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Abstract

Background: Streptococcal toxic shock syndrome (STSS) is an uncommon but life-threatening disease caused by
Streptococcus pyogenes.

Methods: To understand the clinical and molecular characteristics of STSS, we analyzed clinical data and explored the emm
types, superantigen genes, and pulsed-field gel electrophoresis of causative S. pyogenes isolates obtained between 2005
and 2012.

Results: In total, 53 patients with STSS were included in this study. The median age of the patients was 57 years (range: 9-83
years), and 81.1% were male. The most prevalent underlying disease was diabetes mellitus (45.3%). Skin and soft-tissue
infection accounted for 86.8% of STSS. The overall mortality rate was 32.1%. Underlying diseases had no statistical impact on
mortality. A total of 19 different emm types were identified. The most prevalent emm type was emm102 (18.9%), followed by
emm11 (17%), emm1 (11.3%), emm87 (9.4%), and emm89 (7.5%). There was no statistically significant association between
emm type and a fatal outcome. Among the superantigen genes, speB was the most frequently detected one (92.5%),
followed by smeZ (90.6%), speG (81.1%), speC (39.6%), and speF (39.6%). The majority of emm102 strains were found to have
speB, speC, speG, and smeZ. The presence of speG was negatively associated with a fatal outcome (P=0.045).

Conclusions: Our surveillance revealed the emergence of uncommon emm types, particularly emm102, causing STSS in
southern Taiwan. Characterization of clinical, epidemiological, and molecular characteristics of STSS will improve our
understanding of this life-threatening disease.
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Introduction virulence factors, superantigens (SAgs) are known to play a pivotal
role in the pathogenesis of STSS [2,6,7]. SAgs can bypass the
conventional process of antigen presentation and interact with
antigen-presenting cells and T cells simultaneously. This reaction
shock and multiple organ failure [1]. Tt is caused by toxin- results in T cell proliferation and then produces massive amounts
producing strains of Streptococcus pyogenes (group A streptococcus of cytokines that lead to rash, fever, capillary leakage, organ
[GAS]) [2]. This microorganism exists ubiquitously in the failure, and subsequent shock [2,6,7]. Currently, at least 11 distinct

Streptococcal toxic shock syndrome (STSS) is a rare but
potentially fatal disease that is characterized by the sudden onset of

environment and can cause a wide variety of human infections SAgs have been identified in GAS, including SpeA, SpeC, SpeG,
that range from mild pharyngitis and cellulitis to life-threatening SpeH, Spel, Spe], SpeK, Spel., SpeM, SSA, and SmeZ [8,9]. The
diseases, such as necrotizing fasciitis, puerperal sepsis, pneumonia, proteins SpeB and SpeF were initially described as SAgs, but they
bacteremia, and STSS [3]. Although a significant reduction in the were found to have the properties of cysteine protease and DNase,
incidence of invasive GAS infection occurred in the early 20th respectively [10,11]. Some studies contended that their mitogenic
century, a resurgence of this severe infectious disease has been activity was due to contamination with small amounts of the
noted since the late 1980s [4,5]. exceptionally potent SmeZ [10,11]. Allelic variations were found

Several virulence determinants have been found to be involved in SAg genes, including sped, speC, speG, ssa, and smeZ [12-15]. For
in the pathogenesis of invasive GAS infections. Among these example, 6 allelic variants of the sped have been described (sped -
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sped6) [13]. smel displays more extensive allelic variation and at
least 50 different smeg alleles have been deposited in GenBank
[14,15]. The varied alleles may exhibit different antigenic
properties and superantigenic activity [13,14].

M protein, which is encoded by the emm gene, is also a major
virulence factor of GAS. Traditionally, GAS strains are classified
based on M protein serotypes. In recent years, emm gene
sequencing has widely replaced M protein serotyping as the gold
standard for the epidemiological surveillance of GAS infections
[16,17]. To date, more than 250 different emm types have been
identified [18]. The global distribution of GAS emm types varies
across different geographic regions. For example, emml, emml2,
and emm28 were the leading types isolated from high-income
countries; emm12, emmst62, and emm75 were the top 3 strains in
Africa; and emm55, nontypable strains, and emml1 ranked first in
the Pacific region [5]. In Taiwan, the epidemiology of GAS
infections is quite different from other countries [19-25]. Recent
studies in Taiwan have shown an emergence of uncommon emm
types causing invasive GAS infections, including emml11, emm102,
and emm106 [26-28]. These emm data are important for the
development of a GAS vaccine, as some experimental vaccines are
based on M proteins of GAS [29-31].

Studies describing STSS in Taiwan are limited, and most are
case reports or case series. To provide better insight into the
current epidemiological information and molecular characteristics
of STSS in Taiwan, we analyzed clinical data and explored the
emm types, SAg genes, and pulsed-field gel electrophoresis (PFGE)
of causative GAS isolates obtained between 2005 and 2012. Our
study revealed a particular epidemiology and the molecular
characteristics of STSS in southern Taiwan.

Materials and Methods

Ethics Statement

This study was approved by the Institutional Review Board of

E-Da Hospital. The need for patient’s informed consent was
waived by the Institutional Review Board of E-Da Hospital as the
retrospective analysis of anonymous data posed no more than
minimal risk of harm to subjects and involved no procedures for
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Table 1. List of Primers for Polymerase Chain Reaction Used in This Study.
Gene Sequence (5'—3’) Reference
Forward primer Reverse primer
emm TATT(C/G)GCTTAGAAAATTAA GCAAGTTCTTCAGCTTGTTT [33]
speA TAAGAACCAAGAGATGG ATTCTTGAGCAGTTACC [35]
speB AAGAAGCAAAAGATAGC TGGTAGAAGTTACGTCC [35]
speC GATTTCTACTTATTTCACC AAATATCTGATCTAGTCCC [35]
speF TACTTGGATCAAGACG GTAATTAATGGTGTAGCC [35]
speG AGAAACTTATTTGCCC TAGTAGCAAGGAAAAGG [35]
speH AGATTGGATATCACAGG CTATTCTCTCGTTATTGG [35]
spel CTTTGGAGTATTCTCCTCCC CTCTCTCTGTCACCATGTCC [8]
spel ATCTTTCATGGGTACG TTTCATGTTTATTGCC [35]
speK GTCATATCATGTTGTATGCAA GTTTAAGTGAACATCAAAGTG [8]
spel TTAGGATGGTTTCTGCGGAAGAGAC TTCCTCTTTCTCGCCTGAGCCGTG [8]
speM GCTCTATACACTACTGAGAGTGTC CATATCAATCGTTTCATTATCTG [8]
ssa GTGTAGAATTGAGGTAATTG TAATATAGCCTGTCTCGTAC [35]
smeZ GAAGTAGATAATAATTCCCTTCTAAGG AGTCAATTTCTATATCTAAATGCCC [8]
doi:10.1371/journal.pone.0081700.t001

which written consent was normally required outside of the
research context.

Study Design

This study was conducted at E-Da Hospital, which is a 1,100-
bed university-affiliated hospital that serves more than 2 million
people in southern Taiwan. The computer database was searched
to identify patients with positive GAS cultures between January
2005 and December 2012. The medical charts with positive GAS
cultures were reviewed, and those patients who met the diagnostic
criteria for STSS were included in this study. Demographic
information and clinical characteristics were collected from the
medical records. emm typing, SAg gene identification, and PFGE
were performed to investigate the epidemiological and molecular
characteristics of the causative microorganisms.

Case Definition

STSS was diagnosed according to the following criteria [1]:
isolation of GAS from a clinically striking specimen in patients
with hypotension (systolic blood pressure <90 mm Hg) and
multiple organ failure (=2 organs), including coagulopathy, liver
dysfunction, acute respiratory distress syndrome, a generalized
erythematous macular rash, and soft-tissue necrosis.

Identification and Culture of GAS

All GAS isolates were identified by the clinical laboratory of E-
Da Hospital using standard methods [32]. The isolates were then
stored in —80°C glycerol. The criteria for GAS identification
included B-hemolysis on sheep blood agar, a positive Gram stain, a
negative catalase test, a positive pyrrolidonyl arylamidase test, and
agglutination with Lancefield group A antiserum. For molecular
experiments in our study, the stored isolates were thawed and then
subcultured at 37°C in Todd-Hewitt broth (Difco) supplemented
with 0.5% yeast extract (THY). Streptococcus pyogenes ATCC 12344
was used as a control strain.
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Table 2. Demographic Characteristics, Underlying Diseases,
Clinical Conditions, and Sources of Infection among 53 Cases
of Streptococcal Toxic Shock Syndrome.

Characteristic No. (%)
Age (mean *=SD) (yr) 547+17.4
Sex
Male 43 (81.1)
Female 10 (18.9)
Underlying disease
Diabetes mellitus 24 (45.3)
Hypertension 20 (37.7)
Congestive heart failure 5(9.4)
Malignancy 2 (3.8)
Liver cirrhosis 12 (22.6)
Gout 17 (32.1)
HIV? infection 1(1.9
Source of infection
Skin and soft-tissue infection 46 (86.8)
Peritonitis 1(1.9)
Osteomyelitis 1(1.9)
Primary bacteremia 5(9.4)

Laboratory

White blood cell count (cells/mm?) 17,199+10,647

Hemoglobin (g/dl) 12122

Platelet count (x1,000 cells/mm?) 161£102

Serum creatinine (mg/dl) 26*1.4
Intensive care unit admission 37 (69.8)
Mortality 17 (32.1)

2HIV, human immunodeficiency virus.
doi:10.1371/journal.pone.0081700.t002

emm Typing

The emm typing of GAS was performed according to the
protocol from the Centers for Disease Control and Prevention
(CDC) [33]. The primers for polymerase chain reaction (PCR) of
emm genes are listed in Table 1. PCR was performed using the
GeneAmp PCR System 9700 (Applied Biosystems, Foster City,
CA, USA), and the amplicons were then sent to a biotechnology
company (Genomics BioSci & Tech Corp., Taipei, Taiwan) for
DNA sequencing using the Applied Biosystems 3730x] DNA
Analyzer. The 5" emm sequence data were submitted to the emm
database on the CDC website to determine the emm type of each
1solate [34].

SAg Genotyping

All isolates were examined for the presence of SAg genes,
including sped, speB, speC, spel, speG, speH, spel, spef, spek, speL,
speM, ssa, and smeg. The PCR primers for gene profiling are listed
in Table 1. The PCR process was modified from the protocol
described previously [8,19,35]. As some SAg genes have only
approximate product sizes, it is difficult to distinguish these
amplicons from those with similar sizes in the same multiplex PCR
tube. Therefore, sped, speB, speG, speH, speF, and ssa were detected
using multiplex PCR and speC, speF, spel, spek, speL, speM, and smel
were identified using single PCR.
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PFGE Analysis

PFGE was performed according to a protocol described
previously [36]. All isolates were digested with Smal, and the
isoschizomer Cfr9I was used for the isolates that did not digest
with Smal [37]. The digested fragments of DNA were separated by
CHEF Mapper XA Chiller System (Bio-Rad, Hercules, CA,
USA). The generated fragments were analyzed using the
Unweighted Pair Group Method with the arithmetic mean
algorithm by GelCompar II software version 6 (Applied Maths,
Austin, TX, USA) to evaluate their similarity and epidemiological
relationships. PFGE clusters were defined as isolates sharing at
least 80% similarity [37].

Data Analysis

The data were analyzed using SPSS 14.0 (SPSS Inc., Chicago,
IL, USA). In the univariate analysis, continuous and categorical
data were analyzed using Student’s #test and the Mantel-Haenszel
test, respectively. The odds ratio (OR), 95% confidence interval
(CI), and P value were calculated for each variable. To identify the
risk factors and control for potential confounders, underlying
conditions that could contribute to ST'SS and were associated with
a level of significance of =0.25 in univariate analyses were
included in a logistic regression model for multivariate analysis
using backward stepwise methods by likelihood ratio. Differences
were considered statistically significant if the two-tailed P value
was <0.05.

Results

Demographic Data

During the study period, 53 patients were diagnosed with STSS
(Table 2). All patients presented to the emergency department
(ED), and the indicated incidence was 10.4 cases per 100,000 ED
visits. Among the 53 patients, 43 (81.1%) were male and 10
(18.9%) were female. The median age of the included patients was
57 years (range: 9-83 years), with a mean * standard deviation
(SD) of 54.7%17.4 years. Most patients (73.6%) were between 40
and 79 years old (Figure 1).

Clinical Characteristics

The majority (86.8%) of patients had chronic diseases (T'able 2).
The most prevalent underlying disease was diabetes mellitus
(45.3%), followed by hypertension (37.7%), gout (32.1%), and liver
cirrhosis (22.6%). The most common infection that complicated
STSS was skin and soft-tissue infection (86.8%), followed by
primary bacteremia (bacteremia without an identified focus;
9.4%). Among those patients with skin and soft-tissue infection,
80.4% received surgical interventions. The mean =SD for white
blood cell (WBC) counts, hemoglobin, platelet counts, and serum
creatinine are shown in Table 2.

emm Type

The emm types of GAS that were identified as causing STSS are
shown in Figure 2. A total of 19 different emm types were identified.
The most prevalent emm type was emm102 (18.9%), followed by
emmll (17%), emml (11.3%), emm87 (9.4%), and emm89 (7.5%).
These 5 emm types accounted for 64.2% of all isolates.

Outcome

Approximately 70% of patients were admitted to intensive care
units. All the patients infected with emm106 and 66.7% of patients
infected with emml were admitted to intensive care units.
However, only half of patients infected with emm102 needed to
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Figure 1. The distribution of age and sex in patients with streptococcal toxic shock syndrome. Males accounted for 81.1% of patients.

Most patients (73.6%) were between 40 and 79 years old.
doi:10.1371/journal.pone.0081700.g001

be admitted to intensive care units. There was no significant
assoclation between emm types and intensive care unit admission
(emm102 vs. emm1, P=0.633; emm102 vs. emm106, P=0.231). The
overall mortality rate for patients with STSS was 32.1%.
Underlying diseases had no statistical impact on mortality, either
in the univariate or multivariate analysis (Table 3). Patients
presenting with WBC=10,000 cells/mm® were predisposed to
have a lower mortality rate (OR =0.27 [95% CI, 0.08 to 0.96];
P=0.043). In contrast, patients with a lower platelet count
(<100,000 cells/mm®) were significantly associated with a fatal
outcome (OR=3.68 [95% CI, 1.04 to 13]; P=0.043). Patients
infected with GAS emm] and emm106 had a higher mortality rate
(50% and 66.7%, respectively), while patients infected with
emm102 had a lower fatality rate of 20%. However, there was no
significant association between the emm type and a fatal outcome

(Table 4).

SAg Genes

The SAg genes of different emm types are summarized in
Table 5. The mean number of SAg genes was 4.36 per isolate. speB
was the most frequently detected SAg gene (92.5%), followed by
smel (90.6%), speG (81.1%), speC (39.6%), and spel” (39.6%). The
sped gene was carried by 83.3% of emm] and 11.1% of emm11, but
it was not identified in the other emm types. The smel gene was
detected in all emm types except emm49 and emm81. The majority of
emm102 isolates were found to have speB, speC, speG, and smel.
Most emm11 carried speB, speG, and smeZ. The presence of speG was
negatively associated with a fatal outcome (OR =0.23 [95% CI,
0.05 to 0.97]; P=0.045) (Table 4).
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Clonal Analysis of PFGE

Figure 3 shows the PFGE patterns and their relation to the emm
types, infective sources, and prognoses of patients. Two isolates,
comprising 1 emm49 and 1 emm92, were resistant to Smal digestion,
but they could be digested using the isoschizomer Cfr91. However,
1 emm77 was still resistant to both Smal and Cfr9I digestion.
Among the 52 isolates, 35 PFGE clusters with =80% similarity
were identified. The majority of the isolates were grouped
according to their emm type. Most emm102 (70%) belonged to
the largest cluster of PFGE. Half of emm] isolates, which presented
nonfatal infections, were grouped together, whereas the other fatal
emml distributed away from the nonfatal cluster. There was no
correlation between all the PFGE clusters and fatality (P=0.324).
No epidemiological correlation to the PFGE clusters could be
established, such as residence, workplace, or time of presentation.

Discussion

Here we report the results of an 8-year surveillance of ST'SS in a
university hospital in southern Taiwan. This critical disease was
not encountered frequently. Among 509,531 ED wvisits, only 53
patients were diagnosed with STSS. Recent population-based
studies in Europe and the United States reported that STSS
complicated approximately 10-20% of invasive GAS infections
with an estimated incidence of 3.5 cases per 100,000 persons per
year [19-23].

Most surveillance studies of invasive GAS infections have shown
no significant difference in gender [19,22,23,38-40], including
those from Taiwan [41,42]. However, a male predominance
(81.1%) for STSS was observed in our study. An increased ratio of
females among invasive GAS infections in young people was found
in a report from Denmark [23], principally due to increased cases
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Figure 2. The distribution of emm types in Streptococcus pyogenes and fatality in patients with streptococcal toxic shock syndrome.
A total of 19 different emm types were identified. The most prevalent emm type was emm102 (18.9%), followed by emm11 (17%), emm1 (11.3%),
emm87 (9.4%), and emm89 (7.5%). Patients infected with GAS emm1 (50%) and emm106 (66.7%) had a higher mortality rate, while patients infected
with emm102 had a lower fatality rate of 20%.

doi:10.1371/journal.pone.0081700.g002

Table 3. Clinical Factors for Mortality in Patients with Streptococcal Toxic Shock Syndrome.
Factor Mortality Univariate analysis
With factor Without factor OR® (95% CI°) P value
Age =65 yrs 6 (30) 11 (33.3) 0.86 (0.26-2.84) 0.801
Sex, male 13 (30.2) 4 (40) 0.65 (0.16-2.7) 0.553
Underlying disease
Diabetes mellitus® 5(20.8) 12 (41.4) 0.37 (0.11-1.28) 0.116
Hypertensiond 4 (20) 13 (39.4) 0.39 (0.11-1.41) 0.149
Congestive heart failure 1 (20) 16 (33.3) 0.5 (0.05-4.85) 0.55
Malignancy 1 (50) 16 (31.4) 2.19 (0.13-37.22) 0.588
Liver cirrhosis 5 (41.7) 12 (29.3) 1.73 (0.46-6.53) 0.421
Gout 4 (23.5) 13 (36.1) 0.54 (0.15-2.02) 0.363
HIVE infection 1 (100) 16 (30.8) = 0.999
Laboratory test
White blood cell count =10,000 cells/mm? 9 (23.7) 8(53.3) 0.27 (0.08-0.96) 0.043
Hemoglobin <10 g/dI 5 (45.5) 12 (28.6) 2.08 (0.53-8.14) 0.291
Platelet count <100,000 cells/mm? 8 (53.3) 9 (23.7) 3.68 (1.04-13) 0.043
Serum creatinine =2.5 mg/dI 7 (35) 10 (30.3) 1.24 (0.38-4.04) 0.723
?OR, odds ratio.
PCl, confidence interval.
“AMultivariate logistic regression analysis using backward stepwise methods by likelihood ratio: diabetes mellitus, OR=0.37 (95% Cl, 0.11 to 1.28); P=0.116;
hypertension, OR=0.46 (95% Cl, 0.12-1.73); P=0.248.
€HIV, human immunodeficiency virus.
doi:10.1371/journal.pone.0081700.t003
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of puerperal sepsis in young females. In the present study, skin and
soft-tissue infection was the major disease that resulted in STSS,
and no puerperal sepsis was found in our patients. Our previous

Table 4. Association between emm Types and Superantigen
Genes of Streptococcus pyogenes and Mortality in Toxic Shock
Syndrome.
Factor Mortality OR® (95% CI?) Pvalue
With Without
factor factor
emm type
emm102 2 (20) 15 (34.9) 0.47 (0.09-2.48) 0.372
emm11 3 (333) 14 (31.8) 1.07 (0.23-4.92) 0929
emm1 3 (50) 14 (29.8) 2.36 (0.42-13.14) 0.328
emm87 0 17 (35.4) - -
emm89 1(25) 16 (32.7) 0.69 (0.07-7.14) 0.754
Superantigen gene
speA 3 (50) 14 (29.8) 2.36 (0.42-13.14) 0.328
speB 15 (306) 2 (50) 0.44 (0.06-3.43) 0.434
speC 8 (38.1) 9 (28.1) 1.57 (0.49-5.07) 0.448
speF 7 (33.3) 10 (31.3) 1.1 (0.34-3.56)  0.874
speG 11 (25.6) 6 (60) 0.23 (0.05-0.97) 0.045
speH 3(27.3) 14 (33.3) 0.75 (0.17-3.28)  0.702
spel 5 (55.6) 12 (27.3) 3.33 (0.76-14.54) 0.109
speJ 5 (62.5) 12 (26.7) 4.58 (0.95-22.17) 0.058
spek 1(12.5) 16 (35.6) 0.26 (0.03-2.3)  0.225
speL 2 (100) 15 (29.4) - -
speM 2 (50) 15 (30.6) 2.27 (0.29-17.64) 0.434
ssa 1 (100) 16 (30.8) - -
smeZ 15 (31.3) 2 (40) 0.68 (0.1-4.52)  0.691
?OR, odds ratio.
(|, confidence interval.
doi:10.1371/journal.pone.0081700.t004
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study describing GAS skin and soft-tissue infections also revealed a
male predominance [28]. Therefore, the difference in the
proportion of males to females may primarily be attributable to
the nature of the original infection.

Patients aged 50-69 years have been reported to be prone to
developing STSS in invasive GAS infections [20,22-24]. Our
study also revealed a similar result. Most of our patients had
underlying medical diseases, such as diabetic mellitus, hyperten-
sion, gout, or liver cirrhosis. However, we identified 2 previously
healthy young boys infected by GAS emml that died of STSS soon
after presentation to our hospital [43]. In addition to microbio-
logical characteristics, host features have been shown to impact the
manifestation of GAS infections [44].

GAS emml has been recognized as the most important emm type
to be associated with severe infections and fatal outcomes in the
United States, Canada, Europe, and Japan [19-25]. Outbreaks of
emm89 infections were also reported in some countries [19
21,23,25]. Our study demonstrated that emm102, emmll, emml,
emm87, and emm89 were the leading types which were associated
with STSS. Type emml only contributed to 11.3% of STSS in our
surveillance. The overall mortality rate of our patients was 32.1%,
which was consistent with other studies [19-23]. Associations
between mortality and some emm types have been recognized [19
23]. Although the results were not statistically significant, our study
revealed a higher mortality rate of patients infected with emm1 and
emm106, and a relatively lower fatality of emml02 infections.
Moreover, the PFGE patterns of GAS distinguished the surviving
and fatal clones among the emml and emm102 isolates. Further
studies to understand the significance of these results are
warranted.

The 26-valent M-based vaccine was developed on the basis of
epidemiological data from North America [29]. Unfortunately,
this vaccine is only effective against 41.5% of our isolates. The
theoretical coverage of this vaccine against GAS in non-developed
countries is low compared to high-income countries [5]. Recently,
a new 30-valent vaccine has been constructed based on more
extensive surveillance data of GAS infections from the USA,
Europe, and some developing countries [30]. In experiments, the
30-valent vaccine evoked cross-opsonic bactericidal antibodies
against the vaccine serotypes, as well as a significant number of
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Table 5. Superantigen Genes in Streptococcus pyogenes That Caused Toxic Shock Syndrome.
emm No. (%) of
type isolates No. (%) of positive isolates

speA speB speC speF speG speH spel spe) speK spel speM ssa smeZ
102 10 (18.9) 0 9 (90) 8 (80) 5 (50) 9 (90) 7 (70) 0 2 (20) 0 0 0 0 10 (100)
11 9 (17) 1(11.1) 9 (100) 2 (22.2) 3 (33.3) 7 (77.8) 0 2 (22.2) 0 0 1(11.1) 0 0 9 (100)
1 6(11.3) 5(83.3) 5(83.3) 0 3 (50) 5 (83.3) 0 0 2 (33.3) 0 0 0 0 6 (100)
87 5(9.4) 0 5 (100) 0 3 (60) 5 (100) 0 0 0 5(100) © 0 0 5 (100)
89 4 (7.5) 0 4 (100) 4 (100) 0 3(75) 0 0 2 (50) 0 0 0 0 4 (100)
49 3(5.7) 0 3 (100) 1(33.3) 0 2 (66.7) 0 3 (100) 0 0 0 0 0 0
106 3(5.7) 0 3 (100) 2 (66.7) 1(33.3) 3 (100) 2 (66.7) 2 (66.7) 0 0 0 0 0 3 (100)
81 2 (3.8) 0 2 (100) 0 1 (50) 2 (100) 0 0 0 2(100) 0 2(100) 0 0
Other® 11 (20.8) 0 9 (81.8) 4 (36.4) 5 (45.5) 7 (63.6) 2(18.2) 2(18.2) 2(18.2) 1(9.1) 191 2182 1(9.1) 11(100)
Total 53 (100) 6 (11.3) 49 (92.5) 21 (39.6) 21(39.6) 43(81.1) 11(20.8) 9(17) 8 (15.1) 8 (15.1) 2(3.8) 4(7.5) 1(1.9) 48 (90.6)
(%)
%Included emm4 (n=1), emm12 (n=1), emm57 (n=1), emm75 (n=1), emm77 (n=1), enm92 (n=1), enm113 (n=1), enm183 (n=1), emmst1389 (n=1), emmstG245
(n=1), and emmst2904 (n=1).
doi:10.1371/journal.pone.0081700.t005
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Figure 3. Dendrogram of pulsed-field gel electrophoresis (PFGE) among isolates of Streptococcus pyogenes. Thirty-five PFGE clusters
with =80% similarity were identified among the 52 isolates of S. pyogenes. The majority of the isolates were grouped according to their emm type.
Most emm102 belonged to the largest cluster. The nonfatal emm?1 isolates were grouped together (in the rectangle outlined by a broken line) and
distributed apart from the fatal isolates. Streptococcus pyogenes ATCC 12344 was used as a control strain. SSTI, skin and soft-tissue infection; *, isolates
digested using Cfr9l.

doi:10.1371/journal.pone.0081700.g003
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non-vaccine serotypes of GAS [30,31]. These results suggested the
efficacy of the 30-valent vaccine could extend beyond the emm-
types included in the vaccine. The main emm type in our
surveillance, emm102, was not included in the 26- or 30-valent
GAS vaccine, nor was it involved in the bactericidal test of the 30-
valent vaccine [31]. As a result, whether emm102 is under the
potential coverage of this new vaccine is not clear. However,
emm102 was associated with a lower case-fatality rate than other
major emm types in our study. It might be reasonable not to include
emm102 in the GAS vaccine and leave room for more virulent emm
types.

Different emm types can harbor particular SAg gene profiles
[19,35]. Several studies have described the association between the
sped gene and severe GAS infection [19,20,24,35]. However, the
majority of emm1, which was the leading type that caused invasive
GAS infections in many countries, was also found to frequently
carry the sped gene [19,20,24,35]. As a result, it would be difficult
to discriminate between the roles of the sped gene and emml in the
pathogenesis of invasive GAS infection. In our surveillance, most
emm] isolates also had the sped gene. However, no sped gene was
found in isolates other than emml and emml11. Furthermore, rather
than the sped gene, some studies have reported an association
between invasive GAS infections and the speC’ gene [45,46]. We
could not draw conclusions about the role of SAgs and emm types
in STSS in this observational study.

The proteins SpeB, SpeF, SpeG, SpeJ, and SmeZ were
chromosomally encoded, whereas SpeA, SpeC, SpeH, Spel,
SpeK, SpelL, SpeM, and SSA were encoded on bacteriophages
[9]. The chromosomally located genes are presumably identified
frequently in GAS. However, spel’ was recognized at a low
frequency in our study. Absence of this gene has been found in
several studies, despite it’s chromosomal origin [8,23,35]. Some
authors questioned whether the absence of SAg genes might be
false-negative due to inadequate primers that could not amplify
the polymorphic alleles [12,15,47]. However, studies using the
same methodology also revealed a diverse percentage on the
detection of these genes [19,48]. This exact reason is not clear;
however, it may be due to a number of clones lacking these genes
in some geographic areas [12,15,19,23,35].

Both speG and spef are also considered to be chromosomal
genes. Studies have revealed the absence of speG in some emm types
[19,23]. For example, only 30-50% of isolates carried speG in emm4
and emm77 from studies in Europe and the USA [19,23]. speG was

References

1. (1993) Defining the group A streptococcal toxic shock syndrome. Rationale and
consensus definition. The Working Group on Severe Streptococcal Infections.
JAMA 269: 390-391.

2. Lappin E, Ferguson AJ (2009) Gram-positive toxic shock syndromes. Lancet
Infect Dis 9: 281-290.

3. Cunningham MW (2000) Pathogenesis of group A streptococcal infections. Clin
Microbiol Rev 13: 470-511.

4. Carapetis JR, Steer AC, Mulholland EK, Weber M (2005) The global burden of
group A streptococcal diseases. Lancet Infect Dis 5: 685-694.

5. Steer AC, Law I, Matatolu L, Beall BW, Carapetis JR (2009) Global emm type
distribution of group A streptococci: systematic review and implications for
vaccine development. Lancet Infect Dis 9: 611-616.

6. Norrby-Teglund A, Thulin P, Gan BS, Kotb M, McGeer A, et al. (2001)
Evidence for superantigen involvement in severe group A streptococcal tissue
infections. J Infect Dis 184: 853-860.

7. Brosnahan AJ, Schlievert PM (2011) Gram-positive bacterial superantigen
outside-in signaling causes toxic shock syndrome. FEBS J 278: 4649-4667.

8. Meisal R, Andreasson IKG, Hoiby EA, Aaberge IS, Michaelsen TE, et al. (2010)
Streptococcus pyogenes isolates causing severe infections in Norway in 2006 to 2007:
emm types, multilocus sequence types, and superantigen profiles. J Clin Microbiol
48: 842-851.

9. Fraser JD, Proft T (2008) The bacterial superantigen and superantigen-like
proteins. Immunol Rev 225: 226-243.

PLOS ONE | www.plosone.org

Streptococcal Toxic Shock Syndrome in Taiwan

present in 81.9% of isolates in our study, which was similar to
other studies [8,12,19,23]. Some authors suggested that the
contrasting results of speG carrying rate in studies were most likely
due to different methodologies [12]. Regarding spej, a low
frequency of carrying rate was found in the majority of studies
[8,12,15,19,23,35], including our surveillance. Loss of spef from
the genome of GAS descendants was suggested after acquirement
of this SAg, which was originally on a bacteriophage [49].

The genes spefl and spel are located contiguously on the same
bacteriophage (©370.2) [50], as well as spel. and speM [(Pspel./ M)
[51]. Theoretically, the genes in adjacent positions on the same
bacteriophage are expected to be detected together. However,
speH and spel were observed independently in 12 isolates, and spel
and speM were found independently in 4 isolates in our study.
Several studies also revealed the genes in tandem on the same
bacteriophage were not co-detected [12,52,53]. A possible reason
for this condition is that these genes may be lost during integration
into the genome [12,52,53].

There are limitations to this study, of which the small case
number is the most important. Although this study was an 8-year
surveillance, only 53 cases were included because STSS is still
uncommon, despite the resurgence of invasive GAS infection.
However, to the best of our knowledge, this surveillance is the
largest report of STSS in Taiwan to date. Additionally, because
the demographic information, laboratory findings, and underlying
illnesses were collected retrospectively from medical records, these
data may be incomplete, and some factors may not have been
detected or explored fully for a statistical study.

In conclusion, despite the rarity of this illness, ST'SS constitutes
a medical emergency with a high mortality rate. Our surveillance
in southern Taiwan revealed an emergence of uncommon emm
types, and these types, particularly emm102, were the leading types
that caused STSS. We also revealed a different SAg gene
distribution for these uncommon emm types. Characterization of
the clinical, epidemiological, and molecular characteristics of
STSS will help to improve our understanding of this life-
threatening disease.

Author Contributions

Conceived and designed the experiments: JNL LLC YHC. Performed the
experiments: JNL. Analyzed the data: JNL CHL HHL. Contributed
reagents/materials/analysis tools: HHL. Wrote the paper: JNL YHC.

10. Braun MA, Gerlach D, Hartwig UF, Ozegowski JH, Romagné F, et al. (1993)
Stimulation of human T cells by streptococcal “Superantigen” erythrogenic
toxins (scarlet fever toxins). J Immunol 150: 2457-2466.

11. Gerlach D, Schmidt KH, Fleischer B (2001) Basic streptococcal superantigens
(SPEX/SMEZ or SPEC) are responsible for the mitogenic activity of the so-
called mitogenic factor (MF). FEMS Immunol Med Microbiol 30: 209-216.

12. Frides A, Pinto FR, Silva-Costa C, Ramirez M, Melo-Cristino J (2013)
Superantigen gene complement of Streptococcus pyogenes—relationship with other
typing methods and short-term stability. Eur J Clin Microbiol Infect Dis 32:
115-125.

13. Bessen DE, Izzo MW, Fiorentino TR, Caringal RM, Hollingshead SK, et al.
(1999) Genetic linkage of exotoxin alleles and emm gene markers for tissue
tropism in group A streptococci. J Infect Dis 179: 627-636.

14. Proft T, Moffatt SL, Weller KD, Paterson A, Martin D, et al. (2000) The
streptococcal superantigen SMEZ  exhibits wide allelic variation, mosaic
structure, and significant antigenic variation. J Exp Med 191: 1765-1776.

15. Maripuu L, Eriksson A, Norgren M (2008) Superantigen gene profile diversity
among clinical group A streptococcal isolates. FEMS Immunol Med Microbiol
54: 236-244.

16. Scott JR, Pulliam WM, Hollingshead SK, Fischetti VA (1985) Relationship of M
protein genes in group A streptococci. Proc Natl Acad Sci USA 82: 1822-1826.

17. Beall B, Gherardi G, Lovgren M, Facklam RR, Forwick BA, et al. (2000) emm
and sof gene sequence variation in relation to serological typing of opacity-factor-
positive group A streptococci. Microbiology 146 (Pt 5): 1195-1209.

December 2013 | Volume 8 | Issue 12 | e81700



20.

22.

26.

27.

28.

30.

32.

33.

34.

. LiZ, Sakota V, Jackson D, Franklin AR, Beall B (2003) Array of M protein gene

subtypes in 1064 recent invasive group A streptococcus isolates recovered from
the active bacterial core surveillance. J Infect Dis 188: 1587-1592.

. Darenberg J, Luca-Harari B, Jasir A, Sandgren A, Pettersson H, et al. (2007)

Molecular and clinical characteristics of invasive group A streptococcal infection
in Sweden. Clin Infect Dis 45: 450-458.

Lepoutre A, Doloy A, Bidet P, Leblond A, Perrocheau A, et al. (2011)
Epidemiology of invasive Streptococcus pyogenes infections in France in 2007. J Clin
Microbiol 49: 4094-4100.

. O’Loughlin RE, Roberson A, Cieslak PR, Lynfield R, Gershman K, et al. (2007)

The epidemiology of invasive group A streptococcal infection and potential
vaccine implications: United States, 2000-2004. Clin Infect Dis 45: 853-862.
Lamagni TL, Darenberg J, Luca-Harari B, Siljander T, Efstratiou A, et al.
(2008) Epidemiology of severe Streptococcus pyogenes disease in Europe. J Clin
Microbiol 46: 2359-2367.

. Luca-Harari B, Ekelund K, van der Linden M, Staum-Kaltoft M, Hammerum

AM, et al. (2008) Clinical and epidemiological aspects of invasive Streptococcus
pyogenes infections in Denmark during 2003 and 2004. J Clin Microbiol 46: 79
86.

. Plainvert C, Doloy A, Loubinoux J, Lepoutre A, Collobert G, et al. (2012)

Invasive group A streptococcal infections in adults, France (2006-2010). Clin
Microbiol Infect 18: 702-710.

. Ikebe T, Hirasawa K, Suzuki R, Ohya H, Isobe ], et al. (2007) Distribution of

emm genotypes among group A streptococcus isolates from patients with severe
invasive streptococcal infections in Japan, 2001-2005. Epidemiol Infect 135:
1227-1229.

Su YF, Wang SM, Lin YL, Chuang WJ, Lin YS, et al. (2009) Changing
epidemiology of Streptococcus pyogenes emm types and associated invasive and
noninvasive infections in southern Taiwan. J Clin Microbiol 47: 2658-2661.
Chiang-Ni C, Wu AB, Liu CC, Chen KT, Lin YS, et al. (2011) Emergence of
uncommon emm types of Streptococcus pyogenes among adult patients in southern
Taiwan. J Microbiol Immunol Infect 44: 424-429.

Lin JN, Chang LL, Lai CH, Lin HH, Chen YH (2011) Clinical and molecular
characteristics of invasive and noninvasive skin and soft tissue infections caused
by group A Streptococcus. J Clin Microbiol 49: 3632-3637.

. McNeil SA, Halperin SA, Langley JM, Smith B, Warren A, et al. (2005) Safety

and immunogenicity of 26-valent group A streptococcus vaccine in healthy adult
volunteers. Clin Infect Dis 41: 1114-1122.

Dale JB, Penfound TA, Chiang EY, Walton WJ (2011) New 30-valent M
protein-based vaccine evokes cross-opsonic antibodies against non-vaccine
serotypes of group A streptococci. Vaccine 29: 8175-8178.

. Dale JB, Penfound TA, Tamboura B, Sow SO, Nataro JP, et al. (2013) Potential

coverage of a multivalent M protein-based group A streptococcal vaccine.
Vaccine 31: 1576-1581.

Ruoff KL, Whiley RA, Beighton D (2003) Manual of clinical microbiology. In:
Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken RH, editors.
Streptococcus. Washington DC: ASM Press. pp. 405-421.

Centers for Disease Control and Prevention (2010) Streptococcus laboratory
protocols. Centers for Disease Control and Prevention, Adanta, GA. http://
www.cdc.gov/ncidod/biotech/strep/protocols.htm.

Centers for Disease Control and Prevention (2011) CDC Streptococcus laboratory.
Centers for Disease Control and Prevention, Atlanta, GA. http://www.cdc.gov/
ncidod/biotech/strep/strepblast.htm.

Schmitz FJ, Beyer A, Charpentier E, Normark BH, Schade M, et al. (2003)
Toxin-gene profile heterogeneity among endemic invasive European group A
streptococcal isolates. J Infect Dis 188: 1578-1586.

PLOS ONE | www.plosone.org

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

50.

51.

52.

53.

Streptococcal Toxic Shock Syndrome in Taiwan

Chiou CS, Liao TL, Wang TH, Chang HL, Liao JC, et al. (2004) Epidemiology
and molecular characterization of Streptococcus pyogenes recovered from scarlet
fever patients in central Taiwan from 1996 to 1999. J Clin Microbiol 42: 3998
4006.

Silva-Costa C, Ramirez M, Melo-Cristino J (2006) Identification of macrolide-
resistant clones of Streptococcus pyogenes in Portugal. Clin Microbiol Infect 12: 513~
518.

Shah SS, Hall M, Srivastava R, Subramony A, Levin JE (2009) Intravenous
immunoglobulin in children with streptococcal toxic shock syndrome. Clin
Infect Dis 49: 1369-1376.

Factor SH, Levine OS, Harrison LH, Farley MM, McGeer A, et al. (2005) Risk
factors for pediatric invasive group A streptococcal disease. Emerging Infect Dis
11: 1062-1066.

Factor SH, Levine OS, Schwartz B, Harrison LH, Farley MM, et al. (2003)
Invasive group A streptococcal disease: risk factors for adults. Emerging Infect
Dis 9: 970-977.

Hsueh PR, Wu JJ, Tsai PJ, Liu JW, Chuang YC, et al. (1998) Invasive group A
streptococcal disease in Taiwan is not associated with the presence of
streptococcal pyrogenic exotoxin genes. Clin Infect Dis 26: 584-589.

Huang YC, Huang YC, Chiu CH, Chang LY, Leu HS, et al. (2001)
Characteristics of group A streptococcal bacteremia with comparison between
children and adults. J Microbiol Immunol Infect 34: 195-200.

Lin JN, Chang LL, Lai CH, Lin HH, Chen YH (2013) Trivial trauma, lethal
outcome: streptococcal toxic shock syndrome presenting to the ED. Am J Emerg
Med 31: 1293.e1-3.

Nooh MM, El-Gengehi N, Kansal R, David CS, Kotb M (2007) HLA transgenic
mice provide evidence for a direct and dominant role of HLA class II variation
in modulating the severity of streptococcal sepsis. J Immunol 178: 3076-3083.

. Demers B, Simor AE, Vellend H, Schlievert PM, Byrne S, et al. (1993) Severe

invasive group A streptococcal infections in Ontario, Canada: 1987-1991. Clin
Infect Dis 16: 792-800.

Holm SE, Norrby A, Bergholm AM, Norgren M (1992) Aspects of pathogenesis
of serious group A streptococcal infections in Sweden, 1988-1989. J Infect Dis
166: 31-37.

Vlaminckx BJ, Mascini EM, Schellekens J, Schouls LM, Paauw A, et al. (2003)
Site-specific manifestations of invasive group a streptococcal disease: type
distribution and corresponding patterns of virulence determinants. J Clin
Microbiol 41: 4941-4949.

Rantala S, Vahikuopus S, Siljander T, Vuopio J, Huhtala H, et al. (2012)
Streptococcus pyogenes bacteracmia, emm types and superantigen profiles. Eur J Clin
Microbiol Infect Dis 31: 859-865.

9. McMillan DJ, Geffers R, Buer J, Vlaminckx BJ, Sriprakash KS, et al. (2007)

Variations in the distribution of genes encoding virulence and extracellular
proteins in group A streptococcus are largely restricted to 11 genomic loci.
Microbes Infect 9: 259-270.

Ferretti JJ, McShan WM, Ajdic D, Savic DJ, Savic G, et al. (2001) Complete
genome sequence of an M1 strain of Streptococcus pyogenes. Proc Natl Acad Sci
USA 98: 4658-4663.

Smoot LM, McCormick JK, Smoot JC, Hoe NP, Strickland I, et al. (2002)
Characterization of two novel pyrogenic toxin superantigens made by an acute
rheumatic fever clone of Streptococcus pyogenes associated with multiple disease
outbreaks. Infect Immun 70: 7095-7104.

Commons R, Rogers S, Gooding T, Danchin M, Carapetis J, et al. (2008)
Superantigen genes in group A streptococcal isolates and their relationship with
emm types. ] Med Microbiol 57: 1238-1246.

Proft T, Webb PD, Handley V, Fraser JD (2003) Two novel superantigens found
in both group A and group C Streptococcus. Infect Immun 71: 1361-1369.

December 2013 | Volume 8 | Issue 12 | e81700



