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Development of effective viral hemorrhagic septicemia(VHS)
vaccine for olive flounder
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SUMMARY
(FE 2.

Viral hemorrhagic septicemia virus (VHSV) is the most important viral pathogens that
infects the olive flounders reared in Korean aquaculture. However, only bacterial
vaccine i1s currently commercially available in the olive flounder. Therefore, to prevent
VHS in olive flounder, VHS vaccine strategy is recommended.

In this study, thirty VHSV isolates were identified in farmed olive flounders from 2007
to 2011. The nucleotide sequences of the 30 isolates exhibited very close identity
with each other and VHSV genotype [Va strains are widely distributed throughout
olive flounder farms in Korea. GCVP-02 strain was exhibited the highest multiplication
(10°TCIDso/ml) in EPC cell and high pathogenicity (<10*TCIDso/ml) in olive flounder.
Therefore, GCVP-02 strain was selected as vaccine candidate. VHSV vaccine was
inactivated with binary ethylenimine (BEI) and mixed with various adjuvant. We
selected effective and safe adjuvant (AJO3+AJO5) in olive flounder. Cumulative
mortality of AJO3+AJO5 adjuvanted VHSV vaccine group was 20% lower than
non-adjuvanted vaccine group at 21 days after challenge. And RPS value of adjuvanted
vaccine group was 76.9% when the mortality of control group was higher than 60%.
However, neutralization antibodies of all groups were not detected during the
experimental period. Field test of VHSV inactivation vaccine is now under
consideration for government approval.

In summary, this study successfully developed VHSV inactivated vaccines for VHS
control in olive flounder. The developed vaccines had good safety and efficacy.
Furthermore, VHSV vaccine is on developing as well. Therefore, VHS vaccine will be

commercialized and be extended for domestic market.
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H 1 & AN e

Al 1A AT HaA

gRel 712t oy $44NE AFHoE FANL A% AA FHAQ qF FuE A
Fe F43 F75 993 FAEF =9 % dYHIn Qb 1 F GAE Bz F
e 0 HE AFoRA, Ao WMEm FAol W BASH] @A AT it
A BE BES AXSHT AT, AojHE Z/E 0% YBIE £291 Yk ojFoz
Zgas v agu, Ad4d 8309, FAP =B, FAAE, EF G4 Fo2 I
oFel FuHel Astuel 2% WA Aol A% A FAH L, olo] we} FAofrte]
Aol AstE Utk PR AAEe A4 dvl 40% NI 39 e ANEL 2
AT} (& 1),

£ 1. A HAALe @& (FAFAR)

2006 2007 2008d 20094

A2 ZF(HE) 116,680 124,378 111,044 133,305

H AL (H mt2) 48,493 54,861 45,545 49,298
H AR (%) 41.6 441 41 37

2005 78 2007d71A] FAHAE dFeE gt AXAS HAAERUEHY AH(E 2H B
Aol FHE 47 71ABF 36.7%, AT 32.8%, vtolE 27t 314% =2 H|g vl &2 HEHIA
o (F F. 2010). XA #AsE HAAE Fo AFAH AHoRE AAFTF, d=9=
B, HE2geF, &FATF 59 Avd AW, 2FHE, 93F, EFIUyY 2EF F
7I18F AH, 28 vtolyd 24 I A IS (VHS), vtolal 2y A4 AAE(VNN), 34t
wulo] 25 (MBV), olglZHlolglAF T 9] Hiolg 24 AHo] Ut} o]F Hpolg 24 AW
2 HaA v AyEErt wEn, Ao me dFHALE f2ste, vloly A AA 9
Hdgo] ottt st =FQ WX HANHE GSHAA Aoy JAFH 2L HE
HAAY FHVIHE AT 1 FHE S Tt AIZIH
Tl A Y vlo]HAHESIAAE TS FAHA A 2001d A3 28 g o]F FAHX
Bk oYz} Qs tFe A o FoME Fo] HIAU. 53 wolH 2SI AT F
2=(VHS)S YAy dAx7] Ag27]d dAste i ZFAAE FEdo a0 91 Yix 5
AWt FS AAEtE AFEAYGY S 2007958 20108701 AYHAL 92 Al5 F VHSV
o FAeol 30%=2 A dHEpew, I A3 Tt e Aot Y VHSVE ‘OIE
notifiable disease’Z TR EH Yo FAE FE8A HAUde] He AHoZ X F&5Y0
JoA Fadt AW QQlol7|x st} a8y ofF7x] VHSe| ok 5
olt}, ojd nfolH 2N ZEAHIF g FHojrte] AAHY £4E& Fo]
FE 2 §%& A3 24H<A VHSHAY o] AF3st

K

9
H

AN



#2 AFAY FAAA Y VHSY F4E AFE A4 7 AR)
P& (FHF/ANAES)
2007 2008 2009 2010 A
30.6% 36.2% 24.7 20 31.2%
(56/183) (83/229) (21/85) (9/45) (169/542)

A2 A dFAde] e

O gX violHA2AAEIAANIZ(VHS)S HeA g 9 J37 {3 ZA}

- 2 w24 ERAALS(VES) T BRE AT RS dAoE Fuld REae
dhol 9 24 2 WA NDZ Hholej 29 §9% 95 24 2 4 438 GEF 2o, Fn
gA) wtol g 242 A4 ABF role 2 (VHSV)S] #4 FuF 44 2 3

- FW GRS HoldAHEBANYF ol A(VHSV)S 9, 43 £AE HPOE o

7 A Wy FRE AA
- ARE WA FuFe o
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H 2 zZ U2 7/=g =g

AL A =H Vet 4%

T AE 2001d FAEANA AFo=Z o]l 2SN E Tl Ra(H F, 2003) & ©
T A2 g AL o FellA vlolHAAZAEIAAAE S vloldart EadAY (R F,
2004; ©] =, 2007; A &, 2011). SolA EZE "ol EF Genotype Va o %31
dENA HEHE VHSVS 52 454 S Hole 2oz Buda I &, 2011 ). 19
v sfjoll Al VHS #Ale] &3 A5 A9 o] FoAA & Ao 2011d VHSVE NV
gene< Knock-outA]Zl live attenuated virusE A0 2 o] &

2011). =3 @A I oJFE& WAL YXo Ao AW FoAE AgHo=
of grejArt AEE Q= AFoln nioly 2 AHE AW A WAL HAFI AH
o a2y AF71E FALE T gAY VHSS 2H = =

pow FUA Fhdts EEFE ol &S WAl Y

pA

L

Al 2d =9 et 4%

fFHolA dAE dojollA A VHSVZE 238, 219 o] b3t 95 2 3¢ ofFdA 7
AAE 7 RaE 3 9t (Dixon et al, 1997; Elsayed et al, 2006; Isshik et al, 2001, Kim et
al, 2009; King et al, 2001, Mortensen et al., 1999; Ross et al, 1994; Smail, 2000; Thiery et
al, 2002). EAZIA F9 2 dES FAoR Il nlolHAXNZIAAIEFE g3l 93
wo Ayt o]FoX . go HZE subunit MA, genetic MAS FAlog I} ALV}
23t A o]F X3t Y} (Lorenzen et al, 199;31998;1999;2002; Lecocq-Xhonneux et al,
1994; Heppell et al, 1998, Chico et al, 2009). = A% Glycoprotein genes ©]-&3% DNA
WAL GO AHAYEE 0%l deE =2 WolgdE YedeE ALeZ HiuHI 9t
(Byon et al, 2006). o]gi3t &3t ATE EF3ta Al 44L& Hold= VHS g 9
AL Fd = glom A wE WA Jid 2 ®Bgo] et dAolth



H 3 & A3 =8 ¥ d2

L

A1 A volY2AAEIAAVNEST(VHS)S HEA gx H 433t
x4

1. =) VHSVE #32, 93 9 §A%3 A& =4}
7h AldAE 2 9

1) A=

holel 2y Age] F4¢ Mot YAMES HABE ASFAon, SHAFIGE o33
QAE, AR FE £ TE B AFAAE HFFAATAN HE AP R LA
& ANFP

(2) RT-PCR

718 24 7t EA RNAE F53t9 RT-PCRE AAlete ¥AAFFE W (£ D.

B

1. VHS A%< 93 PCR primer sets ¥ product size

Virus Primer sets Oligonucleotide sequence (5'-3") PCR produtcs
Forward GGGGACCCCAGACTGT

VHSV 811bp
Reverse TCTCTGTCACCTTGATCC

(3) Hlolyl 2ol Eg : RT-PCRAA gAo=z Yeid F7] %A 71AE A Epithelioma
Papulosum Cyprini(EPC) cell & ©] &3t nlo]y 28 E& 3t}

(4) 71498 : RT-PCRAIZ 94 DNAZE AA3lo Glycoprotein gene ¥ Nucleocapsid
protein gene?] @7IAMEENS AA ST FIIAEEY ZAFHE o] L3l olm|At AEe E
A& 4AAJslal Phyogenetic analysis(AlS%E4)S §3] £2l8 ZF vlojy 29 FAYFE é"é

At

U g2
(1) VHS #%E, 78 TAA7] 2 dgo|A =7

HAAE GE YA AE A 20109 195E 20119 129704 mholeizn A9 $4L
Bolt ¥X MEES Ygos 574% upoleixe] ths]l RT-PCR (or PCR) 2 BARAS 4
A& A3 F450719 JHAE JAddF F 22170 FAHoE AARHJLH T F 16070 (oF
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a3 1. 7FdE9 VHSV PCRYAAIX

% 2 wolzad AT AS

RNA virus DNA virus
9E 9 e
VHSV MBV VNN HRV Irido

1€ 8 0 0 0 0 0

2¢ 22 9 3 0 0 0

3¢ 22 11 0 0 0 0

44 17 9 0 0 0 0

5¢ 25 11 0 0 0 0

6¢Y 15 5 1 1 0 0

20108 7¥ 21 b 2 0 0 0
8¢ 16 11 0 0 0 0

9¢ 11 0 2 0 0 1

10¢ 22 9 3 1 0 0

114 36 16 9 0 0 0

12¢ 16 7 2 0 0 0

A A 231 93 22 2 0 1

1€ 26 11 5 0 0 0

2 28 16 3 0 0 0

3¢ 17 7 1 0 0 0

4¢ 26 10 2 0 0 0

5¢ 10 3 0 0 0 0

6¢ 32 11 4 0 0 0

20119 7¥ 16 0 1 0 0 1
8¢ 24 1 3 0 0 0

9¢ 16 5 2 0 0 5

109 6 0 0 0 0 0

11¢ 17 3 5 0 0 1

12¢ 10 0 2 0 0 1

A7 228 67 28 0 0 8

A 459 160 50 2 0 9

dXel A VHSY 2AE 15C A% AFSolq F2 245 28 444¢ dehls 3o
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2 gA gou 2010472011 BAF o AGAE A AFEAGS] RS FoE #
BAAT $e3 2 Av4 glol AF WeEAG (3P 2 2 39 3). 2} VHSVE 2
0C ol H9de A YeiA gt Aoz ua Hojgon, A4 Fojgdrel o
A ASE 15CAFY AFe 4 Wz 0T ode n5e 4 o urh 2o A%L 29

o}

35 18

20 10

15 A

10 A

T 0
Fa L
[} um L L)
Ip
Ip
Ip
Ip
Ip
Ip
Ip
Ip
Ip
Ip
Ip
(=] a = [ (=] [ = [y
Fa = (=)
vHsY 2 == ()
bt B9
R B o Rt
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o o
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3 VHSVEA o2 Add Jdx9 o458 50g ©)8ty X o7t 160AF 837(%F 51.9%)0. =
74 =kow 507500g2] PX7F 64A(F 40%)e2 1 tEo 2 yET (F 3).

¥ 3. ojA=7|E VHSV A AS

o A F L I

50g °}st 83

507500g 64

50071000 10

1000g °1¢ 3

& A 160

ode Az Bl g9 F8 wiolaAd AWT VHSH 71 22 HEFGE)E BS
o AA Fe3 F dddo] glol dF wHEy 15T AF Aee d W dXeA At
T 9o7= Aoz Bl EF wWds F8 oA AV= Aojrn= 500gelste] Ao
U S w2 HEs UEhlE ZoE dddr

(2) vholel 2] e
200747201187 A5 FE AT R AZAAE AFFHAT AN BAGA
& VHSVRH 7HdES olgstel S5 kE $o AT 20A EPC cell & o183k} nto]
9% 2@ A3 F 04 2eFE Fusdn (Y 4 2 E 4.

% 4. ECP cell ol HE3s7] A celle] EH5(89%)3 VHSV HE$ CPE AL(LE2F)
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£ 4. VHSV g5 AR

Strains A9 2Eds AA =271 (cm)
GCVP-01 2010 127125
GCVP-02 2010 16
GCVP-03 2010 105711
GCVP-04 2010 75785
GCVP-05 2010 9.5710.5
GCVP-06 2010 8710
GCVP-07 2010 10711
GCVP-08 2010 13.5714.5
GCVP-09 2010 10712
GCVP-10 2010
GCVP-11 2010 12713
GCVP-12 2010 19721
GCVP-13 2008
GCVP-14 AF &= 2008 10
GCVP-15 2008 879
GCVP-16 2009 17
GCVP-17 2009 5576
GCVP-18 2009 6
GCVP-19 2010 13
GCVP-20 2010 14
GCVP-21 2010 13714
GCVP-22 2010 23.5
GCVP-23 2007 8579
GCVP-24 2008 8
GCVP-25 2008 85710
GCVP-26 2010 22
GCVP-27 2011 40
GCVP-28 4= 2011 24729
GCVP-29 3 2011 25727
GCVP-30 g% 2011 8710

_14_



(3) S VHSVE TS f435 43

Sl A FI =

3617720) ¥} Nucleocapsid gene(nt 1117421)%
VHSVe 47| ¥Ed vluste {FAES st @A VHSVE ZA 47139 Genotype
T+ BT Genotype IV(Genotype Va) o &3},

2 TR, BAdA 2 0 B
grle] sgolold PRt 2eFe we 454 veAd (29 5 % 29 6)

= ¥

VHSV $A3L gyl 93] 30719 #8392 Glycoprotein gene(nt
BrAdoz XHAAES Genebankdl

— GCVP-27
FYGO08

14, 15, 16, ‘I?,I
— GCVP-20
FWando05
26— GCVP-18, 19
— GCVP-09
FYeosu05
g FJejuds
[+ GCVP-03, 22, 26, 28, 29
— GCVP-07
— GCVP-12
— FWando08
JP-990bama25
JP-KRRV9822
17| 53— Jy-0112
JP-JFOOEhI1
US-Pws-AKS0
NA-7
US-Mak-WASS
Us-Makah
— NA-8

98

Genotype IV 100

Genotype 1T 100

62

Genotype Il

— MEO3
‘!BCQQ-UM
631 BCY9-010

L—— MIO3GL

DK-4p101
UK-H17/2/95
UK-MLAG8/6PT11
FR-L59X
UK-860/94
DK-1p52

| DK-1p53

74

GE-1.2

Genotype 199

FR-0771
FR-2375

0.01

100 |
DK-1p55

DK-Hededam

AU-8/95
DK-6137

g3 DK-2835

DK-5131

Fl-ka422
NO-A16368G
DK-Mrhabdo
JP-96KRRVI601
89 | DK-

1p40

. =W VHSVE#F9] Glycoprotein geneg ©]&3 A
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FR-0771
FR-2375

DK-6137

AU-8/95

—— DK-Hededam
| DK-M.rhabdo
Lr DK-1p40

UK-96-43

GE-1.2

Genotype 1

—— DK-4p101
UK-860/94
UK-H17/2/95
UK-MLA98/6PT10
DK-4p168
DK-1p53
| DK-1p52
DK-1p55

Genotype III

Genotype Il

MIO3GL — Vb
JP-JFOOEhi1 —
US-PhrgElbay93
US-PcodAK93
JP-KRRV9822
US-Makah
GCVP-06
— GCVP-16
— GCVP-24
GCVP-14
i GCVP-23
— GCVP-05

GCVP-10

GCVP-02, 03, 04, 07, 08, 09, 11,12
15, 18, 19, 20, 21, 22, 25, 26

— GCVP-27

— GCVP-01
— GCVP-17 —

Genotype IV

0.02

a9 6. 39 VHSVEF 9] Nucleocapsid gene2 ©] &3 A5 B84

a8y FY B FEL Genotype ValldlAd=E dE 2 Buo BEgFes FEHE HE9
o

Kol
Subgroupg FAstE Aoz vElydth G gened S dE EEFoE 99.1799.7%, -1
YT 955799.1%, 78 EF94= 80584.7%2 AEAE HAI, N gened H$ 47

97.7798.3%, 93.2798.7% 181 80785.2%° FEAHdS YEMA T EI 2007 FE 2011371
o BYFEL 9867100%9] AEAS UEugen Rdse fE 974G Wse Ao
ga = QAT (E 5).
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E 52007720114 =] VHSV EFE Aleo]9 454

2007 2008 2009 2010 2011
THdExE

G gene N gene G gene N gene G gene N gene G gene N gene G gene N gene
2007 100 100 100 9897996 99.77100 9897993 9947100 986799.3 9947100 98.9
2009 - - 100 9937100 9977100 99.37100 9947100 98.97100 9947100 99.3799.6
2009 - - - - 99.77100 9937996 99.17100 9897100 99.17100 99.37100
2010 - - - - - - 9887100 9897100 9887100 98.9799.6
2011 - - - - - - - - 99.17100 99.3

A2A NN Fue F2

N2
At
o,
?
-

1. voja 29 d71=4

R EE

0 BYFE F EPC celldl N F440] £ nole 28 Austed 2Ho| gk

U AdA s
(1) "ol & @ ZAARFFE FAATL0A B3 VHSV FWESF 30strain
(2) EPC cell, MEM, 96well cell culture plate, FBS &

ok Al g

EPC cell& o} &3t 50% Tissue culture infectious dose (TCIDsp)E £ F ¢ wlold]lA 97}
2 ZA3 & 9719 uHiolyk{2A2E HWEHIT I T celldlA dA&A NS dHA 5duic
Hlolgl & 7S &R 5o Irr =4 JElvE EFE oA Al

2 A g

30709 BEHFE o]-&3lo EPC celldlA e TCIDs®E 97}t =
Fg Addetd ASAGNE kA 10det G71E St A7t seteA By

THE 6). GCVP-02 strain®] 10773 TCIDsy/mlE 7}3E=& vlolg 2 9712 Jehg Yot

s
i\
o,
P,L
=
a8
N
N
Hir
flo
—
O
N
o,
M
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¥ 6. VHSVEEF9 TCIDs 97}

vlolg & g7} (TCIDsy/ml)

Strain

P-1 P-10 P-20 P-30 P-40 P-50
GCVP-02 10%° 10%7 107 10% 10 10%°
GCVP-03 10°7 10°° 10%7 10%° 1087 10%°
GCVP-05 10%1 10%° 10%° 1070 10" 10%°
GCVP-14 10> 10%° 10" 107 10" 107
GCVP-18 10°° 10%° 10% 10% 10% 10%
GCVP-23 10°° 10 1070 10™ 10 10™
GCVP-24 10°° 10%1 10%° 10°° 10%° 10%°
GCVP-25 10%1 10°° 10" 107 10%° 10%7
GCVP-26 10°° 10%! 107 107 107 107
GCVP-27 10°° 10°° 10%3 10% 10% 10%7

2. 25 YANN S HARAY

U AEAE
| X(10715cm), 4%, VHSV #&F, MEM %

o Al EHH
(1) ®to]xd2=2 10" 10°, 10° TCIDsy/ml®) =2 43
1070 1000272 E 8t 2 F 109 9E MEM 100 S B33 E st}
(2) ¥ & ¥22 15C=E AT 25770 FHAAES FFT
(3) HALA = FASIY dAFAES AFSE L RT-PCRE VHSVEA AR E &el3it}
(4) BY9A3L 50% Lethal dose (LDs) o2 ERTH

K
off
ki
3
il
=
x
g
3
Q
g

g ANEgE

(1) +87A¢ 2 LDs
ECP celldl A i7b7h & 1074 22F& AH43ke] 10em Helel YAlA B2 L @
A7 GCVP-14% GCVP-18¢ A& umA E&FEL LDw #°] 10° TCIDw/ml °]3to] A

_18_



J 10*10° TCIDsy/mlZ el o GCVP-149F GCVP-18% LDs 3ol 10° TCIDsy/ml o2
g2 By vlE g4 ofsk HYAS YER Y (7).

£ 7. VHSV £ F dAA 9 844 ANE

Mortality (fish)

Challenge virus
; s ; Cumulative  LDsp
Strain concentration n

(TCIDsyrl) 1 2 3 45 6 7 8 9 10 11 12 13 14 mortality(%) (TCDamL)
10* 09 - - +- « - 2 2 33 36 6 6 6 60

GCVP-02 10° 0 - - - - 113 35 6 9101010 100 10*
10° 0 - +«- - - - 33566 9 9110 100
10* 10 2 2 3 3 30

GCVP-03 10° 0 - - - 11133 4777 8 8 80 10°
10° 0 - « « « « 2 2 35 51010 10 10 100
10* 10 1 1 2 2 4 4 4 6 60

GCVP-05 10° 0 - « « « - 22336777717 70 10*
10° 10 1 4 46 9 9 9 9 90
10? 10 1 2 2 3 4 4 40

GCVP-14 10° 10 1 3 3 30 10°
10° 10 2 3 3 6 7 8 8 80
10* 10 11111 2 2 20

GCVP-18 10° 0 « - - - 11 2 2 4 4 4 4 4 40 10°
10° 10 3 4 6 7 8 8 8 80
10* 10 2 2 2 2 4 40

GCVP-23 10° 0 - - - 2 2 2 3 33 4456 6 60 10°
10° 0 - - - 1 13 4 4 4 7 7 8 8 8 80
107 0 - - -+ - 2 23 3 447738 80

GCVP-24 10° 10 1 4 6 6 7 7 9 90 10*
10° 10 1 2 4 4 7 7 8 9 90
10* 0 - - - - - 12 2 2 357771 70

GCVP-25 10° 0 - - - 2 3 3 5 8 9101010 10 10 100 10*
10° 0 - « « « -« 2 6 7 7 1010 10 10 10 100
10* 10 1 3 3 5 50

GCVP-26 10° 0 - - - - - 22 3 457999 90 10*
108 0 «- +«- - - 33 45 7 7 8101010 100
10* 0 - +« +« « « « 11111 3 4 4 40

GCVP-27 10° 10 4 4 4 5 7 8 9 90 10°
10° 0 - - +- « « « 111355 710 100
Control MEM 10 . . . . . . . . . . . . . . 0

(2) AT

Aol A Holy A4FFe BRAW L A, B, Agu, o 2R 2 5



a9 8 VHSV HEF #HAtoleo ®axAstd 4. A, A3(x100); B, A173(x100); C, 7+
(x100); D, B]7&(x100).

_20_



VHSVS getzat Ash, FAAZAA A T 47k NG9S ol g5l FA%Y thFy e
e, 394 A9e 5 1¥A4e /b MATE AR VHSVY 2T AnA

3548 depiE Aoz ol Ful ¥

23 3078 EeEF BT 22 fAF & 22 4
XA A= VHSVE sE27F9 424382 How Btk ®E3I ECP cellE o] &£3ty =
A7kel wpolel~g AWae A% AguFeEA drte 45¢ FART AN 2
LA BYFEL Foldte HEAH o Z GCVP-02 strain & WAF =2 A3yt (& 8).
¥ 8 HAlF 4y
o 7} A (LDso)

Strain ¥ EIdE EIxy HgoE & A3 B

a A9 Hel3 B (TCIDsymL) (TCIDsymL)
GCVP-02 20102 AF= gx (16cm) Genotype Va 107981 <10*

A 3 A. VHSV £33 AW /it 2 55971

1. VHSV £33 Ag9Hde Ax

7}, N8AE 9 94

VHSV(GCVP-02 strain), ECP cell, MEM, FBS, 2-Bromoethylamine hydrobromide(BEA),
NaOH, Na2S20s3

A

(1) vte]E £ E monolayer’t FAE ECP celldl HFstaL 20TolAl 487 72A)12F vl ¥ CPE
7F 80% °1% FAE AlA A wiolH g AFTH.

(2) A= vpolH 2 MFAE A EEA cell debrisE AAS L FH J7158 = AA 5
2 FYFS £A5ta BEIEEHos 43

(3) EE37t Eud B3 AANFE F  HA adjuvantE A F ETFT F WAHo® AEE
o

2. VHSV E%3 Mg adjuvante] A%
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z,
2
1o
e
18
(o,
oX
S,
o
2
kol
X
]
M

olHA gxld <¢tAg VHSV E&3HAL adjuvantE

U AlEAE
B33 wlo]lg 23997} : 10°TCIDso/ml), Adjuvant(E 9), ¥ (10~15cm), 5=

£ 9. AdjuvantZFoll W2 A F WAl
JdHAWNF Al g WA Adjuvant type
1 VHSV + AJO1 Water-in-oil
2 VHSV +AJ02 Water-in—-polymer
3 VHSV + AJ03 Nanoparticle
4 VHSV + AJ04 Oil-in-water
5 VHSV +AJ03 +AJ05 Nanoparticle ¥

Aluminum hydroxide gel
6 VHSV -

o AIEE
(1) VHSV A &4 9X(10715cm) 4007 & 21TCAA dFY3 €XA 0 F 712502 ve
=2

°
2
s
ol
i

(@ Ague FEan .
@ N W94 FAL 98 WEY, IAUT 25 %, 204 E 27 F, 2AWF 4550
=
=

Z 2FEE 1074 daold At EFEE F vpold 2z T3

NEE 53 F3IANE AT

(5) 2 AduWAe Wojgws AUy $sd 23HFT 3FF 4 aFER 20v 9
LDeo(10°TCIDsy/m ¢ FE2 wpolgj 28 BERoz FAPFT 353 FHAAE % 725
o},

LA

6) =T TAHAE] 60% o3 o HAT FHBELERPS)e AEste WAl &

AN@uAE AzsAS Wl AJ01F AJO2E AHEE A@WHAY A HE7E 9E Al
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s TS wob AL BWFel gglom, YA AE FAE AF A2z s AR F
oA Holgo] thE WA PEFT I padtAt EF JF 45 AFE o] R,
A% A A7) f2EE Fol BAH Aol BAF e Ao BEH T AFYA

HEFETZ A FA ALstde (a4 9).

’z}

(2) AL A2+
Ad7I1Ed F71EE 10vkEd At TaFAVIE AT 23 2T 5 otz T3
FANY SHHA FAU

NEE (n=10) A2 ARE 27 24WE 2% 2WE 45
VHSV+AJ03 <5 <5 <5 <5
VHSV+AJ04 <5 <5 <5 <5
) 2] 5
VHSV+AJ03+AJ05 <5 <5 <5 <5
VHSV <5 <5 <5 <5
HES <5 <5 <5 <5
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3) Wolay AgZ

57_7& zd_z_%‘

& &35t AFE3 AT H adjuvantE
(£ 11). 23y 2147k HAIS S A2

44% 219

ol AJO3# AJ05E E£F3tY adjuvantZ AFE3FA

1}

279 HAREC] 60%E dde W A4 WHATY FAHPEELS AJ03FH AJ05

AT FHAA e R ARBEE

A3 AJO3# AJOSE

AE3A] ke Hﬂ/«l%cﬂ 76.9%= F43A e
st ARSE ATl
F 15%3/2002 7HE ¥ror dixTE 95% :414%}9&4(1%1 10). o] 272 &
< 7HF & wWolads) yehth

2 FAAAE  FAAAE)  ANAEE(0)
VHSV+A]J03 4 20 69.2
W E VHSV+A]J04 14 70 -
VHSV+AJ03+AJ05 3 15 76.9
VHSV 15 76.9
13 Bt Tia 13 65 -
20
18 /
16
o
i 2 ——VHSV+IMS
% 1o —W—HEV+ER
ﬁTI_ 8 VHEV+14G
& ——HSV
4 —#—Control
2

1 2 3 4 5 6 7

a9 10, 4RF ¥ 4 A4

g8 9 1011 1% 15 14 15 16 17 18 19 20 21

gz
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o A

(1) VHSV A &4 ¥X(10715cm) 1757 & 21TCTAdA dFY43 £XA 2 & 712502 s

(2) 10° 10, 10° TCIDsy/ml ¢ s 5= Fulgd 233 ulolz 2 o] A adjuvant
g kel AR wEm, AU 135 HELH 28] HELEFUD)OZ ol
100 ERHEecr z27S MEMS 5% 234 F3.
(3) z+ A@HA L] ol xIE 9 244%F 35F 2 2g¥e 2079
LD60Y sE= vlo]d A8 HAo=2 FAHFTL 357 FHHAIES #&E S

(4) x99 FAHAEC] 60% oY w WATe HAUAEE(RPS)E AEste] Wale &
5¢ B7ET

N

2 Al g d

ANAZF 10° TCIDsyml FE AFHAL 25 Ao = 23 HEIJFLL o AHAZLo]
8.7%2 7} =A vEhtoen, 100 TCIDs/ml 23 AZEF % 10° TCIDs/ml 13 FEFo] &
T 643%E YERY Y. o]+ adjuvantZ} H7E 7] A9 sHlolgx FHhF=oly 20% adjuvant
Atgeg waowAe A4 FA¥EE 10° TCDo/mleld oz 2Rsgon RE &%

LolA 28] HFTo] 13 HFTol Hste w2 WoaAE HEHAAY.

¥ 12. A9 FYsE 2 HFIAFE FHAANE D AHAES
Ald T (n=20) FRAAAFE FHAAE (%) FHAEE(%)
] 13 HE 10 50 286
10° TCIDso/ml
23 HE 6 30 57.1
, 13 HE 9 45 357
WMAHZETT 10" TCIDsy/ml
23] HET 5 25 64.3
. 13 HEL 5 25 64.3
10° TCIDso/ml
23 HET 2 10 85.7
3 e 14 70 -
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4. ok AFAY 2 w% YA

SRR
JA & mlolgladyd A4 HETS ABE F des £ WS AFAAET dEAAE S
T3t EXHFEEAD HL3ES W a5EF 2 dHAFS e B AP 5EFH
ATt
U AlEAE
AR 13), A" ¥ (£ 14)
F13. GZA R TATE A A
AZHNE Az G A} A4 5= (50me/ )
11 EVHS 02 2011. 12. 14 120
12 EVHS 01 2012. 2. 13 110
14 NE FHHE HY
F943  oEA o ud FAF Qg
ATFy  AFE AATA G A2 40 10000 064-787-7850
A HEA AL 2= _799—
Bera  wgs 2)70‘:' T goop 0047924070

064-784-0840

guokea A AAZA A o9 1286 4,940 15,000
[R=an 37 TAZA] AAE =238 011-696-5786
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ofy
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(4) HALE v
WA HE T 16?—7}%1 Z+ A7 ER 74 JAEE FAS vludt. #A 7 ol dAE
Al HAA E st & 159 WA did] HASt FHARY] AL wofsith

T 2 MAUA 5= A
DNA Iridovirus PCR
VHS (Viral hemorrhagic septicemia)
Hlo] & A MBYV (Marine birnavirus)
RNA RT-PCR

VNN (Viral nervous necrosis)

HRV (Hirame rhabdovirus)

Streptococcus iniae

Streptococcus parauberis

Al Edwardsiella tarda

AT,
PCR

Vibrio sp.

Tenacibaculum maritimum

Scutica
71 = Trichodina

Ichthyobodo

r {

(5) WolZ A4
1657 FAMAE L FAGANA AGZE F94 o7t Qe A 4 APLEAR 20M4
FAe] LDwe] $ER B30 FAPFS FYELS HIHT

2. A9}

2012 694129 AP AAE wFon st TAFAAGPARY] VHSY B85
AGEAIE-VES)l B dAABARAE AZSHRoH, $U¢ Adeln o0 2 At
et QAE el
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I'-III

AT 5% AF el L 2 =(%)
-dlolgl 24l A HAEF(VHSV)S HY|-VHSVY EdF gn 9 AR 100
A gn 4
_tpolel 2 EAARZ(VHSV)S] M AA|-VHSVY 49438 @ 2%, 95 .
SEE EN
-glol#j2Ad FEA HAEZ(VHSV)H LA 9 .
e mee ° CETT vHSVY wg e 8 100
29
-blolg 24 E8A HES(VHSVIHAA | -VHSVERFE 5 98xAZ2435 100
EREREARE Az2 @ 9y FuE A
2 2ME SE 2 YA
AP g BF AFEe] g A E(%)
g #HYy Xﬂ ¥ gEFAA Ve 100
2 oz VHSVAZMA A
VHSVAI R ule] A 2 P} HEwYd 49e Aduvantd s 70
2HEES POz @ AYNA
o 4, ol Es, HEAE o
~VHSVA @49 %“‘ZJ-J =4
-VHSVA| g Al 9] of] Al g FEo W3 ordlad 2L AHA 20
Bk
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U G oA VHS 93 g3f& gaAZd ¢
Aol A VHSVY Eg&= EPC HNEFE o] &35
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, FA%A 44e
FudlA fralsls VHSVE % fdstdon He A54L Uit 599 &
0014 %E 20119 714 2FEL Bedsd dE d/8ge Wl A gl
tanh olel® ATAFE FF VHS = 9
2.

P oAl VHSV #i4le] #g A7 AY ol FofAA & don, 2011d VHSVEY NV
gene< Knock-outr 71 live attenuated virusE A0 2 o] &3 A7 FL3ich B Ao
A

ol
o

o]

3ot
[Uﬂ 01,
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il

2

-

o

S

N
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A

Me Az R A8 B A& 583 Wi AEE FHoE sto] dFE IS 7]
9 ofFHANANA Akl SdsAZ 2old F2ddo] ofd EZ3E I A nlo]H 2]
FAES AdF BESY] 98 BEIE ol&stiod, B a5 F7HA717] 8] dA oA
AFAs EHAHQ adjuvant= At I TS FAstA. dA F&3tH AHAFHL Q)

oL
2
ofo
=
2
rlo

= EF adjuvant7t F7HH A &2 #Widoln YA oA kA B ZFol AF
® adjuvantE @A flE AABolth of WAlo] A8 H A Y HEE A A A
g0l &4AH adjuvant’} H7Hd Wilelgh= F 2
2 adjuvant7/'Ze] JAME FQ8I AFAEI E F

-

.

B AANA ol Ro}R Hole2e) Belug Aoy 2 BA o8d 24 4y 5& 3F ge
stol@iz WA Al glo] FLF AT AR B & god B AANA EF Tl A
el Az 2 Invivo ABET Fol U ARE VHS Bd 48 2 54 P A
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H 5 & 97t da ¥ d38E A

A1 A AFAE A

1. =%
=T A s =7 A A T &

Prevalence and different characteristics of Journal Fish
two serotypes of Streptococcus A
parauberis isolated from the farmed olive | disease ’ = 9
flounder, Paralichthys olivaceus I
(Temminck & Schlegel), in Korea 2011, 34, 731-739
Prevalence and phylogenetic analysis of
viral hemorrhagic  septicemia  virus EgNgE A S
(VHSV) isolated from aquafarmed olive ) . =9
flounders (Paralichthys olivaceus) in Fish Pathology RS
Korea from 2007 to 2011
2. 3 (EAH)

A = g 3 A 2
Genetic characteristics of viral hemorrhagic septicemia
virus (VHSV) isolated from cultured olive flounder IERSITERS FA4S 9

Paralichthys olivaceus in Jeju island from 2007 to
2010

AFAE dx9 VHS ZYEH (200772010)

vlo]l g A EHA YA Z(VHS) FAISAIS Rol: dX
2 XY Pseudomonas anguilliseptica®l + %

3 53 24 2 5%
72 55 A= 29/52 W3
=0 |HolH2AH &84 dH8F B3 W4l (Inactivated _ ~
S=d vaccine of Viral hemorrhagic septicemia) 10-2012-0070671
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A2 Hd BAHEEAF

TYFEY P BT =& A FAAH Fish Pathologydl FiaxdFolm (1 11)
WAESe] BE EEE 25 AYse] Fudgelth EE 559 Aol A4 Fu 24

Dear Dr. Se Chang Park,

Thank you very much for submitting your study titled 'Prevalence and phylogenetic analysis of viral hemorrhagic
septicemia virus (WHSY) isolated from aguafarmed olive flounders Paralichthys olivaceus in Korea

frorn 2007 to 2011" for publication in Fish Pathology this tirme.

We received your manuscript as M3 number 1182-5 on August 29.

We will start to review the manuscript.
|will get in contact with you again after our reviewsrs show their comments for your manuscript.

Sincerely yours,

Oszamu KURATA

Osarnu Kurata

The Editarial Office of the Japanese Society of Fish Pathology
Laboratory of Fish Diseases

Mippon Yeterinary and Life Science University

1-7-1 Kyonan-cho, Musashino, Tokyo 180-8602, Japan

Tel: +81-422-31-4151

Faw: +81-422-31-6796

Ernail: fishpathol@rvlu. ac jp
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H o6 & HtiE 2ZofM sHet f2deI|aZE

A 1A L9 VHSV WAl A4 53

1. VHSV S Glycoprotein gene2 ©]83F HE-8 DNA WAl (25 9)

Glycoprotein gene= human cytomegalovirus (CMV) promoter7} X&¥ plasmidel 4 ¢d sk
DNA vaccines AZ8t3tt B R HAE K02 HEFSL 309 F BAoZ FH4HF 38t
K= W ATl 8%l FHAEES HEHIL MAHFT 5 Fo] T3 FAT A H
AT

2. VHS$} IHN9] Glycoprotein genes ©] 83 FX|7/]50]8€ &% DNA H4 (dnp=z, o€
of, =2 4go], vlx)

VHSV$F THNV Z+Zhe] glycoprotein gened ©]-8-3to] DNAWAI-E A ZEA . FA 5
o WAL ZEHFE 80Y F AAWoeR FAFFIIYSH 449 upolgxd el 80%
o] =& FUAETES EAT

4 . VHSV Y] glycoprotein genes ©]-&3F recombinant 413 DNA #Ale] W Xx]o e F5H|
AAE (&)

glycoprotein genes ©] &3ty AT ANA ZHA]Z recombinant protein A7 DNA #A&
QAo Z2SFFTL &2 F TAHT 39S W DNA WA 90%0] 49 dHAEES
%3, recombinant protein MA TS 13, 23%E RS APAEES HYgo. a8a Eo] I
= F o wAFA BFE HAE QoY recombinant protein MAl#& microarray® £ A A X

A7 #AHH §HAA7}) detection HA ko).

o
o

FPN

2

) rl
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