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Abstract Among clinically isolated f-hemolytic strep-
tococci, Streptococcus pyogenes and S. agalactiae were
considered the main pathogens in humans until recently. In
1996, S. dysgalactiae subsp. equisimilis (SDSE) was pro-
posed as a novel taxon among human-derived streptococcal
isolates. SDSE has Lancefield group C or G antigens,
exhibits strong f(-hemolysis, and exerts streptokinase
activity upon human plasminogen and proteolytic activity
upon human fibrin. Similarly to group A streptococci,
SDSE possesses virulence factors including M protein,
streptolysin O, streptolysin S, streptokinase, hyaluronidase,
C5a peptidase, and others. SDSE may exist among the
normal flora of the skin, oropharynx, and gastrointestinal
and genitourinary tracts. In the twenty-first century, inva-
sive SDSE infection (i.e., cellulitis, urosepsis, and pneu-
monia) leading to various disseminated diseases is being
diagnosed increasingly in Japan, elsewhere in Asia, in
Europe, and in America. Particularly, among elderly
patients, these invasive diseases are encountered increas-
ingly in Japanese hospital emergency departments. Anal-
ysis of the part of the emm gene encoding the amino acid
sequence at the N-terminal end of the M protein is used to
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determine the molecular epidemiology of SDSE. The dis-
tribution of emm types from patients with invasive or
noninvasive infections differs between surveillance results
from different countries. In this review, we summarize the
characteristics of phenotypes and virulence factors in
SDSE strains; the review also focuses on emerging SDSE
infectious disease and future vaccination research.
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Introduction

The p-hemolytic streptococci are common pathogens
causing community-acquired infections. To distinguish
between species of f-hemolytic streptococci, clinical lab-
oratories usually use Lancefield typing, which is based on
sero-agglutination involving C-polysaccharide antigens on
the bacterial cell surface. In general, fi-hemolytic strepto-
cocci isolated from humans may possess any of Lancefield
group A, B, C, G, F, or L antigens. Of these isolates, only
group A streptococci (GAS; Streptococcus pyogenes) [1]
and group B streptococci (GBS; S. agalactiae) [2, 3] were
considered important pathogens in clinical settings until
recently. Other streptococci belonging to groups C or G
were thought to show extremely low pathogenicity, except
in patients with certain predisposing medical conditions.
In 1996, Vandamme et al. [4] proposed that a novel
subspecies, S. dysgalactiae subsp. equisimilis (SDSE), was
a clinical pathogen. This microorganism possesses group C
or G antigens (rarely, A antigen), and exhibits strong
f-hemolysis. Distinct categories of C or G streptococci
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include the S. anginosus group, consisting of S. anginosus,
S. constellatus subspecies constellatus, S. constellatus subsp.
pharyngis, and S. intermedius. The S. anginosus group is
easily distinguished from SDSE on the basis of biologic
characteristics and colony size on sheep blood agar plates.

Beginning around 2000, invasive infections such as bac-
teremia caused by SDSE have been reported increasingly
worldwide, as well as those caused by GAS and GBS [5-8].

In this review, we summarize the characteristics of
phenotypes and virulence factors in SDSE strains, and
describe the emergence of invasive SDSE infection in
Japan and other countries. Our review also provides per-
spectives on SDSE as an emerging infectious disease and
on future vaccination research.

The novel taxon and its biologic characteristics

Phenotypic characteristics including Lancefield antigen,
hemolysis type, colony size, hosts, and biochemical prop-
erties are summarized for the important f-hemolytic
streptococci in Table 1 [9]. Lancefield serologic differen-
tiation [10] does not correspond to individual species of
streptococci.

For example, streptococci having group C antigen
include the following taxa; fS-hemolytic Streptococcus
dysgalactiae isolated from human specimens, f-hemolytic
S. dysgalactiae from porcine specimens, o-hemolytic
S. dysgalactiae from bovine specimens [11], 2 f-hemolytic
subspecies of Streptococcus equi (subsp. equi and subsp.
zooepidemicus) from equine specimens, and a ff-hemolytic
small-colony Streptococcus anginosus group from human
specimens [12, 13].

Table 1 Phenotypic characteristics of ff-hemolytic streptococci

Analogously, streptococci having group G antigen
include S. dysgalactiae isolated from human specimens,
an S. anginosus group from human specimens, and /-
hemolytic Streptococcus canis from bovine, canine, and
feline specimens [14]. The fS-hemolytic streptococci with
group L antigen also belong to S. dysgalactiae [15]. Thus,
S. dysgalactiae consists of at least 5 distinct subgroups
based on the findings of serogroup, host, and hemolysis
type.

In 1996, two subspecies of S. dysgalactiae were pro-
posed as new taxa by Vandamme and colleagues [4]: SDSE
and S. dysgalactiae subspecies dysgalactiae (SDSD). The
former, isolated from humans and animals, showed strong
f-hemolysis, and the latter, isolated only from animals,
showed o-, -, or no hemolysis.

SDSE commonly possesses group G or C antigens and
rarely group A antigen [16-19]. This pathogen forms
large, glossy colonies that produce strong f-hemolysis on
sheep blood agar plates after CO, incubation at 37°C,
as opposed to hemolysis from GAS. However, rarely,
SDSE may show o- or no hemolysis [20-22], similar to
GAS.

The main biologic characteristics of SDSE are resistance
to bacitracin, negativity to the pyrrolidonyl-arylamidase
(PYR) test, negativity to the Voges—Proskauer test, posi-
tivity to the f-p-glucuronidase test, and negativity to the f-
galactosidase test [23]. The PYR test is very useful for
distinguishing SDSE from GAS, which uniformly shows
positivity.

Figure 1 shows typical features of colonies of GAS and
SDSE isolated from human or porcine specimens, and
SDSD isolated from a porcine specimen, as well as S.
anginosus from a human specimen.

Species Lancefield Hemolysis Colony size Hosts BA PYR CAMP VP pB-GUR fS-GAR
group type

S. pyogenes A p Large Humans + + — - - v

S. agalactiae B p Large Humans, cows - = + - v —

S. dysgalactiae subsp. A CG p Large Humans - - - -+ —
equisimilis

S. dysgalactiae subsp. C, L None, «, Large Animals (pigs, cows) - - - - + —
dysgalactiae ()

S. equi subsp. equi C p Large Horses - - - - + -

S. equi subsp. zooepidemicus C p Large Animals (horses, pigs), - - — - 4+ -

humans
S. canis G B Large Animals (cows, dogs, cats) — — + - v -
S. anginosus group® A,C,G,F, f,a none Small Humans - = — + - -
none

BA bacitracin, PYR pyrrolidonyl-arylamidase test, CAMP factor reaction (synergistic hemolysis in presence of S. aureus [-hemolysin), VP
Voges—Proskauer test, f~-GUR f-p-glucuronidase test, f-GAR f-galactosidase test, 4 positive, — negative, v variable

* S. anginosus group includes S. anginosus, S. constellatus, and S. intermedius

S. intermedius alone gives a positive result for the f-galactosidase test
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Fig. 1 Morphologic and hemolytic features of colonies of Streptococcus
pyogenes from a human specimen (a), S. dysgalactiae subsp. equisimilis
from a human specimen (b), S. dysgalactiae subsp. equisimilis from a
porcine specimen (¢), S. dysgalactiae subsp. dysgalactiae from a porcine

Molecular characteristics of SDSE

SDSE possesses many virulence factors that are similar to
those of GAS [24]. These factors may be divided into 3
categories, including bacterial products contributing to cell
attachment or escape from host immunity (i.e., resistance
to phagocytosis), toxins and proteases, and regulatory
factors controlling expression of the products.

Factors contributing to cell attachment or escape from
host immunity include M protein (encoded by the emm
gene), streptokinase A (ska), streptococcal CS5a peptidase
(scpA), hyaluronidase (hyl), fibronectin binding protein
(fbp), collagen binding protein, laminin binding protein
(Imb), and others. Streptolysin S (sagA) [25, 26], strepto-
lysin O (slo), and hemolysin (hlylll, helAl) represent toxins
or proteases, while M protein transacting positive regula-
tion (mga) [27], CovR (covR), CovS (covS), and others are
regulators of product expression.

Among these virulence factors, sequence analysis of the
emm gene, which encodes the M protein on the cell surface,
is often used in molecular epidemiologic studies concern-
ing outbreaks of invasive or noninvasive SDSE infections.
The first 300 highly variable bases of the 5’ end of emm
gene sequences for the SDSE strains were sent online to the
Centers for Disease Control (CDC) for comparison with
those in the CDC emm sequence database (http://www.
cdc.gov/ncidod/biotech/strep/strepblast.htm) [3, 28, 29].
An emm genotype showing more than 98% homology with
the CDC reference strain was identified as that particular
emm type.

Streptokinase, which dissolves human fibrin [30], and
C5a peptidase, which dissolves the complement component
C5a, and also inhibits neutrophil migration [30], are the
major factors associated with invasive SDSE infection.

Miyoshi-Akiyama and Murayama recently completed
whole-genome analyses of the original 2 SDSE isolates
[GGS_124 (GenBank accession no. AP010935) and
RE378], demonstrating a 61 to 63% overlap between this
subspecies and GAS genomes; overlap between the sub-
species and GBS genomes was 15% (unpublished data).
Ahmad and colleagues [31] have deduced genetic rela-
tionships from emm genotyping and multilocus sequence

specimen (d), and S. anginosus from a human specimen (e). These
microorganisms were cultured on sheep blood agar plates in a 5% CO,
atmosphere at 37°C for 20 h

typing of SDSE from isolates collected in the United
States, concluding that phylogenetic relationships between
SDSE and GAS alleles reflected a history of interspecies
recombination, with either species frequently serving as the
genetic donor. Accordingly, the genomic characteristics of
SDSE appear to differ from those of GBS, being somewhat
more similar to those of GAS. In further investigations,
virulence factors specific to SDSE as opposed to GAS
should be determined to clarify the pathogenesis of SDSE
infection.

Emergence of invasive SDSE infections

SDSE may sometimes be isolated as normal flora from the
skin, oropharynx, and gastrointestinal and genitourinary
tracts, also having been identified in respiratory tract
specimens from patients with noninvasive SDSE diseases
[29]. Invasive infection is defined as the isolation of SDSE
from a normally sterile site (i.e., blood, cerebrospinal fluid,
joint fluid, ascites, or pleural effusion) [3, 23, 29]. Since
2003, the prevalence of invasive SDSE infections, includ-
ing streptococcal toxic shock syndrome (STSS) and severe
soft tissue infection [26, 30, 32], has increased gradually
each year in Japan. Several SDSE cases including thoracic
empyema with gas formation [33], an apparently organiz-
ing pneumonia [34], gas gangrene in both legs resulting in
amputation of the right leg [35], and acute peritonitis with
salpingitis associated with STSS [22], have been reported
in Japan.

Our group (Ubukata and colleagues) [3] conducted
active laboratory-based surveillance for invasive SDSE,
GAS, and GBS infections from August 2006 to July 2007,
including 142 medical institutions participating in the
Invasive Streptococcal Disease Working Group established
at the 19th Annual Meeting of the Japanese Society for
Clinical Microbiology. Clinical isolates (n = 286) from
patients with invasive infections were identified as SDSE
strains, while GAS (n = 116) and GBS (n = 183) isolates
were also collected until the present time (end of 2009).

Figure 2 shows age distribution according to our origi-
nal data, showing a difference between patients with
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Fig. 2 Numbers of patients with invasive infections caused by
Streptococcus dysgalactiae subsp. equisimilis (n = 281), S. pyogenes
(n = 112), and S. agalactiae (n = 180), shown by age group. Patients
with insufficient data were excluded. Data were modified from those
of Ref. [3]

invasive SDSE disease and those with GAS or GBS
infections. All patients with invasive SDSE infection were
adults, who often were elderly, while GBS infected some
patients 4 months old or younger, in addition to adults.
Another investigation [29] also indicated that invasive
SDSE infection (n = 42) occurred mostly in patients at
least 50 years old, especially in elderly adults (60-
80 years).

Underlying medical conditions in subjects with GAS
infection (60.3%) were less frequent than in patients with
SDSE (78.8%) or GBS (88.2%) [3]. In another study [29],
severe underlying conditions (i.e., diabetes mellitus, liver
or renal dysfunction, and others) were associated with
85.7% of invasive SDSE infections.

Figure 3 indicates the hospital departments at which
patients with invasive SDSE, GAS, or GBS diseases pre-
sented. Some patients with SDSE infection presented to the
department of orthopedics as well as to the emergency and
internal medicine departments [3].

Fig. 3 Hospital departments at
which patients with invasive

(=]

Invasive SDSE infections included sepsis with no known
focus, cellulitis, septic arthritis, pneumonia, necrotizing fas-
ciitis, meningitis, infectious endocarditis, STSS, abscesses at
sites other than skin, osteomyelitis, and others [3]. Interest-
ingly, sepsis with no known focus was more frequent among
GBS-infected patients than among SDSE-infected or GAS-
infected patients, while cellulitis was less frequent among
GBS-infected patients than among SDSE-infected or GAS-
infected patients [3] (Fig. 4). Patients infected with SDSE
presented more often with septic arthritis than those infected
with GBS, while patients with GAS infection had abscesses
involving sites deeper than the skin more often than did
patients with SDSE infection [3].

Concerning the disease outcome of SDSE infection,
rates of mortality and post-infection sequelae were 12.7
and 5.3%, respectively [3]. No difference in the frequency
of poor outcome (death or post-infective sequelae) was
evident between SDSE, GAS, and GBS infections. In
addition, poor leukocytic responses (<5000 cells/puL) and
thrombocytopenia on admission were associated with a
high risk of poor outcome of invasive SDSE infection [3].

The emm type stG6792 confirmed most frequently in
SDSE isolates (n = 65; 22.7%), was more strongly related
to poor outcome of SDSE disease than were other SDSE
emm types [3]. We should continue to survey invasive
SDSE infections to further clarify relationships between
outcome and clinical laboratory data or emm types in the
Japanese population.

As for emm types of SDSE in our investigation, most
strains showed stG6792.3 (n = 54) and displayed similar
DNA profiles with pulsed-field gel electrophoresis (PFGE),
suggesting the clonal expansion of a specific subpopulation
of strains rather than the spread of distinct strains [3]
(Fig. 5). Judging from the CDC database concerning emm
type sequences, the stG6792.3 reference strain appeared to
be derived from a streptococcal isolate in India, suggesting
that this strain might have spread from India to Japan. In
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Fig. 4 Percentages of clinical
syndromes among patients at
least 15 years old with invasive
infection caused by
Streptococcus dysgalactiae
subsp. equisimilis (n = 263),
S. pyogenes (n = 87), and S.
agalactiae (n = 141). Patients
with insufficient data were
excluded. STSS, Streptococcal
toxic shock syndrome. Data
were modified from those of
Ref. [3]
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Fig. 5 Distributions of emm 25%
genotypes for Streptococcus
dysgalactiae subsp. equisimilis
strains compared between Japan
(n = 286) and the United States
(n = 212). Inset shows similar
DNA profiles (Apal digests)
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another study [29], 3 emm types, stG6792, stG485, and
stG2078, predominated among the 42 invasive strains;
strains with the same emm type showed uniform DNA
profiles by PFGE. On the other hand, previous reports
described emm types and the DNA profiles by PFGE as
variable among SDSE strains [26, 30]. Person-to-person
transmission routes of SDSE should be determined in detail
by future surveillance.

The prevalence of invasive SDSE infection has
increased over the years elsewhere in Asia [6, 36], in
Europe [37—43], and in America [5, 31, 44], as well as in
Japan. As for age distribution, population-based surveil-
lance carried out by Broyles et al. (n = 212) [5] found that
most patients with invasive diseases (59.0%) were adults
less than 65 years old, while the majority in our study
(74.0%) were at least 65 years old [3]. Regarding

US:n=212

JAPAN: n = 286
20% |- ----- W JAPAN: n =2t

emm type: stG6792

emm type

underlying diseases in United States surveillance reports,
96.2% of patients with invasive infection possessed
underlying medical conditions [5], while in Japan 78.8%
had an underlying illness [3]. As for the specific clinical
syndromes representing invasive infection, the largest
category in the United States was cellulitis (41.0%) [5],
while in Japan, sepsis with no focus, at 41.4%, was the
largest category [3]. Prospective surveillance studies of
invasive infection in both countries carried out during
the same period will be needed to better define associ-
ations between host factors and the pathogenesis of
SDSE.

Concerning SDSE disease outcome, the mortality rate in
our Japanese observation (12.7%) was similar to those
previously described in Hong Kong and the United States
(12 and 15%) [3, 5, 45]. Liao et al. [6] reported several
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Table 2 Antimicrobial activity of oral and parenteral antibiotics against 3 streptococcal strains isolated from normally sterile sites

Antibiotic GAS (n =97) SDSE (n = 231) GBS (n = 151)
MIC range (pg/ml) MICy, MIC range (pg/ml) MICy, MIC range (pg/ml) MICy
Oral
Penicillin G 0.004-0.016 0.016 0.008-0.016 0.016 0.016-0.125 0.063
Ampicillin 0.008-0.031 0.031 0.016-0.031 0.031 0.031-0.25 0.125
Amoxicillin 0.008-0.031 0.031 0.016-0.031 0.031 0.031-0.25 0.125
Cefdinir 0.002-0.016 0.016 0.008-0.031 0.016 0.016-0.125 0.063
Cefditoren 0.002-0.016 0.008 0.008-0.016 0.016 0.016-0.063 0.031
Clarithromycin 0.063—>64 16 0.016—>64 0.125 0.031—>64 4
Levofloxacin 0.25-4 4 0.25—>32 1 0.5—>32 >32
Parenteral
Cefazolin 0.063-0.125 0.125 0.063-0.25 0.125 0.063-0.5 0.25
Cefotiam 0.031-0.125 0.063 0.063-0.125 0.125 0.125-2 0.5
Cefotaxime 0.004-0.031 0.016 0.008-0.031 0.016 0.016-0.125 0.063
Panipenem 0.002-0.008 0.008 0.004-0.016 0.008 0.008-0.031 0.031
Meropenem 0.002-0.016 0.008 0.008-0.016 0.016 0.031-0.125 0.063
Vancomycin 0.25-1 0.5 0.25-1 0.5 0.25-0.5 0.5

GAS, group A streptococci (Streptococcus pyogenes); SDSE, S. dysgalactiae subsp. equisimilis; GBS, group B streptococci (S. agalactiae);

MIC, minimal inhibitory concentration

Susceptibility testing was performed by agar plate dilution methods using blood agar [6]

recurrent cases (8 patients, with 1 having 4 episodes and 3
having 3 episodes) of invasive SDSE disease (primary
bacteremia or cellulitis). PFGE performed upon all 12
available strains from recurrent cases indicated that 9 were
identical to that responsible for the initial episode [6]. We
also experienced a patient with recurrence of cellulitis
caused by SDSE [46]. General practitioners should be
aware of the possible recurrence of invasive SDSE infec-
tion in their patients.

The distribution of emm types in patients with invasive
or noninvasive infections has differed between several
surveillance studies in different countries. For instance, we
confirmed emm type stG643 in 2 SDSE isolates from a
newborn and mother in our case of neonatal STSS [47].
The frequency of this detected emm type differed between
4 reports from different countries; prevalence was 17.2% in
western Norway [48], 9.9% in the United States [5], 4.4%
in Portugal [39], and 0.7% in Japan. Figure 5 compares
emm typing patterns in Japan with those in the United
States. Interestingly, the dominant emm types in Japan
(stG6792 and stG485) were different from those in the
United States (stG6, stG245, stG2078, and stG643),
although the study periods differed between these studies
(2002-2004 vs. 2006-2009) [3, 5]. These results illustrate
the importance of conducting comparative molecular epi-
demiologic investigations of SDSE strains in the United
States and Japan by emm type over the same study period.
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Antibiotic susceptibility

Table 2 summarizes the minimum inhibitory concentration
(MIC) ranges and MICy, values of oral and parenteral
antimicrobial agents for SDSE, GAS, and GBS isolates
in Japan obtained from a normally sterile site [3]. Sus-
ceptibility testing was performed by dilution methods using
agar plates supplemented with 5% sheep blood agar, as
described previously [2].

No penicillin or cephalosporin resistance was observed
in 231 SDSE strains collected by the Invasive Strepto-
coccal Disease Working Group from 2006 to 2007.

Regarding macrolide (ML) resistance, some SDSE iso-
lates possessed 1 of 3 resistance genes: 1.7% had the
mef(A) gene; 5.6%, the erm(A) gene; and 2.6%, the erm(B)
gene. Strains with the mef(A) gene showed an M phenotype
involving an active efflux pump system for 14- and
15-membered MLs. Strains with the erm(A) gene showed
an inducible ML/lincosamide/streptogramin B resistance
phenotype, while those with the erm(B) gene showed a
constitutive ML/lincosamide/streptogramin B resistance
phenotype arising from methylation of 23S rRNA.

Fluoroquinolone-resistant strains first were reported in
North America and Europe [49]; recently in Portugal,
resistance was reported to have increased gradually to 12%
[50]. The 2 resistant strains (0.9%) in our study [3] showed
high resistance to levofloxacin, a fluoroquinolone agent
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(MIC >32 pg/ml). The strains possessed amino acid sub-
stitutions changing Ser81 to Phe or Tyr in GyrA and Ser79
to Tyr in ParC, and also the ML resistance genes erm(B) or
mef(A); all showed emm type stG10. Similar results for
ML- and levofloxacin-resistant strains have been reported
by Sunaoshi et al. [29] for isolates collected from nonin-
vasive and invasive infections from 2003 through 2005 in
Japan.

SDSE isolates (n = 212) collected in a multicenter
surveillance study by Broyles et al. [5] in the United States
showed resistance rates of 28.8% for erythromycin, 4.2%
for clindamycin, and 0.9% for fluoroquinolones, according
to standard biologic methods [51]. In Korea [52], a high
frequency of the tetracycline resistance-mediating fef(S)
gene was demonstrated (68.8%), while erythromycin,
clindamycin, and chloramphenicol resistance rates were
low (9.4, 3.1, and 9.4%, respectively) [53].

Failure of fi-lactam treatment was described in 2 patients
with pharyngitis caused by SDSE [54]. In the future, con-
tinuous multicenter surveillance will be needed to elucidate
the prevalence of antibiotic resistance among SDSE isolates
and to establish clinical guidelines for selecting the most
appropriate antimicrobial agent.

Perspectives concerning emerging infectious disease

SDSE is being identified increasingly as a pathogen
responsible for invasive and noninvasive infections
worldwide. Our investigation in Japan found the median
patient age for invasive diseases to be 75 years [3]. Age
population reported by the Japanese government in
October 2008 (http://www.stat.go.jp/data/jinsui/2008np/index.
htm) indicated that the general age distribution ratios of
people aged >65 and >75 years were 22.1 and 10.4%,
respectively. Because the elderly Japanese population is
expected to increase steadily, the possibility of invasive
SDSE infection should be considered by primary-care
doctors treating elderly patients with fever or respiratory
distress, especially in emergency departments [23, 46]. To
detect SDSE isolates in elderly subjects, at least two sets of
blood cultures should be obtained before the administration
of antimicrobials, even when symptoms are limited.
Recently, fatal or near-fatal transfusion-transmitted
infections involving platelet concentrates have been
reported from some countries other than Japan [55-57].
SDSE was isolated from both the residual blood component
bag and the recipient. A donor throat swab specimen
collected 20 days after donation still contained SDSE
[55]. These observations call for the implementation of
improved safety measures for platelet concentrates. We
have obtained an SDSE isolation rate of 19% in adult
patients with pharyngitis in Japan (unpublished data). We,

therefore, may need to determine SDSE colonization rates
for skin, oropharynx, and gastrointestinal and genitourinary
tracts in healthy volunteers.

Eleven isolates of SDSE from pigs slaughtered in Japan
with endocarditis, arthritis, or lymphadenitis were charac-
terized on the basis of nucleotide sequences of 16S rRNA
and 23S rRNA genes [58]. Our colleagues have completed
whole-genome analysis of the pig-derived SDSE L1 strain,
finding high homology between this L1 strain and human
SDSE strains (GGS_124 and RE378; unpublished data).
Notably, many virulence-associated genes were found in
SDSE strains isolated from both humans and pigs. Cur-
rently circulating SDSE strains in humans might have been
formed by genetic recombination after the horizontal
transfer of genes between SDSE originating in animals
[59-61] and human streptococci, including GAS, GBS, or
oral streptococci.

Vaccination trials

In a surveillance study in Mumbai, the SDSE carrier rate in
children attending 7 public schools from 2006 to 2008 [36]
was 11%, 8 times higher than the GAS carrier rate of 1.5%
in the same population, suggesting that high rates of SDSE
colonization in the throat make this organism an important
cause of pharyngitis. In another study, in the United States,
children 6 months to 18 years old who presented with
pharyngitis at a children’s hospital emergency department
and two outpatient offices were enrolled in a cross-sec-
tional study [62]; controls were children who presented at
the same facilities during the same period with nonrespi-
ratory symptoms, or those who presented at the orthopedic
cast clinic. Sixty-five SDSE strains (3%) were obtained
from the patients with pharyngitis, while 3 (1.5%) were
obtained from the smaller control group. Thus, further
research and development efforts directed to the vaccina-
tion of children against SDSE infection are needed.

Trials of vaccination against GAS infection are now
underway, with the M protein selected as a target antigen.
The M protein, a cell surface protein, consists of 4 repeat
regions (from A to D) that vary in size and amino acid
composition, as well as a non-structured amino-terminal
segment [63]. The sequence of C- and D-repeat regions
in the carboxy-terminal domain is well conserved among
the different emm types. The amino-terminal portion,
which extends into host cells, consists of a non-helical,
non-repeated region, as well as a hypervariable region
(A-repeats) and a semivariable region (B-repeats). Vac-
cine-design strategies select either the hypervariable
region (A-repeats) or a well-conserved region (C-repeats)
to develop the vaccine. For instance, a multivalent M pro-
tein-based vaccine containing type-specific determinants
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from 26 different M serotypes is undergoing clinical trials
[64-67]. These serotypes include types frequently isolated
from invasive infections or pharyngitis (e.g., emmli, 12, 28,
3, and others) and others associated with the onset of
rheumatic fever (emm35, 3, 6, 18, and others). The efficacy
and safety of this 26-valent vaccine have been demonstrated
in healthy adult volunteers [66]. However, the predicted
coverage with this 26-valent vaccine, formulated for use in
the United States, was estimated to be only 60% in Israel
[67].

Another vaccine strategy involving the conserved region
(C-repeats) is developing [68, 69]. Most adults possess
antibodies against the pl45 peptide, located within C-
repeats; these antibodies act to opsonize multiple GAS
strains having sequence variations in C-repeats. Because
these antibodies cross-react with human cardiomyocytes,
the J14, J14.1, J14-R1, and J14-R2 motifs, which exclude
the cross-reactive epitope within p145, have been proposed
as components of a future C-repeat vaccine [70].

SDSE also possesses an M surface protein, similar to
that of GAS. Vaccination trials against SDSE infection
based upon the M protein with A-repeats and C-repeats as
target antigens should be initiated to prevent the develop-
ment of invasive SDSE diseases, rather than to reduce the
SDSE carrier rate, because the invasive illnesses may lead
to poor outcomes (death or post-infective sequelae).

Conclusions

The characterization of SDSE strains was first proposed by
Vandamme and colleagues in 1996 [4]. Based on whole-
genome analyses of the original isolates, the genomic
features of this pathogen somewhat resemble those of
GAS, while differing from those of GBS. Virulence factors
specific to SDSE as opposed to GAS should be determined
to better understand the pathogenesis of SDSE.

In the present new century, the prevalence of invasive
(e.g., STSS, necrotizing fasciitis, cellulitis, urosepsis, and
pneumonia) and noninvasive SDSE infections has
increased gradually year by year in Japan, other Asian
countries, Europe, and America. Our investigation, the first
nationwide surveillance concerning 231 invasive SDSE
infections over 1 year in Japan, found the infections to be
community-acquired in elderly subjects having underlying
diseases. Insufficient white blood cell responses and
thrombocytopenia on admission each suggested a higher
risk of poor outcome (death or post-infective sequelae).
Because the elderly Japanese population will continue to
increase, invasive SDSE infection will be an important
concern for primary-care physicians. In India, however, the
disease burden caused by SDSE has been higher than that
of GAS among schoolchildren. Therefore, research and
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development concerning vaccination against SDSE infec-
tion are also needed.
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