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Effect of antibiotics, alone and in
combination, on Panton–Valentine
leukocidin production by a Staphylococcus
aureus reference strain
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Faculté Laennec, Lyon, France

ABSTRACT

The capacity of Staphylococcus aureus strain
LUG855 to release Panton–Valentine leukocidin
(PVL) in the presence of sub-inhibitory concen-
trations of anti-staphylococcal drugs was exam-
ined. Oxacillin enhanced PVL release 2.5-fold,
while clindamycin, linezolid, fusidic acid and
rifampicin were inhibitory, and vancomycin,
pristinamycin, tetracycline, ofloxacin and co-
trimoxazole had no effect. In combination with
oxacillin, sub-inhibitory concentrations of clinda-
mycin or rifampicin inhibited PVL induction
significantly, linezolid was less inhibitory, and
fusidic acid did not inhibit PVL induction by
oxacillin. These data support the use of oxacillin
in combination with clindamycin, rifampicin or
linezolid for the treatment of PVL-positive
S. aureus infections.
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Staphylococcus aureus is a major human pathogen.
Depending on the setting, 5–50% of S. aureus
isolates produce Panton–Valentine leukocidin
(PVL), a cytotoxin that causes tissue damage
[1,2]. PVL production has been linked to severe
infections such as necrotising pneumonia, necro-
tising fasciitis and osteomyelitis [3–6]. PVL-asso-
ciated necrotising pneumonia has a mortality rate
of 75%, and complications are more frequent in
osteomyelitis caused by PVL-expressing strains.

It has been shown previously that sub-inhibi-
tory concentrations of b-lactams augment PVL
production, while agents such as clindamycin and
linezolid reduce the release of PVL by S. aureus
[7,8], suggesting that the choice of antibacterial
agents for the treatment of PVL-positive staphy-
lococcal infections should take into account their
possible effect on toxin release. The present study
extends previous work [7] by examining the effect
of vancomycin, ofloxacin, co-trimoxazole, pristi-
namycin, clindamycin, fusidic acid, linezolid,
tetracycline and rifampicin, alone or in combina-
tion with oxacillin, on PVL release in vitro by the
methicillin-sensitive reference PVL-producing
S. aureus strain LUG855 [7].

Experimental procedures were as close as
possible to CSLI recommendations for MIC deter-
minations [9]. PVL levels in culture supernatants
were determined using a specific ELISA [7].
However, when Mueller–Hinton (MH) medium
and CSLI procedures were used, PVL levels were
close to the detection limit of the ELISA in the
absence of antibiotics (data not shown). MH
medium was thus replaced by casein hydrolysate
and yeast extract (CCY) medium, which increased
PVL levels 50-fold and MICs by one or two
dilution steps, except for oxacillin and pristina-
mycin (data not shown). As MICs of rifampicin
were extremely low (<0.006 mg ⁄L), the effect of
rifampicin on PVL production by LUG855 could
not be investigated. Therefore, a S. aureus mutant
with intermediate susceptibility to rifampicin
(LUG855-R5) was obtained by culturing strain
LUG855 on MH agar supplemented with rifam-
picin; this was assessed for the stability of its
rifampicin resistance (MIC, 2 mg ⁄L) as described
previously [10]. As the PVL levels produced by
LUG855-R5 and LUG855 were identical (results
not shown), LUG855-R5 was then used to exam-
ine the effect of rifampicin on PVL production.

To examine the effect of antibiotics on PVL
release, PVL was quantified in the culture super-

natant of LUG855 incubated for 24 h in the
presence of sub-inhibitory concentrations (0.5,
0.25 and 0.125 · MIC) of oxacillin, vancomycin,
clindamycin, linezolid, pristinamycin, fusidic
acid, tetracycline, ofloxacin and co-trimoxazole,
and also in the culture supernatant of LUG855-R5
incubated for 24 h in the presence of sub-inhib-
itory concentrations of rifampicin. Bacterial
counts were determined by the dilution and
plating method, with PVL production expressed
as lg of PVL ⁄ log10 CFU ⁄mL.

PVL production was increased significantly
(up to 2.5-fold) by oxacillin at 0.125 and 0.25 ·
MIC (Fig. 1). In contrast, clindamycin, linezolid,
fusidic acid and rifampicin had a concentration-
dependent inhibitory effect on PVL production at
0.125–0.5 · MIC. PVL production started to
decrease significantly at 0.125 · MIC of clin-
damycin and rifampicin, and at 0.25 · MIC of
linezolid and fusidic acid. Pristinamycin, tetra-
cycline and ofloxacin inhibited PVL production
at 0.5 · MIC, but not at lower concentrations. Co-
trimoxazole and vancomycin had no effect on
PVL production.

The effect of the strongest inhibitory drugs (i.e.,
clindamycin, linezolid, fusidic acid and rifampi-
cin) on the enhancement of PVL production by
oxacillin was then examined. A modified che-
querboard method with CCY medium was used
to determine the inhibitory effect of antibiotics in
combination as recommended by the CLSI [9].
After incubation, bacterial counts and PVL levels
were determined, and growth inhibition by
antibiotic combinations was assessed using the
fractional inhibitory concentration index, with
antibiotic combinations defined as antagonistic,
indifferent or synergic [11]. Combinations were
indifferent, with the exception of oxacillin plus
linezolid, which was synergic. PVL release was
inhibited significantly by sub-inhibitory concen-
trations of oxacillin with either clindamycin or
rifampicin in all the combinations tested (Fig. 2).
When combined with 0.25 · MIC of oxacillin,
linezolid inhibited PVL release at 0.5 and
0.25 · MIC, but not at 0.125 · MIC. When com-
bined with 0.125 · MIC of oxacillin, linezolid
inhibited PVL release at 0.5 · MIC but not at
lower concentrations. In combination with oxacil-
lin, fusidic acid inhibited PVL release only at
0.5 · MIC. With other concentrations of fusidic
acid, PVL release was still increased in the
presence of oxacillin.
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