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The incidence of exfoliative toxin-producing strains of Staphylococcus aureus was studied. Samples from
hospitalized patients of all ages and samples from infants less than 6 weeks old were screened; out of 2,632
coagulase-positive S. aureus strains tested, 6.2% synthesized exfoliative toxin. The clinical features could
be assessed in 86 patients harboring exfoliative toxin-producing staphylococci. Skin lesions (pustules,
blisters, and bullous impetigo) could be observed only when the exfoliative toxin-positive strains were

isolated from the skin. Phage nongroup II strains seemed less skin pathogenic than phage group II strains.
Outbreaks and sporadic cases were observed.

Epidermal lesions referred to as Ritter von Rittershain
syndrome, bullous impetigo, impetigo contagiosa, or more
frequently staphylococcal scalded skin syndrome (SSSS)
(16) are provoked by an excreted staphylococcal toxin (11,
12) called exfoliative toxin (ET) or exfoliatin. This proteic
toxin splits the epidermis of humans and newborn mice
between the stratum granulosum and the stratum spinosum
without cell lesions; however, its mechanism of action is as
yet unknown (4, 9, 10, 20).
Most of the studies concerning toxigenic staphylococcal

strains were performed in patients suffering from SSSS.
However, a few authors (2, 5, 6) studied the incidence of ET-
producing strains among all strains of Staphyloccoccus
aureus isolated from hospitalized patients. In this survey, we
tried to evaluate the frequency of isolation of exfoliative
toxin serotype A (ETA)- and ETB-producing staphylococci
from coagulase-positive staphylococci isolated in the 4,000-
bed University Hospital at Strasbourg, France. We also
studied whether there was an epidemiological association
between skin lesions (SSSS) and colonization of the skin or
the nares with ET-producing staphylococci. Finally, we
wished to determine whether certain ET-producing staphy-
lococcal strains were peculiarly skin pathogenic and whether
this ability was related to other biological markers.

MATERIALS AND METHODS
Identification of staphylococci. Staphylococci were identi-

fied on the basis of classical tests: Gram staining, colony
morphology, yellow pigment production, hemolysis, aerobic
acid production from mannitol and sucrose, coagulase pro-
duction, and phosphatase activity. For coagulase testing, the
tube test was performed with reconstituted oxalated rabbit
plasma.

Clinical isolates of staphylococci. In this survey, 2,632
staphylococcal strains were considered: 2,058 represented
all coagulase-positive strains isolated in our laboratory be-
tween 1 June 1982 and 15 September 1982 (3.5 months) from
patients of all ages hospitalized in the general hospital. The
574 other strains represented all coagulase-positive strains
isolated in our laboratory between 1 November 1981 and 30
May 1982 (7 months) from hospitalized infants less than 6
weeks old. This last group of strains was included because
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the clinicians frequently observed bullae on the skin of these
infants; therefore, systematic bacteriological examinations
(nose, ear, eyes, skin, throat, and navel) were performed on
these infants.

Detection of ET production. We prepared rabbit antisera
against both ETA and ETB (14), which had been purified in
our laboratory (15). ET production was tested by electrosyn-
eresis as described by Piemont and Monteil (14). Cathodic
wells were filled with supernatants of staphylococcal cul-
tures grown in TY broth medium (7) under an atmosphere of
10% C02-90% air; anodic wells were filled with anti-ETA or
anti-ETB sera. Both ETA and ETB were thus determined for
each strain.
Phage typing. The ETA- and ETB-producing strains were

phage typed according to the method of Blair and Williams
(3). Thus phage group I (types 29, 52, 52A, 79, and 80), phage
group II (types 3A, 3C, 55, and 71), and phage group III
(types 6, 42E, 47, 53, 54, 75, 77, 83A, 84, and 85) were
determined; moreover four nonclassified phages, 81, 94, 95,
and 96, were used. For this purpose two concentrations of
each phage were used, the critical dilution and a 100-fold-
concentrated dilution. The phage type and group are report-
ed on the basis of the more concentrated phage dilution.

Clinical features. The clinical features of 86 out of 115
hospitalized carriers of ET-producing strains could be deter-
mined on the basis of the written case reports. We could not
obtain valuable information for some patients; for others, the
case reports were not available. The assessment of the
infected patients and the studied cases by age groups is
contained in Table 1.
Comparisons between qualitative parameters. The statisti-

cal analyses were performed by using the chi-square test.

RESULTS

Isolation rate of ET-producing staphylococcal strains among
the total number of cultured samples. Among 48,200 clinical
samples or swabs tested within a 3.5-month period for the
presence of staphylococci and other bacteria, 2,058 S.
aureus strains (4.3%) were isolated. Of these strains, 113
were ET positive (5.5%); 57 were among 412 (13.8%) strains
isolated from infants less than 6 weeks old, and 56 were
among 1,646 (3.4%) strains from older patients. During the
other isolation period (7 months) involving only infants less
than 6 weeks old, 50 ET-positive staphylococci were isolated
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TABLE 1. Distribution of ET-infected patients and of patients
studied by age group

No. of patients No. of case
Age of harboring N Cases
Patient ET-positive reports studieda

staphylococci available

0 to 6 weeks 62 43 69
>6 weeks 53 43 81

a Average percentage of cases studied, 75%.

out of 574 coagulase-positive strains (8.7%). Among the total
2,632 S. aureus strains belonging to both groups of patients
and screened for exfoliatin production (163 strains), we
observed that ET was most often ETA alone (144 strains;
88%). ETB alone (6 strains; 4%) or strains which were both
ETA and ETB (13 strains; 8%) were less frequently encoun-
tered.

Clinical features of patients infected with ET-producing
staphylococci. We could determine the clinical features of
only 86 patients, who harbored 129 strains of ET-producing
staphylococci. We designated as "skin pathogenic strains"
(SPS) the ET-positive staphylococcal strains isolated from
the skin or elsewhere and associated only with blisters,
pustules, or bullous impetigo. The ET-positive staphylococ-
cal strains leading to a superinfection of skin (itch lesions) or
wounds or those found in other locations and not associated
with pustules, blisters, or bullous impetigo were called "skin
nonpathogenic strains" (SNPS).

(i) Infants less than 6 weeks of age. Among 43 infants
studied, 13 had pustules or blisters; skin or umbilical swabs
or both revealed the presence of ET-positive staphylococci
in all of these patients except one, who harbored an ET-
producing strain in his nose and not on his skin. Other swabs
taken in the framework of systematic bacteriological exami-
nations were also positive from 6 of these 13 patients
(especially nasal swabs). No skin lesions related to ET were
observed in 30 other infants who were hospitalized for
various perinatal disorders. These 30 infants harbored ET-
positive staphylococci on the skin only (9 patients) or in
other locations (21 patients). Of the 30 patients, 1 had an ET-
producing S. aureus strain which was recovered from throat,
nose, stool, and gastric aspiration without any skin lesion.

(ii) Patients more than 6 weeks of age. Among 43 patients
studied, 10 had skin lesions caused by SPS recovered from
the skin: 7 bullous impetigo, 2 blisters, 1 pustule. Eight
patients had other cutaneous injuries (wounds, intertrigo,
itch, dermoepidermitis, eczema, or varicose ulcer) from
which ET-producing staphylococci were isolated; these
strains were therefore called SNPS. For the 25 other pa-
tients, toxigenic S. aureus strains were isolated from various
swabs (nose, ear, eyes, and throat) or samples (sputum,
blood, stool, and urine), and the patients concerned had no
cutaneous injuries. Of six patients whose urine contained
ET-producing staphylococci, three were women in obstetri-
cal units; however their infants had no skin lesions during
the first week of life.
The statistical analysis of the data obtained for infants less

than 6 weeks old and the total data obtained for adults,
children, and infants led to the same results. Blisters,
pustules, and bullous impetigo occurred only when ET-
producing staphylococcal strains were isolated from the skin
or umbilical wound. When ET-producing strains were isolat-
ed from the skin, these clinical symptoms appeared in 12
cases of 21 in infants less than 6 weeks old and in 10 cases of

18 in children more than 6 weeks old and adults, i.e., in 22
cases of 39 in the total patient population studied. Moreover,
the absence of ET-producing S. aureus in skin or umbilical
swabs and its presence in other swabs (nose and throat)
never resulted in blisters, pustules, or bullous impetigo,
except in one case (P < 0.001).

Relationship between phage groups and skin pathogenicity
of ET-producing S. aureus strains. Among 163 ET-producing
strains, 131 belonged to phage group II (80%) and among 86
patients harboring ET-producing strains, 60 had phage group
II strains (70%). When ET-producing strains of S. aureus
were isolated from various sites in one patient, the phage
types were always identical. The most often encountered
phage types were those of phage group II, especially the
phage type 3A, whether the strain was SPS or not. The
phage types belonging to phage groups I and III and to the
nonclassified group as well as the nontypable strains were
more frequently SNPS than SPS. The distribution of the
patients harboring SPS and SNPS according to the phage
group of ET-producing staphylococci is reported in Table 2.
The data suggested that the strains belonging to phage
groups other than phage group II were less pathogenic for
the skin (P = 0.020 for the 86 patients studied). However,
only 22 phage group II ET-producing staphylococci of 60
(37%) were pathogenic for the skin. No correlation could be
observed between the phage type or group and the serotype
of the ET owing to the low number of ETB-producing strains
(6 strains) and of both ETA- and ETB-producing strains (13
strains) which were available. For example, among 114
lysogroup II strains, 97 synthesized ETA, 12 ETA and ETB,
and 5 ETB.

Epidemiology. The lysotypes of the strains and the sero-
types of the toxin (A, B, or both) could be used as markers
for epidemiological studies. Two outbreaks were observed
during the 3.5-month period. The first involved 14 infants
less than 6 months old from an obstetrical service and from
an infant care unit, and the causative agent was phage type
55/71, ETA producing. The second outbreak occurred during
the same period in another care unit, involving six infants
less than 6 months old, and the causative agent was phage
type 3A/3C, ETA producing. The durations of the outbreaks
were 2 and 1 weeks, respectively. Ten cases were observed
jointly with these outbreaks in the same care units and were
considered to be sporadic since they had different lysotypic
patterns; these last strains synthesized ETA or ETB or both.
In this work, the majority of the observed cases were
considered to be sporadic.

DISCUSSION
The frequency of isolation of ET-producing staphylococci

among the coagulase-positive staphylococci isolated in a

TABLE 2. Distribution of patients harboring SPS and SNPS
according to phage group of ET-producing staphylococci

Phage group
No. of patients No. of patients

Phagegroup with SPS with SNPS
Ila 22 38
ib 0 2
lIIb 0 4
I and III 1 2
Nonclassified 0 7
Nontypable 2 8

a Phage group II alone or associated with other phage groups.
b Phage group alone.
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general hospital was 5.5%. Kapral, in a previous study (6),
also found a frequency of 5%. Arbuthnott and Billcliffe (2)
tested 98 S. aureus strains for ET production, including
some likely producers of ET and also a number of strains
selected randomly from an ongoing survey of staphylococci
isolated from hospital infections; they found that 11% were
ET-producing. Owing to the presence of strains very likely
to produce ET in this last study, the percentage of ET-
producing S. aureus strains should have been lower than
11% in a sample of S. aureus strains selected at random. The
higher percentage noticed in infants less than 6 weeks old
(8.7 and 13.8%, with an average of 10.9%), as compared to
the older age group (3.4%), could be due in part to the bias
constituted by cultures taken on infants when there was no
evidence of skin infection (multiple sampling procedure
performed by pediatricians). This discrepancy between both
percentages was also partially related to the occurrence of
outbreaks (particularly during the 3.5-month period) in infant
care units.
The preponderance of ETA-producing strains (88%) over

those producing ETB or both ETA and ETB could be related
to possible outbreaks involving ETA-producing strains.
However, most of the ETA-producing strains represented
sporadic clinical cases since the 144 ETA-producing strains
isolated were of 37 phage type patterns.

Since SSSS is associated with the presence of ET-produc-
ing staphylococcal strains on the skin, the mechanism of
pathogenicity of these exfoliatin-producing strains could be
explained by local action of the toxin and not by dissemina-
tion of ET produced by microorganisms in primary foci of
the upper respiratory tract, eyes, or ears as presumed by
Kapral (5). This assumption is reinforced by the fact that
four patients (three adults and one infant) had septicemia
with ET-producing staphylococci without any skin injury.
We think that ET or the causative staphylococcal strain
crosses the cutaneous barrier by means of latent excoria-
tions or abrasions of the epidermis, since in adult patients
skin lesions (bullous impetigo) occurred only on previously
damaged skin and since we observed, as previously de-
scribed by Nishioka et al. (13), that the presence of purified
ET on the outer side of newborn mouse skin did not cause
either macroscopic or histological changes in the epidermis.
However, it must be remembered that S. aureus is capable
of producing a large array of biologically active products,
and the role of undefined staphylococcal substances which
help ET to penetrate the skin cannot be excluded. When ET
or staphylococci penetrated the cutaneous barrier, skin
lesions did not necessarily appear, since antibodies which
could neutralize the toxin were present in adults and chil-
dren. Antibodies against ETA have been found in 20 to 75%
of the sera and those against ETB in 4% of the sera (17, 18).
However, exfoliatin antibody titers in adults and children
were similar (17, 18), and therefore, the humoral immunity
did not account for the apparent susceptibility of children to
SSSS. Furthermore, we do not know whether the production
(or the level of production) of ET in vivo by staphylococcal
strains depends on the location of the staphylococcal strains
(nose, ear, urine, blood, or skin) as hypothesized by Kapral
(6). The presence or absence of ET production in vivo could
be demonstrated by using biological fluids (urine, blood,
sputum, etc.) in which ET-producing strains were isolated;
however, the determination of toxin in these fluids should be
performed by techniques more sensitive than electrosynere-
sis and newborn mice tests.
As expected, phage group II strains were more often

associated with SSSS; however, type 3A rather than type 71

was most common. This was a different epidemiological
pattern than previously found in the United States and
elsewhere. No correlation between the lysotypic pattern of
the strains and the type of toxin produced (ETA, ETB, or
both) could be established as was also pointed out by Kondo
et al. (8).

Frequent outbreaks occurred in groups of infants as
described above and elsewhere (1, 19). Sporadic cases of
cutaneous injuries were often observed particularly in chil-
dren, but nasal carriage of such strains was noticed in all
patients and may be an important reservoir of pathogenic
strains for future outbreaks. Since the epidemiological status
of ET-producing staphylococci could vary according to
country (in Japan, for example, 19 SSSS cases of 43 were
due to phage group III staphylococci [8]), it would be
interesting to know whether these results are applicable to
other countries.
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