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MERS

2014

2006
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MERS

MERS

MERS
PCR
A
MERS-CoV
MERS-CoV
MERS-CoV
Taphozous perforatus

MERS-CoV 190nt
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MERS-COV
DPP4
PCR LAMP
B.
W SPF  500-600g
2mm
(Lifeline cell tech,
LM-0007)
(IWAKI 4810-010)
Greiner,

Thin Certs-TCC Inserts 24 well

MERS-CoV (EMC strain)

10 2 PFRU

VERO/TMPRSS2

Promocell C-21070

100PFU MERS-CoV(EMC
strain)
VERO/TMPRSS2 MERS
-CoV
N
E ORFla
S
C.
MERS-CoV
1000
100
MERS-CoV
N E ORFla S
Vero
S
Calu-3
HBTE MERS-CoV
Hel a
HelLa MERS-CoV
MERS
MERS-CoV
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100PFU

MERS-CoV
11,000PFU 100
32,000PFU
N E
ORFla S
D.
MERS-CoV
MERS-CoV
MERS-CoV
PEDV
MERS-
Cov  PEDV

15

MERS-CoV
MERS-CoV
MERS-CoV
MERS-CoV
PCR



MERS -CoVL 74— (DPP4) 0 % it

o3 Goat *  HEMMICER

100 | L Sheep
100 Bovine
Pig BRI

L *Camel * AB:LTSE

Horse * BRI KB
Rabbit &4 (B1¥RER)

67

*

1 74 E Human * BEM% (RBKREDHIER
100 Monkey BE (KRB
Cat
89
100 _{—— Dog
79— Ferret

Hamster

83 Rat

* Bat % PCRICEY#H:
Chicken
R |
0.05
MERS-CoV DPP4 MERS-CoV

MERS-CoV
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MERS-CoV

e w 3.2><10*PFU
1] ) \ \
1.1><10*PFU
MERS-COV
100PFU  MERS-CoV
MERS-CoV
log10
PFU/mL %SD PCR,LAMP

Calu-3 6.240.7 5 ND
Hela ND 0 - -
HBTE 57408 5 ND
Vero 6.6+0.8 5 24499C - A
LLC-MK2 6.24+0.1 5 ND

45404 1 ND
PK-15 53408 5 ND

4.04+0.2 2 ND
RK-13 4540.6 2 ND
MDCK ND 0 - -
BHK ND 0 - -
DBT ND 0 - -
NIH-3T3 ND 0 - -

ND -
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NiV 1998-99
2014
NiV
NiV NiV
NiV BSL4
NiV IgG-ELISA IgM
NiV-N
IgM 1gG NiV-N IgM
1gG IgM 1gG
IgG-ELISA NiV
IgM-ELISA  IgG-ELISA NiV-N
Hela IgM, 1gG
A
NiV 1990 NiV
BSL4
BSL4
2014 4 VSV BSL2
7 2 3
NiV NiV




IgM
IgM capture ELISA

NiV-N

IgM
IgM
4

NiV

NiV IgM 1gG
NiV-N
IgM 1gG
NiV-N

NiV-N/pFastBac
HTc NiV-N

NiV-N/pFastBac HTc

Australian Animal Health Laboratory; AAHL
Linfa Wang

NiV-N N His

Bac-to-Bac Baculovirus Expression System
(Invitrogen)

NiV-N

NiV-N/pFastBac HTc  Bacmid

DH10Bac
100pg/ml LB
Bacmid
DNA
PCR Bacmid DNA  NiV-N
Bacmid DNA
S19 CPE
P1
AcMNPV-NiV-N/P1
P1 St9 CPE
P2

AcMNPV-NiV-N/P2
P2 T25
Tn5 55

10ml 1% NP40/PBS
10
6,000rpm 10
1ml 2M  urea, 1%
NP40/PBS
20

His-Bind Kit (Novagen)

Ni-NTA Qiagen
4 4
4 4 His-Bind Kit
Ni-NTA NiV-N
NiV-N

ELISA

delta-P delta-P

NiV-N



NiV-N Day 0
NiV-N
2mg TiterMax
Gold
Day5 7 9 11 13 15
Day5s 7 9 11 13 53
0.5ml Day 15
30ml
IgG
IgM
1) N1V Vero Vero lysate
IeG ELISA
No.l No.2 Day0,5,7,
9,11, 13, 15 1:100, 1:400, 1:1600, 1:6400
NiV-N
1:1000
20% Blocking-one [ 1/ 0.05% Tween
20 PBS(-) PBS-T
ELISA Nunc, Maxisorp
PBS(-) 1:1000 NiV Vero
lysate NP40
Niv Vero
lysate 50ul/
4
PBS-T 1
20% Blocking-one/DW
1oopl/

21

37 1 PBS-T 3
100pl/
37 1 PBS-T 4
2
HRP IgM
HRP
IegM
37 1 PBS-T 4
ABTS 100pl/
60
ELISA ODygs
i) NiV-N
ELISA
No.l No.2 Day0,S5,
7,9,11,13,15 1:100, 1:400, 1:1600, 1:6400
NiV-N
1:1000
20% Blocking-one [ 1/ 0.05% Tween
20 PBS(-) PBS-T
ii-a) IgG ELISA
ELISA Nunc, Maxisorp
PBS(-) 1:250
NiV-N  100pl/
delta-P  100pl/
4
PBS-T 1

20% Blocking-one/DW



100pl/

HelLa-W229

37 1 PBS-T 3
1o0pl/
37 1 PBS-T 4
2
HRP IgG
HRP
IgG
37 1 PBS-T 4
ABTS 1rooul/
30
ELISA ODys
ii-b) IgM ELISA
IgG ELISA
2
HRP IgM
HRP
IgM
iii) IFA
NiV-N
NiV-N/pKS336 transfection
XtremeGENE
5
IFA
No.l No.2 Day0
15 NiV-N

1:10, 1:50
1:50, 1:200 NiV-N
37 1 PBS
2
FITC IgM
FITC
IegM
0.002% evansblue
37 1 PBS
C.
NiV-N
NiV-N
SDS-PAGE
60kDa
1 NiV-N
Western blotting
data not shown NiV-N
NiV-N
1) NiV Vero Vero lysate
IgG ELISA
NiV Vero OD405
Vero OD405
2 No.1, No.2 Day 9
Day 0 ODyps
No.1
No.2 OD4()5
i1) NiV-N



ELISA

ii-a) IgG ELISA
NiV-N +)
ODyos NiV-N ) ODyps
ELISA
OD<3.5
No.1 1:6,400 No.2 1:1,600
3 No.1, No.2 Day 11
Day 0
OD405 No.1
No.2 OD405
ii-b) IgM ELISA
1:100 NiV-N )
ODyps NiV-N ) ODyjs
4 No.1 Day 11
Day 0
OD405 No.2
ODyos
No.1 1:200, 1:800, 1:3200
ODyos
iii) IFA
No.1,No.2 Day 15
5 No.1, No.2 Day0
Day 15 1:10, 1:50
1:50
Day 0
Day 15
No.1 No.2
D.

23

IgG
IgM
NiV
capture ELISA
2014
AAHL IgM capture ELISA
IgM
IegM
IegM
IgM
IgM IgG
500-600
IegM
IgM
NiV-N
NiV-N
AAHL NiV-N
NiV-N/pFastBac HTc
AcMNPV-NiV-N
NiV-N

2 2mg

Day 5, 7,



9,11,13,15

NiV-N
IgM, IgG
1:100
NiV
Vero Vero lysate
IeG ELISA
OD No.1
No.2 OD
IgG ELISA
%
NiVv lysate
lysate
AAHL BSL4
BSL4
BSL2
NiV-N IgG IgM
ELISA
NiV-N
Delta-P
Tn5 NiV-N lysate
IgG
IgM HRP
IgG IgM
IgG ELISA No.1 1:100
1:6,400 No.2 1;100 1:1,600
Dayl5
No.1 No.2
NiV Vero
Vero lysate
IgG ELISA
NiV-N

24

IgG
IgM ELISA No.1 1:100
Dayll, 15 OD
No.2 OD
IgG ELISA
No.1 NiV-N
IgM ELISA
IeM capture
ELISA
IegM
capture ELISA
No.2 IgM
IgM
IFA IFA NiV-N
transient HelLa W229
transfection 5
N
NiV-N No.1/No.2  Day 15
transfection5 IFA
transient
transfection  2-3
Day 15
pKS336
1
NiV-N
NiV-N



IgG, IgM
NiV-N
IgM
HeLa W229
IgM

ELISA

NiV-N

9,11, 13,15

NiV-N
IgM
W229
IgM

NiV-IgM

IgM

IFA
IgM IgG

NiV-N
NiV-N
IgG
ELISA NiV-N
IFA
IgM

No.1, Day 15

IgM capture

Day 0,5, 7,

NiV-N IgG, IgM

IgG

ELISA NiV-N HeLla

IFA

25
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X 1

(kD)
188

98
62

49
38

NF2A9AILRIZEBNIV-NDFEIF
B LUNI-NTAE —RX % FL - FE 5

1 2 3 4 5 6 7 8 9

M: protein marker

1. UreaAYbufferiaf#i&k

2. Ni-NTAE—XJ&E#® EH
Ni-NTAE —X R &% L&
(ABawyk)

Binding buffer Tk %
Wash buffer Tk %% (1)
Wash buffer CiEi#(2)
Elutioni& (1)

Elutioni&(2)

Ni-NTAE —X%SDSTETE T
T98°C105 [H AL

w

W NU R

NiV Vero Vero lysate
1gG ELISA

- No.1
1:100

- No.2
1:100

AR
o"’*

o & A O
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15

05

0.0

03

01

00

NiV-N
IgG  ELISA
- No.1
7 1:6400
- No.2
1:1600
h N E— T T |63 1
Q %) A 9 0 %
B T AP P
NiV-N
IgM ELISA
i -o- No.1
1:100
- No.2
7 1:100

O © A ©

‘{Z -
5
%

& P
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3)
NiV-N  Hela W229

IFA

NiV-N NiV-N

No.1 Day15 No.1 Day15

No.2 Day15 No.2 Day15

200 400
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Pteropine orthoreovirus PRV

PRV
1
PRV
PRV
S2 segment
PRV
major outer capsid MOC MOC
MOC ELISA
PRV
A
Pteropine
Orthoreovirus PRV 1960
Mammalian
Orthoreovirus 2007
PRV
PRV
3
PRV PRV
13

30




PRV

PRV

PRV

PRV

PRV  S2 segment

PRV

Genbank

AF059718 (Nelson Bay
virus) AY357731 (Pulau reovirus)
EU448335 (Kampar orthoreovirus)
ABS521794 (Miyazaki-Bali/2007)

Major outer capsid protein MOC PRV

96% MOC
His cDNA
Tn5 1% NP40
4M Urea
8M Urea
MOC
MOC  Titer Max Gold
MOC
MOC PBS ELISA
4
Tn5 PBS

31

ELISA
5%

100 400 1600 6400

His
1ug/ml
IgG-HRP
ABTS OD
PRV
MOC
C.
PRV  S2 segment Genbank

AF059718 (Nelson Bay
virus) AY357731 (Pulau reovirus)
EU448335 (Kampar orthoreovirus)
AB521794 (Miyazaki-Bali/2007)

Nelson Bay Reo-S2-35-Fw
(5-CCA CGA TGG CGC GTG CCG TGT
TCG A-3) Nelson Bay Reo-S2-339-Rv
(5-ACG TAG GGA GGC GCA CGA GGT
GGA-3)

MOC His
Urea 8M Urea
4M Urea
&M Urea
SDS
Coomasie
WB His
Urea



MOC PBS

MaxiSorp plate
5%

MOC
MOC
OD
OD
MOC

Tn5

Tn5

Tn5
PRV

E.
His
PRV
100ng/ml
F.
2009
2010
G.
ELISA
H.
ELISA

32

2006

2

PRV

2007

2



PRV MOC CAP

A : Major outer capsidDEREID —E (72 /B%)
EhesE :
Pteropine Orthoreovirus | \ivasaki | HK46886 | HK50842 | Kampar | Sikamat | Melaka | HK23629
Miyazaki - 99.4 99.2 96.7 98.3 98.1 99.2
- HK46886 100.0 - 99.2 96.9 98.3 98.0 99.2
Cell HK50842 99.4 99.4 - 97.2 98.6 98.3 98.9
attachment [, 93.7 93.5 92.9 - 96.7 97.5 96.6
protein®
HEO—B Sikamat 57.1 56.2 56.5 55.6 - 98.6 98.0
(73/E%)
Melaka 57.3 56.4 56.7 56.1 96.3 - 97.8
HK23629 56.2 56.2 55.6 56.5 67.3 66.4 -

X2 :PRVMOCERHE DHIFLFH

Major Outer Capsid

Protein
~ 39.5kDa
50K
50K
MW 37K
kDa
(kDa) ——— . -
25K
25K
2M 4M 8M
CBB staining WB

32




OD (405nm) (minus del-P)

0D (405nm)

19
1.8
17
1.6
15

14 -

13
1.2
11

0.9
0.8
0.7
0.6
0.5

-0.2

35 N 4 n 4 4 A

25

0.5

=4 Pre-Immunization Miyazaki - Major Outer Capsid Protein

—— Pre-Immunization del-P

=== Hyperimmune Miyazaki - Major Outer Capsid Protein

=== Hyperimmune del-P

o N L o O
SRR R £ SPFPLL LSS S
NTORTONT DT Y& RS STONTNT R YR8 g
Serum Dilutions Serum Dilutions
Serum Phase - ELISA Antigen Serum Phase — ELISA Antigen

—4— Pre-Immunization Miyazaki - Major Outer Capsid Protein
~&— Pre-Immunization del-P

«=f Hyperimmune Miyazaki - Major Outer Capsid Protein
= Hyperimmune del-P

Rabbit No. 3 Rabbit No. 4

~—&—Acute Serum

Miyazaki Orthoreovirus Infected Patient — —H—Convalescence Serum
Convalescent Serum (5 weeks after first —h—Fukuma
appearance of symptoms) —Yamaguchi

Miyazaki
Orthoreovirus
Infected Patient —
Acute Serum

==Sayama
~&—Harpal
== Shimojima

——Suda

Taniguchi
——Fukushi

~——Nakauchi
~—#—Morikawa

Saijo
== Hirai
~0—Korosaki
= Sakai
~——Shiota
~—Qgata
Takagi

! Mizutani

Serum Dilutions

33
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Issyk-kul

2011
PCR
ANE 7 VI T aryafHmE T A LR LA
1982 1985
34
39-41 3-8 (80%)
(50%). T =- fANE(30%), M &5 Rt
25%
1970
PCR
2011 B.

1)

35




2)
3)
PCR
C.
1)
24,48 , 72
Vero Huh7, SW13
2)
M
3)
S.M L
«C )
PCR
PCR DNA
One-step RT-PCR Two
step PCR DNA

1-10

RNA

36

2011

PCR

ELISA

1)

cDNA



2)

PCR

3)

G.

1.

1) Tani H, Tha K, Shimojima M, Fukushi S,
Taniguchi S, Yoshikawa T, Kawaoka Y,
Nakasone N, Ninomiya H, Saijo M,
Morikawa S. Analysis of Lujo Virus Cell

Entry using Pseudotype  Vesicular
Stomatitis Virus. J Virol. 88 (13):
7317-7330,2014.

2)Bukbuk DN, Fukushi S, Tani H,

Yoshikawa T, Taniguchi S, Tha K, Fukuma
A, Shimojima M, Morikawa S, Saijo M,
Kasolo F, Baba SS. Development and
validation of serological assays for viral
hemorrhagic fevers and determination of
the prevalence of Rift Valley fever in
Borno State, Nigeria. Trans R Soc Trop
Med Hyg.108 (12):768-773, 2014.

3) Yoshikawa T, Fukushi S, Tani H, Fukuma
A, Taniguchi S, Toda S, Shimazu Y, Yano
K, Morimitsu T, Ando K, Yoshikawa A,
Kan M, Kato N, Motoya T, Kuzuguchi T,
Nishino Y, Osako H, Yumisashi T, Kida K,
Suzuki F, Takimoto H, Kitamoto H, Maeda
K, Takahashi T, Yamagishi T, Oishi K,
Morikawa S, Saijo M, Shimojima M.
Sensitive and specific PCR systems for the
detection of both Chinese and Japanese

fever with

severe thrombocytopenia

37

syndrome virus strains, and the prediction
of the patient survival based on the viral
load. J Clin Microbiol. 52(9): 3325-3333,
2014.

2.
1)
62
2014. 11
2)
. SFTS
ELISA 62
2014. 11
3)
Harpal
Singh
62
2014. 11
4)
SFTS
62
2014.

11

5)
GP
25-hydroxycholesterol
62
2014. 11

6) Joseph Masangkay

Puentepina Roberto Jr.
Harpal Singh



7)

8)

9)

62
2014. 11

Harpal Singh

LC16m8

62
2014.11 .

62

2014. 11 .
Aiko Fukuma, Shuetsu Fukushi, Satoshi
Taniguchi, Hideki  Tani, = Tomoki
Yoshikawa, Tadaki Suzuki, Hideki
Hasegawa, Masayuki Saijo, Masayuki
Shimojima. Development of
antigen-capture ELISA for the detection
of severe fever with thrombocytopenia
syndrome virus nucleoprotein. The 10th
China-Japan International Conference of
Virology. Changchun, China. (2014. 08).

10) Satoshi Taniguchi, Shuetsu Fukushi,

Joseph S Masangkay, Roberto P
Puentespina, Tsutomu Omatsu, Ken
Maeda, Aiko Fukuma, Tomoki
Yoshikawa, Hideki Tani, Masayuki
Shimojima, Shigeru Kyuwa, Masayuki
Saijo, Shigeru Morikawa.
Seroepidemiological study of SFTS in
wild bats in the Philippines. The 10th
China-Japan International Conference of
Virology. Changchun, China. (2014. 08).
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Vero
Vero E6
Huh7
SW13

U208

TB1-Lu
Jurkat T
Daudi B

C6/36 /

© ISKV-like virus
Uzun Agach virus
Issyk-kul virus
Leopards Hill virus
Chim virus

Geran virus

Qalyub virus

Bandia virus

Bat nairovirus
Finch creek virus
Paramushir virus
Tillamook virus
Sakhalin virus
Artashat virus

92 Abu Mina virus

) Abu Hammad virus
3 ‘ Caspiy virus

% Punta Salimas virus
\E‘_': Raza virus
97 Farallon virus

52 Hazara virus
7 Crimean-Congo hemorrhagic fever virus
3 Nairobi sheep disease virus
73 Dugbe virus
9 Kupe virus

T Tamwyvs
100 Bi

urana virus

18

Erve virus

South Bay virus

(Issyk-kul virus)
(ISKV-like virs)

39



Fluorescence

Fluorescence

Fluorescence

like-S probe

3 Primer and Probe

FAM-CGGAGAGATGCGTATGGATT-TAMRA

like-S forward | CCAGTGTGCTCAACTGGAGA
like-S reverse | CCTCACCCATCCTACATGCT

like-M probe | FAM-CACCCAGATGTACAGTGCTGA-TAMRA
like-M forward | TGAACCAAAGACGAGCACAG
like-M reverse | CAGGACCCTTCAGACCATGT

like-L probe

FAM-TGTGCTTAATGGCTGTGGAG-TAMRA

like-L forward | CAGGACAAGATGCTGACGAA
like-L reverse | GACTTTGGGGTGTTTGTGCT

One Step RT-PCR

1.500

1.200

0.900

0.600

0.300

0.000 292

Sample Ct
104 s4 2584
103 s3 29.38
s2 3203
Unknowr — 102l s1 3577
(Issyk-like RNA) Woo o 7"

NC SlikeRNA 17.71
™o

4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00

1.000

Cycle

Sample Ct
0.800 M M4 2415
4 M3 27.44
0.600 _— 10 3 M2 30.78
0.400 Unknowr 10102 M1 3423
0200 (Issyk-like RNA) 10t hz/l h?C -
0.000 #2220 10NC M like
ana 1672
4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00
2.400
2.000 Sample Ct

' L 104 L4 2533
1.600 3 L3 28.77
1.200 — 10 L2 32.28

107 L1 349
0.800 Unknown (Jssyk- :

: . 10¥ Lo 37.44
0400 like RNA) (100 LNC -
0.000 2000 NC Llike RNA  17.26

} NC

4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00

Cycle

40



5 Two Step PCR

Sample Ct
S4 24.98
1.500 S8 28.63
1200 S S2 3225
g 104 s1 3553
g o Unknown — S0 N
3 os00 (Issyk-like CDNA) 103102 SNC Z
0.300 101 S Issyk like cDNA 2 19.16
0.000 2000 100NC S Issyk like cDNA 0.2|  26.63
4.00 8.00 12.00 16.00 32.00 36.00 40.00 44.00
Unknown (Issyk-like cDNA 1/.
Sample Ct
1.200 — M4 2344
1.000 M e M3 26.94
g o0 102 M2 30.07
£ 0.600 Unknown — 103 M1 34.67
2 0400 (Issyk-like CDNA) 102 Mo =
10t M NC -
0200 100MC M Issk cDNA 2 1851
0-000 M Issk cDNA 0.2 2556
4.00 8.00 12.00 1€ 0 32.00 36.00 40.00 44.00
Unknown (Issyk-like cDNA 1/1(
Sample Ct
2:400 L4 24.31
2.000 104 L3 27.86
£ 1e00 L 103 L2 3131
2 1.200 Unknown — L1 34.98
. (Issyk-like CDNA) 102 Lo 3826
101 L NC -
0400 100 L Issyk CDNA 2 1951
0000 T T NC | LissykcDNAD2 | 2672
4.00 8.00 12.00 16.00 32.00 36.00 40.00 44.00

Unknown (Issyk-like cDNA 1/1C;
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