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We continued to survey the effectiveness of inactivated poliovirus vaccine (IPV) in Japan
and improved the quality control of the IPV products. In 2016, a coverage of 21 doses of the
IPV-containing vaccines among children aged under 5 years was 94.9-100%, except individuals with
unknown vaccination status (Taya et al. Infectious Disease Surveillance Center, NIID)
Seropositivity rates (neutralizing antibody titers >1:8) for all 3 types of poliovirus were high
(type 1: 94.9-100%, type 2: 95.5-100% and type 3: 92.3-100%). According to the cumulative
vaccination coverage (CVC) of DPT-IPV in 2016, the CVC rate of the 1°° IPV dose at 12 months was
97.4% and that at 24 months was 99.1%. The CVC rate of the fourth DPT-IPV dose (booster DPT-IPV
immunization) was 85.0% at 24 months (Shimizu et al. Department of Virology II, NIID). Dr Someya
et al. (Department of Virology II, NIID) investigated rat strains to be used for a potency test
for the quality control of the sIPV products. The immunogenicity of sIPV was reasonably determined
even in the Crlj:WI rats without apparent rat strain differences. An alternative method of the D
antigen ELISA using inactivated poliovirus antigens is under development by a research group of
the Research Foundation for Microbial Diseases of Osaka University (Dr Ochiai et al.). Based on
a sIPV working group (Shimizu et al.), we reviewed and investigated the reliable sIPV quality control
systems under the requirements of WHO poliovirus containment action plan (GAPIII).

To monitor emerging and re—emerging enteric virus infections in a timely manner, we
attempted to improve infectious agent surveillance activities for some critical enterovirus
infections. Prof. Oshitani’ s group (Tohoku University Graduate School of Medicine) demonstrated
that enterovirus D68 (EV-D68) lineage 2 (Clade B) viruses identified in the Philippines from
2012-2015 were genetically clustered with strains from other countries in Asia, but distinct from
those from North America and Europe. The evolutionary dynamics of EV-D68 circulating in Asia showed
that lineage 2 had a fluctuating pattern in genetic diversity while lineage 3 maintained its high
diversity. During the largest EV-D68 outbreak during autumn 2015 in Japan, we investigated laboratory
diagnosis methods for EV-D68 infection and some of the EV-D68 isolates in 2015 were genetically
and virologically analyzed (Shimizu et al.). Dr Ushijima at al. (Nihon University School of Medicine)
identified picornaviruses (enteroviruses; 6. 3%, parechoviruses; 10.6%, and aichiviruses; 0.6%) from
diarrhea patients and identified EV-D68 from a stool sample. Dr Kataoka and colleagues (Hokkaido
University Research Center for Zoonosis Control) analyzed the genogroups of enterovirus 71 (EV71)
isolates from HFMD cases in northern Vietnam and identified B5 (almost 80%) and C4 (about 20%)
subgenogroups. Dr Fujimoto and colleagues (Infectious Disease Surveillance Center, NIID) conducted
full-genome sequence analysis of coxsackievirus A6 (CVA6) strains, which became one of the major
causative agents of herpangina and/or HFMD in Japan. The CVA6 strains in 1999-2009 and those in
2011-2013 were genetically classified into Cluster I and Cluster II, respectively.



To establish a research basis of the development of preventive and therapeutic approaches
for enteric virus infections, we conducted the following research activities. Dr Arita (Department
of Virology II, NIID) established a replicon carrying a part of the EV-D68/Fermon genome (5’ NTR,
non—-capsid, and 3’ NTR) with a luciferase gene. To establish the pathological diagnostics for EV-D68
infection, a polyclonal antibody against EV-D68 is currently producing (Dr Nagata et al. Department
of Pathology, NIID). A commercial antibody against EV-D68-VP1 was available for the
immunohistochemistry using paraffin embedding tissues infected with the prototype strain. Dr
Aizaki’ s group (Department of Virology II, NIID) analyzed the infectivity of the prototype and
clinical EV-D68 strains with the respiratory and neuronal cell lines. The prototype Fermon strain
infected all cell lines and induced a strong cytopathic effect. Recent EV-D68 isolates did not induce
any cytopathic effect on neural cells. Some of the EV-D68 strains in Japan in 2015 were isolated
in suckling mice with paralysis expected to be used for a mouse model (Shimizu, et al.). Dr Nishimura
(Department of Virology II, NIID) generated anti—SCARB2 polyclonal antibody. Soluble SCARB2
recombinant protein fused to the Fc region of mouse IgG was produced and purified to be used to
immunize rabbits. ELISA analysis confirmed a significant increase of the anti—SCARB2 titer in the
rabbit serum. Dr Koike’ s group (Neurovirology Project, Tokyo Metropolitan Institute of Medical
Science) compared neurovirulence of 27 clinical EV71 isolates from HFMD cases in Miyagi and Yamagata
prefectures in SCARB2-transgenic mice and demonstrated different levels of neurovirulence among
the clinical strains. The SCARB2-transgenic mouse system can be used for the efficacy test of EV71
vaccine candidates, by immunization with the EV71 antigens and challenges of the virulent EV71
strains. We attempted to optimize the NGS methods (RNA extraction, specific and non—specific
amplification, etc.) of enteroviruses directly form clinical and tissue samples to investigate the
in vivoviral mutation and quasi—species (Shimizu et al.). Dr Sasaki et al. (Fujita Health University
School of Medicine) revealed that the involvement of cholesterol accumulation in Aichivirus
replication and also demonstrated the role of cholesterol transport proteins in the binding and
co—localization with viral proteins. Dr Himeda and colleagues (Kanazawa Medical University School
of Medicine) found that the PEST sequence in SAFV VP1 is a responsible element for its instability,
and suggesting that the PEST sequence is masked and stabilized during capsid formation. Dr Sato’ s
group (Pathogen Genomics Center, NIID) created a new research platform for studying molecular
structures and risk mutations of emerging and re—emerging picornaviruses with computational science.
We found that SAFV gains neuropathogenicity in the cerebella of neonatal mice by specific mutations
affecting flexibility of capsid protein interaction surface. Prof. Saito and colleagues (Niigata
University Graduate School of Medical and Dental Sciences) evaluated the anti-viral effects of
intravenous immunoglobulin (IVIG) for human parechovirus type 3 (HPeV3), which is known as an
emerging infection in pediatric field, using an in vitro assay. We showed IVIG suppressed

intracellular and extracellular viral loads of HPeV3 significantly.
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FX
Assessment of virulence level of EV71 strains using SCARB2 tg mice.

We obtained a total of 27 EV71 strains, which were isolated in Miyagi Prefecture
and Yamagata Prefecture by Sendai Virus Center and Yamagata Prefectural Health
Institute, respectively. We assessed the virulence level of these strains by inoculating
106 TCIDso of these viruses to SCARB2 tg mice and observed survival, paralysis and
body weight loss. We observed a wide variety in virulence among the strains that
circulated in the same area and the same period. The most virulent strains can kill
all the inoculated mice within 5 days, while some other strains did not cause disease
and body weight loss at all in mice. These results support the idea that circulating
viruses are not homogeneous but are a group that contain a variety of different
virulence level and that the virulent strains may emerge by accumulating certain
mutations. We are currently determining the nucleotide sequence of these strains in
order to identify key nucleotides that influence the virulence of EV71.

Application of SCARB2 tg mice for efficacy test of EV71 vaccines.

We prepared two vaccine candidates. An EV71 strain, SK-EV006 does not cause

disease in SCARB2 tg mice. We used this strain as a live attenuated vaccine. We also
purified this strain and inactivated by formalin. We inoculated these vaccine
candidates to SCARB2 tg mice and then challenged by lethal infection of virulent
strains.
We inoculated 102, 104, 106 TCID50 of live SK-EV006 or 0.003, 0.03 or 0.3mg of
inactivated vaccine to SCARB2 tg mice at 4-week-old and 8-week-old of age. The
immunized mice were challenged by approximately 10 LDso dose of virulent strain.
We observed significant increase in neutralizing antibody titer in the serum of
immunized mice in a dose-dependent manner, but not in the control mice. The
immunized mice were protected from the lethal infection. The results suggest that it
1s possible to evaluate the efficacy of the vaccines using SCARB2tg mice.
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We have analyzed a molecular mechanism genome replication of Aichi virus (AiV), a
picornavirus associated with acute gastroenteritis. Positive-strand RNA viruses including
picornaviruses rearrange cellular membranes for their genome replication, resulting in
formation of replication complexes. For its formation, viruses use the cellular system for
intracellular membrane traffic and lipid transport. The purpose of this study is to identify the
new host factor required for AiV replication and to understand AiV. We previously showed that
accumulation of cholesterol by OSBP at the AiV replication site is important for AiV replication,
but it is known that various host proteins other than OSBP are involved in cholesterol transport.
In this year, we analyzed whether the component proteins of the cholesterol transport system
are required for AiV replication. We revealed that knockdown using siRNA of these genes inhibit
A1V replication, that these component proteins interact with the AiV proteins, and that the
component proteins colocalized with the viral proteins at the replication sites. These results
suggest that A1V utilizes the intracellular transport system for its genome replication. The host

proteins required for virus replication are expected to be targets of inhibitors of virus replication.

II. BREOHE~DRE

(1) F25E - MEEEFICRB T 2mX—% (HWNGEE off. FEEGE 0P

(2) &« VR LNEICHBIT AN - RAX —%K
BA=LP

(3) THEEREOREE - Hifiklaiths ) oxbd 5 B0 #H
ML

(4) FrrHifE
AL

32



(A4 )

[16£k0108104h1501]
WA 29 £ 4 H 18 H

YRk 2 8 S EFEH R O RR B E E

I EXE®R
FOX 4 o (AAGE) HBL - HRURYYIEIC A3 5 BRI EE S S P R HE A JE S 3

(% F5) Research Program on Emerging and Re-emerging Infectious Diseases

WHIERAZERRES © (AAGER) BBl - fBlo 7 v v A L ZRYYEDO A « W - 105K - TRHEDBISEIC

A 7= e
(= F&) Studies toward the development of surveillance, diagnosis, prevention,

and therapy of emerging and re-emerging enterovirus infections

WHFERIER S (AARR) SRERRT B AT - HEEET - G HEis

BT

ES i}

T K4 @ (3% 7B) Department of Microbiology, Kanazawa Medical University School of

Medicine, Associate Professor, Toshiki Himeda

oM ERk 288 4 H 1 H ~ P24 3 H 31 H

gy HOBF %8 (AASE) Saffold A NV ADIFFEMZBIET D v A v AAlF L OME EMIA T DR

P %

i B 4. (J& FB) Studies of viral and host factors associated with the pathogenesis of SAFV.

WHIERsE A (RAGHE

BT

1<

W K4 (KGR

I BROME (RIEHERE)

W58

PHRANEH « ENLRUERTTERT « VA VA - {EKEL AR S 22 2 I,

ITII. RO/~ DFEE

(1)

1.

(2) %

TR - MESEICRT o (FWNEE 0 . [HEGE 2 1)

Ito H, Miyagaki S, Sakaue S, Matsui F, Katsumi Y, Otabe O, Torii J, Itagaki T, Himeda T,

Okuwa T, Ohara Y: Saffold cardiovirus infection in a 2-year-old boy with acute pancreatitis.

Jpn J Infect Dis. 2017, 70, 105-7.
Okuwa T, Sasaki Y, Matsuzaki Y, Himeda T, Yoshino N, Hongo S, Ohara Y, Muraki Y. The
epitope sequence of S16, a monoclonal antibody against influenza C virus

hemagglutinin-esterase fusion glycoprotein. Future Virol. 2017, 12, 93-101.

20 VURT T LEIIBIT A O - AR AKX —FFE

33



Saffold 7 /LA Leader & 1 OFEREMENT., N A X — MEHEH. KEF7. oL, AR
A VAR AES (FLIR) 2016/10/24, [EWN

B AT =< AWERER T A VAT E ARSI A 2 R LAy, RA X — B HEf,
MR, KRR, AR, AART AL RS ES (FLIR) 2016/10/24, [EWN

(3) TERE ORI - Hifrclaitt s 1ITxb3 2000 A4
7 L.

(4) Fririka
L

34



