR, ugpQ, Q9XB68-dcs, ccrA-2, ccrB-2,
ccrC1-85-2082, hypothetical ORF accompanying ccrC1, blaZ, blal, blaR, ermB, ermC,
msrA, mpbBM, aphA3, sat, tetK, cat-pC221, cat-pC223, sea, seb, sek, seq, lukF-PV,

lukS-PV and sak. Isolate numbers in boxes indicate PVL positive isolates.

comprises PVL-variable ST59-MRSA-IV (2B) harbouring multiple
SCCmec IV subtypes. PVL-negative ST59-MRSA with multiple or
composite SCCmec elements (IVa [2B&5]) form the fourth group

[spa t976]. Group 5 |[spa 441, t437, t1950, and t2365]

corresponds to the internationally known “Taiwan Clone”, a PVL-
positive strain with a variant SCCmec element (V [5C2&5]). This
strain proved to be the most common CC59-MRSA strain isolated
In WA. Finally, Group 6 [spa t316 and t216] encompasses ST59-
MRSA-Vvariant (5C2).

Conclusions

The differentiation of CC59 Into six groups of strains indicates a
rapid evolution and spread of SCCmec elements. Observed
differences between groups of strains as well as Intrastrain
variability within a group faclilitate tracing of their spread. The
Taiwan clone (Group 5) has become the most successful strain
among the CC59 CA-MRSA isolated in WA. As the six groups of
CC59 strains identified In this study are nearly isogenic a marker
determining the successful transmission of this clone should be
found among the rather limited number of variable genes within
CC59. PVL appears to be a likely candidate.
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