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Sixty-two invasive Streptococcus pyogenes strains, including 32 strains isolated from patients with strepto-
coccal toxic shock syndrome (STSS), were analyzed for the following phenotypic and genotypic characteristics:
M-protein type, serum opacity factor production, protease production, the presence of streptococcal pyrogenic
exotoxin (Spe) genes A, B, and C, and in vitro production of SpeA and SpeB. These characteristics were
analyzed for possible associations with each other as well as with clinical components of STSS. M-type 1, the
most commonly isolated M-type, was significantly associated with protease production. Protease activity was
significantly associated with the clinical sign of soft tissue necrosis. M-type 1 and 3 strains from STSS patients
were significantly associated with the clinical signs of shock and organ involvement as well as with SpeA
production in vitro. Finally, the production of SpeA was significantly associated with the clinical component of
shock and organ involvement as well as with rash. These data suggest that STSS does not make up a single
syndrome but, rather, that the multiple STSS clinical criteria probably reflect different phenotypic character-
istics of individual S. pyogenes isolates.

In the 19th century, invasive Streptococcus pyogenes
infections were a major cause of morbidity and mortality.
However, during this century the incidence of severe group
A streptococcal infections has declined, especially since the
advent of antibiotic therapy. In the mid-1980s, there was a
worldwide increase in group A streptococcal sepsis, clusters
of rheumatic fever were reported from locations within the
United States (3, 4, 7, 11, 34-36), and a streptococcal toxic
shock syndrome (STSS) emerged (2, 10, 29). STSS is a
rapidly progressing multiorgan illness, characterized by in-
travascular collapse and shock, with a reported mortality
rate of 30% (29). Because of the similarities between clinical
features of STSS and those of toxic shock syndrome caused
by toxins of Staphylococcus aureus, it has been hypothe-
sized that STSS may be caused by one or a combination of
streptococcal pyrogenic exotoxins (Spe exotoxins) (2, 10,
15, 23, 29, 41). Investigations into the changing epidemiology
of group A streptococcal infections have focused not only on
production of pyrogenic exotoxins (15, 16, 23, 29) but also on
changes in the M-type distribution (28).
To better characterize the relationship of M-type, strepto-

coccal pyrogenic exotoxins, and proteolytic activity to clin-
ical disease, we tested 62 S. pyogenes isolates from patients
with invasive streptococcal infection for whom clinical data
were available. The strains were M and T typed, assayed for
speA, -B, and -C genes, and tested for the in vitro expression
of SpeA and SpeB and for proteolytic activity.

MATERIALS AND METHODS

Case definition and sampling framework From 1989 to
1991, the Centers for Disease Control and Prevention (CDC)
coordinated active surveillance for invasive group A strep-
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tococcal infections in parts of six states and maintained
passive surveillance in the remainder of the country. Clinical
data were abstracted onto a standardized form which in-
cluded demographic data, medical history, and signs and
symptoms of the current illness.
A case definition of STSS was formulated by a committee

of researchers from academia and public health organiza-
tions (42). It includes the isolation of S. pyogenes from a
normally sterile site and the presence of shock with multi-
organ involvement, soft tissue necrosis, or generalized rash.
For the purposes of this study, we examined components of
this disease by classifying clinical findings into four groups.

(i) Shock and organ involvement were defined by the
presence of hypotension (systolic blood pressure, <90 mm
Hg) and two or more of the following: renal involvement
(creatinine level, >2), thrombocytopenia (platelet count,
<100,000, or disseminated intravascular coagulation), he-
patic involvement (>2-fold elevation of serum glutamic
oxalacetic transaminase or serum glutamic pyruvic transam-
inase), and the adult respiratory distress syndrome.

(ii) Cutaneous involvement was defined by the presence of
a generalized macular erythematous rash or generalized
desquamation.

(iii) Soft tissue necrosis was defined by a recorded diag-
nosis of necrotizing fasciitis or gangrene or by an amputa-
tion.

(iv) "None" was defined by the lack of any of the three
STSS clinical findings listed above. Invasive isolates from
this group were designated "background" strains.
Case reports from 248 patients reported through surveil-

lance were entered into a computer file and classified by
clinical group. A stratified random sample of 62 patients,
which increased the proportion of patients meeting one or
more of these clinical criteria, was selected from these
reports for further analysis. Isolates were selected for anal-
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ysis solely on the basis of the patient's clinical syndrome
with no knowledge of serotype, toxin profile, or protease
activity.

Bacterial strains. S. pyogenes strains from the 62 patients
were sent from hospitals where they were initially isolated
through state health department laboratories to the Bacterial
Reference Laboratory at CDC. All isolates, including back-
ground strains, were sterile-site isolates from patients with
invasive streptococcal infections. Control strains 594
(SpeA), 86-858 (SpeB), and TP18 (SpeC) used for assay
controls and antiserum production were kindly provided by
Patrick Schlievert, University of Minnesota.
Grouping and typing. All isolates were grouped for Lance-

field carbohydrate antigen and serotyped for T- and M-pro-
teins by the protocols of Moody et al. (22). Carbohydrate
grouping and M-types were determined by capillary precip-
itation testing of Lancefield hot-acid extracts with specific
rabbit antisera produced at CDC. Serum opacity factor (OF)
reactions were tested by overnight incubation of 7 j,l of
culture supematant on appropriate medium (13, 40) at 37°C.
Antiserum production. Hyperimmune rabbit antisera to

SpeA and SpeB were prepared from control streptococcal
strains in New Zealand White rabbits as described previ-
ously (19). Intramuscular immunizations were substituted
for subcutaneous injections. Antisera to SpeA and SpeB
were absorbed with heterologous whole bacterial cells and
with Todd-Hewitt broth powder (Difco Laboratories, De-
troit, Mich.).

Culture and exotoxin enrichment. Strains were tested for
the ability to produce exotoxin A or B in vitro. Each strain
was cultured and toxin enriched by a modification of previ-
ously reported methods (19, 26). Isolates were grown to the
stationary phase of growth in Todd-Hewitt broth at 37°C,
centrifuged at 500 x g, and filtered through a 0.22-,um-pore-
size, low-protein-binding filter (Millex-GV; Millipore Corp.,
Bedford, Mass.). The filtered supernatant fluid was precipi-
tated with 4 volumes of cold ethanol and left at 4°C for a
minimum of 72 h. The precipitate was collected and resus-
pended in 1/10 of the original volume of acetate-buffered
saline, pH 4.2. The resulting suspension was centrifuged at
2,000 x g to remove insoluble material. The protein concen-
tration was measured by the Bio-Rad micro-protein assay
(Bio-Rad Laboratories, Richmond, Calif.), with bovine se-
rum albumin as the standard.

Exotoxin testing. Toxin-enriched preparations were mixed
with 2x sodium dodecyl sulfate (SDS) sample buffer to yield
30 ,ug of protein per sample. All samples were run in 12%
SDS-polyacrylamide gel electrophoresis, using the Laemmli
buffer system (21). Controls for SpeA and SpeB were
prepared from strains 594 and 86-858, respectively, as de-
scribed above and run in each gel. Proteins were transferred
to nitrocellulose membranes by established methods (33).
Exotoxins were detected by probing with rabbit polyclonal
antisera to SpeA or SpeB with the sequential addition of
biotinylated goat anti-rabbit immunoglobulin, streptavidin-
labeled peroxidase, and 4-chloro-1-naphthol with hydrogen
peroxide. Each strain was cultured and tested a minimum of
two times. Those strains that were negative initially were
treated with 750 U of hyaluronidase at 37°C for 2 h (Sigma
Chemical Co., St. Louis, Mo.) and retested.

Polymerase chain reaction. Polymerase chain reaction was
performed to detect genes for SpeA, -B, and -C. DNA was
extracted for polymerase chain reaction by treatment with
0.45% Nonidet P-40-0.45% Tween 20-20 ,ug of proteinase K
(all from Sigma) at 55°C for 1 h and then at 95°C for 10 min
(5). Nested sets of primers were designed by comparing

FIG. 1. Venn diagram of clinical signs in patients infected with
the 62 invasive isolates of S. pyogenes used for these studies.
Number in parentheses represents number of patients with clinical
sign.

nucleotide sequences, using software by DNAstar, Inc.,
Madison, Wis., and were synthesized on a DNA synthesizer
by using ,3-cyanoethyl phosphoramidite chemistry. Primer
sequences were compared with the staphylococcal toxic
shock syndrome toxin 1 gene and staphylococcal entero-
toxin genes for SEA, SEB, and SEC.

Protease assays. Thirty strains were tested for protease
activity, using the casein plate assay based on the method of
Hynes and Tagg (17). Isolates were grown on a Columbia
agar base (GIBCO Laboratories, Grand Island, N.Y.) plus
1.5% sodium caseinate incorporated into the medium. Agar
depth was controlled by the addition of a measured volume
of agar to each plate. The zone of casein hydrolysis was
measured, and protease activity was calculated by dividing
the square of the diameter of the zone of hydrolysis by the
square of the colony diameter.

Statistical analyses. For dichotomous variables, associa-
tions between clinical and laboratory findings were deter-
mined by the chi-square test on 2 x 2 tables or, when the
sample size of one or more cells was <5, by the two-tailed
Fisher exact test.

RESULTS

Of the 62 patients, 44 (65%) were white and 9 (15%) each
were black and Hispanic, 35 (57%) were male, and the mean
age was 50 years (range, 0 to 99 years). Forty-four patients
(71%) had an underlying disease that may have predisposed
them to an invasive group A streptococcal infection (includ-
ing diabetes mellitus [11], surgical or nonsurgical wounds
[10], alcohol abuse [7], and chronic lung disease [7]). S.
pyogenes infection ended fatally in 22 (36%) patients. Strains
were isolated from normally sterile sites, including blood
(90%), cerebrospinal fluid (8%), and peritoneal fluid (6%).
The criteria for shock with organ involvement were met by

20 (32%) patients, those for cutaneous involvement were met
by 15 (24%), and those for soft tissue necrosis were met by
14 (23%); there was some overlap between groups (Fig. 1).
Thirty (48%) patients met none of these criteria.
Twenty-seven (43%) of the isolates were M-type 1, 8 (5%)

were M-type 3, and 1 each (2%) were M-14 and M-39.
Twenty-eight (45%) strains were M nontypeable (MNT). The
MNT strains were classified into the OF positive (18 strains)
and OF negative (10 strains) groups for comparative pur-
poses. Nine different T types were identified among the 28
MNT strains.
The distribution of streptococcal exotoxins is given in

Table 1. The speA gene was found in 56% of the isolates, and
SpeA was expressed by 32% of the isolates. SpeB was
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TABLE 1. Pyrogenic exotoxin profiles of 62 invasive
S. pyogenes isolates

spe genes Spe expressionb
Toxin

n % n %

SpeA 35 56 20 32
SpeB 62 100 38 61
SpeC 17 27 -c

a Three (5%) of the 62 isolates carried both speA and speC genes; 13 (21%)
carried neither gene.

b Thirteen (21%) of the 62 strains expressed both SpeA and SpeB; 18 (29%)
expressed neither toxin.

C -, SpeC antisera not available.

expressed by 61% of the 62 isolates, while the chromosom-
ally associated speB gene was carried by every strain. We
were unable to assay for production of SpeC the unavailabil-
ity of SpeC antisera; however, the speC gene was found in
27% of the isolates. Of 62 strains, 3 (5%) carried both speA
and speC genes and 13 (21%) carried neither gene.
Table 2 illustrates the relationship between exotoxin ex-

pression or gene carriage and M-type or OF production. The
two most commonly occurring M-types, 1 and 3, were
analyzed together. Ninety-one percent of strains of M-types
1 and 3 carried the speA gene, and 50% of these M-types
expressed SpeA in vitro. Only 17% ofMNT OF' strains and
10% of MNT OF- isolates carried speA, and 11 and 10%,
respectively, expressed SpeA. Therefore, the presence of
the speA gene and production of SpeA were significantly
associated with M-types 1 and 3 (P < 0.0001 and P = 0.002,
respectively). SpeB was expressed by at least 50% of the
isolates in every category. Only 1 (3%) of 32 M-1 and M-3
isolates carried the speC gene, yet it was present in 61% of
MNT OF' strains and 50% of MNT OF- strains.
Of the 30 strains tested for protease activity, 19 (63%) had

some zone of casein hydrolysis, and the mean value of
protease activity was 12.2. Only 2 (25%) of 8 isolates from
patients with no signs of STSS produced protease, whereas
18 (82%) of 22 isolates from patients with at least one sign of
STSS produced protease (P = 0.0035). M-type 1 isolates
were significantly associated with protease activity com-
pared with isolates of all other M-types (15 of 17 [88%]
versus 5 of 13 [38%] isolates; P < 0.05). There was no
correlation between exotoxin expression and presence of
protease activity.
Comparisons of toxin profile by M-type category and the

presence of at least one clinical feature of STSS are shown in
Table 3. Of the M-type 1 and 3 isolates from patients with at

TABLE 2. Associations among study strain type and
exotoxin profile

No. (%) with given characteristic
Toxin genotype M-types MNT MNT
or phenotype 1 and 3 OF+ OF-

(n = 32) (n = 18) (n = 10)

speA 29 (91)- 3 (17) 1 (10)
speB 32 (100) 18 (100) 10 (100)
speC 1 (3)- 11 (61) 5 (50)
SpeA 16 (50)" 2 (11) 1 (10)
SpeB 19 (59) 11 (61) 5 (50)

aPercentage of type 1 and 3 strains with indicated genotype or phenotype
significantly different (P < 0.05) from percentage of strains in MNT catego-
ries.

least one STSS disease component, 12 (71%) of 17 isolates
expressed SpeA, compared with 4 (27%) of 15 strains
isolated from patients with no clinical signs of STSS (P =
0.02). Although 100% of the M-1 and M-3 strains from
patients with one or more signs of STSS carried the speA
gene, 80% of M-1 and M-3 strains from patients with no signs
of STSS also did. Therefore, the difference between these
two patient groups with M-1 and M-3 isolates was significant
only in terms of exotoxin A expression, not speA gene
carriage.
The associations among M-type, exotoxin, protease activ-

ity, and the three clinical components of STSS are presented
in Table 4. M-types 1 and 3 were isolated from 70% of
patients with shock and organ involvement compared with
43% of patients not meeting these criteria (P < 0.05). SpeA
was expressed by 10 (50%) of 20 isolates from patients with
shock and organ involvement compared with 24% of those
from patients without such involvement (P < 0.05). Protease
activity also was significantly associated with shock and
organ involvement (P < 0.01). There was no association of
any other M-type, OF production, SpeB expression, or the
presence of any toxin gene with shock and organ involve-
ment. Cutaneous involvement was significantly associated
only with production of SpeA (P < 0.05), not with M-type,
OF, toxin gene, or protease activity. Soft tissue necrosis was
associated only with casein protease activity (P < 0.05). The
production of SpeB and the carriage of the speA, -B, or -C
gene were not associated with any clinical finding.

DISCUSSION

Since 1989, the CDC has collected isolates and clinical
data from patients with invasive S. pyogenes infections.
Isolates included in this report made up a stratified random
sample from all isolates collected. The major focus of this
work was to determine relationships among streptococcal
virulence factors and their association with individual clini-
cal findings for STSS. Although previous descriptions of
STSS have included patients with one or more categories of
shock with organ involvement, rash, and soft tissue necrosis
(11, 16, 24, 27), it is unclear whether all patients included in
these studies truly had a single syndrome. The inclusion of
patients in published studies of STSS, as well as in this
report, who fulfill one or two of these clinical criteria without
having all three suggests the possibility of different patho-
genic mechanisms for each.
Of the various streptococcal virulence factors, M-1 was

the most common (43%) serotype among the strains we
analyzed. M-type 1 has been the predominant serotype
isolated in several series of studies in patients designated as
having STSS (15, 23, 29). In one study, it was shown that
M-1 and M-3 serotypes associated with STSS belong to two
multilocus genotypes, ET1 and ET2; in another, it was
proposed that a unique clone of M-1 carrying the speA gene
is responsible for the emergence of STSS (9, 23). Although
we did not address clonality of our study strains, we did find
that M-types 1 and 3 were the predominant serotypes, and
they were significantly associated with the STSS clinical
component of shock and organ involvement.
A large proportion (45%) of the strains we tested were not

M typeable with our 42 available antisera. While these
strains are classified as MNT, they are a heterogeneous
group. Because the majority of our patients with clinical
features of STSS were infected with M-type 1 or 3 and
because MNT strains were significantly less likely to be
associated with STSS, this large proportion of MNT isolates
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TABLE 3. Comparison of exotoxin profiles among S. pyogenes isolates from patients with and without clinical signs of STSS

No. (%) with given characteristic

M-1 and M-3 strains MNT OF' strains MNT OF- strains
Toxina

At least 1 No signs At least 1 No signs At least 1 No signs
sign of STSS of STSS sign of STSS of STSS sign of STSS of STSS

(n = 17) (n = 15) (n = 7) (n = 11) (n = 7) (n = 3)

speA 17 (100) 12 (80) 1 (14) 2 (18) 0 1 (33)
speC 1 (6) 0 6 (86)b 5 (45) 3 (43) 2 (67)
SpeA 12 (71)b 4 (27) 1 (14) 1 (9) 0 1 (33)
SpeB 11 (65) 8 (53) 1 (14)b 10 (91) 4 (57) 1 (33)
a Because 100% of strains carried the speB gene, it is not included for comparative purposes.
bPercentage of isolates from patients with one or more signs of STSS significantly different (P < 0.05) from isolates from patients with no signs of STSS.

does not adversely affect the findings of this study. Another
reason for the high proportion of these MNT isolates was our
inclusion of background strains or those from patients with
severe invasive disease but with no clinical signs of STSS.
Other studies have primarily examined those strains associ-
ated with STSS, which are more likely to be M-type 1 or to
belong to the OF- group (15, 23, 29). Whether M-protein is
in some way directly responsible for STSS or serves as a
marker for some other virulence factor(s) has not been
determined. However, the former hypothesis is unlikely
because the presence of shock and organ involvement is not
unique to patients infected with M-types 1 and 3 (Table 4).
Many reports on the pathogenesis of STSS have focused

on the role of the Spe exotoxins, primarily SpeA. Not only
are they responsible for fever induction and rash and are

mitogenic, but they also enhance host susceptibility to
endotoxin (1, 6, 12, 14, 27, 37, 38). They are also potent
superantigens (32). Therefore, these toxins seem to be likely
candidates for a role in STSS. We found that M-1 and M-3
strains were more likely to produce SpeA in vitro than were
other serotypes in our study and that SpeA production was

significantly associated with rash and with shock and organ

involvement. Both of these clinical signs can be explained by
known SpeA biological activities. However, as did other
investigators (10, 15, 29), we found cases of STSS in which
S. pyogenes did not express SpeA. Therefore, it is unlikely
that all cases of STSS are caused by known streptococcal
exotoxins; instead, these toxins may be important in produc-
ing one or more of the clinical signs of STSS.

In this study, we found that 91% of all M-1 strains carried
the phage-associated speA gene; however, only 48% of those
carrying the gene expressed the SpeA protein in vitro. In
some cases, M-type 1 strains may produce less SpeA than
other M-types (15, 20). Also, hyaluronic acid is often copu-
rified with exotoxin and is known to interfere with diffusion
of toxins in Ouchterlony assays (15) and may interfere with
electrotransfer of toxins to nitrocellulose membranes.
Therefore, all strains negative for toxin production were
treated with hyaluronidase and retested. We also observed
marked differences among strains in the relative amount of
exotoxin produced in vitro, and these differences were
reproducible despite repeated in vitro passages (30).

It is important to note that toxin production in vitro may
not accurately reflect the regulation of protein expression in

TABLE 4. Associations among microbiologic characteristics of study strains and clinical components of STSS

No. (%) with given characteristics

Microbiologic Shock and organ involvement' Cutaneous involvement" Necrosisc
characteristic

Yes No Yes No Yes No
(n = 20) (n = 42) (n = 15) (n = 47) (n = 14) (n = 48)

M-protein type
1 and 3 14 (70)d 18 (43) 8 (53) 24 (51) 7 (50) 25 (52)
MNT OF+ 4 (20) 14 (33) 2 (13) 16 (34) 3 (21) 15 (31)
MNT OF- 2 (10) 8 (19) 4 (27) 6 (13) 3 (21) 7 (15)
Othere 0 2 (5) 1 (7) 1 (2) 1 (7) 1 (2)

Toxin
speA 14 (70) 21 (50) 10 (67) 25 (53) 8 (57) 27 (56)
speC 5 (25) 12 (29) 5 (33) 12 (25) 5 (36) 12 (25)
SpeA 10 (50)d 10 (24) 8 (53)d 12 (25) 5 (36) 15 (31)
SpeB 12 (60) 25 (59) 8 (53) 29 (62) 7 (50) 30 (62)

Protease production 15/18f (83)d 5/12 (42) 7/8 (88) 19/22 (86) 7/7 (100)d 9/23 (39)

aIncludes all strains isolated from patients with shock and organ involvement, including those with shock and cutaneous involvement and/or necrosis as a
clinical sign.

b Includes all strains isolated from patients with cutaneous involvement, including those with cutaneous involvement and shock and/or necrosis as a clinical
sign.

c Includes all strains isolated from patients with necrosis, including those with necrosis and shock and/or cutaneous involvement as a clinical sign.
d p < 0.05 versus strains from persons without a clinical component.
e Includes one type 14 and one type 39 strain.
f Number that produced protease/number tested.
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vivo. We found that SpeA production was significantly
associated with STSS clinical signs of shock and organ
involvement, but no relationship was found between any
sign of STSS and the speA gene. Our data show that 100% of
M-1 or M-3 strains from patients with at least one sign of
STSS carry the speA gene, but 80% of M-1 and M-3 strains
not associated with STSS also carry speA (Table 3). These
data suggest that studies of exotoxin and STSS should not be
limited to carriage of spe genes but should also emphasize
toxin gene expression.
We found no relationship between SpeB production or the

carriage of the speB or -C gene with any clinical manifesta-
tions of severe group A streptococcal infection or with any
particular M-protein type. The expression of SpeB is highly
correlated with in vitro growth conditions and pH regulation;
thus, all S. pyogenes strains may have the potential to
produce SpeB under certain in vitro growth conditions (20).
In one study of STSS, strains isolated in Scandinavia pro-
duced large amounts of SpeB and -C, but only small amounts
of SpeA (25). Later examination of sequences of speB alleles
from nine electrophoretic type 1 and 2 strains from diverse
geographic locations showed no variation within their re-
spective electrophoretic type (24). We have no evidence
linking SpeB to any clinical disease component or M-type we
tested. SpeB production was, however, inversely associated
with MNT OF' strains from patients with one or more signs
of STSS. The speC gene, though found significantly more
often in MNT OF' strains from patients with one or more
signs of STSS, was not associated with any individual
clinical component. One interesting finding is that very few
(5%) of these strains possess the genes for both SpeA and
SpeC, even though these toxin genes are widely dispersed in
group A streptococci, and the presence of speA and speC in
these strains is inversely related. Because both speA and
speC are phage mediated, superinfection may be less likely
in a strain already possessing one of the toxin genes.
However, separately, these genes could be easily dispersed
among a wide variety of strains (or particular M-types) that
are sensitive to lysogenic conversion.

Necrotizing soft tissue involvement (myositis or fasciitis)
was not associated with production of pyrogenic exotoxin,
nor is there a reason to expect such an association on the
basis of known activities of these toxins. Instead, this STSS
clinical finding was associated with protease activity, as
determined by the ability to hydrolyze casein. Protease
production was also associated with shock and organ in-
volvement. Our finding that protease production was signif-
icantly associated with both shock or organ involvement and
necrosis is consistent with our finding that a significantly
higher percentage of strains from patients with at least one
sign of STSS produced protease in comparison with strains
from non-STSS patients (82 versus 25%). The mechanism(s)
by which proteases could influence these clinical signs is
unclear, but others have noted such an association. In a
study of a series of patients with group A streptococcal
bacteremia in Denver, Colo., Wheeler et al. reported that 8
(53%) of 15 invasive bacteremic isolates had protease activ-
ity (39). In our study, two (25%) of eight invasive isolates
from patients with no signs of STSS produced protease, a
result not significantly different from that reported by
Wheeler et al. (P = 0.193). Todd et al. (31) have shown that
in staphylococci protease activity correlates with the ability
of an organism to cause invasive infections; this may be one
mechanism promoting invasive disease following a cutane-
ous infection.
We also confirm earlier observations that there is a corre-

lation between protease production and the OF- phenotype
(39). In our study, the percentage of strains producing
protease was significantly higher in OF- (19 of 23, 83%)
versus OF' (1 of 7, 14%) strains (P = 0.0008).
Host factors are also very likely to affect the expression

and severity of clinical disease. However, our ability to
demonstrate statistically significant associations between
strain characteristics and clinical components of STSS de-
spite the possible contribution of host factors suggests that
the strength of these associations is valid.
Our data suggest that clinical features constituting strep-

tococcal STSS may result from different pathogenic mecha-
nisms and may represent multiple clinical entities. A syn-
drome of shock and organ involvement, in some patients
occurring with a generalized erythematous rash or desqua-
mation, may occur with infection by a SpeA-producing
strain, most likely an M-1 or an M-3 protein type. A
syndrome of shock and organ involvement with necrotizing
soft tissue involvement may be mediated by a protease-
producing strain.

Further studies with larger numbers of strains are needed
to confirm these associations and to elucidate the regulatory
control of toxin production. These results also indicate the
importance of clearly defining patient groups for analysis on
the basis of specific clinical findings in both clinical and
epidemiologic studies.
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