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As part of a national surveillance program on invasive group A streptococci (GAS), isolates that caused
specific manifestations of invasive GAS disease in The Netherlands were collected between 1992 and 1996.
These site-specific GAS infections involved meningitis, arthritis, necrotizing fasciitis, and puerperal sepsis. An
evaluation was performed to determine whether GAS virulence factors correlate with these different disease
manifestations. PCRs were developed to detect 9 genes encoding exotoxins and 12 genes encoding fibronectin
binding proteins. The genetic backgrounds of all isolates were determined by M genotyping and pulsed-field gel
electrophoresis (PFGE) analysis. The predominant M types included M1, M2, M3, M4, M6, M9, M12, and
M28. Most M types were associated with all manifestations of GAS disease. However, M2 was found exclusively
in patients with puerperal sepsis, M6 predominated in patients with meningitis, and M12 predominated in
patients with GAS arthritis. While characteristic gene profiles were detected in most M types, the resolution
of detection of different gene profiles within M genotypes was enhanced by PFGE analysis, which clearly
demonstrated the existence of some clonal lineages among invasive GAS isolates in The Netherlands. M1
isolates comprised a single clone carrying highly mitogenic toxin genes (speA, smeZ) and were associated with
toxic shock-like syndrome. Toxin profiles were highly conserved among the most virulent strains, such as M1

and M3.

Since the mid-1980s, a conspicuous increase in the incidence
of invasive infections caused by group A streptococci (GAS)
has been observed worldwide (3, 9, 10, 18, 27, 37, 38, 53, 70).
Invasive GAS diseases include various clinical syndromes such
as bacteremia, arthritis, pneumonia, puerperal sepsis, menin-
gitis, and necrotizing fasciitis. These infections are often of a
fulminant nature and can be complicated by streptococcal toxic
shock-like syndrome (TSS). This clinical entity is particularly
associated with necrotizing fasciitis but can occur as a compli-
cation of any GAS infection (14, 45, 53, 67). The cause of the
resurgence of severe GAS infections remains enigmatic (14,
49). It has been shown that the immunogenetic background of
the host influences the outcome of invasive streptococcal in-
fection (4, 39, 48). In addition, predisposing factors such as
trauma, diabetes, alcoholism, or varicella have been docu-
mented. Nonetheless, otherwise healthy subjects can be af-
fected as well (15, 38, 41, 62). This observation suggests a
relevant role for changes in bacterial virulence, which was the
focus of this study. The pathogenicity of GAS disease has been
associated with the expression of a plethora of gene products
that comprise extracellular and cell-associated proteins.
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Extracellular proteins that reportedly play a role in the
pathogenesis of GAS are represented by streptococcal exotox-
ins. They include SPE-A, SPE-B, SPE-C, SPE-F, SPE-G,
SPE-H, SPE-J, SSA, and SMEZ, most of which have superan-
tigenic properties that allow them to activate large subsets of T
cells, with massive cytokine release as a consequence (1, 23, 33,
43, 47, 50, 56, 57). They are associated with pyrogenicity and
enhancement of endotoxic shock. Recently, more streptococ-
cal exotoxins have been described (6), and SMEZ has been
identified as the major immunologically active agent (76).

Bacterial attachment to host tissue is the first step leading to
colonization and subsequent development of invasive disease.
Binding of fibronectin promotes adherence to epithelial cells.
Several studies have suggested an association between fi-
bronectin binding and the pathogenic potential of GAS (22, 25,
42, 46, 61, 74, 77). Invasion of streptococci into deeper tissues
may be facilitated by specialized adhesion mechanisms. In ad-
dition, a particular adhesion factor might confer a certain site
or tissue specificity to the GAS (54). Although many adhesins
have been identified, an association of these with clinically
defined syndromes has not been investigated.

The aim of the present study was to further investigate
possible relationships between genes encoding M proteins,
exotoxins, and protein binding factors and the clinical mani-
festations of invasive Streptococcus pyogenes disease. Between
1992 and 1996, all Dutch patients with microbiologically doc-
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TABLE 1. Oligonucleotide primers and reference strains used for gene detection

Gene Reference strain tAﬁr;l;a(l:gﬁ ?:Z?l(lgs;l Primer sequence (5'-3")
speA 05A338 44 248 TAA GAA CCA AGA GAT GG
ATT CTT GAG CAG TTA CC
speB 01A188 42 955 AAG AAG CAA AAG ATA GC
TGG TAG AAG TTA CGT CC
speC 01A188 42 584 GAT TTC TAC TTA TTT CAC C
AAA TAT CTG ATC TAG TCC C
speF 01A188 42 782 TAC TTG GAT CAA GACG
GTA ATT AAT GGT GTA GCC
speG 01A188 42 155 AGA AAC TTA TTT GCC C
TAG TAG CAA GGA AAA GG
speH 01A091 42 416 AGA TTG GAT ATC ACA GG
CTA TTC TCT CGT TAT TGG
spel 01A188 44 535 ATC TTT CAT GGG TAC G
TTT CAT GTT TAT TGC C
smeZ 01A335 44 391 TAA CTC CTG AAA AGA GGCT
CAT TGG TTC TTC TTG ATA AG
ssa 06A047 44 706 AAG AAT ACT CGT TGT AGC
CTC ACT GTC TTA TTA TCG
cpa A95/443 48 1,400 CTC AAA ATG CTA TTT GGT AT
ATT TCC CAT CTT TAG CTA CT
cpa-1 A93/195 48 1,000 TGT GAA CTT CCA TTT TTATT
AGA GTA GCA CAC GAT TTA AG
fba A92/039 46 587 GGT GAT TCA ACA TCA GTT AC
CGT TTT GTG ACT AAA AGA CT
fbp-54 05A338 48 795 CTT CAG AAT CTG TTT CTIT TG
AGT TCA CAG GTT GTC TAT TG
pfbp A94/131 48 597 CTG AAT ATG CTG CTT TTA CT
TTA TCC TTC GTT ACT TCT TG
prif-1 A93/121 46 806 CCT TTG TAG ATT ATG CTC AC
TTC TGT CTC AAC CAT ATT TC
prif-2 A95/443 47 767 AAA GCA ATT ATA TTA CTA ATG
TTT TGT TTC ATA CAG GTC
prif-15 A93/190 48 399 TGG GAG TAC AGA AACTTT TA
ATC AGG TAC ATA TTC AGC AC
sciA 01A188 47 267 TGA CAT CAA AGG AGA GAC AA
CAC GAG CAC CAG CTT TAC
sciB 05A633 47 592 TGA CAA ACA AAC AAA CTC ACT
ATA AAC TGC AAA ATC CCA AA
sfb A95/721 46 1,001 CAT ATC AGG CTT ATT GTT TT
TTC TGT CTC AAC CAT ATT TC
sfb-2 05A633 42 399 ATG ACA AAA GAG AAT TTT GA

TGT GAT ATT TTC ATT TAC CC

umented invasive GAS disease were registered in a national
surveillance study. We selected all GAS isolates from Dutch
patients with necrotizing fasciitis, puerperal sepsis, septic ar-
thritis, and meningitis; determined their M genotypes; and
evaluated them for the presence of 9 exotoxin and 12 fibronec-
tin binding protein genes. This is the first report on an exten-
sive gene analysis of all clinically well-documented GAS iso-
lates obtained in one country over a limited time span.

MATERIALS AND METHODS

Surveillance. From 1992 to 1996, Dutch patients with microbiologically de-
fined invasive GAS disease were registered in a nationwide laboratory-based
surveillance system (62, 63). Isolates were considered pathogenic and invasive
when they were obtained from normally sterile body sites. Upon receipt of an
invasive strain, extensive clinical and demographic data for the patients involved
were obtained by mailing a standardized questionnaire to the treating physician;
the response rate was 57%. For this study, we selected all invasive GAS isolates
that had given rise to meningitis, septic arthritis, necrotizing fasciitis, or puer-
peral sepsis in patients for whom corresponding clinical and demographic data
were known. GAS meningitis was defined on the basis of GAS-positive cultures
of either cerebrospinal fluid or blood, together with clinically defined meningitis.

GAS arthritis was defined on the basis of GAS-positive cultures of either synovial
fluid or blood, combined with clinically defined arthritis. Puerperal sepsis was
defined as postpartum endometritis in combination with positive blood cultures.
The occurrence of clinical complications was registered as TSS and was defined
as the presence of hypotension in combination with at least two of the following:
acute renal failure, coagulation or liver abnormalities, rash, or necrotizing fas-
ciitis (2).

Typing. All GAS isolates were subjected to M genotyping. The M genotype
was determined by hybridization of the denatured emm amplicon with a panel of
26 emm type-specific probes in a reverse line blotting system, as described
previously (36).

Bacterial strains and culture conditions. Strains were grown on blood agar
plates at 5% CO, and 37°C overnight. Genomic DNA as the target for PCR
assays was extracted by heating bacterial suspensions for 10 min at 95°C (64).

Identification of toxin and fibronecting binding protein genes. Sequences
specific for speA (32), speB (34), speC (24), speF (28), speG (56), speH (56), spe]
(56), smeZ (21), ssa (59), cpa (55), cpa-1 (T. Miyoshi-Akiyama, N. Wakisaka, J.
Zhao, and T. Uchiyama, unpublished data), fba (75), fbp-54 (Miyoshi-Akiyama et
al., unpublished), pfbp (61), prtf-1 (66), prtf-2 (29), prif-15 (35), sciA (58), sciB
(78), sfb (72), and sfb-II (40) were detected by PCR on a model 9600 thermo-
cycler (Perkin-Elmer, Gouda, The Netherlands) with the primers listed in Table
1. Amplification of all genes was carried out under the following conditions: an
initial 5-min denaturation step at 96°C, followed by 30 cycles of denaturation at
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TABLE 2. Association of M genotypes with GAS disease and TSS
Discase or TSS I\(I)(fx I\(I)(f).]gg/g) No. (%) of the following M types:

oceurrence cases cases M1 M2 M3 M4 M6 M9 M12 M28 Other*
Meningitis 27 6(22) 8 (30) 0 (0) 4 (15) 2(7) 5 (19) 1(4) 1(4) 0 (0) 6(22)
Arthritis 41 8 (20) 7(17)  0(0) 6(15)  3(7)  2(5 12)  6(15  4(10)  12(29)
Necrotizing fasciitis 61 30 (49) 19 (31) 0 (0) 12 (20) 3(5) 1(2) 4(7) 3(5) 4(7) 15 (25)
Puerperal sepsis 41 37(7) 9(22) 5(12) 1°(2) 3(7) 2(5) 0(0) 1(2) 5(12) 15 (35)
Non-TSS 123 2(13)  4(2) 14 (8) 9(5) 10 (6) 5(4) 905 12(7) 38(22)
TSS 47 214 (45) 1(2) 9(19) 2(4) 0 (0) 1(2) 2(4) 1(2) 10 (21)

“ Single M types representing less then 4% of all isolates (except M nontypeable).

b P < 0.005.
P < 0.025.
4P <0.001.

96°C for 55 s, 65 s of annealing at the appropriate temperature for each gene
specified in Table 1, and 70 s of extension at 72°C, with a final extension step at
72°C for 5 min. All PCR products were subjected to electrophoresis on 1.5%
agarose gels and then stained with ethidium bromide and visualized under UV
light. In another study (64), this PCR protocol had a sensitivity of 96%. To
minimize the risk of possible sequence variation affecting the primer binding site,
for each gene we aligned all published sequences and selected a conserved region
for primer design. Furthermore, partial sequencing of the first amplification
products yielded no nonspecific sequences for any of the 21 genes under inves-
tigation, indicating the complete specificities of the primers used.

Typing by PFGE. For pulsed-field gel electrophoresis (PFGE), the bacteria
were suspended to a density of a McFarland no. 3 standard, and bacterial plugs
were made in 0.75% pulsed-field-certified agarose (Bio-Rad, Hercules, Calif.)
with Tris-HCI and NaCl (pH 8.0) at final concentrations of 10 mM and 1 M,
respectively. After solidification, the plugs were treated with lysis buffer (6 mM
Tris-HCI, 1 M NaCl, 100 mM EDTA [pH 8.0], 0.2% sodium desoxycholate, 0.5%
sodium laurylsarcosine, 0.5% Brij 58) containing freshly added lysozyme (2.88
glliter; Sigma, St. Louis, Mo.) for 48 h at 37°C. After 48 h of incubation at 56°C
in 0.5 M EDTA (pH 9.0)-1.0 g of proteinase K per liter, the plugs were washed
in TE (Tris-EDTA) buffer and stored at 4°C until use. Digestion of the bacterial
DNA was performed with restriction endonuclease Smal (Roche, Almere, The
Netherlands) according to the guidelines of the manufacturer. Restriction frag-
ments were then separated by PFGE in a 1% pulsed-field-certified agarose gel
(Bio-Rad) with 1 ml of thiourea per liter with a CHEF-DRII drive module
(Bio-Rad). The initial pulse time of 1.0 s was increased linearly to 50.0 s over 24 h
at a voltage of 6 V/cm and a temperature of 11.3°C. The gels were then stained
with ethidium bromide for 15 min, and the restriction fragments were visualized
under UV light. The images of the gels were imported into Gelcompar software
(version 4.1; Applied Maths, Kortrijk, Belgium) by using band-based clustering,
and the banding patterns were evaluated for each individual M type. By use of
the dendrogram, isolates with a genetic relatedness of >80% were considered to
represent the same PFGE type. Confirmation of genetic similarity or difference
was performed by visual interpretation of the gels.

Statistical analysis. Chi-square tests were performed to compare data from
patients with different site-specific infections. P values <0.05 were considered
significant. To show more complex relationships between some virulence genes
and site-specific disease independent of the M genotype, logistic regression was
performed by using SPSS (version 10) software.

RESULTS

Surveillance. In our nationwide surveillance system, a total
of 170 isolates were obtained between 1992 and 1996 from
patients with microbiologically defined cases of invasive GAS
disease causing meningitis (27 of 170), arthritis (41 of 170),
necrotizing fasciitis (61 of 170), and puerperal sepsis (41 of
170). Twenty-eight percent (47 of 170) of these cases of inva-
sive GAS disease were complicated by the occurrence of TSS.
The isolates were derived from 170 different patients and rep-
resented 26% (170 of 650) of a collection of all isolates from

patients infected with invasive GAS isolates that were sent to
the national public health laboratory during the time period.

Typing. In order to establish whether there is a relationship
between genetic profile and disease type, all isolates were sub-
jected to M genotyping and PFGE analysis. Table 2 shows the
results of M genotyping of the isolates involved in the four
different site- or tissue-specific infections. A total of 20 differ-
ent M types were detected; however, 30 isolates could not be
typed because of a lack of hybridization with any of the oligo-
nucleotides used. Predominant M types were defined as those
that contained five or more isolates that could be typed. These
predominant M types were M1 (25% of isolates), M2 (3%),
M3 (14%), M4 (6%), M6 (6%), M9 (4%), M12 (6%), and M28
(7%). They comprised a total of 122 (72%) of all M types
involved and were nonuniformly distributed among the pa-
tients with different site- or tissue-specific infections. Remark-
ably, M1 predominated in TSS cases but was not as prevalent
in non-TSS cases (21 of 47 and 22 of 123, respectively [P <
0.001]). TSS was seen as a complication in all groups with
invasive GAS diseases but significantly less often in patients
with puerperal sepsis (3 of 41 versus 44 of 129 [P < 0.001]). M3
also tended to be overrepresented among TSS cases, but this
was not supported by statistical significance.

PFGE and identification of toxin and fibronectin binding
protein genes. Figure 1 shows the PFGE patterns and their
relation to the M types. Among the eight predominant M types
(ie., M1, M2, M3, M4, M6, M9, M12, and M28), we found 23
different patterns with differences of more than three bands
(Fig. 1 and Table 3). Clonal lineages were demonstrated
among M1, M3, M6, and M12 isolates, whereas M2 isolates
were genetically very different.

The relationship between the distributions of the 21 genes
for which the isolates were tested and the genetic backgrounds
of the isolates, as defined by M genotyping and PFGE analysis,
is shown in Table 3. M1 and M3 strains shared a number of
striking similarities. They represented 39% of all isolates
tested, and all of these isolates except for one M3 isolate
carried an speA allele and were lacking the speC gene. cpa-1
and fbp-54 were found exclusively in all M1 strains. Further-
more, the smeZ gene was found in all M1 isolates, a feature
shared only with all M4 strains. In M3 strains, the existence of
the ssa allele stood out. The M2 group of strains showed a
large degree of genetic variability in terms of both their PFGE
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FIG. 1. PFGE patterns of Smal-digested chromosomal DNA and their association with M type and TSS. The numbers before the multiplication
signs indicate the numbers of isolates of the indicated M type. nt, nontypeable.
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TABLE 3. Distribution of virulence genes among predominant M and PFGE types
Presence of toxin genes Presence of fibronectin binding protein genes
M type  Pulsotype
speA  speB  speC speF speG speH spel smeZ ssa cpa cpa-1 fba fbp-54 pfop prif-1 prtf-2 prtf-15 sciA sciB  sfb  sfb-2
Ml 1A(@n=43) + + + o+ + o+ + o+ o+ + o+
M2 2A(n=1) + + + + + + + o+ o+ 4+
2B (n = 1) + + o+ + + + +
2C(n=1) + o+ o+ 4+ + + o+
2D (n = 1) + o+ o+ 4+ + + o+
2E(n =1) + o+ o+ 4+ + + + o+
M3 3A(n=20) + + + o+ + +  +
3An=1) + + + o+ + +
3A(n=1) + + + o+ +
3B(n=1) + + + + +
M4 4A (n =4) + + + + o+ + +
4A (n =2) + o+ 4+ + 4+ + + o+
4B (n = 2) + o+ 4+ + 4+ + + o+
4B (n=1) + o+ 4+ + 4+ + +
4C (n =2) + o+ 4+ + 4+ + +
M6 6A (n = 6) + + + + + + +
6A(n=2) + + + + + + + +
6A (n = 2) + o+ o+ 4+ + +
6A (n = 1) + o+ o+ 4+ + + o+ o+
M9  9A (n = 3) + + o+ o+ + + +
9B (n = 1) + + o+ + + +
9C (n = 1) + + o+ + +
9D (n = 1) + + o+ 4+ + + + o+ o+
M12 12A (n = 4) + o+ o+ o+ o+ + + +
12A (n = 3) + o+ o+ o+ 4+ + + + o+
12A (n = 2) + o+ o+ o+ 4+ + + + o+ o+
12B (n = 1) + o+ o+ o+ 4+ + + + o+
12B (n = 1) + + o+ 4+ + + + + o+ o+
M28 28A (n =5) + + + + + + + + + +
28A (n = 1) + o+ o+ 4+ + + + +
28B (n = 1) + o+ o+ 4+ + + + + + 4+
28B (n = 1) + o+ o+ 4+ + + + +
28C (n = 2) + o+ o+ 4+ + + + o+ o+ 4+
28D (n = 2) + o+ o+ 4+ + + + o+ o+ 4+
28E (n = 1) + o+ o+ 4+ + + 4+

types and their gene profiles. M4 strains were characterized by
the absence of speG and the presence of ssa, smeZ, and fba.
Size variations were observed for the fba gene, as well as for
the prtf and sfb genes. M6 isolates were found to be positive for
speC, prtf-1, and, in most cases, sped. In general, PFGE al-
lowed a better distinction of the different gene profiles than M
genotyping, although some slight variations were observed
among isolates indistinguishable by PFGE (i.e., pulsotypes 3A,
4A, 4B, 6A, 12A, 12B, 28A, and 28B) as well as identical
patterns among different PFGE types (i.e., pulsotypes 4B and
4C and pulsotypes 12A and 12B).

To uncover potential associations of virulence genes and
types of GAS disease, the rate of occurrence of these genes in
isolates that had given rise to the different manifestations of
invasive streptococcal disease was analyzed. Some toxin and
matrix binding protein genes were nonuniformly distributed
among the GAS isolates causing different types of disease
(Table 4). However, most of these correlations reflect the
M-type distributions among the various site-specific infections

(Table 2) and the association of these M types with certain
genes (Table 3). For instance, within the group of isolates
causing meningitis, speA and prtf-1 predominated, a represen-
tation of the genetic makeup of meningitis-specific genotype
MB6. In isolates that had given rise to GAS arthritis, speH and
pfbp were predominant (M12), as was the case for speC, prtf-15,
and sfb among isolates causing puerperal sepsis, in which M2
was exclusively found. The overrepresentation of the fba gene
among the isolates causing puerperal sepsis, however, could
not be attributed to an association of one M type with puer-
peral sepsis. In this case, different strains shared one gene that
gave rise to a similar clinical syndrome. Remarkably, no spe-
cific toxin genes or genes encoding matrix binding proteins
were associated with necrotizing fasciitis.

The invasive isolates were scrutinized for the existence of a
toxin gene profile associated with severe disease, as defined by
TSS. The distribution of genes significantly associated with a
severe clinical outcome is illustrated in Table 5. The toxin
genes significantly overrepresented among isolates causing
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TABLE 4. Association of gene profile and type of invasive GAS disease

No. No. (%) of isolates with the following genes:
Disease of
cases speA speC speH fba pfop prif-1 prif-15 sfb
Meningitis 27 17 (63) 11 (41) 1(4) 16 (59) 1(4) 5° (19) 1(4) 3(11)
Arthritis 41 15 (37) 19 (46) 12°(29) 24 (59) 10° (24) 2(5) 7(17) 9(22)
Necrotizing fasciitis 61 31(51) 16 (26) 8 (13) 45 (74) 8 (13) 1(2) 9 (15) 9 (15)
Puerperal sepsis 41 14 (34) 25¢(61) 2(5) 354(85) 2(5) 3(7) 15¢(37) 15° 37
“P <0.05.
b p < 0.01.
¢ P < 0.001.

TSS were smeZ and speA, whereas the presence of speC ap-
peared to be associated with a more favorable course of inva-
sive GAS disease. This is again a reflection of the genetic
makeup of those M genotypes associated with the development
of TSS (i.e., M1 and M3).

DISCUSSION

The reemergence of severe invasive GAS infections pro-
vided impetus to scientists and epidemiologists to define the
factors responsible for disease manifestations and clinical out-
comes. Traditionally, M1 and M3 serotypes that contain the
speA and speB genes have been particularly implicated in the
pathogenesis of invasive GAS disease (10, 26, 27, 37, 45, 52, 62,
73). More recently, the importance of other GAS virulence
factors has been underscored in several studies (11, 47, 50, 51,
76). In this study we have focused on GAS strain characteris-
tics and their correlation to clinical syndromes. To this end we
analyzed all microbiologically defined cases of meningitis, ar-
thritis, necrotizing fasciitis, and puerperal sepsis in a national
surveillance study conducted in The Netherlands between 1992
and 1996. Twenty-eight percent of these infections were com-
plicated by the occurrence of TSS. To address the question of
the intrinsic virulence in GAS, the strains were characterized
for their M types, PFGE types, and the presence of genes
encoding toxins and matrix binding proteins.

In accordance with other studies (5, 15, 38), M1, M3, M12,
and M28 isolates were the most frequently present. Interest-
ingly, the different manifestations of invasive GAS disease
(meningitis, arthritis, necrotizing fasciitis, and puerperal sep-
sis) appeared to be associated with certain M types (Table 2).
M2 was found exclusively in puerperal sepsis cases, whereas
M3 was a rare causative agent of this disease. M6 was associ-
ated with meningitis, and M12 was associated with arthritis.
M1 was distributed equally among cases of these four different
manifestations of invasive GAS disease, while no particular M
type was associated with necrotizing fasciitis. A preferential

distribution of different M genotypes in skin and throat isolates
has been well described (7, 8), but this is the first report of a
nonrandom distribution of M genotypes among cases of the
different clinical manifestations of invasive GAS disease.

Among all invasive isolates, the development of TSS was
caused primarily by M1 types. The overrepresentation of M1
isolates among isolates responsible for TSS implies an in-
creased intrinsic virulence for isolates of this M type. In the
past, a large number of different studies that corroborate this
notion have been published (13, 19, 20, 26, 30, 45, 60, 65, 71).
A recent publication by Johnson et al. (31) could not identify
a virulent clone among isolates of serotypes M1, M3, and M28
but suggested that the prevalence of the “virulent” clones re-
flected their normal prevalence in the population. Nonethe-
less, those investigators “still favor the hypothesis that GAS
strains of M-types 1 and 3 have an increased association with
invasive infections.” On the basis of an increased propensity of
the M1 and M3 types among all invasive GAS isolates in our
study to cause TSS, we agree with the notion that these strains
have increased intrinsic virulence.

All strains with the same PFGE pattern belonged to the
same M type. As expected, PFGE proved to have a discrimi-
natory power superior to that of M genotyping (68). Clonality
was observed among isolates of the M1, M3, M6 and M12 types
(Fig. 1 and Table 3). In contrast, a larger degree of heteroge-
neity was found among M4, M9, M12, and M28 isolates; and
no homology was observed among the M2 types. The M1
isolates constituted the largest cluster of strains (n = 43).

In order to study the strain characteristics contributing to
aggressive clinical behavior, the isolates were evaluated for the
presence of different toxin genes and other presumptive viru-
lence factors encoded by chromosomal as well as plasmid-
located genes. We showed that the patterns of the protein
binding factor and toxin genes were exclusively associated with
particular M types. Similarly, Natanson et al. (46) reported on
the detection of the prtf protein in M6 and M28 strains and

TABLE 5. Association of gene profile and development of TSS

No. No. (%) of isolates with the following genes:
TSS occurrence of
cases speA” speC smeZ® cpa-1° fbp-54° prif-1¢ sfb¢
TSS 47 29 (62) 10 (21) 22 (47) 20 (43) 20 (43) 0 (0) 3(6)
Non-TSS 123 48 (39) 61 (50) 32 (26) 23 (19) 23 (19) 11 (9) 33(27)
4P <0.01.
b P < 0.001.

P < 0.05.
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found that it was absent from M1, M3, and M18 isolates. Also,
the presence of pfbp in M12 strains and its association with
prif-2 have been reported previously (29, 61). We noted size
variations in the sfb, prtf, and fba genes. This has been reported
to be the result of intragenic repeats (46, 72, 74). The size of
the fba gene in M1 isolates was unique to this genotype.

Some of the observed associations between M types and
toxin genes have been reported by others. Murakami et al. (44)
detected the ssa gene in the majority of M2 and M4 strains.
Furthermore, they detected speC, speG, and speH in all M12
isolates as well as the absence of the speG gene in M4 isolates.
These findings, with the exception of the presence of ssa in M2
strains, are completely in accordance with those of our study.
Descheemaeker et al. (17) described the exotoxin gene profile
of their M1 genotype as speA, speB, and speF positive and speC
and ssa negative. To this profile we would like to add the speG-,
speJ-, and smeZ-positive and speH-negative genotype as well as
the exclusive presence of cpa-1 and fbp-54. In M1, the exclusive
combination of spe4 and smeZ, which both encode proteins
known to be major immunoactive agents, might contribute to
increased intrinsic virulence. Although it is speculative, the link
between M types and the presence of virulence genes appears
to be best conserved for the most virulent M types, such as M1
and M3. Their specific set of virulence genes might render
them more successful as pathogens.

Since we do not know if particular virulence factors are
involved in different types of invasive GAS disease, we
searched for a particular site-specific profile. Different reper-
toires of adhesins and the interactions of different adhesins
with each other may determine tissue tropism and the patho-
genicity of S. pyogenes (16). Therefore, isolates with differences
in tropism (i.e., isolates causing meningitis, necrotizing fasci-
itis, arthritis, and puerperal sepsis) were differentiated as non-
TSS and TSS isolates and were analyzed for the presence of
microbial surface adhesins as well as superantigens. We sought
to define a “pathogenic” toxin gene profile that resulted in the
development of severe complications such as TSS. Although
the presence of some factors such as speA or smeZ, as opposed
to speC, appears to be positively correlated with the develop-
ment of severe complications, the development of severe com-
plications in patients infected with strains with these genes is a
reflection of the association of these genes with the M1 and M3
types. The same applies to genes found significantly more often
in association with GAS strains responsible for infections at
the different sites. Most of these associations mirror the dif-
ferences in M-type distributions seen in different disease man-
ifestations and the correlation of these M types to various
virulence genes. However, the overrepresentation of the fba
gene among isolates causing puerperal sepsis could not be
attributed to the association of one M type with puerperal
sepsis. This was the only gene shared by different strains that
gave rise to a similar clinical syndrome.

In conclusion, the profiles of exotoxin and protein binding
factor genes were closely associated with M types. Each M type
was characterized by one or two dominant gene profiles that
were exclusive for a given type, whether or not these profiles
also included a variable number of less frequently occurring
patterns. How can the linkage between M types and gene
profile be explained? Most genes analyzed in this study are
located on bacteriophages. A phenotypic correlation between
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resistance to bacteriophage infection and M-protein surface
expression has been described (12, 69). Thus, the nonrandom
association between M types and gene distribution that was
observed could suggest a direct or indirect biological interac-
tion between M-protein surface structures and bacteriophages.
In our study, toxin and protein binding factor gene profiling
revealed for each M type a number of less frequent profiles, in
addition to one or two dominant toxin profiles. Remarkably, all
gene profiles were exclusive for their respective M types. Al-
though this illustrates the fundamental nature of the lines of
division drawn by M typing, the different genotypes were dis-
tinguished at a higher resolution by PFGE.

Toxin profiles are highly conserved among the most virulent
M types (M1 and M3). These strains do not seem to easily
incorporate or release any virulence genes, suggesting that an
optimal composition for their pathogenetic potential has been
achieved. In this respect, it is noteworthy that in a study in
Japan (44) the genotype profiles of M1 isolates changed from
the lack of speA in the early 1980s to a speA-positive genotype
in the 1990s. Furthermore, most associations between the clin-
ical manifestations of invasive GAS disease and virulence
genes could be attributed to the nonrandom distribution pat-
terns of M types among the isolates that cause these clinical
manifestations. However, this reasoning could well be re-
versed: the M type associated with the presence of genes en-
coding exotoxins and extracellular matrix binding proteins,
which enable the streptococcus to selectively interact with cer-
tain extracellular matrix components of different tissues and
organs, might explain the observed tropism of particular M
types for certain organs. This view is further supported by the
observation that one matrix binding gene (fba) was more
strongly correlated with a particular GAS disease manifesta-
tion than one particular M type. Nonetheless, in this geograph-
ically and temporally narrowly defined study, a diversity of
clones displaying specific genetic patterns proved to have the
capacity to cause similar types of invasive disease. This under-
scores the complexity of the interplay between bacterial viru-
lence factors, bacterial gene regulation, and host factors.
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