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A study was undertaken to evaluate the production of enterotoxin B (Ent B), EntCl, and
toxic shock syndrome toxin 1 (TSST-l) by isolates of Staphylococcus aureus from pa­
tients with toxic shock syndrome (TSS) and from a variety of other sources. Levels of
toxin in culture supernatants were measured by a quantitative immunodiffusion assay.
Most vaginal TSS isolates produced TSST-l, either alone or with EntCl. However, strains
that produced EntB or EntCl but did not express TSST-l were commonly isolated from
patients with nonmenstrual TSS; EntB was usually produced alone or - rarely - with EntCl.
These results were confirmed by probing DNA from representative isolates with an inter­
nal probe of the EntCl gene (entCI). Extensive sequence homology between entCI and
entB enabled detection of both genes under conditions of high stringency. The genomic
location of entCI in strains producing both EntCl and TSST-l varied little but was depen­
dent on the mammalian host. In contrast, the genomic location of entCI or entB in strains
producing EntCl or EntB alone was variable. These results suggest that these genes are
contained on mobile elements.

Toxic shock syndrome (TSS) is an illness preceded
by colonization or infection with Staphylococcus
aureus and is characterized by fever, hypotension or
shock, erythematous rash, desquamation, and mul­
tiorgan involvement [1]. Although the illness is sys­
temic, the organism usually remains localized, a find­
ing which suggests that extracellular toxins are
involved in pathogenesis.

As a result of the association between high ab­
sorbency tampons and occurrence of TSS, initial
studies primarily involved vaginal isolates of S. au­
reus from menstruating women. In 1981 Schlievert
et al. [2] and Bergdoll et al. [3] independently iden­
tified an extracellular toxin that was later designated
toxic shock syndrome toxin 1 (TSST-I) [4]. TSST-I
was produced by nearly 100070 of S. aureus isolates
from women with menstrual cases of TSS, and symp­
toms of TSS could be induced in rabbits by inject­
ing them with the purified toxin [5].
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More recently, it was noted that many nonvaginal
isolates of S. aureus from patients with TSS do not
produce TSST-I [6-8]. Instead, enterotoxin B (EntB)
was the only toxin produced by at least 38070 of iso­
lates from patients with nonmenstrual TSS [8]. Two
independent reports also implicated Entel as a cause
ofTSS [9, 10]. Recently, our screening of clinical iso­
lates detected two additional strains from patients
with nonmenstrual TSS that produced only EntC!.
Clinical symptoms seen in patients with nonmen­
strual TSS are identical to those of patients with men­
strually associated illness, in spite of the different
toxins associated with each.

TSST-I, staphylococcal enterotoxins, and group
A streptococcal pyrogenic exotoxins (SPEs) A-C
[11-13] belong to a family of related pyrogenic toxins.
Although the enterotoxins are distinguished from
other pyrogenic toxins by their ability to cause
staphylococcal food poisoning [14], these toxins
share numerous biologic properties that could en­
able them to induce similar clinical syndromes, in­
cluding TSS. These include induction of lymphocyte
mitogenicity, immunosuppression, pyrogenicity, and
enhancement of lethal endotoxic shock [15-19]. This
could explain both the ability of TSST-I, EntB, and
EntCI to cause TSS and the demonstration of a TSS­
like illness caused by SPE-producing group A strep­
tococci [20].

In this paper we report our results of recent studies
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of the roles of several pyrogenic toxins in the patho­
genesis of TSS. Isolates of S. aureus from a variety
of sources, including patients with TSS, were evalu­
ated for production of TSS-associated toxins (TSST­
1, EntB, and EntCI) by means of an immunologic
assay. The presence and heterogeneity of the genomic
location of genes for enterotoxin production were
evaluated with the use of an internal probe for entCl.

Materials and Methods

Bacterial strains. Strains of S. aureus used in this
study are listed in table 1. Strains were obtained from
patients during acute episodes of S. aureus infection
or from healthy volunteers and from sheep or cattle
with mastitis.

Toxin purification. EntB, EntCl, and TSST-I
were prepared as described previously [2] from S. au­
reus strains MNLO [8J, MNDON [2IJ, and MN8
[22J, respectively. The organisms were grown to sta­
tionary phase with aeration in dialyzable beef-heart
medium [2]. Cultures were precipitated with four
volumes of ethanol. Precipitates were redissolved in
distilled water. Each toxin was partially purified by
preparative thin-layer isoelectric focusing [2J in a pH
gradient of 3.5-10. Additional purification was
achieved by refocusing in a narrow pH range that
was determined by the isoelectric point of each toxin.

Table 1. Source and toxin production by isolates of
Staphylococcus aureus.

Toxin concentration

Strain
(l!g/mL)t

designation Source* EntCl EntB TSST-l

MNOON TSS-M lOA NO NO
MN12 TSS-NM lOA NO NO
7l7T Healthy human (throat) lOA lOA NO
MN78 TSS-NM NO lOA NO
MNHO TSS-NM NO 20.8 NO
MN22 TSS-NM lOA NO lOA
MN31 TSS-NM 20.8 NO 20.8
MN75 TSS-NM lOA NO lOA
RN3170 Bovine mastitis 0.1 NO 0.6
RN5610 Sheep mastitis 1.3 NO 2.6
RN5625 Sheep mastitis lOA NO lOA
MN8 TSS-M NO NO 20.8

* TSS-M and TSS-NM = menstrual and nonmenstrual, re­
spectively.

t Concentration is given relative to original culture fluid. The
lower limit of detection of the assay was 0.1 I!g/mL. NO = not
detectable.

Bohach et al.

Antisera preparation. Hyperimmune antisera
were prepared by subcutaneous immunization [13]
of American-Dutch belted rabbits with EntCI, EntB,
or TSST-l emulsified in Freund's adjuvant.

Toxin assays. S. aureus cultures were grown to
stationary phase in 20 mL of dialyzable beef-heart
medium with aeration [2]. Ten-milliliter amounts of
culture were treated with 40 mL of ethanol at 4°C
to precipitate toxins. The precipitates were recovered
by centrifugation, and toxins were redissolved in 0.1
to 0.5 mL of H20. Samples were tested for reactivity
with rabbit antisera by Ouchterlony immunodiffu­
sion [23J.

Toxins were quantitated by diluting the concen-
-trates serially and testing them by Ouchterlony im­
munodiffusion. The end point of the assay was desig­
nated as the highest twofold dilution that produced
a detectable precipitin arc. The sensitivity of the as­
say was determined by reactivity of antisera with
toxin standards of know concentrations. With the
use of this method, the lower limit of toxin detect­
able in the original culture fluid was 0.1 Ilg/mL.

Preparation ojentCl gene probe. We previously
described the cloning of entCl on a 7.1-kilobase (kb)
DNA fragment (pMINlOI) from the genome of
S. aureus MNDON [2IJ. The gene was localized on
a l.5-kb HindIII-ClaI restriction fragment that was
subcloned into pUCI3 for construction ofpMIN114
(figure 1). To produce an internal gene probe, 1 Ilg
of HindUI- or BamHI-linearized pMIN114 was
digested (0-180 minutes) with 1 unit of exonuclease
Bal3I (New England Biolabs, Beverly, Mass.) to re­
move flanking DNA. Aliquots were mixed with 40
mMEGTA to terminate the digestion, and the DNA
was precipitated with ethanol. End repair of digested
DNA fragments was accomplished with Klenow
fragment (International Biotechnologies, New Ha­
ven, Conn.). Synthetic HindIII or BamHI linkers
(New England Biolabs) were added with T4 DNA
ligase (Boehringer Mannheim Biochemicals, Indi­
anapolis, Ind.). Excess linkers were removed by diges­
tion with the appropriate restriction enzyme and
subsequent agarose gel electrophoresis. Plasmids
were extracted from the agarose [24], re-ligated, and
transformed into Escherichia coli JM83 [25] by
the method of Kushner [26J. Transformants were
checked for EntCI production by Ouchterlony im­
munodiffusion [27J.

DNA preparations. S. aureus cultures were
grown until the midexponential growth phase in
Todd-Hewitt broth (Difco, Detroit). Cells were
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Figure 1. Production and character­
ization of entCl internal probe. Physi­
cal maps and important restriction sites
of pMIN101 and subclone pMIN114 are
shown. Heavy solid lines indicate
cloned staphylococcal insert DNA, and
dashed lines designate vector DNA.
Boundaries of entCl and the internal
probe produced by digestion of
pMIN114 with exonuclease Bal31 are
indicated. Analysis of nucleotide se­
quence homology between entCl and
entB was derived from [31, 32].
Matched nucleic acids (:) and gaps
(- - -) introduced for optimal
alignment are shown. The portion of
entCl used for probing is underlined.

entB ATGTATAAGAGATTATTTATTTCACATGTAATTTTGATATTCGCACTGATATTAGTTATTTCTACACCC 69

entCl Af~AAfAA~~TCGAfHAfHtATGcMllHH~AfAHt~tAthA+AdAMfcHhfAtAttt 69

70 AACGTTTTAGCAGAGAGTCAACCAGATCCTAAACCAGATGAGTTGCACAAATCGAGTAAATTCACTGGTTTGATG 144

70 AAtMAHA~tA~~~ctllttA~ActttACGttA~t~A~H~tAWjGttUMiliHtAt+~MHtUf~ 144

145 GAAAATATGAAAGTTTTGTATGATGATAATCATGTATCAGCAATAAACGTTAAATCTATAGATCAATTTCTATAC 219

145 ~AAAtAttUllMfHAtAt~At~AfcAhAfMAttA~WCTAAAMtAAGtttGtA~AfAiJ..HhtGGCA 219

220 TTTGACTTAATATATTCTATTAAGGACACTAAGTTAGGGAATTATGATAATGTTCGAGTCGAATTTAAAAACAAA 294

220 CAttUTHMhtAfAACAHAGT~TAAAAAAdGAAAAAHAt~ciliMGAAi..ACA~GHATTiliT6AA 294

295 GATTTAGCTGATAAATACAAAGATAAATACGTAGATGTGTTTGGAGCTAATTATTATTATCAATGTTATTTTTCT 369

295 ~GfHA~tAAAGllGfAtAll~fGAAGTA~h~fMMAn~ATtAAAHAdAfGTAAAd~cHHHftA 369

370 AAAAAAACGAATGATATTAATTCGCATCAAACTGACAAACGAAAAACTTGTATGTATGGTGGTGTAACTGAGCAT 444

370 TcciliGATiJ..t~TAGGfllAGTTACAGGTGGC---------AilitHMAfMAf~~~~flltAAAAtAt 435

445 AATGGAAACCAATTAGATAAATATAGAAGTATTACTGTTCGGGTATT------TGAAGATGGTAAAAATTTATTA 513

436 6AA~~ttAdfr~AfAATGG6AACTTACAAAAf~tAtrTAfAAGAGTTTAf~w+AAAA6AllCACAAh 510

514 TCTTTTGACGTACAAACTAATAAGAAAAAGGTGACTGCTCAAGAATTAGATTACCTAACTCGTCACTATTTGGTG 588

510 ftHHGAAGfGtilitfGAfll~llllGTMAAtA~HtAA~c+A~CATAAAAGtfA~GAAThHfAAh 585

589 AAAAATAAAAAACTCTATGAATTTAACAACTCGCCTTATGAAACGGGATATATTAAATTTATAGAAAATGAG--- 660

586 AATilillllATTfGfAf~AGfHAAti'GTftAttAfAt~llAtA~~A+AtAtAAllHfAhtUilifAACGGC 660

661 AATAGCTTTTGGTATGACATGATGCCTGCACCAGGAGATAAATTTGACCAATCTAAATATTTAATGATGTACAAT 735

661 MtAcTHH~GfA+~hAf~f~ttf~tAttA~~c~tMGtH~ttAAtHilitAHtMf~tGfAtMC 735

736 GACAATAAAATGGTTGATTCTAAAGATGTGAAGATTGAAGTTTATCTTACGACAAAGAAAAAGTGA 801 entB

736 ~tAAHAllc~~HWttfiliAGtGf~A~hiliGfccAcdfAtAAtili~ATGGAtAA 801 entC1

pelleted; washed; resuspended in 50 mMTris buffer,
pH 7.8, containing 50 mM EDTA; and digested (1­
hour, 37°C) with lysostaphin (500 J.1g/mL; Sigma
Chemical Company, St. Louis). The cells were then
lysed with SDS (0.56070) and treated (1 hour, 37°C)
with 0.1 070 protease type XIV (Sigma); the resulting
lysate was extracted with phenol and chloroform
[28]. After ethanol precipitation, the nucleic acids
were recovered by centrifugation and treated (1 hour,
37°C) with 0.2 units of pancreatic RNase (Sigma).
The DNA was extracted again and stored precipi­
tated at - 20°C in ethanol.

Plasmid DNA was isolated from E. coli clones af­
ter cell lysis by treatment with lysozyme and boil­
ing, as described by Holmes and Quigley [29]. Plas­
mids were partially purified by hydroxyapatite
column chromatography and extraction with phe­
nol and chloroform.

DNA hybridization. Probe DNA (1 J.1g) was ra­
diolabeled with 130 J.1Ci of [3sS]deoxyadenosine 5'-

(a-thio)triphosphate ([3sS]dATP; NEN Research
Products, Boston) with the use of a commercial nick­
translation kit (Bethesda Research Laboratories,
Gaithersburg, Md.). Radiolabeled DNA was sepa­
rated from unincorporated [3sS]dATP by ethanol
precipitation and redissolved in 100 J.1L of H20. The
probe was denatured by diluting in 150 J.1L of I N
NaOH and boiling for 5 minutes. After the probe
was cooled on ice, it was neutralized with 150 J.1L
of 1NHCI and mixed with 1.5 mL of 0.5 M sodium
phosphate buffer, pH 7.4.

Eight micrograms of DNA from S. aureus strains
was digested with 20 units of Cia!. The restriction
fragments were separated by electrophoresis in 0.75070
agarose gels and transferred to nitrocellulose mem­
branes (Schleicher and Schuell, Keene, N.H.) by the
method of Southern [30]. In brief, the DNA was
denatured by soaking the gels in 0.5 M NaOH-1.5
MNaCI and neutralized in 1.0MTris-1.5 MNaCI,
pH 8.0. The gel was placed on a Plexiglas support
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and overlayed with nitrocellulose. Transfer was ac­
complished overnight by capillary action in a bath
of lOX SSC (3 M NaCI, 0.3 M sodium citrate, pH
7.0). The membrane was washed in 6X SSC, dried,
and baked at 80°C for 2 hours.

Prior to hybridization the nitrocellulose was
soaked (65°C, 3 hours) in 20 mL of prehybridiza­
tion solution (5X SSC, 0.5070 SDS, 0.1070 Fico1400,
0.1 070 polyvinylpyrolidone, 0.01 070 bovine serum al­
bumin, 800 ng of denatured salmon sperm DNA).
After prehybridization, the membrane was incubated
(16 hours, 65°C) in 20 mL of hybridization solution
(5X SSC, 0.5070 SDS, 0.1 070 FicoI400, 0.1 070 polyvinyl­
pyrolidone, 0.01 070 bovine serum albumin, 10070 dex­
tran sulfate) containing labeled probe (2 x 106 cpm).
The membrane was then washed in 2X SSC-0.5070
SDS and dried. Bound probe was visualized by au­
toradiography on X-ray film (Eastman Kodak, Roch­
ester, N.Y.) after overnight exposure.

Results

Patterns oftoxin production. Routine screening
of TSS isolates submitted to our laboratory indicated
that nearly all menstrual TSS isolates expressed
TSST-I (table 2). In contrast, only 67070 of nonmen­
strual TSS isolates produced the toxin. The TSST-I­
negative isolates produced either EntB (26070) or
EntCI (7070). Of the TSST-I-positive strains tested,
11 070 also produced EntCI, whereas none expressed
EntB. These results are similar to those of others
[6-8]. We analyzed the EntB and EntCI production
of several representative strains with regard to pro­
tein and DNA. Several enterotoxigenic S. aureus iso­
lates used in this study, including some evaluated in
table 2, were grouped according to source and pro­
file of toxins produced (table I). Most EntCI-positive
strains evaluated in this study, including all of the
animal isolates, also produced TSST-l. In contrast,
we did not isolate an EntB producer that was also
TSST-I-positive. Three human isolates produced
EntCI only. Simultaneous production of EntB and
EntCI occurred but was uncommon and was not as­
sociated with human illness in our survey. The only
two strains with this toxin pattern that we have iden­
tified were from healthy volunteers.

Characteristics of entCl probe. We previously
reported cloning of entCl on a 7.1-kb insert in
pBR328 for construction of the recombinant plas­
mid, pMINIOI [21] (figure 1). The gene was local­
ized on a 1.5-kb HindIII-ClaI restriction fragment.

Bohach et al.

Table 2. Toxin production by isolates from patients
with toxic shock syndrome (TSS) or probable TSS.

No. (0J0) of isolates

Source of isolates
positive for indicated toxin(s)*

(no. of isolates TSST-l EntB EntCI TSST-1
tested) alone alone alone and EntCl

Menstrual (39) 37 (95) 0 0 2 (5)
Nonmenstrual (31) 15 (48) 8 (26) 2 (7) 6 (19)

NOTE. TSST-l = toxic shock syndrome toxin 1; Ent = en­
terotoxin.

* As determined by Ouchterlony immunodiffusion.

,When subcloned into pUC13, the recombinant
plasmid - pMINII4 - expressed toxin that was indis­
tinguishable from Staphylococcus-derived EntCI
[21]. An internal probe for entCl was constructed
with the use of pMIN114. The gene boundaries (fig­
ure 1) were first localized by deleting flanking DNA
and then testing transformants that received the de­
letion derivatives for the ability to express toxin. The
internal probe used had 123 base pairs (bp) deleted
from the 5' end and 148 bp deleted from the 3' end
of entCl. For the resulting 530-bp internal region of
entCl, 68070 of the nucleotide sequence was homol­
ogous with the analogous region of entB (figure 1)
[31, 32], and thus under stringent hybridization con­
ditions was expected to cross-hybridize with entB.

Results ofhybridization experiments. The entCl
gene probe was nick translated and used to probe
ClaI-digested S. aureus DNA (figure 2). Although
28 strains were analyzed, only representative results
are shown. The degree of hybridization of the probe
to entCl and entB was reflective of the extent of ho­
mology between the two genes. This was best demon­
strated with the strain that was positive for both EntB
and EntCI (717T), in which both genes were detected.
The probe did not hybridize to control DNA from
strain MN8, which produces TSST-I but not the en­
terotoxins. The size of the ClaI restriction fragment
harboring entB or entCl was highly variable in TSST­
I-negative strains and ranged from 3.5 kb to 5.8 kb
for entCl and 2.6 kb to 7.2 kb for entB. Figure 2
also shows results of hybridization experiments for
strains positive for both EntCI and TSST-I from
sheep, cattle, and humans. None of these strains pro­
duced EntB that was detectable by immunologic as­
says, and correspondingly, entB was not indicated
by hybridization results. In these EntB-negative
strains, the genomic location of entCl was less vari-
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Discussion

Figure 2. Southern blot of ClaI-digested DNA from rep­
resentative isolates of Staphylococcus aureus. Lane A:
MNDON; B: MN12; C: 717T; D: MN78; E: MNHO; F:
MN22; G: MN31; H: MN75; I: RN3170; J: RN561O; K:
RN5625; and L: MN8.

able than in the TSST-l-negative strains, although
human and animal strains were clearly different.
Sheep and bovine strains contained entCl on an in­
variable 5.0-kb ClaI restriction fragment (figure 2).
In contrast, human strains showed slight variability;
in these isolates, the restriction fragment harboring
entCl was either 3.4 kb or 3.6 kb.

the homology in their nucleotide sequences, entCl
and entB were detected with the same gene probe.
The correlation between the results of gene probing
and those of immunologic assays for detection of
Ent production was 100070.

Restriction fragments containing the enterotoxin
genes were variable in size. The heterogeneity of se­
quences in flanking DNA might be attributed to the
harboring of genes on mobile elements that are capa­
ble of insertion into the genome at variable positions.
This possibility is consistent with observations of in­
vestigators who have provided evidence for both plas­
mid and chromosomal locations of entCl and entB
[33-35] as well as for integration of enterotoxin plas­
mids into the staphylococcal chromosome [33].

All EntCI-positive, TSST-l-negative isolates con­
tained entCl on ClaI restriction fragments of differ­
ent sizes. However, human strains that coproduced
EntCI and TSST-l contained the gene on either a
3.4-kb or a 3.6-kb fragment. Although isolates from
sheep or cattle with this same phenotype had a non­
variable locus for entCl, the site was different from
that of human strains. Thus, it appears that the pres­
ence of the TSST-l gene, tst, influences the site at
which entCl is located; some of the sites that entCl
can occupy may be inaccessible to entCl when tst
is present. Alternatively, the host may select a strain
with a particular genetic makeup.

Fragments containing entB in the other five strains
tested were heterogeneous in size (2.6-7.2 kb). In con­
trast, Ranelli et al. [36] have reported that entB is
located on an invariable 5.5-kb ClaI restriction frag­
ment. Our results suggest - as have the results of
others [37] -that entB is located on a mobile ele­
ment. Unlike entCl and tst, which frequently coex­
ist, entB and tst appear to be mutually exclusive.
Also, isolates coproducing EntB and EntCl were
found only rarely. Thus, both tst and entCl may in
some ways interfere with integration of entB into the
genome of S. aureus.

We are currently evaluating additional S. aureus
isolates for toxin-production profiles and for vari­
ability in the location of genes for enterotoxin
production. We hope to characterize the mechanisms
involved in the mobility of entB and entCl and pos­
sibly of tst. Linkage of entB and entCl to large
penicillinase-encoding plasmids has been reported
[33]. However, we have been unable to demonstrate
extrachromosomal enterotoxin genes in our studies.
Our results are consistent with the location of ent
genes on a phage or transposon. At least one staphy-
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2.3­
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Although TSST-l was the first toxin shown to be as­
sociated with TSS, it was later recognized - through
studies of nonmenstrually associated isolates - that
EntB could also be responsible for the same illness.
[8]. In addition, two independent reports provided
evidence that production of EntCI may also be as­
sociated with nonmenstrual TSS [9, 10]. Recently,
our laboratory detected two additional isolates
(MNDON and MNI2) from patients with TSS that
produced only EntCl. Presently, we have no evidence
that any other enterotoxin alone is associated with
TSS. Although strains that produce TSST-l, EntB,
or EntCl often produce other enterotoxins, the other
toxins generally are not produced alone.

In the present study we examined production of
TSS-associated toxins (TSST-l, EntB, and EntCl) by
representative isolates of S. aureus. We initially ob­
served that EntCl and TSST-l were often coproduced
whereas other toxin combinations were rarely or
never produced. The genetic basis for these obser­
vations was examined by probing ClaI-digested DNA
from representative strains with entCl. Because of
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lococcal enterotoxin, EntA, is known to be encoded
by a transmissable phage [38].
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Discussion

DR. JOHN ARBUTHNafT. Dr. Bohach has demon­
strated that it is not just a case of whether the or­
ganism has the genetic information to produce these
factors, but it may be a question of where that in­
formation is located within the genome and what
its surrounding genetic milieu is like.

DR. JAMES TODD. Dr. Bohach, you have men­
tioned that TSST-l has been proven to be the cause
of toxic shock in those patients infected with those
strains. I suggest that this is the issue we are debat­
ing in this symposium, and we cannot necessarily
accept that conclusion, at this stage. Second, you
classified TSST-l and the enterotoxins as pyrogenic
exotoxins on the basis of four phenotypic criteria.
What evidence do you have that those criteria de­
fine a truly unique biologic substance, and, specifi­
cally, what evidence do you have that there is genetic
relatedness between those different toxins that you
classified as pyrogenic exotoxins?

DR. GREGORY BOHACH. First, the fact that they
are from the same organism and produce the same
biologic properties provides circumstantial evidence,
at least, that they might be involved in the same dis­
ease. Second, the genetic evidence implies that they
are related. The structural genes for enterotoxin Cl,
enterotoxin B, and streptococcal pyrogenic exotoxin
A have all been cloned and sequenced, and our anal­
ysis shows that they present significant nucleotide
sequence homology. Enterotoxins Band Cl share
sequence homology with a toxin of similar biologic
properties from a completely different organism,
pyrogenic exotoxin A.

DR. TODD. Can you give us an idea of the amount
of homology between the streptococcal toxins and
the enterotoxins?

DR. BOHACH. There is about 74% sequence ho­
mology between the two en! genes that we have
looked at and about 58% homology between speA,
which is a group A streptococcal toxin gene, and the
enterotoxin Cl gene. These homologies are both
highly significant.

DR. BENJAMIN SCHWARTZ. You presented num­
bers for the nonmenstrual patients who had
staphylococcal enterotoxins Band C. You did not
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present any background rate of colonization with
those toxin-producing S. aureus in the general popu­
lation. It is necessary to show an association. Is it
possible that an individual could be coinfected with
two different S. aureus strains - one that produces
exotoxins Band C and the other that may actually
be responsible for the disease, being TSST-l-positive?
In menstrual TSS, we know where to take the cul­
ture sample, but in nonmenstrual TSS the site of in­
fection may not be apparent. I question whether you
have detected the S. aureus that is responsible for
the syndrome. My other question is, you have both
definite and probable cases included in your presen­
tation, and I wonder if the clinical manifestations
are the same in the TSST-l-positive and the en­
terotoxin Band C cases, or whether the two differ­
ent types of infection have different clinical spectra.

DR. BOHACH. It is true that in menstrual cases
there is a chance that we may have picked up a strain
that is not associated with the TSS that we observed,
but in those strains we and others have shown that
TSST-l is the toxin involved. What we were trying
to present here is that other toxins, including the two
enterotoxins we looked at, may be involved, espe­
cially in nonmenstrual cases. In these cases, I think
it is much less likely that we would have picked up
an insignificant strain because these were usually iso­
lated from sources such as blood cultures or wound
infection.

DR. SCHWARTZ. Was there any clinical difference
between the TSST-l-positive and the other cases?

DR. BOHACH. Only that what we have we tested
is a wide variety of strains from various clinical sit­
uations, and the reason that many of the strains we
tested were labeled as "probable" TSS-causing agents
is that one of the criteria for TSS was missing. As
was pointed out in this session, some of these criteria
might not necessarily be seen in many cases.

DR. PATRICK SCHLIEVERT. We have published the
numbers for enterotoxin B. For enterotoxin C we
have not. The number of TSS isolates that are pro­
ducing enterotoxin C alone is relatively small.

DR. BOHACH. We are currently screening hun­
dreds of S. aureus strains from sites throughout the
body from various staphylococcal infections, and the
occurrence of enterotoxin Cl/TSST-l strains is less
than 1070.

DR. EDWARD KASS. One of the great mysteries
is the high frequency of antibody to a large number
of the toxins without any overt disease. Yet after overt
disease antibody does not necessarily follow. This
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suggests that there may be either a great deal of low­
level exposure to the toxins or some other source in
nature. Having gotten this far in your identification
of the amino acid sequence, have you looked at the
catalogues to see if there are homologies with other
known proteins elsewhere in nature that might give
some hint of some other source, much as we see
emerging with some of the gram-negative rods?

Bohach et at.

DR. BOHACH. We have done a computer search
with the two enterotoxins that have been sequenced
and also with the streptococcal A toxin, and, other
than the fact that these three proteins possess sig­
nificant homology among themselves, we could not
find any significant homology with any other pro­
tein that was in the computer library.
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