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Community-associated
methicillin-resistant
Staphylococcus aureus (CA-MRSA) was first described
in remote Indigenous populations in Australia over
20 years ago. The burden of staphylococcal disease,
including S. aureus bacteraemia, disproportionately
affects Indigenous populations and is likely related to
socio-economic disadvantage. Factors such as domestic
crowding, poor hygiene and high rates of scabies, skin
sores and antibiotic use contribute to the transmission
and emergence of CA-MRSA. Studies focusing on two
clones, sequence type (ST) 93 and clonal complex (CC)
75, provide supportive evidence for the emergence of
methicillin-resistance in Indigenous communities.
Despite the initial report of CA-MRSA originating from remote
Indigenous communities in the Kimberley region of Western
Australia 1, the burden of staphylococcal disease and the
emergence of CA-MRSA in Indigenous communities has been
underappreciated. CA-MRSA has been present in the Northern

Territory (NT) and Western Australia (WA) from at least the
late 1980s 2, 3. Between 1991 and 1995, isolations of CA-MRSA in
the NT already outnumbered isolations of hospital-associated
MRSA 4. The highest incidence of MRSA notifications during the
1990s in WA were consistently from the remote Kimberley and
Goldfield regions 5.
More recent studies have revealed the burden of disease due
to S. aureus and CA-MRSA continues to be high in Indigenous
communities. Pyoderma was found in 38% of children in three
remote Top End communities with S. aureus recovered from 59%
of pyoderma lesions and methicillin-resistance detected in 23%
of these isolates 6. The annual incidence of S. aureus bacteraemia
in the Top End Indigenous population is 172 cases per 100,000,
while the incidence in the non-Indigenous population of 30 cases
per 100,000 (rate ratio 5.8 [95% confidence interval, 3.8-8.9]) is
similar to that of the rest of Australia 7 (Figure 1 8, 9). This difference
in the incidence rates of S. aureus bacteraemia demonstrates that
the health disparity between Indigenous and non-Indigenous
Australians includes the burden of staphylococcal disease.
However, Indigenous ethnicity itself does not appear to explain
this difference. Notably, there was a strong correlation between
incident isolation of S. aureus and measures of socio-economic
disadvantage and remoteness in the Top End 7. A case-control
study comparing CA-MRSA with MSSA found that rather
than Indigenous ethnicity, female sex (adjusted OR 1.5) and
remote residence (aOR 1.8) were associated with CA-MRSA on
multivariate logistic analysis 7. It is likely that factors in remote
Indigenous communities, such as domestic crowding, poor
hygiene and high rates of scabies, skin sores and antibiotic use,
contribute to the transmission and emergence of CA-MRSA 10. A
possible explanation for the association of CA-MRSA with female
sex is that children have a particularly high prevalence of skin
disease and it is women who provide most of the childcare.

Figure 1: Annual incidence of Staphylococcus aureus
bacteraemia in the Top End and comparative rates for Australia
and Canada (references in brackets).
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Two S. aureus lineages, ST93 and CC75, are of particular
interest and provide insight into the emergence of CA-MRSA
from Indigenous populations. ST93, known as the Queensland
clone, was first described in a Caucasian group of patients in
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Queensland 11. Subsequent studies, though, have led to the
conclusion that it has probably emerged from Indigenous
communities 12. ST93 harbours Panton-Valentine leukocidin, a
pore-forming toxin linked to severe disease manifestations 13. Of
concern, it is also the most rapidly expanding clone of CA-MRSA
in Australia 14, 15. The spread of ST93-MRSA had been thought
to be due to a rapid clonal expansion following a recent single
instance of acquisition of SCCmec, the mobile genetic element
which mediates methicillin-resistance 16. However, analysis of
the spa gene, a hypervariable repeat region of the genome,
has demonstrated diversity of spa types in both ST93-MSSA
and ST93-MRSA isolates from the Top End 17. This diversity
within ST93-MRSA is not consistent with an explosive clonal
expansion. Rather, the data support an early acquisition of
SCCmec with subsequent rearrangements of the spa sequence
or multiple, independent acquisitions of SCCmec. Therefore,
there is a reasonable likelihood that there is ongoing emergence
of ST93-MRSA from circulating ST93-MSSA strains in Indigenous
communities.
In contrast to the geographic expansion of ST93 within Australia,
CC75 has only been isolated from the Top End to date. CC75
is the dominant strain of CA-MRSA in Top End communities,
where 71% of CA-MRSA strains recovered from pyoderma lesions
were CC75 6. CC75 is of great interest in that phenotypically
it resembles S. aureus, but phylogenetic analysis indicates
significant genotypic divergence from the rest of S. aureus 18, 19.
Analysis of the MLST loci revealed remarkable diversity within
CC75 isolates, even when isolated from within the same small
human population in the NT 18. It appears that CC75 is not a clone
of S. aureus but a distinct taxon in its own right. Whether CC75
should be formally reclassified is problematic, given the lack of
a diagnostic phenotype, but the phylogenetic justification for
reclassification is strong. Both CC75-MRSA and CC75-MSSA were
found to co-circulate with evidence of multiple acquisition events
of SCCmec by CC75-MSSA 6. Thus, this is an example of ancient
MSSA strains and their direct SCCmec-harbouring descendents
coexisting in an isolated environment where there are many
factors present to drive the emergence of resistance.
Most S. aureus collections originate from affluent regions of
the world and our knowledge of the population structure of S.
aureus is therefore skewed. Remarkably, CC75 has recently also
been found in Cambodia and possibly Malaysia and Indonesia 19.
It is fascinating to speculate that this highly divergent lineage of S.
aureus, which has been found in neglected human populations
in terms of staphylococcal research, may be associated with
population movements in the Asia-Pacific region. Strikingly,
within Australia, CC75 appears only to be found in the Top End,
where the Indigenous population is unique in that it had contact
with Maccassan traders in historical times.
In summary, in northern Australia, both the conserved and
radiating ST93 and the diverse, divergent and endemic CC75,
have likely been subject to multiple introductions of SCCmec.
Further research into the population structures of CC75 and
ST93 are likely to provide ongoing insights into the emergence
of methicillin-resistance in community strains of S. aureus. This
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understanding should fuel the need to address issues of socioeconomic disadvantage in Indigenous communities, to reduce
the impact of staphylococcal disease and the emergence of
resistance.
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