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SUMMARY

Staphylococci from 22 cases of toxic shock syndrome with onsets between 1981
and March 1983 have been studied. Another four cases were detected by abstract
surveillance. Three of these patients died. The case histories show that the
syndrome occurs in women during menstruation as well as in males and in children,
and is associated with Staphylococcus aureus infections.

The production of enterotoxins (A, B, C) and toxic shock toxin by S. aureus
isolates from toxic shock syndrome was investigated. Twenty-two of the 23 isolates
were found to be toxigenie: 7 produced enterotoxin A, 8 produced enterotoxin B,
3 produced enterotoxin C and 13 produced toxic shock toxin. The latter was found
with enterotoxin A in five cases, and with enterotoxins A and B in only one case.

Sixty-three percent of 40 S. aureus strains isolated from the vagina of patients
with diseases other than toxic shock syndrome produced toxin; eight of these
strains produced toxic shock toxin.

INTRODUCTION
Toxic shock syndrome (TSS) was first described by Todd et al. in 1978 as an illness
associated with Staphylococcus aureus infections. The syndrome is clinically
characterized by sudden onset of high fever, hypotension, vomiting, diarrhoea,
rash and subsequent desquamation of the skin of the palms and soles (Todd et al.
1978; Toftc & Williams 1981; Davis et al. 1982; Shands el al. 1982; Reingold
et al. 1982). The importance of this illness was recognized in the United States
during the summer of 1980. when it was described as a potentially fatal illness
affecting healthy young women who used tampons during menstruation (Shands
et al. 1980; Davis et al. 1980). Yet this syndrome may also be associated with other
staphyloeoccal infections in men. women and children (Reingold et al. 1982;
Bartlett et al. 1982).

Two &. aureu.s toxins, enterotoxin F (Bergdoll et al. 1981), recently named toxic
shock toxin (TST) (Reiser et al. 1983), and pyrogenic exotoxin C (Schlievert et al.
1981) have been isolated from TSS patients' strains, both are thought to have a
role in the aetiology of the sickness. Since these two toxins have almost similar
characteristics they are considered to be the same toxin (Bonvcntre et al. 1983;
Reiser et al. 1983).
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In contrast to the great numbers of TSS reported from the USA (Centers for
Disease Control, 1983), there have been few case reports from France (Abadie et al.
1981; Rapin, Denfert & Cabanc, 1981; Granthil, Dumont & Brun 1982; Letellier
et al. 1982; Rouffincau et al. 1982; Floret et al. 1983). Staphylococci isolated from
TSS patients were received in the Centre National de Reference des Staphylocoques
for toxin detection. Phage typing and serotyping of these isolates have also been
investigated. An attempt was made to detect toxigcnicity in vaginal isolates of
8. aureus from patients with histories other than TSS.

MATERIALS AND METHODS

Strains. Twenty-three S. aureus strains isolated from 22 TSS cases, identified
according to the criteria of Reingold et al. (1982), were investigated. Clinical and
epidemiologieal information on these patients was obtained by correspondence
with the physicians concerned.

In addition 46 S. aureus vagina isolates from patients with infections other than
TSS were also detected.

Toxin production. The cellophane agar overlay method (Hallander, 1965)
modified by us (Melconian, Brun & Fleurette, 1983) was used.

Toxin detection. The microslide immunodiffusion method was employed
(Melconian, Flandrois & Fleurette, 1983). Reference toxins (A, B, C enterotoxins
and TST) and antitoxin sera were kindly donated by M. S. Bergdoll (Food
Research Institute, Wisconsin, Madison).

Phage typing. Isolates of S. aureus were tested with the international basic set
of typing phages (De Saxe & Rosendal, 1982) provided by Dr. J. Fouace of the
Institut Pasteur, Paris. Cultures were typed at both routine test dilution (RTD)
and 100 RTD.

Serotyping. This was performed according to the Oeding, Haukenes, Grim system
modified by Fleurette & Modjadedy (1976).

Resistance to antibiotics and heavy metals. The TSS strains were screened by disk
diffusion on Mueller Hinton agar (bio-Merieux) at 35°C (30°C for mcthicillin) for
susceptibility to penicillin G (6//g), oxacillin (1 fig), cefamandole (30 fig),
cephalothin (30 fig), kanamycin (30 fig), gentamicin (10 fig), sisomicin (10 fig),
dibekacin (10 fig), tobramycin (10 fig), amikacin (30 fig), netilmicin (30 fig), chlor-
amphenicol (30 fig), tetracycline (30 fig), minocycline (30 fig), erythromycin
(15 fig), clindamycin {2 fig), pristinamycin (15 fig), rifampicin (30 fig); cotrimoxa-
zole (1,25/23,75 fig), vancomycin (30 fig), fosfomycine (50 fig). S. aureus strain
CNCM 7625 (ATCC 25923) was used as a drug-sensitive control.

The disk diffusion method of EL Solh et al. (1984) was used to test for resistance
to cadmium (cadmium acetate, 53/fg/disk), arsenate (sodium arsenate,
624/ig/disk) and mercury (mercuric nitrate, 112//g/tlisk) ions. Throughout the
test two strains of S. aureus were used as sensitive (NCTC 8325) and resistant
(NCTC 9789) controls.
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RESULTS

During the period from January 1981 to March 1983 strains of S. aureus isolated
from identified cases of toxic shock syndrome sent by different hospitals had
reached our laboratory with a request for toxin detection. Details of some cases
were published after our confirmation; others were published without confirmation
by us. Details of all these cases are given in Table 1.

Table 1. Details o/26 toxic shock syndrome cases in France

Case no.

1
o
3
4

5 (died)
6 (died)*

7
8
0

10 (died)
11
12
13
14
15
1G
17
18
19
20
21
22
23
24
25
26

Date of onset

20 March 1976
5 June 1978
8 Jan. 1981

NK

23 Jan. 1981
17 May 1981
8 June 1981
6 Nov. 1981
25 Dec. 1981

Dec. 1981
Jan. 1982
Feb. 1982

March 1982
March 1982
May 1982

14 June 1982
26 Nov. 1982
18 Dec. 1982

Dec. 1982
Jan.1983

21 Feb. 1983
March 1983
March 1983
March 1983
March 1983
March 1983

Age (years)
and sex

Not checked
36 F
20 M
17 F
20 M

Checked in
17 M
53 M
70 M
38 F
16 M
22 M

NKM
18F
5M

1-7 F
16 M

8 F
24 F
21 M
28 F
31 F V
20 F
67 F
18F

NK F
NK F
35 M

Site of isolation
in our laboratory

Wound
Wound

Vagina and pharynx-
Pus (humerus)

our laboratory
Sputum
Blood
Skin

Vagina
Wound
Blood

Wound (knee)
Vagina
Blood

Wound
Stool and urine
Wound (scalp)

Pus
Pus (knee)

Vagina and blood
agina, nose and trachea

Vagina and urine
Skin graft (burn)

Uterus (postpartum)
Skin abscess
Skin abscess
Pus (femur)

Reference

Rapin et al. 1981
Rapin et al. 1981
Rapin el al 1981

Letellier et al. 1982

Granthil et al. 1982
t

Abadie et al. 1981
Rouffineau et al. 1982

t
t
t
t

Floret et al. 1983
Floret et al. 1983

t
t
t
t
t
t
t
t
t
t
t
t

F, Female; M, male; NK, not known.
* Absence of one of the major criteria.
t Unpublished cases.

Fourteen of the 2G reported cases were females of varying ages; there were two
children, one of 19 months and the other of 8 years. A five-year-old male child was
also reported (case 13, Table 1). Patients 5, 6 and 10 died (fatality ratio 11*6%),
whereas all the others recovered.

Twenty-one of the 22 cases checked in our laboratory produced one or more
toxins: 7 (32 %) produced cnterotoxin A. 8 (30 %) producedenterotoxin B, 3 (14%)
produced cnterotoxin C and 13 (59%) produced TSS. This last toxin was found
in association with cnterotoxin A in five cases and with the enterotoxins A and
B in only one case.
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Production of TST was correlated with susceptibility to group 1-phages and

production of the antigens a5, h2, kjk2, m, 2631,2632, whilst enterotoxin B appeared
in strains lyscd by phages of the complex 94/96 and with the antigens C1/o

(Table 2).
Correlation was observed between the production of the TST and resistance to

cadmium and arsenatc (Table 2): 12 of 13 TSS-TST producer strains were resistant
to cadmium and 6 were also resistant to arscnate. However, two strains-resistant
to cadmium and arscnate did not produce TST (produce enterotoxin J3) and one
strain sensitive to these two metals produced TST. None of the TSS strains was
resistant to mercury.

Twenty of the 23 TSS strains were resistant to penicillin. All except one TST
producer strains were resistant to this antibiotic.

Twenty-nine (63%) of the 46 vaginal isolates from non-TSS patients were
toxigenic: 16 strains produced enterotoxin A, 4 produced enterotoxin B, 8
produced enterotoxin C, and 8 strains (17%) produced TST. Enterotoxin A
production was associated with enterotoxin C in four strains and with TST in three
strains. Similar associations were observed between toxin production, phage
groups and agglutinogens of these vaginal strains as with the TSS toxigenic
isolates.

DISCUSSION

Compared with the large numbers reported from the United States (2204 cases,
Centers for Disease Control, 1983) TSS is less frequently observed in France
(26 cases) or in other countries such as the United Kingdom (De Saxe et al. 1982)
and Canada (Clayton, Peacocke & Ewan, 1982). This difference is probably due to
the absence of publicity, inefficient clinical surveillance, fewer tampon users or to
the different tampon brands available locally.

Although this syndrome usually manifests itself during menstruation (Davies
et al. 1980; Shands et al. 1980), in our study it appeared in men and children, and
in women whether menstruating or not. This divergence has already been reported
(Bartlett et al 1982; Rcingold et al. 1982). S. aurevs was isolated from all our TSS
patients and the toxigenicity of the 22 case isolates was tested in our laboratory.
All but one of these strains produced one or more toxins (A, B, C enterotoxin or
TST) TST being the most common (59%). Bergdoll et al. (1981) reported the
association of enterotoxin F (now TST) and TSS isolates (94%) and Bonventre
et al. (1983) found almost the same relationship (92%) when testing 136 isolates
of S. aureus from TSS patients. Some authors (e.g. Bergdoll et al. 1981) observed
that some strains implicated in TSS produced enterotoxins A, B or 0 but not TST.
In our study, six of the 23 TSS strains produced enterotoxin B alone, one produced
B and C, one produced A and C and one produced enterotoxin C alone. The
implications of production of these enterotoxins by the TSS strains without the
production of TST are not yet clear.

One of our TSS strains was a non-toxin producer; this could be explained by
an isolation error, production of a toxin other than the ones tested or of a toxin
not yet identified.

Serotyping and phage typing of TSS strains showed an association between the
TST and the a5, k,k2, m, 263,, 2632 antigens with lysis by the phagos of group I.
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Melconian, Brun & Flourctto in 1983 found the same relation when testing S. aureus
strains isolated from various clinical sources of non-TSS patients. Altemeier et al.
(1982) have earlier observed certain correlation between enterotoxin F (TST) and
lysis by phages of group I.

All but two TSS-TST producer strains were resistant to cadmium and arsenate
and all these were resistant to penicillin except one. De Saxe et al. (1982) reported
similar findings: all their TSS-enterotoxin F producer strains were resistant to
penicillin, cadmium and arsenate.

The case fatality ratio in our study (11*6%) is high compared with some series
(5-6 and 6%) (Centers for Disease Control 1982, Paris et al. 1982) but similar to
others (13%) (Tofte & Williams, 1981).

Vaginal isolates of non-TSS patients were also toxigenic; of these, 17 % produced
TST. Linnemann et al. (1982) recovered S. aureus from vaginal cultures in 31 (5 %)
of the 600 women examined; seven (1 %) were enterotoxin F (TST) producers. In
the studies of Bonventre et al. (1983), two of 48 strains (4%) were positive for the
same toxin. The importance of the toxigenic strains in the vaginas of the patients
with histories other than TSS is not known, but obviously the implications should
be considered.

We thank Professor M. S. Bergdoll, Food Research Institute, University of
Wisconsin at Madison, for providing S. auretis toxins (A, B, C enterotoxin and TST)
and their antisera.
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