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Between 1 February and 15 April 2002, 95 patients were admitted to Gaston Bourret Territorial Hospital
(New Caledonia, France) for drainage of community-acquired soft tissue abscesses. Staphylococcus aureus was
detected in 68 cases (72%). Two-thirds of the patients with S. aureus infection had furuncles, which were located
on the limbs in 82% of cases. The median interval between symptom onset and hospital admission was 5.7 days.
Three-quarters of the patients were Melanesians living in tribes. Fifty-four S. aureus isolates were screened for
toxin genes. Panton-Valentine leucocidin (PVL) genes were detected in 48 isolates (89%), the exfoliative toxin
A gene was detected in 1 isolate, and no toxin genes were detected in 4 isolates. S. aureus nasal carriage was
detected in 39.7% of patients with S. aureus infections. Two infecting S. aureus strains and two nasal carriage
strains were resistant to methicillin. Comparative pulsed-field gel electrophoresis, performed in 16 cases,
showed that five of six patients with PVL-positive nasal carriage strains were infected by the same strains. In
contrast, 8 of 10 patients with PVL-negative nasal carriage strains were infected by PVL-positive strains. PVL
genes thus appear to be a major virulence factor in both primary and secondary S. aureus skin infections.

Skin and soft tissue infections caused by Staphylococcus au-
reus are frequent worldwide. These infections are considered
“primary” in patients with no preexisting skin lesion and “sec-
ondary” in other cases (25). Folliculitis, furuncles, and impe-
tigo are examples of primary S. aureus infections. Furuncles
are associated with S. aureus strains that produce the Panton-
Valentine leucocidin (PVL) (10, 18), while bullous impetigo is
associated with strains that produce exfoliative toxins. Second-
ary skin infections can occur in patients with skin trauma,
surgical incisions, skin ulcers, or eczema. These secondary in-
fections are not generally associated with specific toxins, but
the proinflammatory effects of superantigenic toxins (e.g., toxic
shock syndrome toxin and staphylococcal enterotoxins) may
contribute to the clinical severity of the secondary infection,
especially in patients with eczema (21).

Less than 2% of the consecutive strains isolated in Stras-
bourg General Hospital Microbiology Laboratory, Strasbourg,
France, were PVL positive (28), but that study included iso-
lates from patients with community- and hospital-acquired in-
fections, primary and secondary skin and soft tissue infections,
and systemic infections.

Soft tissue infections are responsible for about 500 stays per
annum in Gaston Bourret Territorial Hospital, New Cale-
donia, France. Most are abscesses that require surgical incision

and drainage. This high prevalence allowed us to conduct a
large prospective clinical and microbiological study of PVL in
primary and secondary soft tissue abscesses caused by S. au-
reus.

MATERIALS AND METHODS

Study design. Between 1 February and 15 April 2002 we prospectively col-
lected standard data on patients admitted to Gaston Bourret Territorial Hospital
(New Caledonia, France) for drainage of soft tissue abscesses, defined with the
MeSH terms “soft tissue infection” and “abscess” (see the National Center for
Biotechnology Information MeSH database at http://www.ncbi.nlm.nih.gov/en-
trez/query.fcgi?db�mesh). Between 1991 and 2002, the annual number of ad-
missions at this hospital fluctuated from 14,255 to 16,669, including 483 to 537
admissions for surgical drainage of soft tissue infection per year.

Patients with abscesses that occurred after surgery, intravenous or intramus-
cular injections, or indwelling catheter placement were excluded, together with
patients who lived in institutions or who were hospitalized during the month
preceding the current infection. Infections were considered primary when the
patient noted no skin damage prior to the appearance of the abscess and sec-
ondary in other cases.

The following data were recorded in each case: demographic characteristics,
underlying conditions (diabetes mellitus, alcoholism, progressive neoplasia, ste-
roid therapy, intravenous drug addiction, or a personal or familial history of
furunculosis or abscess), hospitalization in the previous 3 months, antibiotic
treatment before admission, recent skin damage (trauma, superficial wound, or
puncture), clinical presentation, length of hospital stay, and number of surgical
procedures. Abscess fluid was collected by swabbing drained material in the
operating room. Blood cultures were performed in some cases. The anterior
nares were swabbed to detect S. aureus carriage.

S. aureus identification, gene detection, and genotyping. S. aureus was identi-
fied on the basis of colony and microscopic morphology, coagulase testing with
rabbit plasma (bioMérieux, Marcy l’Etoile, France), and the Staphyslide agglu-
tination test (bioMérieux). Antimicrobial susceptibility was tested with the API
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ATB Staph system (bioMérieux). Strains were sent to the French National
Reference Centre for Staphylococci and were grown on brain heart infusion agar
or in brain heart infusion broth at 37°C overnight. Genomic DNA was used as the
PCR target after extraction by a standard procedure (1); the DNA concentration
was estimated spectrophotometrically (19). Sequences specific for exfoliative
toxin genes (eta, etb), PVL genes (lukS-PV--lukF-PV), and accessory gene reg-
ulator alleles (agr-1 to agr-4) were detected by PCR, as described previously (13).
The mecA gene, which codes for methicillin resistance, was detected by PCR, as
described by Murakami et al. (22). Amplification of gyrA was used to confirm the
quality of each DNA extract and the absence of PCR inhibitors (8). All PCR
products were analyzed by electrophoresis through 1% agarose gels (Sigma,
Saint Quentin Fallavier, France). Isolates were genotyped by pulsed-field gel
electrophoresis (PFGE) by using the restriction enzyme SmaI, as described
previously (11). The PFGE patterns were digitized and analyzed by using the
Taxotron typing system (Institut Pasteur, France). Strain relatedness was inter-
preted by using published guidelines (30). Isolates that differed by no more than
three fragments were considered subtypes of a given clonal type.

Statistical analysis. Categorical data were compared by the chi-square test or
Fisher’s exact test, while the equality of means was compared by the t test with
SPSS software version 10.0 (SPSS Inc., Chicago, Ill.). P values of �0.05 were
considered statistically significant.

RESULTS

Patient characteristics. Ninety-five patients were enrolled in
the study. The initial symptom was usually pruritus in patients
with primary infections (P � 0.021; odds ratio [OR], 4.4 [95%
confidence interval {CI}, 1.3 to 14.1]) and pain in patients with
secondary infection (P � 0.051; OR, 2.64 [95% CI, 0.98 to
7.15]). Furuncles were frequently associated with furunculosis
in friends or family members (P � 0.006; OR, 9.8 [95% CI, 1.8
to 52.7]). S. aureus was isolated from abscess fluid in 68 cases
(72%). The other 27 cases consisted of Streptococcus pyogenes
abscesses (n � 7), Nocardia asteroides tendon sheath infection
(n � 1), and abscesses with no positive bacterial culture (n �
19). The clinical and epidemiological characteristics differed
significantly between patients with and without S. aureus infec-
tion (Table 1): the S. aureus group had a higher frequency of S.
aureus nasal carriage (P � 0.049), a possible shorter interval
between symptom onset and hospitalization (5.7 days versus 10
days; P � 0.117), and a higher frequency of primary infection
(furuncles), while the non-S. aureus group had a higher fre-
quency of secondary infection (P � 0.001).

Clinical characteristics of patients with S. aureus skin ab-
scesses. The 68 patients with S. aureus infections comprised 43
males and 25 females, with a mean age of 29.5 years (range,
1 to 80 years) (Table 1). The patients were mainly Melanesians
(51 cases; 75%) living in tribes (28 cases). Thirty-three patients
(48.5%) had either a personal (21 cases) or a familial (12
cases) history of skin infections (furunculosis or abscess).
Twenty-two patients noted a skin lesion before onset. Nineteen
patients (27.9%) were febrile (temperature, �38°C) on hospi-
tal admission. The first sign of infection (known in 66 cases)
was pain (35 cases; 52%), swelling (19 cases; 28%), or pruritus
(12 cases; 18%). The mean interval between symptom onset
and hospital admission was 5.7 days (median, 5 days; range,
1 to 15 days). Most infections were located on the limbs (56
cases [82%]; an upper limb in 32 cases and a lower limb in 24
cases). Three patients had multiple abscesses. S. aureus bacte-
remia was diagnosed in three cases; one case involved a young
patient with myositis of the thigh and the right arm who re-
quired intensive care. All the infections healed after surgical
drainage. More than one drainage procedure was necessary in
five cases.

Bacteriology of S. aureus abscesses. Among the 68 abscesses
from which S. aureus was isolated, S. aureus was the only
potential pathogen in 56 cases, while it was associated with
Streptococcus pyogenes in 7 cases and with a gram-negative
bacillus in 4 cases (Klebsiella oxytoca, Klebsiella pneumoniae,
Proteus mirabilis, Enterobacter cloacae) and with Streptococcus
agalactiae in 1 case. Only two S. aureus isolates (2.1%) were
resistant to methicillin. Fifty-four of the 68 S. aureus isolates
(38 from primary infections and 16 from secondary infections)
were forwarded to the French Reference Centre for Staphy-
lococci (the remaining 14 had not been stored frozen in New
Caledonia). Comparative studies of the toxin gene profiles
(PVL and exfoliative toxin genes) (Table 2) showed no signif-
icant differences between isolates from primary and secondary

TABLE 1. Epidemiological and clinical characteristics of patients
with soft tissue abscesses in New Caledonia, France

Characteristic

Patients witha:

P valueS. aureus
abscess

(n � 68)

Non-S.aureus
abscess

(n � 27)

Demographics
Men 43 (63.2) 17 (63) 0.58
Mean age (yr) 29.5 29.4
Melanesian 51 (75) 18 (67.7) 0.28
Tribal living 28 (55) 9 (50) 0.45

Potential predisposing factors
Diabetes mellitus 5 (7.4) 4 (14.8) 0.23
S. aureus nasal carriage 27 (39.7) 5 (18.5) 0.39
Personal history of furunculosis 8 (11.8) 3 (11.1) 0.62
Familial history of furunculosis 6 (8.8) 2 (7.4) 0.59
Personal history of abscess 13 (19.1) 5 (18.5) 0.60
Familial history of abscess 6 (8.8) 3 (11.1) 0.50

Disease presentation
Fever (temp, �38°C) on admission 19 (27.9) 6 (22.2) 0.38
Mean days (SD) between symptom

onset and hospitalization
5.7 (3.4) 10 (15.6) 0.177

“Primary” infections 46 (67.6) 8 (29.6) 0.001
Onset as a furuncle 25 (36.8) 2 (7.4) 0.003
None 21 (30.9) 6 (22.2) 0.28

“Secondary” infections 22 (32.4) 19 (70.4) 0.001
Superficial wound injury 12 (17.7) 12 (44.4) 0.008
Trauma 1 (1.5) 3 (1.1) 0.068
Puncture 9 (13.2) 2 (7.4) 0.34
Other 0 2 (7.4) 0.08

a The data are presented as the number (percent) of patients unless indicated
otherwise.

TABLE 2. PCR detection of PVL and exfoliative toxin genes in
S. aureus isolates from 54 patients with skin abscesses

Toxin gene

No. (%) of patients with:

P valuePrimary
abscesses
(n � 38)

Secondary
abscesses
(n � 16)

Panton-Valentine leucocidin 33 (86.8) 15 (93.8) 0.657
Exfoliative toxin A 0 1 (6.3)
Exfoliative toxin B 0 0
None detected 5 (13.2) 0
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infections, and the 54 strains are therefore considered below as
a single group. The PVL genes were detected in 48 strains
(89%), none of which was methicillin resistant. The PVL-
positive isolates had a diverse genetic background: 9 strains
(19%) were agr group 1, 13 strains (27%) were agr group 3, and
26 strains (54%) were agr group 4. The exfoliative toxin A (eta)
gene was detected in only 1 of the 54 strains, which was from
a patient with an abscess of the toe and no signs of exfoliation;
this isolate was susceptible to methicillin. The remaining five
isolates did not harbor either the PVL genes or exfoliative
toxin genes, but two were resistant to methicillin.

S. aureus nasal carriage. S. aureus nasal carriage was found
in 32 of the patients (33.7%), including 27 patients with S.
aureus abscesses (39.7%). When the carriage population as a
whole is considered, S. aureus carriage was significantly less
frequent in patients recently exposed to antibiotics (44.5%
versus 55.5%; P � 0.017). Two of the S. aureus nasal isolates
were resistant to methicillin; the two corresponding infections
were not due to the same strain as the nasal isolate and oc-
curred in patients with no classical risk factors for methicillin-
resistant S. aureus infection. PVL genes were less frequently
detected in nasal carriage strains (6 of 21 cases tested; 28.6%)
than in abscess isolates (48 of 54 cases; 89%) (P � 0.0001).

PFGE comparison of infecting and nasal carriage strains was
possible in 16 cases (Fig. 1). The PFGE patterns of the infect-
ing and the nasal carriage strains were identical in seven cases
(43.7%), five of which were PVL positive. In the nine remain-
ing cases, the PFGE patterns of the infecting and the nasal
carriage strains were different: in seven cases (patients 2, 4, 5,
7, 9, 11, and 16) the nasal isolates were PVL negative and the
infecting isolates were PVL positive; in one case (patient 6) the
nasal and the infecting isolates were two different PVL-positive
isolates; the last case (patient 1) had different PVL-negative
strains from both sites. Hence, patients with nasal carriage of
PVL-positive strains were frequently infected by the same
strain, whereas patients carrying PVL-negative strains tended
to be infected by PVL-positive strains (P � 0.035).

DISCUSSION

This study involved 95 patients with community-acquired
soft tissue abscesses requiring surgical drainage. Only surgi-
cally treated patients were studied, in order to avoid the risk of
contamination associated with superficial sampling. S. aureus
was detected in 72% of cases. Most patients had rapidly pro-
gressive primary infections (furuncles), with a median interval
of only 5.7 days between symptom onset and hospital admis-
sion. PVL genes were detected in 89% of S. aureus isolates.
The discrepancy with reports describing PVL as a very infre-
quent toxin (�2%) in S. aureus (28) is probably due to differ-
ences in patient selection (random patients versus patients
with community-acquired soft tissue abscesses requiring surgi-
cal drainage) and in geographic area.

The link between PVL and severe abscesses was first de-
scribed more than 70 years ago. PVL toxin was discovered by
Van de Velde in 1894 (33) but was only clearly distinguished
from hemolysins by its leukotoxic activity in 1932 in studies by
Panton and Valentine (27), who noted an association between
leucocidin (PVL) production and styes, carbuncles, and “py-
aemic” infections. In 1936, Valentine reported that “S. aureus

[isolates] which have succeeded in invading human tissue were
found capable of producing in vitro considerable amounts of
leucocidin” (31). Interest in staphylococcal leucocidin subsided
for several decades, until Cribier et al. (7) demonstrated in
1992 that PVL was mainly associated with primary cutaneous
infections and especially furuncles and abscesses. Cribier et al.
(7) detected PVL by immunoassay in 43 S. aureus isolates from
patients with skin infections. In 1999, Lina et al. (18) used PCR
to screen 172 S. aureus isolates for PVL genes and confirmed
the strong association with furunculosis and with necrotizing
pneumonia in children and young adults. Clinical investigation
made by Yamasaki et al. (36) revealed that PVL-positive S.
aureus strains are involved in the development of multiple
furuncles with more intense erythema, particularly in healthy
young adults. The only report on the association of PVL with
cutaneous abscesses included only six isolates (of which three
were PVL positive) and offered no clinical information (18).

We found no difference in the prevalence of PVL genes
between S. aureus isolates from primary and secondary skin
infections. PVL has a dermonecrotic effect on both intact and
damaged skin (35), damaging host cell membranes by the syn-
ergistic action of two classes of secretory proteins designated S
and F. PVL-producing isolates produce the PVL-specific class
S and F proteins (LUKS-PV and LUKF-PV). Injection of both
components intradermally into rabbits induces severe inflam-
matory lesions, capillary dilation, chemotaxis, skin infiltration,
polymorphonuclear leukocyte PMN karyorrhexis, and skin ne-
crosis (6, 35). PVL is also leukotoxic, by pore induction, for
rabbit and human polymorphonuclear leukocytes and macro-
phages. The large number of secondary skin infections in our
series may be due to frequent minor skin trauma among indi-
viduals in tribes.

The PVL genes are mainly associated with pandemic clones
of true community-acquired methicillin-resistant S. aureus.
This combination of PVL genes and methicillin resistance has
not yet been detected in New Caledonia, even though multiple
highly epidemic clones have been described on all the conti-
nents (9, 10, 32).

The overall nasal carriage rate of S. aureus found here
(33.7%) is similar to that observed in the general population of
industrialized countries (15). We found that patients with se-
vere S. aureus skin infections were more likely than patients
with non-S. aureus infections to be nasal carriers (39% and
18%, respectively), in keeping with findings presented in pre-
vious reports (12, 17, 23). Nasal carriage is considered a risk
factor for S. aureus infection in patients undergoing surgery
(34) and hemodialysis (20). In our study, in the 16 cases in
which genotyping of paired nasal carriage and infecting strains
was possible, genetic identity was found in seven cases, of
which five were PVL positive, suggesting that subjects with
nasal carriage of PVL-positive S. aureus isolates might be at
risk of cutaneous infection.

Genotyping of the strains also revealed that several patients
were infected with the same strain. We suspect that the trans-
mission of strains between these patients in the closed com-
munity formed by tribes, as has been shown for other closed
communities, such as an Alaskan village or sports teams (4, 16,
29). Moreover, PFGE typing has revealed a higher diversity
among the PVL-negative strains than among the PVL-positive
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strains. We speculate that PVL-positive strains are more suc-
cessful at spreading, as observed with PVL-positive communi-
ty-acquired methicillin-resistant S. aureus (2, 3, 5, 14, 26, 37).
Lastly, in one case, the PFGE pattern of PVL-negative isolates

(patient 10) was identical to that of a PVL-positive isolate
(patient 4), suggesting that acquisition or deletion of the PVL
phage occurred, in accordance with the known mobility of such
elements (24).

FIG. 1. Unweighted pair group method with averages dendrogram of PFGE results based on the Dice distance matrix and schematic
representation of the PFGE types (SmaI restriction enzyme) of PVL-positive and PVL-negative S. aureus isolates. NCTC 8325 is the reference
strain for size markers (SM), expressed in kilobases. Square boxes indicate patients with identical isolates in the nose and abscess or blood. Two
different isolates (PVL positive and PVL negative) were detected in the nose of patient 3.

3206 ISSARTEL ET AL. J. CLIN. MICROBIOL.



The colonizing and infecting isolates differed genetically in
the other nine patients, in keeping with another study of com-
munity-acquired S. aureus pyoderma, in which the antibiotic
susceptibility profiles of the infecting isolates differed from
those of the nasal isolates in 51% of cases (23). In such cases,
nasal carriage may simply reflect individual susceptibility to
staphylococcal colonization and/or infection rather than a spe-
cific characteristic of certain strains.
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