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Objectives: B-Hemolytic streptococci occasionally cause severe infections such as necrotizing fasciitis and
streptococcal toxic shock syndrome (STSS). Here, we conducted a prospective study to investigate the
production of cytokines and chemokines in patients with STSS to explore its pathogenesis in survivors
and fatal cases.
Methods: From January 2013 through August 2015, all culture results from normally sterile sites were
prospectively followed and screened for STSS. Clinical characteristics of the patients with STSS were
evaluated and compared between survivors and fatal cases. Serum samples were collected on admission
for quantification of various cytokines and chemokines. Bacterial strains were categorized by Lancefield
grouping and analyzed for the emm type, and presence of speA, speB, speC, and speF.
Results: Fifteen patients received diagnosis of STSS. The median age of the patients was 60-year-old, and
the mortality rate was 40% despite intensive treatment. Nine strains were categorized as group A, two
belonged to group G, and four to group B. Group A contained various emm genotypes. Unexpectedly,
potent proinflammatory cytokine levels such as TNF-o. and IL-18 were not significantly elevated, and
comparison with surviving patients showed that IL-6, IL-8, and MCP-1 levels were significantly decreased
and creatine kinase level was significantly elevated in fatally ill cases.
Conclusion: Our results indicate that reduced production of proinflammatory cytokines and chemokines
may be involved in STSS pathogenesis and critical for prognosis of patients with STSS.

© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

aggressive and intensive treatment [6]. In Japan, since the first case
of STSS was reported in 1993 [7], almost 100 patients have been

Streptococcal toxic shock syndrome (STSS) is a notorious in-
fectious disease, which is characterized by abrupt onset and rapid
progression with high mortality rate. The case fatality rate of STSS is
35—45%, which is almost twice that reported for invasive group A
Streptococcus (GAS) cases lacking shock manifestation [1—5]. Most
patients die within a week of developing the symptoms despite
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reported to have STSS due to GAS infection according to the Na-
tional Institute of Infectious Diseases and prefectural Public Health
Institutes Surveillance in Japan [8].

GAS is the most common microorganism that causes STSS;
however, recently, other f-hemolytic streptococci such as group
B, C, and G streptococci were also reported to cause a similar
clinical course [5,9—12]. The pathogenesis of STSS has been
elucidated mostly in terms of virulence factors of bacterial
strains, such as M protein, superantigens, and pyrogenic toxins
[1,10,13—16]. Many streptococcal virulence factors have been
implicated in the pathogenesis of streptococcal infections,
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Table 1

“

Clinical and laboratory features of the cases.
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Case No. Age Sex Comorbidity Strain isolated Focus History of injury Cellulitis/Erythema Purpura Necrotizing ARDS DIC GCS Days from onset
from sterile within 1 week fascitis to hospital visit
site

1 68 F SLE GAS(S. pyogenes) RLE + + + + - + E1VIM1 3

2 60 F  unknown GAS(S. pyogenes) BLE unknown —+ + + - + E1V2M5 unknown

3 89 F CHF GAS(S. pyogenes) RLE + + + + - + E4V5M6 4

4 52 M LC, DM GAS(SDSE) RLE + + - - + + E3V4M5 1

5 34 F none GAS(S. pyogenes) meningitis — - — — — + E1VIM5 5

6 68 M RA GAS(S. pyogenes) LUE - + + + + + E4V5M6 5

7 67 F  breast cancer on GAS(S. pyogenes) LLE + + - + - + E3V5M6 1

chemotherapy

8 41 M none GAS(S. pyogenes) RLE + + + + - + E4V5M6 3

9 65 M stroke GGS(SDSE) RLE — + + + - + E3V5M6 5

10 83 M stroke GGS(SDSE) unknown — + — - - + E3V5M6 1

11 54 M LC, hemophilia GBS(S. agalactiae) bilateral — + - - - + E3V4M6 6

knee

12 81 F CRF(HD) GBS(S. agalactiae) RLE + + + + - + E4V5M6 1

13 56 M LC,DM GBS(S. agalactiae) RLE unknown — — - - + E1V2M4 unknown

14 46 M DM GAS(S. pyogenes) Lung - - - - - + E4V5M6 4

15 56 M LC, Wilson disease GBS(S. agalactiae) RLE — —+ + + - + E4V5M6 1

Median 60 3

NA: not applicable, GAS: group A Streptococcus, RLE: right lower extremities, DIC: disseminated intravascular coagulation, MEPM: Meropenem, CEZ: Cefazolin, WBC:
white blood cell, CHF: chronic heart failure, GGS: group G Streptococcus, BLE: bilateral lower extremities, GCS: Glasgow Coma Scale, PCG: Penicillin G, SBT/ABPC:
Sulbactam/Ampicillin, Cr: creatinine, LC: liver cirrhosis, GBS: group B Streptococcus, LUE: left upper extremities, ARDS: acute respiratory distress syndrome, CLDM:
Clindamycin, VCM: Vancomycin, DM: diabetes mellitus, SDSE: Streptococcus dysgalactiae subspecies equisimilis, LLE: left lower extremities, LZD: Linezolid, DRPM:
Doripenem, NA: not applicable, RA: rheumatoid arthritis, CTRX: Ceftriaxone, TAZ/PIPC: Tazobactum/Piperacillin, CRF: chronic renal failure, HD: hemodialysis, AZM:

Azithromycin.

including the M protein encoded by the emm gene. The M protein
protects GAS from phagocytosis by polymorphonuclear leuko-
cytes [17,18]. A recent multicenter study analyzed 223 emm-types
of GAS [19]. Most queries will obtain an exact 180/180 match to
one of the database entries that can be assigned to the sequence
(e.g., emm4.4 is equivalent to type emm4, subtype emm4.4). The
subtype has been correctly identified if a perfect 180/180 match
is obtained from the type-specific BLAST. The decimal point in-
dicates a subtype. Recently, Norrby-Teglund et al. provided evi-
dence regarding the mechanism of host immune response to
STSS based on in vivo and in vitro studies, indicating possible
immunogenetic differences in the outcomes of invasive group A
streptococcal infections on the basis of the proportion of
cytokine-producing cells among peripheral blood mononuclear
cells (PBMCs) [16,20—23]. In contrast, only few have assessed
circulating cytokine profiles in patients with STSS. Here, we
conducted a prospective study to explore the pathogenesis of
STSS in terms of bacterial and host factors by investigating the
clinical features, isolated bacterial strains, and circulating cyto-
kine and chemokine profiles of patients with STSS.

2. Materials and methods
2.1. Setting

The Toho Medical Center Omori Hospital is a comprehensive
tertiary care teaching hospital in Tokyo with 936 beds and more
than 800,000 patient visits per year.

2.2. Patients

From January 2013 through August 2015, all culture results from
normally sterile sites were prospectively followed and screened for
STSS according to the STSS definition as previously reported [24].
The patients were evaluated for their clinical characteristics (e.g.

days from onset to admission, history of injury, comorbidities,
complications, physical findings, laboratory data, treatment, and
prognosis) and comparison of the clinical characteristics between
survivors and fatal cases was executed.

2.3. Bacterial isolates

B-Hemolytic streptococci isolated from normally sterile sites of
patients with STSS were analyzed for Lancefield grouping, serotype,
emm type, and presence of speA, speB, speC, and speF. The antibiotic
sensitivity of the isolates was determined by the micro broth
dilution method according to the Clinical and Laboratory Standards
Institute guidelines.

2.4. emm typing

emm sequencing was performed as described by Beall et al. [25]
with modifications described at https://www.cdc.gov/streplab/
index.html. According to the CDC protocol, the primers emm-1
(5'-TATT(C/G)GCTTAGAAAATTAA-3') and emm-2 (5'-
GCAAGTTCTTCAGCTTGTTT-3") were used for amplifying the N-ter-
minal region of emm. The purified PCR products were sequenced
using the emmseq2 primer (5'-TAATCG CTT AGA AAATTA AAA ACA
GG-3'). The first 160 bases of the 5-end of emm were compared to
those in the CDC emm sequence database (https://www2a.cdc.gov/
ncidod/biotech/strepblast.asp).

2.5. Detection of virulence genes by polymerase chain reaction
(PCR)

PCR with previously described primer pairs was conducted for
detecting genes encoding streptococcal pyrogenic exotoxins (speA,
speB, speC, and speF) [25,26]. In all cases, the primers were designed
for a sequence located inside an open reading frame. The expected
sizes of amplicons were 393 bp for speA, 1113 bp for speB, 540 bp for
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Days from Antibiotic Treatment Prognosis Body

WBC /uL CRP mg/dL Platelet Glucose CKU/L Cr mg/dL AST U/L HbAlc

admission (30 day temperature °C x10°4/uL mg/dL
to death mortality)
2 MEPM -+ CLDM dead 35.7 30,800 19.8 7.7 7 3028 5.0 174 NA
3 DRPM + ABPC + CLDM + VCM dead 34.6 500 11.7 10.2 37 1627 1.5 105 5.2
2 SBT/ABPC + CLDM dead 373 1200 183 149 85 2692 2.1 105 52
23 MEPM — PCG + CLDM dead 40.5 2400 114 4.3 119 1845 1.0 159 8.6
25 MEPM + LZD + CLDM — CTRX + CLDM dead 40.6 16,500 19.9 155 164 750 0.5 300 6.1
6 CEZ + CLDM dead 353 29,200 29.2 31 147 816 3.7 32 5.6
NA SBT/ABPC + CLDM alive 36.9 1200 16.3 234 83 131 13 40 5.5
NA MEPM -+ VCM + CLDM — SBT/ABPC + CLDM alive 38.7 2300 22 124 118 181 4.0 39 5.1
NA MEPM + VCM — PCG + CLDM alive 38.2 6000 37.7 11.7 117 768 48 55 5.5
NA MEPM -+ VCM — ABPC + CLDM alive 38.2 13,300 0.7 10.2 142 156 1.6 21 NA
NA DRPM — SBT/ABPC alive 36.7 11,500 124 59 114 21 23 64 5.2
NA SBT/ABPC + CLDM alive 38.2 9300 133 8.3 77 56 4.75(HD) 24 NA
NA TAZ/PIPC + CLDM— SBT/ABPC alive 25.8 5700 16.4 12 21 1112 09 214 7.6
NA MEPM + VCM + AZM — TAZ/PIPC + CLDM alive 37.8 10,000 349 8.1 809 255 3.7 23 11.2
— SBT/ABPC
NA MEPM + VCM + CLDM — SBT/ABPC alive 36.6 14,800 3.3 6.7 90 91 2.7 401 4.6
5 mortality 40% 37 9300 16 10 114 750 2 64 6
speC, and 238 bp for speF. PCR amplification was performed by 3. Results

initial denaturation at 95 °C for 10 min, followed by 30 cycles of
95 °C for 30 s, 52 °C for 30 s, and 72 °C for 2 min, and a final
extension at 72 °C for 3 min.

2.6. Cytokine analysis

Serum samples of patients with STSS were collected on admis-
sion and a variety of cytokines (IFN-vy, TNF-a, IL-18, IL-6, IL-12 p70,
IL-17A, G-CSF, IL-10, IL-4, and IL-2) and chemokines (MCP-1, IP-10,
IL-8) were quantified using Flow Cytomix (eBioscience) on a
FACSCalibur flow cytometer (Becton, Dickinson and Company).
Limits of detection (pg/mL) were as follows: IFN-v, 1.6; TNF-a, 3.2;
IL-16, 4.2; IL-6, 1.2; IL-12 p70, 1.5; IL-17A, 2.5; G-CSF, 3.4; IL-10, 1.9;
IL-4, 20.8; IL-2, 16.4; MCP-1, 2.2; IP-10, 6.0; and IL-8, 0.5. Compar-
ison of the immunological responses between survivors and fatal
cases were executed.

2.7. Statistical analysis

These analyses were performed in the GraphPad Prism 5 soft-
ware (GraphPad, Inc., La Jolla, CA). Continuous comparisons were
made using the Mann—Whitney test. Differences were considered
statistically significant at p < 0.05.

2.8. Ethics statement

This study complied with the guidelines of the 1964 Declaration
of Helsinki and its later amendments or comparable ethical stan-
dards. The protocol was approved by the Institutional Individual
Ethics Committee (Toho Medical Center Omori Hospital Ethic Re-
view Board, Decision no. 27—128). Informed consent was obtained
from all the individual participants of the study.

3.1. Clinical characteristics of patients with STSS

In total, 19,693 samples were obtained from 6249 patients, and
1308 patients showed positive culture results at normally sterile
sites. Among these, 15 cases were diagnosed as STSS because of the
presence of B-hemolytic streptococci. The median age of these
patients was 60 years (range 34—89 years); four patients had liver
cirrhosis and three patients had diabetes mellitus. Six patients had
a history of injury or contusion within a week of the hospital visit.
The median number of days from the disease onset to the hospital
visit was three, and the mortality rate was 40%, despite intensive
treatment such as aggressive antibiotic therapy, immunoglobulin
and vasopressor administration, and continuous hemodiafiltration.
All the cases presented as bacteremia, and 12 patients had cellulitis
in lower extremities, of which nine patients had necrotizing fasci-
itis. Body temperature on admission varied from very low to high
(25.8—40.6 °C, median 37.0 °C). All patients had disseminated
intravascular coagulation, and two patients had acute respiratory
distress syndrome. Although both very low and high white blood
cell (WBC) counts were observed, the median white blood cell
(WBC) count was 9300 cells/L (range 500—30,800 cells/L; Table 1).
To investigate the clinical differences between surviving patients
and fatal cases, body temperature, WBC counts, C-reactive protein
(CRP), platelets, glucose, creatine kinase (CK), creatinine, and
aspartate transaminase (AST) levels were compared. Only CK levels
were statistically significantly elevated among fatal cases (the
median value of fatal cases: 1736 U/L, surviving patients: 156 U/L,
p = 0.0004); no other significant differences were noted (Table 2).

3.2. Features of bacterial isolates

Nine strains were categorized in group A (all isolates were
S. pyogenes, except for one strain identified as S. dysgalactiae
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Table 2
Comparison of the clinical characteristics between survivors and fatal cases.
Survivors (n = 9) IQR Fatal outcome (n = 6) IQR p value®

Age (year) 56 54-67 64 54-68 0.3839
Male/Female 7/2 NA 2/4 NA 0.1357
Body Temperature(C) 37.8 36.7—38.2 373 35.7—40.5 0.4296
WBC (x10°3 cells/L) 93 57-11.5 9.45 1.5-26.0 0.4068
Plt (x10°4/uL) 10.2 8.1-12 12.6 8.3—-154 0.3185
CRP (mg/L) 163 12.4-22 19.1 13.4-19.9 0.432
Cr (mg/dL) 2.5 1.5-3.8 1.8 1.1-3.3 0.3026
AST (U/L) 40 24-64 64 40-105 0.0875
CK (mg/dL) 156 91-255 1736 1019—-2480 0.0004

Data are shown as median.
IQR: Interquartile Range.
NA: not applicable.
4 Mann Whitney test, except for gender analysis (Fisher's exact test).

subspecies equisimilis), two belonged to group G (all isolates were
S. dysgalactiae subspecies equisimilis), and four belonged to group B
(all isolates were S. agalactiae). In group A, there were three
emm12.0 and two emm1.0 strains each. Other strains belonged to
different subtypes. Among eight S.pyogenes, two strains tested
positive for speA, and eight and seven strains tested positive for
speB and speF, respectively. Five strains were positive for speC. Se-
rotypes of groups B differed from one another, except for two
strains, which had the Ib type (Supplementary Table 1). All isolates
were sensitive to penicillin G (MIC < 0.06 pg/mL), cefotaxime,
meropenem, vancomycin, and linezolid. Six isolates were resistant
to erythromycin and four isolates were resistant to clindamycin
(Supplementary Table 2).

3.3. Cytokine and chemokine analyses of the cases

The serum cytokine and chemokine levels were analyzed for
fourteen patients except for one fatal case, the serum sample of
which was not available. Unexpectedly, potent proinflammatory
cytokines such as TNF-o. and IL-18 were not significantly elevated
except for patient No.2, who was a homeless and found lying on the
ground so the precise clinical course was not known. On the other
hand, relatively high levels of IL-6, IL-8, and G-CSF (median 6566.4,
2212.6, and 2420.2 pg/mL, respectively) and high concentrations of
MCP-1 and IP-10 were detected (11,065.9 and 3122.4 pg/mlL,
respectively; Supplementary Table 3). Furthermore, the cytokine
and chemokine levels were statistically compared to identify the
immunological features of the surviving and fatally ill patients. IL-6,
IL-8, and MCP-1 were significantly decreased among fatal cases
than in surviving patients (Fig. 1). Other cytokine and chemokine
levels were not significantly different between the two groups.

4. Discussion

It is well-known that bacterial sepsis induces proinflammatory
cytokines such as IL-6 and TNF-a; however, reports on immuno-
logical and clinical features of patients with STSS are limited. Here,
we identified the clinical and bacterial features of such patients,
including novel data from cytokine and chemokine analyses.

Bacterial sepsis causes both hyperinflammation and immuno-
suppression, which sometimes occur simultaneously. TNF-a, IL-1(,
and IL-6 are the cytokines that mediate the initial response of
innate immunity to injury or infection. TNF-o. and IL-1f both acti-
vate endothelial cells, attracting circulating polymorphonuclear
leukocytes to the infection site. They also enter the circulation,
causing fever and other systemic symptoms. IL-6 enhances hepatic
production of the acute phase reactants, including CRP, and stim-
ulates a shift in the production of immune cells in the bone marrow
to induce formation of more polymorphonuclear leukocytes.

Therefore, these three cytokines are essentially responsible for the
features of systemic inflammatory response syndrome [27,28]. The
common chemokines, IL-8, IP-10, and MCP-1 are often as reliable as
IL-6 at measuring the magnitude of an injury or sepsis response
[29,30]. Bozza et al. have shown that IL-8 and MCP-1 have the best
accuracy for predicting 28-day mortality, while IL-6 and IL-8 are
good predictors of worsening organ dysfunction in patients with
severe sepsis [31]. In a prospective pilot study of 29 patients,
Anuluz-Ojeda et al. recently showed that IL-6, IL-8, IL-10, and MCP-
1 levels were elevated in patients who later died compared to those
who survived severe sepsis [32]. Several reports mention cytokine
and/or chemokine analysis of STSS in experimental models or pa-
tients. Saito et al. studied a mouse model of S. pyogenes-induced
STSS [33]. The mice were inoculated with 107 colony-forming units
of S. pyogenes intramuscularly, and cytokine levels were measured
immediately before death. Relatively high concentrations of TNF-a,
IFN-v, IL-6, and MCP-1 were observed, but most mice died almost
20 days after bacterial inoculation [33]. Stevens et al. reported high
levels of TNF-a. in a baboon model of S. pyogenes bacteremia with
profound hypotension, where administration of a neutralizing anti-
TNF-o. antibody restored normal blood pressure and reduced
mortality by 50% [34]. Another report showed the cytokine profile
of children with S. pyogenes infection could be stratified by severity
of the disease [35]. Patients with invasive GAS disease had signifi-
cantly higher IFN-y, IL-1B, IL-6, IL-8, IL-10, and IL-18 levels than
those with non-invasive diseases or colonization and healthy con-
trols. There was no difference in TNF-, IL-12, and IL-2 levels among
the groups [35]. Another study on serum TNF-a levels of three
patients with STSS showed that TNF-o. was not upregulated in any
of the patients [36]. Compared to the results of previous studies,
our findings obtained by comparing the characteristics of surviving
patients and fatal cases, are novel. Unexpectedly, our results indi-
cate that low TNF-a levels were detected among survived and fatal
cases (Supplementary Table 3). Furthermore, IL-6, IL-8, and MCP-1
concentrations were significantly lower among the fatal cases than
in the surviving patients (Fig. 1). These results suggest that a rela-
tively weaker response of the host to the pathogen may affect the
prognosis. In contrast, several reports discuss the role of inflam-
matory cytokines in invasive streptococcal infections, which
demonstrate that patients with a propensity to produce higher
levels of inflammatory cytokines in response to streptococcal
superantigens develop significantly more severe systemic mani-
festations than patients who tend to produce lower levels of in-
flammatory cytokines to the same superantigens. These findings
suggest that host factors influence the magnitude of cytokine
response to superantigens and consequently the clinical outcome
of the infection [20]. Further study demonstrated that patients with
the DRB1*1501/DQB1*0602 haplotype mounted significantly lower
responses and were less likely to develop severe systemic disease,
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Fig. 1. Cytokine and chemokine profiles of 14 patients with STSS. Serum cytokine and chemokine levels were determined by flow cytometry analysis. Bars indicate the median. The
Mann-Whitney test shows statistically significant differences between survivors and fatal cases (*P < 0.05).

suggesting that human leukocyte antigen class II allelic variation
contributes to differences in severity of invasive streptococcal in-
fections via their ability to regulate cytokine responses triggered by
streptococcal superantigens [21]. The differences between our
findings and previous results lie mainly in the method used for
investigating cytokine production. Norrby-Teglund et al. analyzed
cytokine production by enumerating the number of cytokine-
producing cells among PBMCs using Golgi-confined stain as a
marker, whereas we detected circulating cytokines in serum by
flow cytometry. We measured both plasma and serum cytokine
levels for some of the patients, which did not alter the results (data
not shown). We decided to analyze serum cytokine levels similar to
former reports [33,34] because of practical convenience.

Cytokines generated early during the infection may be impor-
tant for controlling bacterial dissemination, although excessive and
persistent production of cytokines may be detrimental [37]. A
report shows selective depletion of V B-bearing T cells in patients
with severe invasive GAS infections and STSS. V B-bearing T-cell
depletion was associated with extensive DNA fragmentation, sug-
gesting that one of the mechanisms underlying this depletion
might be apoptosis [38]. Our findings indicate reduced immuno-
logical response among fatally ill patients, which may provide clues
regarding its pathogenesis. Further studies are required to precisely
characterize the pathogenesis of STSS.

In terms of the bacterial features of our cases, no specific sero-
type, emm type, or superantigen pattern was prevalent except for
the detection of two strains with the T1/M1 serotype and four
strains with the T12/M12 serotype.

Our study is not without limitations. First, cytokines such as
TNF-a have short half-life and the response is phasic. Therefore,
cytokine quantification may not have been conducted at the best
time point. Patients visited hospitals at various time points relative
to the onset; however, most of them visited shortly after the onset
of symptoms. The median time for hospital visit was three days.
Therefore, it may be assumed that serum cytokines were quantified

relatively early in the clinical course. Certain patients were able to
provide serum samples at several time points, which enabled
determination of the time course of cytokines production (data not
shown). Second, we compared the clinical characteristics and
cytokine/chemokine profiles among survivors and fatal cases. Pa-
tients may die early in the course due to excessive inflammation
and organ dysfunction; however, a significant proportion die later
in the course [39], which is not related to excessive inflammation.
All fatal cases observed in this study died within 30 days, with
median time from admission to death being 5 days as shown in
Table 1. These are considered as cases of early death, and may be
used for comparisons between survivors and fatal cases.

5. Conclusions

In summary, we demonstrated clinical characteristics and
cytokine and chemokine profiles of 15 patients with STSS. Most of
the cases were caused by different serotypes of B-hemolytic
streptococci, except for two strains of T1/M1 and four strains of
T12/M12. Overall, potent proinflammatory cytokines such as TNF-a,
IL-1B, and IFN-y were not significantly elevated, whereas relatively
high concentrations of IL-6, IL-8, and G-CSF were observed. Unex-
pectedly, in a comparison of surviving patients and fatal cases, IL-6,
IL-8, and MCP-1 were found to be significantly decreased and a
relatively high concentration of IP-10 was detected among fatal
cases. Our results indicate that reduced production of proin-
flammatory cytokines such as IL-6 and certain chemokines such as
IL-8 and MCP-1 may be involved in STSS pathogenesis. Further
studies may provide insights into novel strategies against the
complicated pathophysiology of STSS.

Funding

This study is partially supported by Japan Agency for Medical
Research and Development (AMED), Japan under Grant Number



360 S. Yoshizawa et al. / | Infect Chemother 25 (2019) 355—361

JP18fk0108044 (TM and TI) and Japan Society for the Promotion of
Science (JSPS) KAKENHI, Japan Grant Numbers JP25460085 and
JP16K09952 (TM).

Conflicts of interest

The authors declare that they have no competing interests to
this study.

Authors' information

SY, YF, YI, and KT were from Department of Microbiology and
Infectious diseases. Rl and MH are from Department of Emergency
and Critical Care Center. TT is from Department of Internal Medi-
cine, Division of Cardiovascular Medicine. TS is from Department of
General Medicine and Emergency Care, Division of Infectious
Diseases.

Acknowledgements

We thank Dr. Katsunori Yoshihara from the Department of
Emergency and Critical Care Center, Toho University Omori Medical
Center, for assistance with regulatory coordination and clinical data
collection, as well as Dr. Keizo Yamaguchi, Professor Emeritus of the
Department of Microbiology and Infectious Diseases, Toho Uni-
versity Faculty of Medicine, for special supervision. We are also
grateful to the clinical microbiology staff at Toho University for
their assistance with collecting the bacterial isolates.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jiac.2019.01.006.

List of abbreviations

STSS streptococcal toxic shock syndrome
TNF-a tumor necrosis factor-a.

IL interleukin

P interferon-gamma-induced protein
MCP monocyte chemotactic protein

G-CSF granulocyte colony-stimulating factor
GAS group A Streptococcus

PBMC peripheral blood mononuclear cell
PCR polymerase chain reaction
References

[1] Cole ]N, Barnett TC, Nizet V, Walker M]. Molecular insight into invasive group
A streptococcal disease. Nat Rev Microbiol 2011;9:724—36. https://doi.org/
10.1038/nrmicro2648.

Reglinski M, Sriskandan S. The contribution of group A streptococcal virulence
determinants to the pathogenesis of sepsis. Virulence 2014;5:127—36. https://
doi.org/10.4161/viru.26400.

Lamagni TL, Darenberg J, Luca-Harari B, Siljander T, Efstratiou A, Henriques-
Normark B, et al. Epidemiology of severe Streptococcus pyogenes disease in
Europe. ] Clin Microbiol 2008;46:2359—67. https://doi.org/10.1128/
JCM.00422-08.

[4] Lappin E, Ferguson AJ. Gram-positive toxic shock syndromes. Lancet Infect Dis
2009;9:281—-90. https://doi.org/10.1016/S1473-3099(09)70066-0.

Hasegawa T, Hashikawa SN, Nakamura T, Torii KOM. Factors determining
prognosis in streptococcal toxic shock-like syndrome: results of a nationwide
investigation in Japan. Microbes Infect 2004;6:1073—7. https://doi.org/
10.1016/j.micinf.2004.06.001.

Lamagni TL, Neal S, Keshishian C, Powell D, Potz N, Pebody R, et al. Predictors
of death after severe Streptococcus pyogenes infection. Emerg Infect Dis
2009;15:1304—7. https://doi.org/10.3201/eid1508.090264.

Shimizu Y, Ohymama A, Kasama K, Miyazaki M, Ooe K, Ookochi Y. [Case report
of toxic shock-like syndrome due to group A streptococcal infection]. Kan-
senshogaku Zasshi 1993;67:236—9.

[2

[3

[5

[6

[7

[8] Ikebe T, Tominaga K, Shima T, Okuno R, Kubota H, Ogata K, et al. Increased
prevalence of group A streptococcus isolates in streptococcal toxic shock
syndrome cases in Japan from 2010 to 2012. Epidemiol Infect 2015;143:
864—72.

Ikebe T, Oguro Y, Ogata K, Katsukawa C, Isobe ], Shima T, et al. Surveillance of

severe invasive group G streptococcal infections in Japan during 2002-2008.

Jpn J Infect Dis 2010;63:372—5.

[10] Al AF, Abdallah L, Berger S, Hanna R, Reynolds N, Thompson S, et al. Strep-
tococcus agalactiae toxic shock-like syndrome: two case reports and Review
of the literature. Medicine (Baltimore) 2013;92:10—4. https://doi.org/
10.1097/MD.0b013e31827deal1.

[11] Hashikawa S, linuma Y, Ohkura T, Nada T, Torii K, Furushita M, et al. Char-
acterization of group C and G streptococcal strains that cause streptococcal
toxic shock syndrome characterization of group C and G streptococcal strains
that cause streptococcal toxic shock syndrome. J Clin Microbiol 2004;42:
186—92. https://doi.org/10.1128/JCM.42.1.186.

[12] Ikebe T, Chiba K, Shima T, Masuda C, Okuno R, Ohya H, et al. Evaluation of
streptococcal toxic shock-like syndrome caused by group B streptococcus in
adults in Japan between 2009 and 2013. ] Infect Chemother 2015;21:207—11.
https://doi.org/10.1016/j.jiac.2014.12.002.

[13] Low DE. Toxic shock syndrome. Major advances in pathogenesis, but not
treatment. Crit Care Clin 2013;29:651—75. https://doi.org/10.1016/
j.ccc.2013.03.012.

[14] Steer AC, Lamagni T, Curtis N, Carapetis JR. Invasive group a streptococcal dis-
ease: epidemiology, pathogenesis and management. Drugs 2012;72:1213—-27.

[15] Descheemaeker P, Van Loock F, Hauchecorne M, Vandamme P, Goossens H.
Molecular characterisation of group A streptococci from invasive and non-
invasive disease episodes in Belgium during 1993-1994. ] Med Microbiol
2000;49:467—-71.

[16] Johansson L, Thulin P, Low DE, Norrby-Teglund A. Getting under the skin: the
immunopathogenesis of Streptococcus pyogenes deep tissue infections. Clin
Infect Dis 2010;51:58—65. https://doi.org/10.1086/653116.

[17] Smeesters PR, McMillan DJ, Sriprakash KS. The streptococcal M protein: a
highly versatile molecule. Trends Microbiol 2010;18:275—82. https://doi.org/
10.1016/j.tim.2010.02.007.

[18] Ghosh P. The nonideal coiled coil of M protein and its multifarious functions in
pathogenesis. Adv Exp Med Biol 2011;715:197—-211. https://doi.org/10.1007/
978-94-007-0940-9_12.

[19] Mcmillan DJ, Dreze P, Vu T, Bessen DE, Steer AC, Carapetis JR, et al. Updated
model of group A Streptococcus M proteins based on a comprehensive
worldwide study. Clin Microbiol Infect 2013;19:E222—9. https://doi.org/
10.1111/1469-0691.12134. Updated.

[20] Norrby-Teglund A, Chatellier S, Low DE, McGeer A, Green K, Kotb M, et al. Host
variation in cytokine responses to superantigens determine the severity of
invasive group A streptococcal infection. Eur ] Immunol 2000;30:3247—55.
https://doi.org/10.1111/aas.13024.

[21] Kotb M, Norrby-Teglund A, McGeer A, El-Sherbini H, Dorak MT, Khurshid A,
et al. An immunogenetic and molecular basis for differences in outcomes of
invasive group A streptococcal infections. Nat Med 2002;8:1398—404. https://
doi.org/10.1038/nm.

[22] Norrby-Teglund A, Thulin P, Gan BS, Kotb M, McGeer A, Andersson J, et al.
Evidence for superantigen involvement in severe group a streptococcal tissue
infections. J Infect Dis 2001;184:853—60. https://doi.org/10.1086/323443.

[23] Norrby-Teglund A, Lustig R, Kotb M. Differential induction of Th1 versus Th2
cytokines by group A streptococcal toxic shock syndrome isolates. Infect
Immun 1997;65:5209—15.

[24] Stevens DL. Streptococcal toxic-shock syndrome: spectrum of disease, path-
ogenesis, and new concepts in treatment. Emerg Infect Dis 1995;1:69—78.
https://doi.org/10.3201/eid0103.950301.

[25] Beall B, Facklam R, Thompson T. Sequencing emm -specific polymerase chain
reaction products for routine and accurate typing of group A Streptococci.
J Clin Microbiol 1995;34:953-8.

[26] Ikebe T, Murayama S, Saitoh K, Yamai S, Suzuki R, Isobe ], et al. Surveillance of
severe invasive group-G streptococcal infections and molecular typing of the
isolates in Japan. Epidemiol Infect 2004;132:145-9. https://doi.org/10.1017/
$0950268803001262.

[27] Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci 2013;50:23—36. https://
doi.org/10.3109/10408363.2013.764490.

[28] Aziz M, Jacob A, Yang WL, Matsuda A, Wang P. Current trends in inflammatory
and immunomodulatory mediators in sepsis. ] Leukoc Biol 2013;93:329—42.
https://doi.org/10.1189/j1b.0912437.

[29] Jastrow 3rd KM, Gonzalez EA, McGuire MF, Suliburk JW, Kozar RA, lyengar S,
et al. Early cytokine production risk stratifies trauma patients for multiple
organ failure. ] Am Coll Surg 2009;209:320—31. https://doi.org/10.1016/
j-jamcollsurg.2009.05.002.

[30] Xiao W, Mindrinos MN, Seok ], Cuschieri ], Cuenca AG, Gao H, et al. A genomic
storm in critically injured humans. ] Exp Med 2011;208:2581—90. https://
doi.org/10.1084/jem.20111354.

[31] Bozza FA, Salluh JI, Japiassu AM, Soares M, Assis EF, Gomes RN, et al. Cytokine
profiles as markers of disease severity in sepsis: a multiplex analysis. Crit Care
2007;11:R49. https://doi.org/10.1186/cc5783.

[32] Andaluz-Ojeda D, Bobillo F, Iglesias V, Almansa R, Rico L, Gandia F, et al.
A combined score of pro- and anti-inflammatory interleukins improves
mortality prediction in severe sepsis. Cytokine 2012;57:332—6. https://
doi.org/10.1016/j.cyt0.2011.12.002.

[9


https://doi.org/10.1016/j.jiac.2019.01.006
https://doi.org/10.1038/nrmicro2648
https://doi.org/10.1038/nrmicro2648
https://doi.org/10.4161/viru.26400
https://doi.org/10.4161/viru.26400
https://doi.org/10.1128/JCM.00422-08
https://doi.org/10.1128/JCM.00422-08
https://doi.org/10.1016/S1473-3099(09)70066-0
https://doi.org/10.1016/j.micinf.2004.06.001
https://doi.org/10.1016/j.micinf.2004.06.001
https://doi.org/10.3201/eid1508.090264
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref7
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref8
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref9
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref9
https://doi.org/10.1097/MD.0b013e31827dea11
https://doi.org/10.1097/MD.0b013e31827dea11
https://doi.org/10.1128/JCM.42.1.186
https://doi.org/10.1016/j.jiac.2014.12.002
https://doi.org/10.1016/j.ccc.2013.03.012
https://doi.org/10.1016/j.ccc.2013.03.012
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref14
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref14
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref14
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref15
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref15
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref15
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref15
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref15
https://doi.org/10.1086/653116
https://doi.org/10.1016/j.tim.2010.02.007
https://doi.org/10.1016/j.tim.2010.02.007
https://doi.org/10.1007/978-94-007-0940-9_12
https://doi.org/10.1007/978-94-007-0940-9_12
https://doi.org/10.1111/1469-0691.12134
https://doi.org/10.1111/1469-0691.12134
https://doi.org/10.1111/aas.13024
https://doi.org/10.1038/nm
https://doi.org/10.1038/nm
https://doi.org/10.1086/323443
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref23
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref23
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref23
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref23
https://doi.org/10.3201/eid0103.950301
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref25
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref25
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref25
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref25
https://doi.org/10.1017/S0950268803001262
https://doi.org/10.1017/S0950268803001262
https://doi.org/10.3109/10408363.2013.764490
https://doi.org/10.3109/10408363.2013.764490
https://doi.org/10.1189/jlb.0912437
https://doi.org/10.1016/j.jamcollsurg.2009.05.002
https://doi.org/10.1016/j.jamcollsurg.2009.05.002
https://doi.org/10.1084/jem.20111354
https://doi.org/10.1084/jem.20111354
https://doi.org/10.1186/cc5783
https://doi.org/10.1016/j.cyto.2011.12.002
https://doi.org/10.1016/j.cyto.2011.12.002

(33]

(34]

(35]

(36]

S. Yoshizawa et al. / ] Infect Chemother 25 (2019) 355—361

Saito M, Kajiwara H, lida K, Hoshina T, Kusuhara K, Hara T, et al. Systemic
cytokine response in moribund mice of streptococcal toxic shock syndrome
model. Microb  Pathog  2011;50:109—13.  https://doi.org/10.1016/
j.-micpath.2010.12.001.

Stevens DL, Bryant AE, Hackett SP, Chang A, Peer G, Kosanke S, et al. Group A
streptococcal bacteremia: the role of tumor necrosis factor in shock and organ

failure. ] Infect Dis 1996;173:619—26. https://doi.org/10.1093/infdis/
173.3.619.
Wang SM, Lu IH, Lin YL, Lin YS, Wu ]JJ, Chuang WJ, et al. The severity of

Streptococcus pyogenes infections in children is significantly associated with
plasma levels of inflammatory cytokines. Diagn Microbiol Infect Dis 2008;61:
165—9. https://doi.org/10.1016/j.diagmicrobio.2008.01.008.

Kawaguchi T, Igaki N, Kinoshita S, Matsuda T, Kida A, Moriguchi R, et al. A new
therapeutic strategy for streptococcal toxic shock syndrome: a key target for

[37]

[38]

[39]

361

cytokines. Intern Med
internalmedicine.42.211.
Netea MG, Van Der Meer JWM, Van Deuren M, Kullberg BJ. Proinflammatory
cytokines and sepsis syndrome: not enough, or too much of a good thing?
Trends Immunol 2003;24:254—8. https://doi.org/10.1016/S1471-4906(03)
00079-6.

Watanabe-Ohnishi R, Low DE, McGeer A, Stevens DL, Schlievert PM,
Newton D, et al. Selective depletion of V beta-bearing T cells in patients with
severe invasive group A streptococcal infections and streptococcal toxic shock
syndrome. Ontario Streptococcal Study Project. ] Infect Dis 1995;171:74—84.
Madsen MB, Hjortrup PB, Hansen MB, Lange T, Norrby-Teglund A, Hyldegaard O,
et al. Immunoglobulin G for patients with necrotising soft tissue infection (IN-
STINCT): a randomised, blinded, placebo-controlled trial. Intensive Care Med
2017;43:1585—93. https://doi.org/10.1007/s00134-017-4786-0.

2003;42:211-8. https://doi.org/10.2169/


https://doi.org/10.1016/j.micpath.2010.12.001
https://doi.org/10.1016/j.micpath.2010.12.001
https://doi.org/10.1093/infdis/173.3.619
https://doi.org/10.1093/infdis/173.3.619
https://doi.org/10.1016/j.diagmicrobio.2008.01.008
https://doi.org/10.2169/internalmedicine.42.211
https://doi.org/10.2169/internalmedicine.42.211
https://doi.org/10.1016/S1471-4906(03)00079-6
https://doi.org/10.1016/S1471-4906(03)00079-6
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref38
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref38
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref38
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref38
http://refhub.elsevier.com/S1341-321X(19)30021-2/sref38
https://doi.org/10.1007/s00134-017-4786-0

	Streptococcal toxic shock syndrome caused by β-hemolytic streptococci: Clinical features and cytokine and chemokine analyse ...
	1. Introduction
	2. Materials and methods
	2.1. Setting
	2.2. Patients
	2.3. Bacterial isolates
	2.4. emm typing
	2.5. Detection of virulence genes by polymerase chain reaction (PCR)
	2.6. Cytokine analysis
	2.7. Statistical analysis
	2.8. Ethics statement

	3. Results
	3.1. Clinical characteristics of patients with STSS
	3.2. Features of bacterial isolates
	3.3. Cytokine and chemokine analyses of the cases

	4. Discussion
	5. Conclusions
	Funding
	Conflicts of interest
	Authors' information
	Acknowledgements
	Appendix A. Supplementary data
	List of abbreviations
	References


