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INSERM E0230, IFR62, Faculté de Médecine, 69372 Lyon cedex 08, France2

Received 4 June 2003/Returned for modification 22 July 2003/Accepted 23 October 2003

Among 10 strains of community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) isolated in
2002 from patients with skin infections, seven harbored the Panton-Valentine leukocidin gene, two harbored
the exfoliative toxin A gene, and one harbored neither of these genes. CA-MRSA isolates producing a variety
of exotoxins are currently spreading in the Swiss community.

Infections due to community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA) are a recent worldwide
phenomenon (1–4, 6–8, 13). Between 13 November 2002 and
5 March 2003, eight reports of CA-MRSA infections or out-
breaks were published on the ProMed website of the Interna-
tional Society for Infectious Diseases (http://www.promedmail
.org). The cases occurred in North America (in the Los Ange-
les, Calif., gay community; a jail in Los Angeles; a correctional
facility in Ontario, Canada; and a school in Pasadena, Tex.)
and in Europe (France, Scotland, and The Netherlands). Most
patients had no known risk factors for colonization by health
care-associated bacteria, such as recent hospitalization and/or
contacts with health care workers. Skin infections were most
frequent, but rare cases of frequently fatal severe necrotizing
pneumonia also occurred. Most CA-MRSA isolates expressed
Panton-Valentine leukocidin (PVL), a highly potent toxin pre-
viously implicated in these types of infections (4, 5, 11).

From January to December 2002, we screened all CA-
MRSA isolates identified in our laboratory (the main bacteri-
ology laboratory serving private practitioners in the Geneva
area of 400,000 inhabitants) for toxin genes (superantigenic
toxins, leukocidins, and hemolysins), the accessory gene regu-
lator (agr) allele group (alleles 1 to 4), and the staphylococcal
cassette chromosome mec (SCCmec) allele (I to IV). All iso-
lates were subjected to molecular typing with previously de-
scribed methods (9, 11, 15). Antimicrobial susceptibility testing
was based on the microdilution method (Vitek 2 system, AST-
P523 cards; bioMérieux, Marcy l’Etoile, France) and the disk
diffusion method according to NCCLS recommendations (14).
Resistance to methicillin was detected on screening agar me-
dium (Mueller-Hinton oxacillin [bioMérieux] and oxacillin re-
sistance screening agar [Oxoid]) and was confirmed by screen-
ing for PBP2a (Slidex MRSA detection; Denka Seiken) and
the mecA gene, as described by Murakami et al. (12).

Among the 142 MRSA strains isolated during this period, 10
(7%) were from patients with no risk factors for acquisition of

nosocomial bacteria and were thus designated CA-MRSA. The
10 patients, 7 of whom were children, had furunculosis (n � 6),
scabby impetigo (n � 3), or folliculitis (n � 1) (Table 1).
Methicillin resistance was heterogenous and was not detected
on Vitek 2 in two isolates. The 10 CA-MRSA strains were
resistant to few other antistaphylococcal antibiotics (Table 1).
They all harbored the SCCmec type IV cassette usually found
in CA-MRSA (16). Nine strains harbored the accessory gene
regulator (agr) 3 allele, while the last strain, isolated from a
patient with impetigo, harbored agr2 (Table 1). All six strains
isolated from patients with furunculosis harbored the PVL
genes and belonged to the French CA-MRSA clone initially
reported by Dufour et al. (4), and identified by pulsed-field gel
electrophoresis (PFGE) (Fig. 1). This clone probably spread to
Geneva from neighboring France. The folliculitis strain also
belonged to this clonal group but did not harbor the PVL
genes. PVL-positive strains are rarely associated with follicu-
litis (11), and our strain may have derived from a recent PVL-
positive ancestor that had lost the PVL-encoding prophage.

One of the three strains associated with scabby impetigo
harbored agr2 and, unexpectedly, the PVL genes but not the
exfoliative toxin gene (eta or etb) usually associated with bul-
lous impetigo. However, PVL-positive S. aureus strains were
recently isolated from patients with nonbullous impetigo by
Koning et al. (10). Our agr2-positive, PVL-positive strain had a
very different PFGE pattern from those of the other strains
(Fig. 1); this was expected from the results of agr grouping,
showing the different genetic background of agr3 strains. It is
noteworthy that the patient infected by this strain had recently
returned from Senegal. The other two impetigo isolates carried
the eta gene (encoding exfoliative toxin A) and had a PFGE
profile related to that of an eta-positive CA-MRSA strain from
Japan (Fig. 1) (17). The two patients had recently visited An-
gola and The Netherlands, but not Japan. One possible expla-
nation for the similarities between the Japanese clone and our
strains is that the eta gene and SSCmecIV may have success-
fully integrated the genetic background of these peculiar agr3
strains. The genetic event leading to this association may have
occurred either independently on the two continents or ini-
tially in Japan with subsequent spread to Europe. To our
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knowledge this is the first report of CA-MRSA carrying exfo-
liative toxin genes in Europe. The Japanese exfoliative toxin-
producing CA-MRSA strains were all associated with bullous
impetigo (17), whereas our strains were isolated from patients
with scabby impetigo. Similarly, exfoliative toxin-producing
strains have been associated with some cases of nonbullous
impetigo (10).

Studies of CA-MRSA throughout the world must now take
into account the possible presence of exfoliative toxin genes,
and no longer only PVL genes. The clinical infections associ-
ated with these two types of toxins are usually very different.
PVL-producing strains are mainly associated with primary skin
infections such as furunculosis, or with pneumonia secondary
to influenza, whereas exfoliative toxin-producing strains tend
to cause impetigo or scalded-skin syndrome. A limited number
of CA-MRSA clones carrying the PVL genes are currently
spreading across several continents (16). In Europe, closely
related PFGE patterns have been reported for PVL-positive
CA-MRSA isolated in Switzerland, France, and The Nether-
lands, pointing to clonal spread (http://www.eurosurveillance
.org/ew/2003/030306.asp). These strains seem to spread by
skin-to-skin contact. Our results suggest that exfoliative toxin-
positive CA-MRSA strains are also spreading clonally, as two

isolates from patients belonging to two distinct families be-
longed to the same clonal group and were also related to a
Japanese exfoliative toxin-positive CA-MRSA strain.

Finally, our results suggest that the prevalence of CA-
MRSA in Switzerland may be higher than previously suspected
and thus call for closer systematic surveillance. The prevalence
of CA-MRSA might be underestimated partly because skin
infection samples are not routinely cultured. Moreover, resis-
tance to oxacillin is heterogenous and can easily be missed by
suboptimal screening methods. Our findings have led the Ge-
neva city authorities to implement close surveillance of CA-
MRSA, notably through family doctors.

We thank Motoyuki Sugai for providing the Japanese strains, Fran-
çoise Forey for PFGE, Christine Gardon and Christine Courtier for
technical assistance, and Luc Perrin for his help and encouragement.
We are grateful to David Young for editorial assistance.
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