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Epidemiological Study on Staphylococcus aureus Isolates Reveals
Inverse Relationship between Antibiotic Resistance and Virulence
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Acquisition of antibiotic resistance in Staphylococcus
aureus has been associated with loss of pathogenic fitness
and also virulence potential, where this phenomenon has
been observed in specific clinical and laboratory S. aureus
strains [1-4]. Interestingly, this phenomenon of “inverse
relationship between antibiotic resistance and virulence”
was also observed in a general population of both methi-
cillin-resistant and -susceptible S. aureus (MRSA and
MSSA), when a molecular epidemiological study was
carried out at our teaching hospital in Kuala Lumpur,
Malaysia.

The above study was done in 2009, where a total of
1,199 S. aureus isolates were recovered from various wards
of our hospital. Three hundred and nineteen (26.6 %) and
880 (73.4 %) isolates were identified to be MRSA and
MSSA, respectively. Most isolates were recovered from
tissue and pus swabs.

As per hospital diagnostic laboratory requirement, all
1,199 isolates were subjected to antibiotic susceptibility
tests, where the antibiograms were determined by disk
diffusion method on Mueller-Hinton agar according to the
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Clinical Laboratory Standards Institute (CLSI) recom-
mendations [5]. Most MRSA isolates in our study were
found to be multi-drug resistant: 89.0, 88.1, 83.1 and
100.0 % were resistant to ciprofloxacin, erythromycin,
gentamicin, and cefoxitine, respectively. Interestingly,
about 81.5 % of the MRSA isolates remain susceptible to
fucidic acid. No isolate was found to be resistant to van-
comycin. In contrast, most MSSA isolates were susceptible
to the above mentioned antibiotics: 91.8, 88.9, 85.8, 97.1
and 100.0 % were susceptible to ciprofloxacin, erythro-
mycin, fucidic acid, gentamicin, and cefoxitine, respec-
tively. The only antibiotic which they were usually
resistant to was penicillin B (79.1 % of the isolates). All
MSSA isolates showed susceptibility to cefoxitine and
vancomycin.

To further characterize our study isolates, we had pro-
ceeded to determine the prevalence of four staphylococcal
virulence genes: collagen adhesin (cna), staphylococcal
enterotoxin-H (seh), Panton-Valentine Leukocidin (PVL)
and Toxic Shock Syndrome Toxin-1 (TSST-1) in the iso-
lates, using a modified multiplex PCR protocol [6, 7]. We
found cna to be ubiquitously present in most MRSA iso-
lates (94.0 %), and it was also the most prevalent toxin
gene among the four to be harboured by our MSSA isolates
(51.6 %). Intriguingly, the more virulent PVL and TSST-1
genes were more frequently found in MSSA than in
MRSA, and there were significant differences (P < 0.05)
in the frequency of three virulence genes (cna, PVL, TSST-1)
found in MSSA compared to MRSA (Fig. 1).

Apart from this report, Jimenez et al. [8] also reported
more diverse and frequent virulence genes in MSSA
compared to MRSA. Taking it all together with previous
findings on this phenomenon with specific S. aureus
strains, we suspect that an inverse relationship between
antibiotic resistance and virulence exists in S. aureus,
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Fig. 1 The prevalence of four virulence genes (cna, seh, PVL and
TSST-1) in S. aureus strains isolated from UKMMC in 2009.
* indicates P < 0.05; NS indicates not significant

where multidrug resistant MRSA tend to harbour fewer
virulence genes, whereas MSSA are more virulent but
remain susceptible to many antibiotics. Down regulation of
virulence determinants by S. aureus might be a strategy to
evade immune system detection [4], this perhaps will give
the bacteria more time in acquiring mutations crucial to
generate antibiotic resistance. In addition, as antibiotic
resistance is associated with fitness cost [9], minimizing the
carriage of virulence determinants might be an MRSA
strategy designed to compensate the cost.

In conclusion, possible explanations for the observed
inverse relationship between antibiotic resistance and vir-
ulence in S. aureus are still largely hypothetical; more
structured and detailed investigations will be needed for
this purpose. Clarification of the dynamics of this inverse
relationship will be important to elucidate the pathological
and evolutionary importance of S. aureus in acquiring
antibiotic resistance and virulence.
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