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Serum antibody responses to toxic shock syndrome (TSS) toxin 1 (TSST-1) and staphylococcal enterotoxins
A, B, and C were determined by Western blot (immunoblot) analysis of acute- and convalescent-phase paired
sera from 18 TSS- and 31 non-TSS-associated Staphylococcus aureus infections. Compared with non-TSS cases,

seroconversion to TSST-1 was significantly more frequent among both menstrual (5 of 8 versus 1 of 31; P <
0.001) and nonmenstrual (3 of 10; P < 0.05) patients. Seroconversion to staphylococcal enterotoxm A was also

more frequent among both menstrual (2 of 8 versus 0 of 31; P < 0.05) and nonmenstrual (2 of 9; P < 0.05) TSS
patients. In general, patients with TSS associated with TSST-1-positive S. aureus were more likely to
seroconvert exclusively to TSST-1 (4 of 12 versus 0 of 6; P = 0.16), whereas those associated with
TSST-1-negative S. aureus were more likely to seroconvert exclusively to enterotoxins (3 of 6 versus 0 of 11; P
< 0.05). Concurrent seroconversions to multiple exoproteins were more frequent among both menstrual (3 of
8; P < 0.05) and nonmenstrual (2 of 9; P < 0.05) TSS patients compared with persons without TSS (0 of 31).
These data suggest but do not prove that enterotoxins (especially staphylococcal enterotoxin A) in addition to
TSST-1 may be involved in both menstrual and nonmenstrual TSS. Furthermore, since exposure to multiple
exoproteins is more likely to occur during TSS-associated than non-TSS-associated S. aureus infections, the
possibility of additive or synergistic effects of these putative toxins in the pathogenesis of TSS should be further
explored.

Toxic shock syndrome (TSS) associated with menstrua-
tion and tampon use (menstrual TSS) is believed to be
mediated by a staphylococcal exoprotein, TSS toxin 1
(TSST-1) (1, 15). More recently, cases of TSS in men and in
women not associated with menstruation are increasingly
recognized (7, 12). Nonmenstrual TSS is usually associated
with focal Staphylococcus aureus wound or soft tissue
infections. Whereas vaginal S. aureus isolates associated
with menstrual TSS usually produce TSST-1 when tested in
vitro (85 to 100% of strains), nonmenstrual TSS isolates are
less often positive (only 62 to 76% of strains) (7, 14).
Nonmenstrual and menstrual TSS isolates also differ pheno-
typically in other characteristics (4), suggesting different
origins or pathogenesis in these two variants of TSS. Re-
cently, Crass and Bergdoll (5) reported that 60% of TSS-
associated S. aureus also produced staphylococcal entero-
toxin A, B, or C (SEA, SEB, or SEC, respectively) and that
acute-phase sera from patients with TSS had lower levels of
antibody to these enterotoxins than did healthy controls.
Previous studies, however, had not compared TSS-associ-
ated with non-TSS-associated S. aureus infections, and
paired sera (acute and convalescent phases) were examined
infrequently. In the present study, we investigated the
seroconversion rates to TSST-1, SEA, SEB, and SEC by
Western blot (immunoblot) analysis of paired acute- and
convalescent-phase sera prospectively collected from 18
menstrual or nonmenstrual TSS patients and from 31 unse-
lected patients with culture-proven S. aureus infection but
no clinical manifestations of TSS. These data suggest that
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enterotoxins, especially SEA, in addition to TSST-1 may be
implicated in both menstrual and nonmenstrual TSS and
demonstrate that exposure to multiple staphylococcal exo-
toxins was significantly more common after TSS-associated
than non-TSS-associated S. aureus infection.

MATERIALS AND METHODS
Study populations and sera. Acute- and convalescent-

phase sera were obtained from 8 menstrual and 10 nonmen-
strual TSS patients seen in Vancouver between 1980 and
1987. All fulfilled the case definition of TSS according to the
Centers for Disease Control criteria (3). Acute-phase sera
were obtained within 10 days of onset of illness (median of 3
days); convalescent-phase sera were obtained between 11
days and 10 months (median of 26 days). In addition, paired
sera were obtained during 1986 and 87 from 31 unselected
patients with culture-proven S. aureus infection but no

clinical features suggestive of TSS. Acute-phase sera were

obtained within 7 days (median of 4 days) of positive culture;
convalescent-phase sera were obtained between 2 and 6
weeks after (median of 22 days). The median age, sex,
clinical nature of infection, and association with TSST-1-
positive or -negative S. aureus for these TSS and non-TSS
cases are summarized in Table 1.
Western blot procedure. Partially purified TSST-1, SEA,

SEB, SEC1, SEC2, and SEC3 (Toxin Technology Inc.,
Madison, Wis.) were electrophoresed (5 ,ug per sample) in
14% polyacrylamide gels containing 0.1% sodium dodecyl
sulfate under nonreducing conditions in Tris-glycine buffer
(pH 8.6) by the method of Laemmli (9). After electrophore-
sis, proteins were transferred to nitrocellulose paper by
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TABLE 1. Clinical features of study patients with TSS-associated and non-TSS-associated S. aureus infections

No. of patients with the following type of infectiona: No. of patients with
Patient group Median age p .

(no. of men/no. of women) (range), yr Tampon o Skin and M TSST-1-positive S.
associated Postsurgical wound Miscellaneous aureus infection

Menstrual TSS (0/8) 29 (19-44) 8 0 0 0 8
Nonmenstrual TSS (3/7) 20 (1.5-63) 0 6 4 (1) 0 4
Non-TSS associated (17/14) 52 (9-104) 0 11(3) 14 (2) 6 (2) 8

a Number with bacteremia is shown within parentheses.

using a semidry electroblotter (Dimensions Laboratories) at SEC1, SEC2, and SEC3 were all approximately 30 kilodal-
1.5 mA/cm2 for 1 h according to the manufacturer's instruc- tons.
tions. The nitrocellulose paper was then treated overnight in Statistical methods. Statistical comparisons between dif-
skim milk buffer containing 2% test serum or an appropriate ferent patient groups were performed by the Fisher exact
control. After a wash with Tris-buffered saline containing test.
0.05% Tween 20, biotinylated goat anti-human immunoglob-
ulin G (BRL Life Technologies, Inc., Burlington, Ontario, RESULTS
Canada) diluted 1:500 in Tris-buffered saline with 0.5%
bovine serum albumin was added. The nitrocellulose strips The presence of immunoglobulin G antibodies to TSST-1,
were incubated at room temperature for 2 h on a rotating SEA, SEB, and SEC in the acute-phase sera from 8 men-
platform, washed with Tris-buffered saline containing 0.5% strual TSS, 10 nonmenstrual TSS, and 31 non-TSS patients
Tween 20 and 0.5% bovine serum albumin, and incubated for was first examined (Table 2). TSST-1-specific immunoglob-
30 min with streptavidin-horseradish peroxidase (BRL Life ulin G in acute-phase sera was more frequently absent from
Technologies). Immunoreactive bands were visualized with menstrual TSS patients than from non-TSS controls (6 of 8
4-chloronaphthol substrate (BRL Life Technologies). Rabbit versus 3 of 31; P < 0.001). Nonmenstrual TSS patients (3 of
antisera with monospecific activity against TSST-1, SEA, 10) were not significantly different from non-TSS controls.
SEB, SEC1, SEC2, and SEC3 (Toxin Technology Inc.) and Rates of antibodies to SEA, SEB, and SEC among these
pooled normal human serum were used in similar immuno- patient groups were not significantly different. Patients who
blots to positively identify the exoprotein antigens and to had negative antibodies in acute-phase sera but subsequently
assess cross-contamination or cross-reactivity of the exopro- developed positive antibodies in paired convalescent-phase
tein preparations. Preliminary studies by Coomassie and sera were then separately analyzed (Table 2; Fig. 1 and 2).
silver staining after sodium dodecyl sulfate-polyacrylamide Compared with non-TSS cases, seroconversion to TSST-1
gel electrophoresis and by immunoblots with rabbit mono- was significantly more frequent among both menstrual TSS
specific antiserum or pooled normal human serum demon- (62 versus 3%; P < 0.001) and nonmenstrual TSS (30%; P <
strated excellent purity of the exoprotein preparations and 0.05) patients. Interestingly, seroconversion to SEA was
absence of cross-contamination or cross-reactivity, except also more frequent for both menstrual TSS (25 versus 0%; P
among SEC1, SEC2, and SEC3 when immunoblotted with < 0.05) and nonmenstrual TSS (22%; P < 0.05) patients.
pooled normal human serum, as expected. In nonreducing Seroconversion to SEB occurred in only one instance in a
gels (without mercaptoethanol), the apparent molecular size menstrual TSS patient who also seroconverted to TSST-1
of TSST-1 was 24 kilodaltons, and those of SEA, SEB, and SEA (Fig. 1). The seroconversion rates to SEC were

TABLE 2. Antibodies to TSST-1, SEA, SEB, and SEC in acute- and convalescent-phase sera from patients
with TSS-associated and non-TSS-associated S. aureus infection

No. of patients No. (%) of
with acute- and patients with No. (%) of patientsPatient group Toxin convalescent-phase acute-phase serum who seroconverted

sera both
ngtv

positive/total negative

Menstrual TSS TSST-1 2/8 6 (75)a 5 (62)a
SEA 1/8 7 (87) 2 (25)b
SEB 4/8 4 (50) 1 (12)
SEcC 4/8 4 (50) 1 (12)

Nonmenstrual TSS TSST-1 7/10 3 (30) 3 (30)b
SEA 5/9 4 (44) 2 (22)b
SEB 6/9 3 (33) 0
SEcC 3/9 6 (67) 2 (22)

Non-TSS associated TSST-1 28/31 3 (10) 1 (3)
SEA 13/31 18 (58) 0
SEB 21/31 10 (33) 0
SEcC 10/31 21 (68) 5 (16)

a P < 0.01 compared with non-TSS patients (Fisher exact test).
b p < 0.05 compared with non-TSS patients (Fisher exact test).
c SEC1, SEC2, SEC3, or any combination.
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SEROCONVERSIONS TO TSST-1 AND ENTEROTOXINS DURING TSS
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FIG. 1. Western blot analysis of acute- and convalescent-phase
sera from a menstrual TSS patient. Partially purified TSST-1, SEA,
SEB, and SEC were electrophoretically transferred to nitrocellulose
and probed with paired acute-phase (A) or convalescent-phase (C)
sera. MW, Molecular weight standards. This patient clearly demon-
strated an absence of immunoglobulin G against TSST-1, SEA, and
SEB in her acute-phase serum and subsequent multiple seroconver-
sions to these exoproteins in her convalescent-phase serum.

similar in all three patient groups. The relationship of TSST-
1-positive S. aureus and seroconversion to TSST-1 and
enterotoxins was further examined (Table 3). Among the
eight menstrual TSS cases, all of which were associated with
TSST-1-positive S. aureus, five (62%) seroconverted to
TSST-1; two (25%) seroconverted exclusively to TSST-1,
whereas none seroconverted exclusively to enterotoxins.
Among the 10 nonmenstrual TSS patients, only 4 were
associated with TSST-1-positive S. aureus; of these, 2 (50%)
seroconverted exclusively to TSST-1 and none seroconvert-
ed exclusively to enterotoxins. In contrast, among the six
nonmenstrual TSS cases associated with TSST-1-negative S.
aureus, three (50%) seroconverted exclusively to enterotox-
ins, whereas none seroconverted to TSST-1. Thus, TSS
patients associated with TSST-1-positive S. aureus were
more likely to seroconvert exclusively to TSST-1 (4 of 12
versus 0 of 6; P = 0.16), whereas TSS patients associated
with TSST-1-negative S. aureus were more likely to sero-
convert exclusively to enterotoxins (3 of 6 versus 0 of 9; P <
0.05). Concurrent seroconversion to multiple exoproteins
(Fig. 1) was more frequent among both menstrual TSS (3 of
8; P < 0.01) and nonmenstrual TSS (2 of 9; P < 0.05) patients
compared with non-TSS-associated controls (0 of 31).

DISCUSSION
Our studies of seroconversion to TSST-1 by Western blot

analysis presented here confirm and extend our earlier
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FIG. 2. Western blot analysis of acute- and convalescent-phase
sera from a nonmenstrual TSS patient, demonstrating preexisting
antibodies to TSST-1, SEB, and SEC in her acute-phase serum and
seroconversion exclusively to SEA during convalescence.

serologic data by enzyme-linked immunosorbent assay (13)
and those of Stolz et al. (17) and others (2, 3). These data
lend further support to the etiologic role of TSST-1 in the
pathogenesis of both menstrual and nonmenstrual TSS.
Furthermore, since seroconversion rates to SEA were also
significantly higher among both menstrual and nonmenstrual
TSS patients compared with non-TSS-associated controls,
this staphylococcal enterotoxin may also be implicated in
some cases of TSS. Crass and Bergdoll (6) observed that
although TSST-1 was the major exoprotein produced in
TSS-associated S. aureus (over 90% of strains), enterotoxins
(SEA and SEC) were also produced in over 60% of these
isolates. Among 55 S. aureus isolates associated with non-
menstrual TSS, only 12 (22%) produced TSST-1 alone,
whereas 34 (62%) produced SEA or SEC in addition to
TSST-1, 8 (14%) produced SEB alone, and 1 produced
neither TSST-1 nor enterotoxins. Schlievert (14) reported
that SEB was significantly correlated with TSST-1-negative
TSS-associated S. aureus compared with non-TSS-asso-
ciated control isolates. Garbe et al. (7) and Scott et al. (16)
provided evidence that TSST-1-negative strains of S. aureus

associated with nonmenstrual TSS produced illness and
death in the rabbit similarly to TSST-1-positive strains.
Parsonnet et al. (10) found that TSST-1-negative TSS-asso-
ciated S. aureus frequently produced enterotoxins in vitro,
primarily SEA and SEB, and that such strains were found to
be significantly more potent inducers of interleukin-1 in
human monocytes, compared with TSST-1-negative non-
TSS-associated control strains. These investigators further
reported that purified SEA was more potent than TSST-1 in
inducing interleukin-1 and causing lethality in the rabbit by
constant subcutaneous infusion (8, 11). They postulated that

TABLE 3. Relation of TSST-1-positive S. aureus and seroconversion to TSST-1, SEA, SEB, and SEC

No. of sera positive/total for:
TSST-1 PtetgopBoth Neither

production Patient group TSST-1 Enterotoxins Enterotoxins TSST-1 and TSST-1 nor Multiple
only only enterotoxins enterotoxins exoproteins

Positive Menstrual TSS 5/8 2 3/8 0 3/8 3/8 3/8
Nonmenstrual TSS 3/4 2 1/3 0 1/3 1/3 1/3
Non-TSS associated 1/8 1 1/8 1 0/8 6/8 0/8

Negative Nonmenstrual TSS 0/6 0 3/6 3 0/6 3/6 1/6
Non-TSS associated 0/23 0 5/23 5 0/23 19/23 0/23
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induction of interleukin-1 or tumor necrosis factor by TSST-
1 and enterotoxins may provide a common pathway by
which staphylococcal products from both TSST-1-positive
and -negative S. aureus might cause TSS. Our finding that
menstrual and nonmenstrual TSS patients associated with
TSST-1-positive S. aureus were more likely to seroconvert
exclusively to TSST-1, whereas nonmenstrual TSS patients
with TSST-1-negative S. aureus were more likely to sero-
convert exclusively to enterotoxins, is consistent with this
hypothesis.
Although 7 of our 18 (39%) TSS patients failed to serocon-

vert either to TSST-1, SEA, SEB, or SEC, this does not
necessarily imply that these patients were not exposed to
these exotoxins. We and others have previously demon-
strated that TSS patients may have a deficient antibody
response and that this postulated deficiency could explain
the high risk for recurrence in some TSS patients (2, 5, 13,
17). However, such occurrence must be rare, since only one
of our nine patients who lacked TSST-1 antibody in their
acute-phase sera and were infected with TSST-1-producing
S. aureus failed to seroconvert during convalescence. Con-
versely, demonstration of specific antibody by the very
sensitive Western blot technique does not necessarily indi-
cate the existence of protective titers to the exoproteins in
question. The seroconversions confirmed by Western blot in
our patients, however, should suggest the minimum rate of
exposure to these exoproteins during either TSS-associated
or non-TSS-associated S. aureus infection. It is also of
interest that concurrent seroconversions to multiple exopro-
teins were significantly more frequent during TSS-associated
than non-TSS-associated illness. This raises the possibility
that these toxins could interact additively or synergistically
in vivo in producing the clinical manifestations ofTSS. Crass
and Bergdoll (5) noted that TSS-associated isolates produc-
ing both SEC and TSST-1 were associated with a higher case
fatality rate than was any other toxin combination. Interac-
tions of different staphylococcal toxins in vivo may also
explain the variable spectrum of clinical illness in human
disease and in animal models of TSS. The role of these
exoproteins and their possible interactions in the pathogen-
esis of TSS should be further explored.

ACKNOWLEDGMENTS
This work was supported in part by a Medical Research Council

of Canada operating grant (MT-3670) and by a British Columbia
Health Care Research Foundation grant.

LITERATURE CITED
1. Bergdoll, M. S., B. A. Crass, R. F. Reiser, R. N. Robbins, and

J. P. Davis. 1984. A new staphylococcal enterotoxin, entero-
toxin F, associated with toxic-shock syndrome isolates. Lancet
i:1017-1020.

2. Bonventre, P. F., C. Linnemann, J. L. Staneck, E. Vigdorth, H.
Ritz, D. Archer, and B. Smith. 1984. Antibody responses to
toxic-shock syndrome (TSS) toxin by patients with TSS and by
healthy staphylococcal carriers. J. Infect. Dis. 150:662-666.

3. Centers for Disease Control. 1983. Toxic-shock, United States.
Morbid. Mortal. Weekly Rep. 32:398-400.

4. Chow, A. W., and K. H. Bartlett. 1985. Phenotypic characteri-
zation of Staphylococcus aureus isolates associated with toxic
shock syndrome, p. 95-100. In J. Jeljaszewica (ed.), The staph-
ylococci. Proceedings of the 5th International Symposium on
Staphylococci and Staphylococcal Infections, Warsaw, 26 to 30
June 1984. Gustav Fischer Verlag, Stuttgart, Federal Republic
of Germany.

5. Crass, B. A., and M. S. Bergdoll. 1986. Toxin involvement in
toxic shock syndrome. J. Infect. Dis. 153:918-926.

6. Crass, B. A., and M. S. Bergdoll. 1986. Involvement of staphy-
lococcal enterotoxins in nonmenstrual toxic shock syndrome. J.
Clin. Microbiol. 23:1138-1139.

7. Garbe, P. L., R. J. Arko, A. L. Reingold, L. M. Graves, P. S.
Hayes, A. W. Hightower, F. W. Chandler, and C. V. Broome.
1985. Staphylococcus aureus isolates from patients with non-
menstrual toxic shock syndrome. Evidence for additional tox-
ins. J. Am. Med. Assoc. 253:2538-2542.

8. Kass, E. H., and J. Parsonnet. 1987. On the pathogenesis of
toxic shock syndrome. Rev. Infect. Dis. 9:S482-S489.

9. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

10. Parsonnet, J., Z. A. Gillis, and G. E. Pier. 1986. Induction of
interleukin-1 by strains of Staphylococcus aureus from patients
with nonmenstrual toxic-shock syndrome. J. Infect. Dis. 154:
55-63.

11. Parsonnet, J., Z. A. Gillis, A. G. Richter, and G. B. Pier. 1987.
A rabbit model of toxic shock syndrome that uses a constant
subcutaneous infusion of toxic shock syndrome toxin 1. Infect.
Immun. 55:1070-1076.

12. Reingold, A. L., N. T. Hargrett, B. B. Dan, K. N. Shands, B. Y.
Strickland, and C. V. Broome. 1982. Nonmenstrual toxic shock
syndrome: a review of 130 cases. Ann. Intern. Med. 96:875-880.

13. Rosten, P. M., K. H. Bartlett, and A. W. Chow. 1988. Serologic
responses to toxic shock syndrome (TSS) toxin-1 in menstrual
and nonmenstrual TSS. Clin. Invest. Med. 11:187-192.

14. Schlievert, P. M. 1986. Staphylococcal enterotoxin B and toxic-
shock syndrome toxin-1 are significantly associated with non-
menstrual TSS. Lancet i:1149-1150.

15. Schlievert, P. M., K. N. Shands, B. B. Dan, G. P. Schmid, and
R. D. Nishimura. 1981. Identification and characterization of an
exotoxin from Staphylococcus aureus associated with toxic
shock syndrome. J. Infect. Dis. 143:509-516.

16. Scott, D. F., J. M. Kling, and G. K. Best. 1986. Immunological
protection of rabbits infected with Staphylococcus aureus iso-
lates from patients with toxic shock syndrome. Infect. Immun.
53:441-444.

17. Stolz, S. J., J. P. Davis, J. M. Vergeront, B. A. Crass, P. J.
Chesney, P. J. Wand, and M. S. Bergdoll. 1985. Development of
serum antibody to toxic shock toxin among individuals with
toxic shock syndrome in Wisconsin. J. Infect. Dis. 151:883-889.

INFECT. IMMUN.


