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Group G beta-hemolytic streptococcus (GGS) strains cause severe invasive infections, mostly in patients with comorbidities.
GGS is known to possess virulence factors similar to those of its more virulent counterpart group A streptococcus (GAS). A
streptococcal invasion locus, sil, was identified in GAS. sil encodes a competence-stimulating peptide named SilCR that activates
bacterial quorum sensing and has the ability to attenuate virulence in GAS infections. We found that sil is present in most GGS
strains (82%) but in only 25% of GAS strains, with a similar gene arrangement. GGS strains that contained sil expressed the
SilCR peptide and secreted it into the growth medium. In a modified murine model of GGS soft tissue infection, GGS grown in
the presence of SilCR caused a milder disease than GGS grown in the absence of SilCR. To further study the role of the peptide in
bacterial virulence attenuation, we vaccinated mice with SilCR to produce specific anti-SilCR antibodies. Vaccinated mice devel-
oped a significantly more severe illness than nonvaccinated mice. Our results indicate that the sil locus is much more prevalent
among the less virulent GGS strains than among GAS strains. GGS strains express and secrete SilCR, which has a role in attenua-
tion of virulence in a murine model. We show that the SilCR peptide can protect mice from infection caused by GGS. Further-
more, vaccinated mice that produce specific anti-SilCR antibodies develop a significantly more severe infection. To our knowl-
edge, this is a novel report demonstrating that specific antibodies against a bacterial component cause more severe infection by
those bacteria.

Large colony-forming group G beta-hemolytic streptococcus
(GGS) was first isolated from humans in 1935, by Lancefield

and Hare, from a case of puerperal sepsis (1). Streptococcus
dysgalactiae subsp. equisimilis (GGS) strains are well known as
commensals and pathogens in domestic animals. In humans,
they may colonize the pharynx, skin, and gastrointestinal and
female genital tracts (2). GGS causes a wide spectrum of human
diseases, ranging from local uncomplicated infections in the
pharynx and skin to life-threatening invasive diseases such as
streptococcal toxic shock syndrome (STSS), bacteremia, and
necrotizing fasciitis (NF) (3).

GGS and group A streptococcus (GAS) are phylogentically
related and share virulence factors such as streptokinase, C5a
peptidase, M protein, and certain exotoxin genes (4–9). Anal-
ysis of a GAS emm14 strain isolated from a patient with NF led
us to identify and characterize the streptococcal invasion locus,
sil, which is involved in GAS spreading into deeper tissues and
is highly homologous to a regulon of Streptococcus pneumoniae
involved in bacterial signaling (10). sil has six open reading
frames (ORFs). silA and silB encode a putative two-component
system, and silD and silE encode two putative ABC transport-
ers. In the middle of sil there are two overlapping genes carried
on different strands, silC and silCR. silC encodes a small pep-
tide linked to virulence, starting with the com box promoter,
while silCR encodes a putative competence-stimulating pep-
tide (CSP). SilCR has the characteristics of a bacterial phero-
mone peptide (11) and includes the RKK motif in the C-termi-
nal end and the Gly-Gly motif (double glycine leader) of the
pre-CSP, a conserved cleavage site predicted to generate a 17-
amino-acid (aa) mature peptide (10).

The exact distribution of sil in different GAS strains is un-

known. However, only three of the 18 GAS strains which have
currently been fully sequenced and for which data are available at
the NCBI have the sil locus. These are MGAS8232 (emm18),
MGAS10750 (emm1), and Alab49 (12–14). Although sil is highly
homologous in these strains of GAS, several point mutations have
been found. Whereas in the genomes of the emm18 and emm1
GAS strains, silCR possesses an ATG start codon (12, 13), in
emm14 the start codon is eliminated due to a missense mutation,
suggesting that the SilCR peptide may not be produced in GAS
emm14 (10). In both the emm18 and emm1 strains, one of the
predicted ATP transporter genes, silD, is truncated due to a point
mutation (10). The secretion and processing of the SilCR peptide
depends on intact transporter genes. The 41-aa SilCR precursor is
exported through silDE and modified to the mature 17-aa active
form. In the MGAS8232 strain, the silD gene is truncated and does
not express the SilCR peptide. Thus, silCR may not be expressed.

We have shown that SilCR may play a role in regulating the
ability of GAS to cause invasive infection. When synthetic SilCR
(BioSight Ltd. Peptide Technologies, Israel) was added to GAS
emm14 growth medium before injection into mice, it prevented
mouse mortality (15).
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In the current work, we studied whether the diminished viru-
lence of GGS compared to GAS is correlated with sil in isolates
obtained from patients with invasive disease. Most invasive GGS
isolates contain sil in one of two types (sil, silS). Relative to GGS,
invasive GAS isolates contain sil less frequently. We found that sil
is present on the streptococcal chromosome in a single copy and
that it is either entirely present or completely absent (silN).

Furthermore, we show that in GGS, SilCR is present on the bac-
terial surface and is also secreted into the growth medium and that the
presence of sil does not necessarily mean that SilCR is expressed. In
the modified murine soft tissue infection model, we show that like for
GAS, adding synthetic SilCR to the growth medium of GGS before
mice challenge attenuates virulence.

We developed a unique model in which mice were vaccinated
with synthetic SilCR and produced specific anti-SilCR antibodies.
Most interestingly, the vaccinated mice developed a significantly
more severe infection than nonvaccinated mice. Histological sec-
tions of the necrotic wound showed numerous polymorphonu-
clear cells (PMNs) at the site of infection. We found that unlike
GAS (15), GGS does not degrade interleukin-8 (IL-8), allowing
PMN migration to the site of infection. We discuss several expla-
nations for this phenomenon.

MATERIALS AND METHODS
Bacterial strains. The GGS isolates used were previously described in a ret-
rospective study of GGS bacteremia (3), where characteristics of the patients
are described. The Hadassah-Hebrew University Medical Center clinical mi-
crobiology laboratory identified 100 isolates from blood of bacteremic pa-
tients as GGS by standard procedures, and the emm types of GGS isolates were
determined as described. Seventy-nine isolates were used for this study (3). A
total of 212 invasive GAS isolates were arbitrarily selected from a larger set of
invasive GAS isolates which were described in a prospective study of invasive
GAS infections (16–18). Of these, 10 were from patients with necrotizing
fasciitis and 70 were isolated from blood cultures.

MGAS8232, an emm18 strain that has had its entire genome se-
quenced (13), was used as a control. JS95, an emm14 strain, was used as a
negative control for SilCR expression. Typically, GGS and GAS were cul-
tured in Todd-Hewitt broth supplemented with 0.2% (wt/vol) yeast ex-
tract (THY) in 37°C. Bacterial strains used for experiments are presented
in Table 1.

DNA methodologies. DNA for PCR was prepared as described previ-
ously (17). Primer pairs used for PCR are presented in Table 2. To deter-
mine the presence of an ATG start codon in silCR, we designed the prim-
ers Allel-A and Allel-G, consisting of the silCR 5= sequence with either A or
G at the 3= end. Allel-A or Allel-G was used with SilB-f1.

Southern blotting of GGS for detection of sil. Southern blotting of
chromosomal DNA was performed according to standard procedures.
Genomic DNA was purified according to protocol (19). Chromosomal
DNA was digested with EcoRV, HincII, and BmgBI and placed on an
agarose gel for electrophoresis (20). The gel was transferred to a nylon
membrane and probed with the PCR product of silCR in GGS strain 3046,
which was treated with the QIAquick PCR purification kit and labeled
with digoxigenin (DIG) (nonradioactive technology to label nucleic
acids).

Identification of SilCR on the bacterial surface. The presence of
SilCR on the bacterial surface was demonstrated by either horseradish
peroxidase (HRP) dot blotting or immunofluorescence (IF) staining. The
HRP dot blotting was performed by placing serial dilutions of an overnight
culture on a nitrocellulose membrane and blocking with skim milk overnight.
The membrane was then incubated with a chicken anti-SilCR antibody for 2
h, followed by incubation with an HRP-conjugated anti-chicken antibody.
The synthetic SilCR peptide (1 �g/�l) was used as a positive control. A GAS
strain that does not express SilCR (JS95) was used as a negative control. For
detection of SilCR on the bacterial surface at different periods of the growth
curve, we took bacteria from an overnight culture and grew them again for 30
min up to 4.5 h. At each time point, bacteria were taken for dot blot detection
of SilCR. The same quantities of bacteria were calculated by optical density
and taken for each period on the growth curve.

IF was performed using bacteria that were washed and diluted in 4%
formaldehyde, washed again, and placed on a polylysine slide. After dry-
ing, the slide was place in phosphate-buffered saline (PBS) with 1% bo-
vine serum albumin (BSA) and 0.2% Triton X-100. The slide was then
incubated with a rabbit anti-SilCR antibody. After incubation, goat anti-
rabbit IgG-fluorescein isothiocyanate (FITC) was added, and results were
read under a fluorescence microscope.

Identification of SilCR secretion in the growth medium. GGS strain
3046 (SilCR positive) and GAS strain JS95 (SilCR negative) were grown
overnight in 100 ml Todd-Hewitt broth. The bacteria were filtered (0.2
�m); the remaining medium was lyophilized and resuspended in 4 ml
PBS. Serial dilutions (200 �l) of this suspension were placed on a nitro-
cellulose transfer membrane using a slot blot unit and kept in skim milk
overnight. The membrane was then incubated with an anti-SilCR anti-
body derived from chicken followed by a second anti-chicken– horserad-
ish peroxidase (HRP) antibody. The synthetic SilCR peptide (1 �g/�l)
was used as a positive control.

CY murine model of NF for GGS. Female BALB/c mice, 3 to 4 weeks old
and weighing �10 g, were used. The transiently compromised state in mice
was achieved by one intraperitoneal (i.p.) injection of 200 mg/kg of the im-
munosuppressive agent cyclophosphamide (CY). Blood counts showed re-
duction of total white blood cells (WBC) and neutrophils. In the immunized
mouse model, mice were given three doses of CY due to their increased weight
and maturity. Four days after the last CY dose, mice were challenged subcu-
taneously with 108 CFU bacteria. For the SilCR virulence attenuation test we
grew bacteria, before injection, in the presence of 100 �g/ml synthetic SilCR.
Mice were monitored for their mobility, hair condition, wound severity,
amount of bacteria in internal organs, and mortality. All animal experiments
were approved by the Hadassah-Hebrew University Medical School Institu-
tional Animal Care and Ethics Committee.

Vaccination of mice against SilCR. Female BALB/c mice, 3 to 4 weeks
old and weighing �10 g, were immunized with SilCR (100 �g/100 �l)
with complete Freund’s adjuvant and 10 days later were administered a
SilCR booster (100 �g/100 �l) with incomplete Freund’s adjuvant.

Detection of anti-SilCR antibodies in mouse blood. Ten days after
last vaccination, blood was examined for the presence of SilCR antibodies.

TABLE 1 Strains used in this study

Strain Description Reference

GAS JS95 emm14 sil 20
GAS 8232 emm18 sil 20
GGS 3046 emmG485 sil This study
GGS 1800 emmG166b silS This study
GGS 4750 emmG840 silN This study
GGS 4674 emmG485 sil This study

TABLE 2 Primers and peptides

Primer or
peptide Description Sequence

Primers
Primer1 emm typing, forward 5=-TATTCGCTTAGAAAATTAA-3=
Primer2 emm typing, reverse 5=-GCAAGTTCTTCAGCTTGTTT-3=
SilB-f1 Detection of sil 5=-GGAGTTGGTTTATCAAATGTCAG-3=
SilD-r1 Detection of sil 5=-ATCTGCCACAAAGACTGATCAAG-3=
PrtS 5= f Detection of protease 5=-CGCAACATCTCACCAATAC-3=
PrtS 5= r Detection of protease 5=-CCCAGTCCTCATCAAAATC-3=
prtS 3= f Detection of protease 5=-GCATAACAGCCCGAGGAAGCAA-3=
prtS 3= r Detection of protease 5=-CATCTGCATCCCGCACAAGGTA-3=
Allel-A silCR start codon 5=-AATTTTATTAGGAGATATTACAATA-3=
Allel-G silCR start codon 5=-AATTTTATTAGGAGATATTACAATG-3=

SilCR peptide Synthetic DIFKLVIDHISMKARKK
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Synthetic SilCR peptide (1 �g/�l) was placed on a nitrocellulose mem-
brane and blocked with skim milk overnight. The membrane was incu-
bated in serial dilutions of the mouse serum and incubated with a Goat
anti-mouse HRP followed with chemiluminescent substrate.

Detection of bacteria in internal organs. At 48 h after challenge with
GGS (strain 3046), mice were sacrificed and the livers and spleens were
harvested and minced in 1 ml PBS. Serial dilutions of the suspension were
cultured for 24 h on blood agar; bacterial colonies were counted to deter-
mine the number of bacteria that spread to the internal organs.

IL-8 degradation test. IL-8 degradation was performed twice and
quantified by enzyme-linked immunosorbent assay (ELISA) using the
Quantikine kit (R&D Systems, Minneapolis, MN, USA) as detailed previ-
ously (15). Briefly, bacteria were grown to log phase and washed, and the
pellets were supplemented with fetal calf serum and incubated with 100 ng
of IL-8 (recombinant human interleukin-8/CXCL8; Peprotech Asia).

Statistical analysis. Descriptive statistics was performed using the
SPSS statistical package release 12.0.2. The chi-square test or Fisher’s exact
test was used for differences in proportions. A two-sided P value of �0.05
was considered significant.

RESULTS
Presence of the sil locus in GGS. Since the sil locus is highly con-
served in at least 3 GAS strains of different emm types, we looked
for its presence in GGS. sil was amplified in one of the GGS isolates
(isolate 4674, emmG485), using the primers described in Materi-
als and Methods. A product of the same size as in GAS was iden-
tified for silB, silE, and of silBCD. Since this suggested that GGS
4674 possesses a homologue of the GAS sil, the whole region was
sequenced. Analysis of the sequence and the open reading frames
revealed that the sil locus in GGS has a gene arrangement similar to
that in GAS (data not shown).

Since it has been suggested that in GAS silCR has a role in
regulating invasive infection, we further examined the sequence of
silCR in GGS to determine whether it is of the ATG variety (in
which silCR is potentially expressed) or the ATA variety (in which
silCR is not expressed). The silCR nucleotide sequence of GGS
isolate 4674 was found to be 100% homologous to that of GAS
emm18 strain 8232. Thus, it possesses an ATG start codon. This

may suggest that silCR can be efficiently translated in the GGS
isolate. The nucleotide sequence of silD in GGS showed that there
is no deletion or termination codon; thus, it possesses an intact
silD ORF, similar to the case for JS95, suggesting that unlike in the
emm18 strain, the SilD ABC transporter is produced in this isolate
of GGS.

Prevalence of sil among GGS isolates. To assess the distribu-
tion of sil in various GGS strains, we screened for its presence in 79
invasive isolates obtained from patients with bacteremia. In 65
isolates (82%), a product encompassing silBCD was amplified in
one of two sizes: the first was similar to the size previously found in
GAS (sil), and the second was shorter (silS) (GenBank accession
number KF188416). As there was the possibility that the remain-
ing 14 isolates harbor only part of the locus or that its genes are
arranged differently, we further examined the silBCD-negative
isolates for the presence of the specific genes in the locus, silB, silC,
and silD, separately. By using seven different sets of primers (not
shown), we found that none of the remaining isolates contained
any of the sil genes. Thus, we concluded that GGS isolates either
possess the locus in one of two forms (sil or silS) or completely lack
it (silN).

Sequence variation of sil in GGS. We compared the sequences
of sil and silS. Whereas the ORFs of silB, silC, and silCR were
conserved, there was an 87-bp deletion in the intergenic region
immediately downstream of the stop codon of silB in silS. This
sequence was deleted in silS and does not affect the expression of
silB or silCR. Outside this deletion, the intergenic silBC region and
the silC/CR coding sequence were completely conserved among sil
and silS.

Of the 65 GGS isolates that possessed the sil locus, 43 (66%)
had silS and 22 (34%) had sil. We found a high correlation between
the presence of sil, its variety (sil/silS), and the emm type (Fig. 1A).
Thus, most isolates of a certain emm type shared the presence or
the absence of sil and the sil or silS pattern. For example, emmG10
and emmG6792 isolates tend to be sil (P � 0.011 and P � 0.035,
respectively), emm6 and emm166B isolates tend to be silS (P �

FIG 1 Distribution of emm type and sil in 79 GGS (A) and 105 GAS (B) isolates. Isolates are arranged according to emm type. The number of circles represents
the number of isolates from the emm type designated above the circles. GGS strains are classified as sil (black circles), silS (striped circles), or silN (white circles),
and GAS strains are classified as sil (black circles) or silN (white circles).
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0.044 and P � 0.012, respectively), and emmG74 and emmG840
isolates tend to be silN (P � 0.005 and P � 0.001, respectively).

Presence of sil in GAS. Since we found in GGS two varieties of
sil, one different from that found in GAS, we screened our collec-
tion of invasive GAS isolates for sil types. Interestingly, silS was not
found among any of 249 GAS isolates. sil was less frequent among
GAS isolates than among GGS isolates (53 positive out of 212
isolates [25%] versus 65 of 79 [82%], respectively; P � 0.0001).

Similar to the situation in GGS, the presence or absence of sil in
GAS was associated with isolate type as determined both by T and
emm typing: increased sil presence was found in T types 3, 4, and
49 (P � 0.013 for all) and emm types 4, 33, 48, and 118 (P � 0.003
for all). In both T1 (22 isolates) and emm1 (17 isolates), sil was not
found (P � 0.01) (Fig. 1B).

We found that in GAS the presence of sil was correlated with
the source and type of infection from which the isolate was ob-
tained; sil was present in 30.9% of isolates obtained from nonne-
crotizing fasciitis invasive soft tissue infections without concomi-
tant isolation from the blood (34 out 110 P � 0.008).
Furthermore, a substantially lower proportion was found for iso-
lates obtained from blood cultures (17.1%, 12 out of 70 isolates;
P � 0.064). Thus, it is suggested that sil is present mainly in the less
invasive GAS isolates. Whether sil actually has a separate role in
the virulence of GAS is not clear. Different emm types are also
associated with various degrees of virulence, and the relative con-
tributions of sil, emm, and perhaps other factors in modulating
virulence cannot as yet be determined.

We conclude that sil is more prevalent in GGS which is rela-
tively less virulent than GAS and is also more prevalent in the less
invasive isolates among GAS.

sil is detected in chromosomal DNA of GGS and GAS. Using
multiple restriction enzyme electrophoresis and hybridization
with a silCR PCR product as probe, we found that sil was present in
a single copy in both GGS strain 3046 and GAS strain JS95 and was
absent in GGS strain 4750 (not shown). The sizes of the digestion
products coincided with the expected sizes as calculated in the
restriction sites in the sil locus.

Start codon of silCR in GGS. We used an allele-specific PCR to
examine whether the GGS isolates harbor an ATG or an ATA start

codon in silCR (21). As controls, we used GAS strains 8232 (ATG)
and JS95 (ATA). The Allel-G primer for the detection of ATG ampli-
fied sil only in GAS strain 8232 and not in JS95. The Allel-A primer for
the detection of ATA gave the opposite results. These PCR results
were in agreement with the sequence data. Using this approach, all
the sil-containing GGS isolates (n � 65) were found to possess an
ATG codon at the start of silCR, suggesting that they can express
SilCR.

SilCR is present on the surface of GGS as detected by dot
blotting and immunofluorescent staining. SilCR was detected by
immunofluorescence using a specific anti-SilCR antibody on the sur-
faces of GGS strains containing sil and silS but was not detected in
GGS strains without sil. Similarly, SilCR was not detected in a GAS
strain which does not have the SilCR start codon (Fig. 2).

SilCR is expressed in correlation with the growth curve and
secreted into the medium. We found that the expression of SilCR
on the surfaces of the bacteria is correlated with the growth curve
progression (Fig. 3A). Similar to expression of the CSP family, the
expression of the peptide peaks in the middle of the logarithmic
growth-time curve expression.

Slot blotting performed on the growth medium during station-
ary phase detected that SilCR is secreted into the medium (Fig.
3B). Specifically, the sil-positive strain GGS 3046 secreted SilCR,
whereas the sil-negative GAS strain JS95 did not.

SilCR protection against GGS challenge. A modified model
for NF (15) using cyclophosphamide was developed to adjust to
the lesser virulence of GGS compared to GAS. Using this model, 6
mice challenged with GGS (strain 3046) grown in the presence of
synthetic SilCR were protected from infection. Mortality rates de-
clined (1/5 mice with SilCR versus 4/5 mice without SilCR), and
the amount of bacteria in the internal organs was significantly
reduced compared to that in 6 mice challenged with GGS grown in
the absence of the peptide (data not shown). Each experiment was
repeated three times.

Vaccinated mice. We vaccinated six mice with synthetic SilCR,
resulting in the production of specific anti-SilCR antibodies (not
shown). When vaccinated, six mice challenged with GGS (strain
3046) developed a significantly more severe infection than six
nonvaccinated mice. This was shown mostly by a larger wound
size at the site of injection (Fig. 4A) (P value for wound size dif-
ference between vaccinated and unvaccinated mice, �0.024) and
a larger amount of bacteria spread to internal organs (Fig. 4B).
This experiment was repeated twice (six mice in each group).

Histological sections of the wounds in the vaccinated mice

FIG 2 Dot blot (left) and immunofluorescent staining (right) demonstrating
the presence or absence of the SilCR peptide on the surfaces of different GGS
strains and GAS JS95.

FIG 3 (A) Dot blot expression of SilCR in a sil strain (G3046) and a silN strain
(G4750) during the growth curve. (B) Secretion of the SilCR peptide to the
growth medium in GAS JS95 and GGS 3046.
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showed greater damage and necrosis of skin tissue than in the
nonvaccinated mice (Fig. 5). There was no difference in amounts
of PMNs and bacteria at the site of infection between vaccinated
and nonvaccinated mice.

IL-8 degradation test. In GAS infection, PMN migration to the
infection site is mediated by IL-8. In GAS JS95, which does not
express SilCR, there is IL-8 degradation. The exogenous adminis-
tration of SilCR to the medium prevents IL-8 degradation by a
specific protease (ScpC) and allows PMNs to migrate to the infec-
tion site. To test whether a similar process is present in GGS, we
performed an IL-8 degradation test to show whether GGS de-
grades IL-8 similarly to GAS (Fig. 6). Three strains of GGS (sil, silS,
and silN) were tested and compared to the control GAS JS95 strain,
which harbors the ScpC (PrtS) serine protease and degrades IL-8.
We found that none of the GGS strains degraded IL-8 regardless of
the presence or absence of sil in the genome.

FIG 4 Comparison between mice vaccinated against SilCR and unvaccinated
mice in a murine model of necrotizing fasciitis. (A) Difference in wound size
after bacterial challenge. (B) Bacterial counts in livers and spleens harvested 48
h after bacterial challenge.

FIG 5 Histological sections of soft tissue infection site stained with hematoxylin and eosin. Abundant PMNs and bacteria are seen in unvaccinated and
vaccinated mice. Greater tissue damage with necrosis of deep fascia is seen in the vaccinated mice.

FIG 6 IL-8 degradation of GGS strains compared to GAS (JS95). None of the
GGS strains degrade IL-8.
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Detection of PrtS (ScpC) in GGS. PCR using two different sets
of primers (see Materials and Methods) was performed. All GGS
isolates (n � 50) were negative for the gene (not shown). Taking
these results together with those of the IL-8 degradation test, we
suggest that GGS has no virulence factor that degrades IL-8.

DISCUSSION

We identified the sil locus in GGS. This locus has previously been
shown to be involved in GAS virulence. sil of GGS is highly ho-
mologous to that found in GAS but is more prevalent. However,
unlike GAS, all GGS isolates that possess sil harbor both intact
silCR and silD and have one of two allele variants, sil or silS.

Transfer of alleles of housekeeping genes from GAS to GCS and
GGS is known (22). The correlation between the presence of sil and
the transposon-mediated tetracycline resistance is supportive of hor-
izontal gene acquisition (unpublished data). Alleles of some house-
keeping genes are diverged in GGS and in GAS (22), and virulence
genes found in both bacteria, such as sagA and spegG, are even less
homologous (79% and 87%, respectively) (23, 24). In light of this
information, the tremendous conservation of the sil is remarkable, as
exemplified by high homology of the ORF of silC in different emm
types of GGS and GAS. The silBC intergenic region is also 100%
homologous (except for the deletion in silS), even though noncoding
sequences are usually less conserved than ORFs.

In this study, we found that the sil locus is present in a single
copy in GGS isolates that are positive for sil by PCR and is not
present in strains negative for sil. Thus, the decreased virulence of
GGS relative to GAS is not due to multiple copies of the silCR gene.
We further describe that the presence of the sil locus in the form of
sil or silS correlates to the T/emm type of GGS and that the silS form
is more prevalent than sil.

Our findings are that in GAS, the presence of sil correlates to bac-
teria isolated from nonnecrotizing fasciitis soft tissue infections,
whereas isolation from blood correlates with the lack of sil. In GGS,
the less virulent streptococcus, there is a high prevalence of sil. Fur-
thermore, sil is not present in any of the GAS emm1 isolates we exam-
ined. This type for years has been considered the leading type associ-
ated with invasive disease. Similar findings were described by Bidet et
al. (25), where none of 19 emm1 isolates had sil. SilCR producers are
less virulent, and SilCR nonproducers are more virulent. The ability
to produce SilCR is determined by the presence of the ATG rather
than the ATA start codon in silCR. The ATG variety was found in all
GGS isolates we examined, supporting this hypothesis. This is similar
to the finding by Belotserkovsky et al., where the GGS isolates they
examined (five isolates) contained ATG (26).

We found (10) in the past that the sil locus is a determinant of
invasion (thus its name, streptococcal invasion locus). It is now
becoming clear that the presence of sil by itself is not sufficient to
determine virulence. Rather, the bacterial ability to produce SilCR
is the important factor influencing virulence.

We identified SilCR on the surfaces of GGS strains positive for
sil but not on those negative for sil. This finding was true for strains
which carry the sil as well as the silS variant. The 87-bp deletion of
silS does not affect the expression of SilCR. We did not identify
SilCR on the surface of GAS which has sil but is defective in the
silCR start codon (strain JS95). Thus, sil not only is present in the
genomes of these strains; it also is expressed on the surface, corre-
lated with the growth progress in the logarithmic phase, and se-
creted into the growth medium.

SilCR belongs to a group of short peptides (CSPs) with the

same structure and a role in signal transduction through bacterial
sensing systems. It is known (11) that the expression of these pep-
tides correlates with the growth phase, which is thus in agreement
with our findings.

In Gram-positive bacteria, quorum sensing involves a complex
of a competence-stimulating peptide, two-component systems,
and ABC transporters. The species specificity of this sort of quo-
rum sensing is allowed by the exquisite specificity of amino acid
sequences of the pheromone peptides (27). It has been shown that
competence-stimulating peptides are secreted and function as sig-
nals for two-component signal transduction systems (28). The sil
locus is a typical peptide/two-component-type circuit of Gram-
positive bacteria. In our current work, we provided proof that
SilCR is expressed and secreted in all GGS strains containing sil
and therefore fits the paradigm of quorum-sensing CSPs.

GAS and GGS strains often coreside in the same niche and may
provide a mechanism of virulence regulation via the same phero-
mone peptide capable of sensing the peptide SilCR, which means
that SilCR can be sensed across these streptococcal species (26).
We speculate that through such communication, the relatively
milder bacterium can control the more pathogenic bacterium and
confine it to a more benign, carrier-state phenotype.

Many common virulence factors are present both in GAS and in
GGS. These include streptolysin S, M protein, streptokinase, C5a
peptidase, and others. However, GGS is a relatively rare cause of se-
vere invasive disease, and when it does cause such disease, it is almost
always in a compromised host. This suggests that other factors in
GAS, which are not present in GGS, account for its higher invasive
potential and virulence. It has been suggested that the paucity of the
GAS pyrogenic exotoxins in GGS may explain why, among the beta-
hemolytic streptococci that cause bacteremia and necrotizing fascii-
tis, GGS is associated with the lowest mortality (23). The sil paradigm
may suggest that it is not only that GGS lacks GAS determinants that
make the latter more virulent but also that it is regulatory circuits that
restrain virulence mechanisms and thus contain GGS infections
within a more benign form.

Taking the results together, we conclude that the GGS strains
may be less virulent because they more often contain sil, express
SilCR, and secrete it, while the more virulent GAS strains tend to
either lack sil or contain sil but lack the ability to express SilCR due
to a defective start codon.

Mice vaccinated against SilCR and challenged with GGS devel-
oped a much more severe disease than nonvaccinated mice. The
traditional concept is that antibodies generated against bacterial
components protect the host against disease. In this study, the
opposite was shown. Antibodies directed against a bacterial pep-
tide increased the severity of the disease. This result supports the
assumption that the SilCR peptide reduces virulence and protects
against severe disease.

sil was first discovered as a virulence factor by transposon in-
sertion into the silC gene. This caused a reduction of virulence
compared to that of the wild-type bacteria. Streptococcal strains
that contain sil and produce the SilCR peptide reduce virulence by
suppression of silC transcription (29). We hypothesize that in the
vaccinated mice, neutralization of SilCR by specific antibodies
allows silC expression, which increases virulence.

In histological sections of the necrotizing fasciitis area, numer-
ous PMNs migrating to the site of infection were seen in both
vaccinated and unvaccinated mice. This is in contrast to what was
observed with GAS (15), where PMNs were not seen at the site of
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severe infection. The ScpC protease has a significant role in viru-
lence of invasive GAS, where it degrades IL-8 and eliminates the
chemotactic activity of PMNs to the site of infection.

We assumed that GGS strains do not possess a serine protease
such as ScpC as GAS does. We showed that indeed the scpC gene is
not found in any of the 50 GGS strains we examined. Further-
more, there was no IL-8 degradation in the strains we tested. This
explains the presence of PMNs at the site of infection and the lesser
virulence of GGS.

Despite the finding that in both vaccinated and unvaccinated
mice there was PMN migration to the infection site, we found a
significant difference in disease severity in the two groups. This
finding may be partially explained by the virulence capacity of SilC
and the ability of SilCR to suppress it, as seen previously (15, 29).
Other, as-yet-undefined reasons for this may exist.

The common perception is that bacterial pathogenicity genes are
often found as discrete islands in the chromosomes and extrachro-
mosomal elements of pathogenic species but are absent from non-
pathogenic members of the same genus or species. In contrast to the
conception that there are factors that promote bacterial virulence, the
idea of bacterial factors that negate pathogenicity is rather novel.

We have previously shown that the SilCR peptide prevents the
development of a fulminant, lethal streptococcal infection in the
mouse model of soft tissue infection (15). We have now discov-
ered that in GGS infection, host antibodies against SilCR increase
disease severity. Such a phenomenon has not been described in the
past and needs further studies in other bacteria.
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