2010 FBEARS BT e
K EEREETRF T 25 12 8% : 49-57, 2011

s U A BESw 3 Tk A A SR I D % s g

BHH
BT SEAXREMRSER

Y-
> HIG

4 B FUE o B AR B A RSO T R 2
o T K 2 B RS BE SRR B (nervous
necrosis virus, NNV) &4t » 5 & K
A AE] 10% » 38 R Ie% B 0 2 3E R B - K
{6 471 BRE OIS 75 TR 9 15 BN A ) 2R LY
I3 B 0 R B R SR TR R A IR - b
e 2 g 2 DR B P B PR S  TE =
ST — A o A R E B 2 A oK
A S H AR

T JmE AR B SEAE

W B ME A 3 JE JE (viral nervous
necrosis, VNN) B % & BR 1R & i
7K 3 B F T AP Y8 el K 2 L R R B TR IR
(Munday et al., 2002) > B RERBH A »
T AR OK B R 5 S SR R g 2 B o At - BRAE
o R~ B AR R B SR~ DLE S R R
VG I Bl LK i Vi 5K~ K 58 Y AR B S KR
R AR A LR B -

VNN #% Ji5 B 28 i 2 {F L (larvae)
ME L (juvenile) FE B » LT A EEH 7T Z
ERE=E 5 1G4 SR ap X XA
14 — 50 K W R i H B I0E J e o A1) L sk
T RE Y R f th 5 A AR B (B T R N i
F~ WA 40 BE B KPS PR R SF (Fukuda et

R

al., 1996; Le Breton et al., 1997) o 2 i@
T3 SRR S R A5 e S EL A S e BB 2 (LB R -
WREGE e vk - RREE s BRIk A
SE DR G R RS (Bloch et al., 1991;
Boonyaratpalin et al., 1996; Breuil et al.,
1991; Glazebrook et al., 1990; Grotmol et
al., 1997; Mori et al., 1992; Mori et al.,
1991; Yoshikoshi & Inoue, 1990) °

R R OE R = 8 R B R = R
(Nodaviridae) H) 4 205 % J& (fish nodavirus
or B-nodavirus) (Chi et al., 2001; Comps et
al., 1996; Mori et al., 1992; Frerichs et al.,
1996) » HAPYMEEL KA (striped jack NNV,
tiger puffer NNV, barfin flounder NNV,
red-spotted grouper NNV) » H H1 RGNNV
B IR 2 F7E v A D Bl TH R A E R
i % o AR5 VY AL IR AU 75 DL IS A8 )
M 5 2R > AT 73 g = F M AL © SINNV
& MEIME A > TPNNV 25— il vg A
RGNNV #1 BFNNV HIJ £ [F] — f 1 & &
(Mori et al., 2003) ° £ 2010 & » fTERE
B 28 5l 0 B #0002 NINY i B PR A
RGNNV KA -

=~ I EHERRE T

NNV A {78 58 1R 15 7K AP e 7 T (8
WA - L oK AR B R A 2R 1 T A R
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A H AL A ER AT R R
EE K K &% T o Arimoto & (1993) FI|
M E RS SINNV 1Y H A G £ 2 £ P B il 1R
fEET R RERAEELE 6 K12
LT > K K {EEE NNV EH 1Y
BETA

Mushiake ¢ A (1994) #a I ff £ 5 I
o~ M RN - S e AN =) -
A G AR AT A Bl 5 s (HE A PR B B R
JBR )48 RIS o A i 5 3 R AL o IR
HR BRG] NNV ST > P iy DI e ] 2
T 7 B AR th ORI Bt > & LEONR L A
% > SR LI H AR A - IR E (R
PHITFAE o

NNV i 18 E# B IR Bz bk 7AW
W ) 2 T R A RS R P 2R D S R B A R
GANRURTREEE R G R =S Nk 3 T oh P
J f 2 BURE NNV Ji & 1) 7] BE & 1€ (Gagne
et al., 2004; Gomez et al., 2004; Gomez et
al., 2006; Gomez et al., 2008a; Gomez et
al., 2008b; Nylund et al., 2008) » [k T fi 2
f% > NNV 0 & 4% 6 R 4 P HE » Al e
(Brachionus plicatilis) LW (Artemia
salina) H > HESR NNV HE7E{F HEE A EEL >
HEDAEE 1 — 2K K]S EE
NNV HJ#k#% (Skliris & Richards, 1998) ° i
% NNV {75 3 fa S 0556 1 2K i BHBFAE W) -
HIT5E] NNV FJ{F1E (Chi et al., 2003) °

VU ~ Jrisd FEA RSSO & 18

Nguyen % (1996) #a il 5 7 A 5
B A 25 AR NE R > — Brl 6 HH 30 58 Y B 67

VKR ETTESE > R EMES - iR
RS o A B AR R i R o RN SR B 2%
B A B s =R AR 0 TR I AR I 7 AT el 3R
AR T R JE R B RS I AR o B
O% o TERTUFE L E AR B SR > NNV
T B e AR 1 I DL R/ NG AT B i s 3 > SR 1%
A A H A AR o SR NNV el HE AL
EREYTE F (Grotmol et al., 1999) °

NNV 7£55 8 N .2 70 A K U R [H
MM 75 o L il HAE AR A B NNV
(Comps et al., 1996; Nguyen et al., 1996) ;
15 % B s NNV I G B midarh - BR 1
RS A AR > A 88 B K Imig Hh Al sl £ NNV
WFEAE > DRIBEHES » 56 27 12 A8 ER IR T BR 0
¥4 B R AEPE RS (Chi et al., 2001) ©

Ti M

H Al B BE A @9 ke 5 A A () B
W 7 $1 88 B0 # & H 1 Enzyme linked
immunosorbant assay (ELISA) (Mushiake et
al., 1992; Shieh & Chi, 2005) 5 (2) fHH %
& H P PE kg HIEA ] (one-step diagnosis kit)
(Chi and Chiou, 2006) ; (3) & Hlf5 & % ki
RT-PCR 5 nested PCR 77 i£ (Nishizawa et
al., 1994) 5 (4) LIHIAR R RIS 7 B BT 2
I3 7 AEKL (Chi et al., 1999; Lai et al., 2001b) ©
B EETTEH > DL RT-PCR AL A nested PCR HY
BT e o AR O R R S EAE o
&% @ B RE » HIIFS one-step diagnosis
kit » 30 77§ P ik RE 5¢ A b e o B — MRS {H
T S I 3% F] nested PCR HY SR HE o A L)
& one-step kit fii R FHIER > Rxn—EH




NNV &Ly » (HAG R 2Ry > HIEHE— 2Dl
nested PCR BV -

N~ BRI

98 7 T % s e G S 1) W FH AR BE IR TR £
BT LU SR 47 (19 15 2 SRS B A A A B o B BRI
OB S RIE S B L s FE M b
18 £ AR % T RIS BRIRAE D R s
T o i 2 e S BR B B > BEL RS e 3
A& e Mg £ AR RZE ) > A ReRR K
GBI PR AS o

NNV & 48 i 75 Jfl i S R Ay R
% EW L » B AE L E LN RS
IRIE > R NNV BYBG % T F 08¢ fE f i
#E © Mushiake % #5 Hi » [ {5 {58 £ 5 7 £ 7
A R E AT A SRR ) > D Rl — A R 2
7 YN R B - Sl i 52 A DR SR AT AE DN DL
Iof A1 20 7 7 R ARSI SR IE U B & (Mushiake
et al., 1994) = Breuil % (2000) 7E I /K filg
f4 > Watanabe % (2000) fF Lkt H & (barfin
flounder) th &R 23 &% 5 B £ BF o A2 il IR A
NNV HUR B K A NNV 188 2 1 A (F
Fa B R -

£ B FE IR L B ST i A S B
HINNV R MEIER & 0 RE 5 = Y
BRI T » HIEREE I R MOE R A
R BN - 3k R A AR AR A 0 G0 ) SR K 4L
g > R > PR ER S S IS e R o —
B o AERUNR L BT E TR & B A EE N
AT o NNV TEHETE £ ] B Ak il
BERE A ROER RS B R
Fit LA 3 22 38 1 1 /K 2 g 1 B fR A0S B %2

BUT AR R AR IO I B R R

o H A1 i R 1 K E A A AR 2 9 i
s — B S K KRR E LR Y UE 0 T
17UV ~ REBERIFE KB EEEHEHE -
U AT 208 A% i B T 2B B EEE N B
Wt AR B B BAE AR M2 R 3R
THMBRERERFAS > (HEEEAFMEE
IHE RN A SRR E kA BB AE
AR 2 2 i o S S A () B 7 5 A ] 7K
I A A R - BIEEGH TIEA
B R UET RIG VA FE A 0 TR - 4
af T A WY L SO 11 I 2 BT e o2 1% > AR
R B B R H KA 7 o 858 sl 7T R
FKECE KRR R SR TE KR A
7 30 77 # o 1F 2 A A LY f ek R A
[F LY f I 2 |iT > S5 0 F A R ~ He I
M EHBPREAE SIRE Munday &
Nakai, 1997 : Yoshimizu 2009) °

SV A e 2 B ] S R IR 0006 7= O A
I B EE P o FWR(L S B VNN JZ1E > 72
U 3 > 7 B A R R
IR & > FEAROKR > 2 b A Y T 255
Wo—ith—% > WL ] AR FIETE o 35 21 2
A AR RBIRTHERE > — &
FUATAE - U irE TH - UYSFIET
fe e Bt K B2 BE IO BR B T O R KR
i [ S S R 0 G o A R R D Y5 1 A
FEWHE (Chi et al., 2003) °

1 D B0 i 2% B e I A (R ) R A
Yo AFE BN ~ R E R AR - i OR I
NNV /5 R A o fmRHR K
)RR R B RIERA R
B BRI S HE > Fr DU Al 7o 4 B A 4
% P B P i R B oy o e R AR T
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BB T AR A AL E G o B E
R e T O IRBOR R B » KR IR E A
PLNNV BYRE T »

£~ NNV i R Tk

fE 5 Fa ) RE RAE EH RE B E - R
Rt LA e B R G0 %8 IR - P LR © BB FRTE IR i
AL RS G IS - BEC A ERE 2B
R s R B A RIERE ST » HEF SR K
ARG ~ 155 2 1K AR DL B rfe RE A AR 38 & 58 &
%> A AR ERR BZERE (Lam et al.,
2004) o AN [EIFEEHA G BT A H A% R MR
HHEREAN T ZMEE > DA E A
Bl > kMR L 19 KA B (Lin et
al, 2008) °

A B NNV J& & 1 B 9% > Tanaka 3%
(2001) {5 KIGIRE (E. coli) RILHAM
FIHEEA SINNV U EHE » &b
WU G e 1% - R R A BRI 5
T 7 B 1R 1Y FE 1 25 B B B (K © Hidsgard
£ (2001) | A SINNV T2 F B & B = #
BHEEE o REREWE SRRV L E A
(Atlantic halibut) » 7] 5] 85 — P #y HTH#E [
JE > Sl A SRR NNV & 2L T0ZR o
Sommerset 5 (2001) FJH E. coli #4575
FERE T KTEEELL H L AHNNV 5 30K S AR AL
21 SINNV #5525 bk iy 18 55 4H & B 2 o
Lin % (2001) G EEH NNV JiF 2 % 2 i &
A > LAREIEE S 77 X yE G pE > HRfl
PURS IR BE — R B R 2 4 BB BT - Liu
% (2006) K LUSEZRAL ~ Thiery % (2006)
LB R/ > 3 Bl £ NNV §8 & B R &

¥EKL (virus like particle, VLP) » LL VLP
EOWAkEEHE  vEREePyES
{8 » Thiery % (2006) L& H 6840 fE 1T &
P28 BT i I A 0GR o A5 RAHBNE F 4 (RPS)
1H3E 89% © LA I 38 LLEA B B LLAh fr Ot AT -
7 2 76 1 - fh e B B AT
(—) I BERIH R G TR

— i AR 2 e e T LR TS ~ O
Ak B 3 > o fa e B fR T R A K
NNV 1 &) & B 5] 2 1y % g 28 Bil 98 1 28 i
o (HEZIRE A f e R DA B T Al 77 22K
%% o Lin % (2007) & i LIEH R A9/
W RIZE BT P B Rt K RIURFYURT
KIGHRER > HIE S MR % B R B i #5
FH R ) i B K B S B R B LRI
(] IR Yk 9 75 B0 T 0 £ 1 155 5 S B SR O o
BB\ K o RERERE 12 /0 - R
e —EMEITIE - KR E AP A B F 2R
(RPS) % 63.6% ° GEHHRIEFR « A1 » 1
MR =0 v % [ BRI B E A R S A2
IR E & o R E AR E YR & 1% FAT 8
B R -

e S8 £ B B H R A% 19 K AT DLt
2 o {H G058 SR R A DLR G e A R AE AL
% 40 — 45 KI9L ~ A\ WP e 47 » Ik
W8 St 022 i 5 | EE PR 58 405 SR AT LAAHE #7 #Y IRF ] 58
R o Kai % (2008) #H¥TABEH /040 - W
7R RIE R > i EIE LR Z NNV
R 0 LL10° TICDs/mL i F5 1% 1 fa i
20 43 $# » 30 K # LL 10° TICDso/mL 9% 7 Fi
BIRWBGE - il R 0% AR BIE 7R S
83% » HIRFESIRAEIMH - FiEH% 3 [
AMEHE > B30T NNV i 5 B 83U 1




REER » ¥ G S - S A/ N RE A
FHTE SR ACEAT BN 0% - 3B y% n] 5] 5%
RN R » RS E T iff R pl
BORE fA G 51T E it £ Yamashita
& (2005) & Fll A £ 15 1L HI RGNNV T 5 5
LA AU (Epinephelus septemfasciatus) %]
e R 10 KRB R AIPUEE - WERAY
FHENE 28 (RPS) £ 67% » %IE At EHiM
BRI MHENE F 2555 85% ©

( =) A BEARE £ )% e

FoE B AERR 2 5 H T RE R R
o A SRR AR Y 4 B SRR SR AR K - B LA
FEFI & » Xl B ZEE E— E R BRI
FEA AT s A ML ZE A% — o e
L M R 4 IR RGBT B - M EIEP S
A5 81T 3 HEHE RS A 2 F A OE W 75
fili b > SERE IR B RE A WA IR R0 - A8
K% W AR FEEAAFI: > KR ~ 3 A
B BEFEFE TGRS A KR
TECRH P ] 25 0 F f Al I & UL B NNV o
IR FH 5 e A b E2 B8 A el 2 L 46 i B ) 2 BiE K
A LUER0A & R A ER RN - B — A
i) £ I L BRI Bk I N 52 2 AN R Y > 22
SRR A 75 B R DI (LS 7 AR AR R Y
IR - HAS— 72 B i 4 B DAL RE 5@
H -

HERIL > REEREJET T 43R
SR v B - PR IM M NNV TS Y Al
JIEERE - 0B FORR FR IR S R E R
PRV R 2 2R R D R TR RDGURE - BN GR
ZEk o myiaE N HEEL A LR 3 — 6 (A
H o R E OB A E IR S - B by bl
MEA B ETEE - PPRIETEAT 1 (A

BUT AR R AR IO I B R R

MEATVE B ETE o SRR 0B B R TR i A B
fH.Z2 AN > B RT-PCR J Nested PCR s il
N NNV A [ L - G SR 2 S R A A A
A5 25 Bl 28 1% A 28 1 06 0B NNV AR
(LB e 2 P R A e R > R A i 2 i 7 1Y) O
BRI o BT DL R f AR BE T
&G T R o 38 TEP I SR NE - AN TR 2
IR IR R AT SR KRN 28 N A £ 2 i
S5 A OR 3 1 0 SRS i 7 SRR SRR D P AR
AATE R (Kai et al., 2009) » K& 1 @A E
DREM AN E — il a2 8 &g - 8
L1 f8 AT LU R0 o R 4R TR R Y
NNV i & > K EAM 2 o B 7 R
i 2B E PN X B DIRR AR R AL BT
A B 2 B AT — (& 7 B A A T F (T NNV
e BT > FE N4 0 AT A RT-PCR
i e B 7 = b B e B AR N > REGE O A
IR NNV - B ARELS MRy E L5 - DIBHER
NNV [ 3 E EH G o
(=) FEEDIRSNIHE B 5%
VA M ST NNV B9 5 U sl %t
EHYUEE (Ig Y) KHPFIAIIREA NNV © Lai
% (2001a, 2003) R ATH YGNNV &
B R TR - A SRR A BRI A A TR K
e o R H R IUAE SO R o 38 E R AE SO A
Rtk R 2E AR 51T NNV 5 = ) BLJR SRS KR
g (G BEL 5 P A R D RRCAS - B A B GRS A
] 5 &5t F 7E 5 B B NNV 9B R
RIS ER 8 R o i e K22 T PR A I B0 1
PUNNV B ZEE DU R AR R R s
i H ER R R A A A a] ORI BT NNV /Y
IgY » FiE AR MAR S - KILEE A 18
FIEPUR o 1gY RE FH AE S8 F 0 e R e 24
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MR E B s Bk FERRERERN
ANSHEBEER 2 -3 HE GBI gE35
i > A A RS IRGEIER > 7502 2 — 3 HIY
PRAEZ2 g B » IR e 1Y 2Kl o

H il 4 5 LS A i R E L\
SIFE RS NIRRT o WRE R E A TR
A2 80 o KR A B BRI\ 5 8
BT TR ERBEP M1 0 WK
LA AT e DAY 0 R T RE DR AN L
s IR o th ] RE TR 8 & AL 2 B NNV 5
Qe o thn]REME TRt 12 A 2 B SE » R
A WA\ DRSS 1 — 28 1Y >
PEATIEE o WEh BN B2 — AT kAR
B lgY » BREABEAN IgY 2E M-
PER RO o A DU B B R
PRAER > FZ AR A 3 F 8 g E H o

B oo
N\~ SR FER]

A EE R ENALE - A IR AU
B AH I B 4@ e e e S [ Y S0 %% I T
PRI RES) - B R #HEESL - REH
BRI KRS B AL oy B R R B A B
7 HE ] (Yoshimizu et al., 1986; Yoshimizu
and Ezura, 1999) o {H f £ 18 & @Ay /K 58
WAL e B2 I > P 23 0 2R BB L E A
AR A EF R » KRB ERe b B R B - W
BH YU R RE T8 5 M S e EY) o
Metamd o NI EfR s bER AT E
e - MR AR PURERES) - HiE e
BLAEY) > 1 S S i > 0 7H E 2D RS
BRI BB K Fp LT » ARIR A RE(E

(Yoshimizu, 2009) ° Chi (2007) H {38 faify
LEF 7 EEEI B A NNV 2 H > B
O G RS R B R it EE R I
R ] KRR NNV & i be b A
SRTCZE - {H A0l 32833 K8 681 8 W B 11 £ EA
LB R R R B B B i A B o o R R A
o A LG AL TR B AR I A ELEE BT NNV 4%
 (HEA S KE A IR RIRCR » fi
EEBRN O A - AR AEN
R IRm A E TS - K2R %R
Mg R S —ER o

/%
ES
ﬁm\

Ju~ PRSI

H RS A P ERER AT - B oK
3 I A G R M I - i RE RE P A PRy B A
P~ R EE VS Bl i KRB F R 4 o
W45 8 g AN [F) O B 1R K B (A Y
A IRV DUEPIRIAH R > DUR &
AVRIRE - BRI R AR - HReE— D
gt » #HE E AA f FUORE AR A BOKE s 1
FESI AP BITA] e B 2 il K HE Y A BB RS RE
JE o M B S B RIS AF AR o B AR
RN SUEIER R E= 3 SRR WO 3 E AW 4 R(:
K e AR AR LA A - FEE AR
Ko A G EH R EER R AEY) » FH A
REE R F % - A ER LR

AN R R AR - A2 L 2% AN
IR TR BRI EE » AR & (rotifer) ~ BEAIAH
(copepod) K T SE - IWFEERA 5 W AT
AREZEEAEY  BRAEBRMES -
D REGIRRAE - JEEEE ZH
A HE 7K AT I A 0 <5 AR LA > S R A 2K




NNV 1% B A L - B & & BAE 1E 8 {5
By 5 B AL B 2B s % R 25 RE A B £ iR
W e e IR L AR IR £ B F B 3
FAH A LU E B 5 BUR ARt
[ 2 %1 L 5 8 G 4 3 [ 194 Y Kl ROK A o
EBUFE LS ) 2 9% » BT B EIEEE P
AR BRI R T ) > — 8 ST et S AR IR A 2
IKIEA PRI > @bk R E i > A REfl v 58
) NNV Y2 [ 3 (2] 997 97 0 Uk BL 9% > AT{AT A
o 117 2 38 £ B Ko B ) A B — b {5 P TR
TR RGE R o AR SR I S B (LB SR S R R
TR A RS B B R AL - ARTBH 3 5
LIS SRR » R E R E AR E
)~ KRR ~ MERE R IR S AT LSR8
B —UJEGE A R BB BUR — 5
71!

1~ 25300

1. Arimoto, M., Mori, K. Nakai, T. Muroga, K. and
I. Furusawa (1993) Pathogenicity of the causative
agent of viral nervous necrosis disease in striped
jack, Pseudocaranx dentex (Bloch and Schneider).
J. Fish Dis., 16: 461-469.

2. Bloch, B., K. Gravningen and J. L. Larsen (1991)
Encephalomyelitis among turbot associated with a
picornavirus-like agent. Dis. Aquat. Organ., 10: 65-
70.

3. Boonyaratpalin, S., K. Supamattaya, .
Kasornchandra and R. W. Hoffman (1996)
Picorna-like virus associated with mortality and a
spongiosus encephalopathy in grouper Epinephelus
malabaricus. Dis. Aquat. Organ., 26: 75-80.

4. Breuil, G., J. R. Bonami, J. F. Pepin and Y.
Pichot (1991) Viral infection (picorna-like virus)
associated with mass mortalities in hatchery-
reared sea-bass (Dicentrarchus labrax) larvae and
juveniles. Aquaculture, 97: 109-116.

5. Breuil, G., J. F. Pepin, J. Castric, C. Fauvel and
R. Thiery (2000) Detection of serum antibodies

10.

11.

12.

13.

14.

15.

16.

BUT AR R AR IO I B R R

against nodavirus in wild and farmed adult sea
bass: Application to the screening of broodstock
in sea bass hatcheries. Bulletin of the European
Association of Fish Pathologists, 20: 95-100.

Chi, S. C. (2007) Screening and characterization
of Bacteria with anti-betanodavirus activity
from grouper (Epinephelus sp.) intestine. 13th
International Conference of the EAFP, September
17-22, Grado, Italy.

Chi, S. C., W. W. Hu and B. J. Lo (1999)
Establishment and characterization of a continuous
cell line (GF-1) derived from grouper, Epinephelus
coioides (Hamilton): a cell line susceptible to
grouper nervous necrosis virus (GNNV). J. Fish
Dis., 22: 173-182.

Chi, S. C, B. J. Lo and S. C. Lin (2001)
Characterization of grouper nervous necrosis virus
(GNNV). J. Fish Dis., 24: 3-13.

Chi, S. C.,J.R. Shieh and S.J. Lin (2003) Genetic
and antigenic analysis of betanodaviruses isolated
from aquatic organisms in Taiwan. Dis. Aquat.
Organ., 55: 221-228.

Chi, S. C. and Chiou (2006) Development of
one-step diagnosis kit for fish nodavirus. 4th
International Veterinary Vaccines and Diagnostics
Conference, 2006/6/25-29, Oslo, Norway.

Comps, M., M. Trindade and C. Delsert (1996)
Investigation of fish encephalitis viruses (FEV)
expression in marine fishes using DIG-labelled
probes. Aquaculture, 143: 113-121.

Frerichs, G. N., H. D. Rodger and Z. Peric (1996)
Cell culture isolation of piscine neuropathy
nodavirus from juvenile sea bass, Dicentrchus
labrax.J. Virol., 77: 2067-2071.

Fukuda, Y., H. D. Nguyen, M. Furuhashi and T.
Nakai (1996) Mass mortality of cultured sevenband
grouper, Epinephelus septemfasciatus, associated
with viral nervous necrosis. Fish Pathol., 31: 165-
170.

Gagne, N., S. C. Johnson, M. Cook-Versloot, A.
M. MacKinnon and G. Olivier (2004) Molecular
detection and characterization of nodavirus in
several marine fish species from the northeastern
Atlantic. Dis. Aquat. Organ., 62: 181-189.

Glazebrook, J. S., Heasman, M. P. & de Beer, S.
W. (1990) Picornalike viral particles associated
with mass mortalities in larval barramundi, Lates
calcarifer (Bloch). J. Fish Dis., 13: 245-249.

Gomez, D. K., Baeck, G. W., Kim, J. H., Choresca,
C. H. and Park, S. C. (2008a) Genetic analysis of
betanodaviruses in subclinically infected aquarium
fish and invertebrates. Current Microbiology, 56:

55



56

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

499-504.

Gomez, D. K., G. W. Baeck, J. H. Kim, C. H.
Choresca and S. C. Park (2008b) Molecular
detection of betanodaviruses from apparently
healthy wild marine invertebrates. J. Invertebr
Pathol., 97: 197-202.

Gomez,D.K.,D.J. Lim, G. W. Baeck, H. J. Youn,
N. S. Shin, H. Y. Youn, C. Y. Hwang, J. H. Park and
S. C. Park (2006) Detection of betanodaviruses
in apparently healthy aquarium fishes and
invertebrates. J. Vet. Sci., 7: 369-374.

Gomez, D. K., J. Sato, K. Mushiake, T. Isshiki, Y.
Okinaka and T. Nakai (2004) PCR-based detection
of betanodaviruses from cultured and wild marine
fish with no clinical signs. J. Fish Dis., 27: 603-608.

Grotmol, S., O. Bergh and G. K. Totland (1999)
Transmission of viral encephalopathy and
retinopathy (VER) to yolk-sac larvae of the Atlantic
halibut Hippoglossus hippoglossus: occurrence of
nodavirus in various organs and a possible route of
infection. Dis. Aquat. Organ., 36: 95-106.

Husgaro, S., S. Grotmol, B. K. Hjeltnes, O. M.
Rodseth and E. Biering (2001) Immune response to
a recombinant capsid protein of striped jack nervous
necrosis virus (SINNV) in turbot Scophthalmus
maximus and Atlantic halibut Hippoglossus
hippoglossus, and evaluation of a vaccine against
SINNV. Dis. Aquat. Organ., 45: 33-44.

Kai, Y. H. and S. C. Chi (2008) Efficacies of
inactivated vaccines against betanodavirus in
grouper larvae (Epinephelus coioides) by bath
immunization. Vaccine, 26: 1450-1457.

Kai, Y. H., H. M. Su, K. T. Tai and S. C. Chi (2009)
Vaccination of grouper broodfish (Epinephelus
tukula) reduces the risk of vertical transmission by
nervous necrosis virus. Vaccine.

Lai, Y. S., H. C. Chiu, S. Murali, I. C. Guo, S. C.
Chen, K. Fang and C. Y. Chang (2001a) In vitro
neutralization by monoclonal antibodies against
yellow grouper nervous necrosis virus (YGNNV)
and immunolocalization of virus infection in
yellow grouper, Epinephelus awoara (Temminck &
Schlegel). J. Fish Dis., 24: 237-244.

Lai, Y. S., J. A. C. John, C. H. Lin, I. C. Guo,
S. C. Chen, K. Fang and C. Y. Chang (2003)
Establishment of cell lines from a tropical grouper,
Epinephelus awoara (Temminck & Schlegel), and
their susceptibility to grouper irido- and nodaviruses.
J. Fish Dis., 26: 31-42.

Lai,Y.S.,S.Murali,H. C.Chiu,H.Y.Ju,Y.S.Lin,S.
C.Chen,I.C.Guo, K. Fang and C. Y. Chang (2001b)
Propagation of yellow grouper nervous necrosis

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

///

e

virus (YGNNV) in a new nodavirus-susceptible
cell line from yellow grouper, Epinephelus awoara
(Temminck & Schlegel), brain tissue. J. Fish Dis.,
24:299-309.

Lam, S. H., H. L. Chua, Z. Gong, T. J. Lam and
Y. M. Sin (2004) Development and maturation
of the immune system in zebrafish, Danio rerio:
a gene expression profiling, in situ hybridization
and immunological study. Developmental and
Comparative Immunology, 28(1): 9-28.

Le Breton, A., L. Grisez, J. Sweetman and F.
Ollevier (1997) Viral nervous necrosis (VNN)
associated with mass mortalities in caged-reared sea
bass Dicentrarchus labrax L. J. Fish Dis., 20: 145-
151.

Lin,C.C.,J. H. Y. Lin, M. S. Chen and H. L. Yang
(2007) An oral nervous necrosis virus vaccine that
induces protective immunity in larvae of grouper
(Epinephelus coioides). Aquaculture, 268: 265-273.

Lin, C. S., M. W. Lu, L. Tang, W. T. Liu, C. B.
Chao, C.J. Lin, N. K. Krishna, J. E. Johnson and A.
Schneemann (2001) Characterization of virus-like
particles assembled in a recombinant baculovirus
system expressing the capsid protein of a fish
nodavirus. Virology, 290: 50-58.

Lin, J. H. Y., H. T. Lin, C. Lopez, T. Y. Chen, M.
S. Chen and H. L. Yang (2008) A comparison
of the expression of immunity-related rag 1 and
ikaros genes with histogenesis of the thymus in
Epinephelus malabaricus (Bloch & Schneider).
Aquaculture Research, 39: 252-262.

Liu, W. T., C. H. Hsu, C. Y. Chang, H. H. Chen and
C.S.Lin (2006) Immune response against grouper
nervous necrosis virus by vaccination of virus-like
particles. Vaccine, 24: 6282-6287.

Mori, K., T. Mangyoku, T. Iwamoto, M. Arimoto, S.
Tanaka and T. Nakai (2003) Serological relationships
among genotypic variants of betanodavirus. Dis.
Aquat. Organ., 57: 19-26.

Mori, K., T. Nakai, K. Muroga, M. Arimoto, K.
Mushiake and I. Furusawa (1992) Properties of a
new virus belonging to nodaviridae found in larval
striped jack (Pseudocaranx dentex) with nervous
necrosis. Virology, 187: 368-371.

Mori, K., T. Nakai, M. Nagahara, K. Muroga, T.
Mekuchi and T. Kanno (1991) A viral disease in
hatchery-reared larvae and juveniles of redspotted
grouper. Fish Pathol., 26: 209-210.

Munday, B. L., J. Kwang and N. Moody (2002)
Betanodavirus infections of teleost fish: a review. J.
Fish Dis., 25: 127-142.

Munday, B. L. and T. Nakai (1997) Nodaviruses



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

as pathogens in larval and juvenile marine finfish.
World Journal of Microbiology & Biotechnology,
13: 375-381.

Mushiake, K., M. Arimoto, T. Furusawa, I.
Furusawa, T. Nakai and K. Muroga (1992) Detection
of antibodies against striped jack nervous necrosis
virus (SJINNV) from brood stocks of striped jack.
Nippon Suisan Gakkaishi, 58: 2351-2235.

Mushiake, K., T. Nishizawa, T. Nakai, I. Furusawa
and K. Muroga (1994) Control of VNN in striped
jack — selection of spawners based on the detection
of SINNV gene by polymerase chain-reaction
(PCR). Fish Pathol., 29: 177-182.

Nguyen, H. D., T. Nakai and K. Muroga (1996)
Progression of striped jack nervous necrosis virus
(SINNV) infection in naturally and experimentally
infected striped jack Pseudocaranx dentex larvae.
Dis. Aquat. Organ., 24: 99-105.

Nishizawa, T., K. Mori, T. Nakai, I. Furusawa and
K. Muroga (1994) Polymerase chain reaction
amplification of RNA of striped jack nervous
necrosis virus (SINNV). Dis. Aquat. Organ., 18:
103-107.

Nylund, A., E. Karlsbakk, S. Nylund, T. E.
Isaksen, M. Karlsen, K. Korsnes, S. Handeland,
R. Martinsen, T. Mork Pedersen and K. F. Ottem
(2008) New clade of betanodaviruses detected in
wild and farmed cod (Gadus morhua) in Norway.
Arch Virol., 153: 541-547.

Shieh, J. R. and S. C. Chi (2005) Production of
monoclonal antibodies against grouper nervous
necrosis virus (GNNV) and development of an
antigen capture ELISA. Dis. Aquat. Organ., 63: 53-
60.

Skliris, G. P. and R. H. Richards (1998) Assessment
of the susceptibility of the brine shrimp Artemia
salina and rotifer Brachionus plicatilis to

experimental nodavirus infections. Aquaculture,
169: 133-141.

Sommerset, 1., S. Husgaard and A. H. Nerland
(2001) Development of vaccines against
nodavirus affecting Atlantic Halbut (Hippoglossus
hippoglossus). Tenth International Conference of
European Association of Fish Pathologistis, 9-14
September, Dublin.

Tanaka, S., K. Mori, M. Arimoto, T. Iwamoto and
T. Nakai (2001) Protective immunity of sevenband
grouper, Epinephelus septemfasciatus Thunberg,
against experimental viral nervous necrosis. J. Fish
Dis., 24: 15-22.

Thiery, R., J. Cozien, J. Cabon, F. Lamour, M.
Baud and A. Schneemann (2006) Induction of a

48.

49.

50.

51.

52.

BUT DA R AR IO I B 2 R

protective immune response against viral nervous
necrosis in the European sea bass Dicentrarchus
labrax by using betanodavirus virus-like particles.
J. Virol., 80: 10201-10207.

Watanabe, K., T. Nishizawa and M. Yoshimizu
(2000) Selection of brood stock candidates of barfin
flounder using an ELISA system with recombinant
protein of barfin flounder nervous necrosis virus.
Dis. Aquat. Organ., 41: 219-223.

Yoshikoshi, K. and K. Inoue (1990) Viral nervous
necrosis in hatchery-reared larvae and juveniles
of Japanese parrotfish, Oplegnathus fasciatus
(Temminck & Schlegel). J. Fish Dis., 13: 69-77.

Yoshimizu, M. and Y. Ezura (1999) Biological
control of fish viral diseases by anti-viral substance
producing bacteria. Microb Environ, 14: 269-275.

Yoshimizu, M., H. Takizawa, Y. Kamei and T.
Kimura (1986) Interaction between fish pathogenic
viruses and microorganisms in fish rearing water:
survival and inactivation of infectious parcreatic
necrosis virus and Onchrhynchus masou virus in
rearing water. Fish Pathol., 21: 223-231.

Yoshimizu, M. (2009) Control strategy for viral
disease of salmonid fish, flounders and shrimp at
hatchery and seed production facility in Japan. Fish
Pathol., 44(1): 9-13.

57





