KWt > & — Tk, 45367, 57-106, FHi244E
Bull. Fish. Res. Agen. No. 36, 57-106, 2012

57

INXITEDERT A bAKRY b WSD (white spot disease)
YR A Y

ik

Studies on prevention measure of white spot disease
of kuruma shrimp Marsupenaeus japonicus

Jun SATOH

Abstract : WSD (white spot disease), the equivalent of penaeid acute viremia (PAV), has
become one of the most serious problems not only in the shrimp farming industry but also
in hatchery production in Southeast Asian countries and the Americas. The major infection
route of the causative virus (WSSV: white spot syndrome virus= PRDV) is considered to
be vertical transmission from spawners to larvae/juveniles via eggs in the seed production
process of kuruma shrimp (Marsupenaeus japonicus). Therefore, in order to inhibit verti-
cal trans mission, eggs are selected based on PCR (polymerase chain reaction) detection of
WSSV from the receptaculum seminis after spawning. In addition, the fertilized eggs are
disinfected with povidone iodine (5 mg/1 for 5 min). In order to prevent horizontal transmis-
sion, larval and juvenile rearing seawater is treated with UV irradiation. Stable production
of specific-pathogen-free shrimp was accomplished by these countermeasures for the pre-
vention of WSSV transmission. However, in kuruma shrimp farms, horizontal transmission
by cannibalism and waterborne routes is also very important among reared shrimp and co-
habiting crustaceans in those environments. Thus, it is still difficult to prevent horizontal in-
fection by WSSV at shrimp farms. Recently, a “quasi-immune response’ was founded in ku-
ruma shrimp, wherein naturally survived from WSD were protected against a re-challenge
with WSSV. Moreover, we developed oral vaccine with WSSV recombinant proteins, rVP26
and rVP28, meaning that shrimp protection against WSSV-infection was inducible by the
oral vaccine with rVPs.

Chapter 1. - In 1996, a hatchery of Japan Sea-Farming Association obtained kuruma
shrimp (Marsupenaeus japonocus) eggs for seedling culture from wild broodstocks, among
which some were found to be white spot syndrome virus (WSSV) infected by PCR test.
Eggs were washed once with filtrated seawater and reared in the hatchery. During the cul-
ture, those post-larval groups in which WSSV were detected were excluded. Although no
WSSV was found in the seedlings prior to the transportation to the nursery by PCR test,
WSD occurred among them during the culture in the nursery facilities. In 1997, the hatchery
again obtained prawn eggs from wild broodstocks. However, in this year, PCR-check was ap-
plied to select non-WSSV infected spawners. Furthermore, eggs were disinfected with iodine
before being served for rearing. No WSD infection occurred throughout the culture in the
hatchery and the nursery facility in this year. These results strongly suggest that the infec-
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tion source of WSD occurred in 1996 originated from spawners.

Chapter 2. - Conditions suitable for disinfection of fertilized eggs of Marsupenaeus japoni-
cus using povidone-iodine were investigated. Eggs 10 h after fertilization were exposed to 0,
25, 5.0 and 10.0 mg/L of active iodine for 5, 10, 15 and 20 min. Hatching rate showed no sig-
nificant difference between control and test groups in concentration of 2.5 mg/L of active io-
dine for 5 to 20 min and 5.0 mg/L for 5 to 15 min. Viable bacterial counts in these conditions
decreased by more than 90% when compared with those of control groups. There was no
significant difference in the hatching rates of eggs with eight different developmental stages
between control and tested groups exposed to 5.0 mg/L of active iodine for 5 min.

Chapter 3. - We compared WSSV infection induction in kuruma shrimp by oral, immersion,
and intramuscular injection (IM) exposure methods and evaluated the oral vaccine pre-
pared from the recombinant WSSV proteins rVP26 and rVP28. The 50% lethal doses (LDs,)
of WSSV by oral, immersion, and IM challenges were 10 ~*, 10 ~*, and 10 ™" g shrimp ', re-
spectively, indicating that WSSV infection efficiency by oral challenge was significantly less
than the other 2 challenge routes. However, in shrimp farms it is believed that WSSV infec-
tion is easily and commonly established by the oral route as a result of cannibalization of
WSSV-infected shrimp. Kuruma shrimp vaccinated orally with WSSV rVP26 or rVP28 were
challenged with WSSV by oral, immersion, and IM routes to compare protection efficacy.
The relative percent survival values were 100% for oral challenge, 70 to 71% for immersion,
and 34 to 61% for IM. Thus, the protection against WSSV-infection that was induced in ku-
ruma shrimp by oral vaccination with rVP26 or rVP28 seemed equivalent to that obtained
through IM vaccination.

Chapter 4. - The phylaxis against WSSV was also inducible by oral vaccination with re-
combinant WSSV proteins, rVP26 and rVP28. In the present study, kuruma shrimp orally
vaccinated with rVPs were sequentially challenged with WSSV to evaluate onset and du-
ration of phylactic response and booster effect. The phylactic response of shrimp against
WSSV-challenge peaked at day 45 after the vaccination with rVP26 (RPS: 100%) and at day
55 with rVP28 (RPS: 93%), and decreased within 10-20 days. The phylaxis against WSSV-
challenge was boosted by the secondary vaccination with homologous rVPs, but not by
those with heterologous rVPs. Phylactic responses by the secondary vaccination appeared
more rapid than those by the primary vaccination. These results demonstrated that the du-
ration of phylaxis induced by oral vaccination with rVPs was relatively short, but could be
extended by booster vaccination with homologous rVPs.

Key words: WSD, PAV, kuruma shrimp, Marsupenaeus japonicus, vaccine
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(1) BEE, £EESLIUCESHKR

INVIIERIBT A7 VBN ) LD 1
WTH 5B 7NV~ Y Marsupenaeus japonicus 1%, i
FE2r & KEEMNC 20 C oK, migIicEaL, 1>
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DICHETH Do, HARPRETIEARMALTELIR /540 L
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o WASE - FRHSEAEEMETE R (RAMOKEAREHT)
W2E % &, HRENIZBIT A 7 Vv~ T EifasEo i
i, 19704E 1,263 b > & Gidk L 72 DA 2 128 L,
19854 ICIE N FE TORESE 2 BH3741 F T TEL
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PN OBIREFfT 462 LT, Zu~vLE
BROEBNMHRHINL L EZ HNE GER, dLH,
2005) o

=7, TYHHONLHZREEME, 19304 %
W HE AT 12 X o TRk & 72 (Hudinaga,
1942), 7 VX TV OEEEHEM (DOZER) 1,
HARDOKRZ: HT, 77 ehE %2 PO 2 5 R
2R T OB EDORBEE L L, 72,
7V I QR A BN OSE L, R & e
HIZ X 2B HEHBENOBIRPIIBVWTH, 0
R S HAMBIEICH) 2225 2 & W EEIC L7 (HE
5, 1996). 20064F B O EHNIZ B 5 i €
HOMBEEIX, s V<L Y, 7TV (Penacus
semisulcatus), I ¥ LY (Metapenaeus ensis) B &
W& v B 4 ¥ (Pandalus kessleri) ® 4 FETiib N,
SR ER, T0) bV~ CIZ15ER
(74%) % (5 7= OREEIT - (i) KR AL > &7 — -
(t1) 2EE 2O <Y RS, 2008), F7z, #&
FEHELTH, 2~z 6 TR EESR, 2
VR TR OENAERIE RS 7 A4 IR T 2%
HTHhY, FHEHER S s ffiis LCE
BThb, FHND Y V< ofikiBiix, 1987
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Fig. 1. Fishery production of kuruma prawn in Japan. Data from Ministry of Agriculture Forestry Fisheries

(1964-2004).
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e U d 5 WIFFET O 21T > T & 720 19704E4R1
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57278, 19714F IR DG D 7 Vv~ Tl AL i
BTN F 21 4V ARG (baculoviral
mid-gut gland necrosis: BMN) (#k1l, 1981; Sano et
al., 1981) H3FELE L TLLM, 7 Vv~ CHIE ORI
BRI S R TR R Lize F72, 19964E1213,

EATETE T E B E Lo EER b0 7 v
<RI UEIZEMEY 4 )V AIMGE (penaeid acute viremia:
PAV) 23%3E L (Inouye ef al, 1996), N d3E
DORERREEL o720 19955ELIRE, TR OB O
WATIC & GO WA=, BT o3k
FEORBGIZHE) BE@EAIC XD, FEORGEES» 2
B L T2 (Fig 2)o MEBIRDORIRIZ DN T
&, BORRIRE W EE 2 N5 KRN % i3 %
I o200, HERIEALTEY, ZUv
TG OLE BN & ERARICEI W TW5 &
AbNTw3a (K, Jui, 2005). LA L, FEEK
& 7 VR T UBREOMMAERENICHK L, &
WEIERAE SN 2F6 b 5 0, HIB 2B TlE
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VR T OREMEDK T DHUREED H 5 (T,
JeH, 2005),
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72 (Fig. 3)o T Do &% AR 13159 C Jti 3% i i 13
6,035,000m* T - 7= (i iRk 472 ) OERER : 5.00
I ¥ /ha) o FRE174F (20054F) O 2k jE #0131,824 b & T,
R AR ENE120, iRk RE 134,570,000m 12 % TWRA L
Twb (4.00 ¥ /ha)o 19934EDEPIZBIF 5 PAV
DOFSHELIE, HALHENZ ) O&ERDTE — 7 D30
BIEEICETTHALTWDEIEZRLTEY, PAV
HBVITET)FRO PR EDO—BEE LT 2 HifE
25 1 HENOIRCHEFEOKT (Bhil, =4,
2005) &, =T LMEEKEIT-o TR
DHR Do LA L2000AELARE, 225 AR BE &t (XA
HEZELTEN->TBY, ENOERELR VI IY
WAFEHETH 5. B, UTORLBIZBNWT, PAV
ZRTA MAKRY Mg (white spot disease, WSD) &,
¥ 72 PAV O JE A7 £ ) A penaid rod-shaped DNA
virus (PRDV) (Inouye et al., 1996)
syndrome virus (WSSV) &3529,
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Fig. 2. Fishery production and release project of kuruma prawn in Japan. Data from Ministry of Agriculture

Forestry Fisheries (1964-2004).
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v ¥ ¥ (P. monodon), 3277 5 4 T ¥, Banana % & (FAO Fish stat 1970-2006), 19804 VIR R 7
prawn (Melicertus merginatus), 4 ~ F T ¥ VT TCORBEAFERERDEMT 122N T, HEB LAY
(Fenneropenaeus indicus), 7 V< LY, blue shrimp (L. THEREIHN L, 2006412812 HRD 7 V=
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Fig. 3. Aquaculture of kuruma prawn in Japan. Data from Ministry of Agriculture Forestry Fisheries (1964-2004).
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HolearIATEIIMAT, AT bbby Fan
v 7 (L. vannamei) DHEFEZ B L, 20034 LRI,

JN=IE, vy TEHiNb Y REERNOARERD,

20064F 131,242,385 b >~ £ 20014E @ 4 5 L EZE# L,

R —ECRAEEED39% % 50 5 F TasIcHnL
Too BRIZARTA MLy TZva) v 7L, TOLER
2.136.048 b ¥ (AR DG67.3%) DAT% % HIE—[F
THELTE), R TROLVAEMEREZHES (Fig 4,
5o —F, Z7NV=I VYDA RIZ20064 253,098 k
FREEL, BAEERICEDL I VY EDEERDLT
%I F TEMIZHIML 7z 2B, 20065E0 7 Vv
DAEFERTH 553,008 b > D95.5% IEHETHME S
720 20034F & 20064F DA PE &1\ 5 8 5 FHFH R O 2E
WMERBTZERTA P Ly Z Y a) v FOLEERD
R3BLL) REERDT% % HDALETE LT,
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BAONIZEPEERBROERICH D, 72, %
FEMEZ RS E LCOKRERAFER SN,
BEIND LR, RMICHEEOILRB LT
W2 DL, BHEBED ST LWETOMEEL
KICE AFZEOHIMDBEEREDOEFIIH 5,

2. VIV IEHHOEBIHEICH T IREEICLIRE
(1) ERICHT 2RERE
HADOEMZ VYT CICBIT2mEME I, Bk

i, 7% (2005) 12X o-T, $72, MBAEHARD
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FREGIZB VT, FBCEARI S E 7)) 8 M A5
HEEN, BIEICBWTHOMMICTREENHERINT
WL EYETH S (Fig. 6, KEBFEER ST —
Z) (e, EHE, 2005). Vibrio alginolyticus, V.
parahaemolyticus, V. angutllarum, V. harveyi, V.
vulnificus 1%, LIZLIEZ Vv~ CHEEMAEREICS
WTHHEENLMETH D, R EERREIIBWT
b V. harvevi, V. splendidus O 57BN S LTw
% (Lightner, 1996)., 1980t LLRE, HAD 7 V=
IURMLG CTOWRENMEL o287 4 (B
&5, 1985 ; Takahashi et al., 1998) D JEKFMNH 1L,

V. penaeicida & & (Ishimaru ef al., 1995), 7L<
I U L CHMVImEEZ R Z L AMERR I L TE D
(%45 5 , 1985 ; de la Peia et al., 1993, 1995 ; LH &
1988), HAR®D 7 )V~ T UYWL T 5 MAIK) 722
SFHERIEARE 7o T B (AT OBRYIE - FHA R
i, 2004)0 20054121, ERERNO 7 V< T E#
IS BWCEN T (27C) TRKERE 726 Lok
HORKRE T 5 V. nigripulchritudo \2 £ % ¥ 7 1)
TR T 5 (Sakai et al., 2007) .Fig. 61213,
FAE DO EHIRBEFIT LD 2IRBHN O EFRZ R L
720 1992.E D7) F OB ERIL, 63.8% & HBHFD
D RANLIRETH > 720 19934E 12V HAT WSD 2%

s D
) )

[\®)
)

prevalence of disease (%)

A LCRRE, € 7)) 495 (17.1%) OBER25WA L,
WSD (80.2%) 2 &b o 72MIC R 2 555, 20044F
Tid WSD (9.3%) O EIZA L E 7Y + 95 (68.2%)
DY ERPF OB L 720 20054E12 ¥ 7Y F95£%49.0
%, WSD #335.8% C, N0 DOWEFIIFRFLEE L 2

D, ZIUVIIEIRETIEIND 2 HMRAH I HIEIC 2
S5 TW5, FEEAEEBRFEICBWTY, 19994 2R E20
~25mm DR TE 7 ) FHOFEFHLH Y, Z0
AR (IR RS AR IRL / BB M) B X OB
DEENMEE o722 P PEE N TS (&
5, 2005),

BRFE LTI, 790 Y 2IEOHES WSD B X
CET) FIRICKRWTE L HBE I TWw 2 (Fig 6)o
THY Y AEE, ZV ORI L DN
BT, BB B IR L R AR R B AT B DR A
REREEARE 22 THRET L EEZ LTS (B
th, 8, 2005) . WWEE X Fusarium solani HFH:5,
1978; M, L%, 1978) TH 5. AR AR EMBEDH
LNTWARWZ Ehh, PRI EOIUER DRI
T D F. solani # W T HZ ENERINTVDE (JH
5, 1978). —, MEWAMEBRICEB W TIE, 1994
4ED 519994E F THAEAIE DI DG Sh, HRE
O AEREZIT) ETRELZMEE L->TWwa (&
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Fig. 6. Occurrence of infectious disease in aquaculture of kuruma shrimp in Japan. Source : Japan Fisheries

Resource Conservation Association
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M5, 2005, 73U 7 AEORKEEYIZ, 71~z
VT =7 )7 A0 5RZ b T =10 H#HIH»
JTRAEL, RRTUFRIIFEFITHL, BRI 5 LW
B — AN (&I S, 2005).

=7, TANAIRTHBNNF a7 A4 ZAEH
PREEZESE (Baculoviral mid-gut gland necrosis virus:
BMN) &, 2 vz V¥DOKRA T —NW10H i
WCHAT %, BETESEE D EV 7 4V A EGE T
5o JEEMARIZ, Baculoviral mid-gut gland necrosis
virus (BMNV) T, =X —7%H$ 5 KA DO
RDNA 7 4 WA TH 5 (Sano et al., 1981), AJii,
bl & i O — o FE 2 R E L, eI B
WM A ENE L, BEBBHBTIECT 5, K
ORI E LT, MEA BB %2R0 B
RICH T D#ELR E2F SRR THRET 22 & TH
HERGDOP B e L Eb  (Sano and Momoyama,
1992), 7=72HAETIE, AW L HWHEOMmEIXIT
LA OKEGRRERST—5), HiAE S
BIZBWTHI9EDEDO T AR I 2 v (BEH S,
2005) o

(2) WSD IC& 3/RERHE

19934F, HAEMN® 7 V< ¥ DH#E 13 WSD |12
XD ERBPELZIT 720 20004E LUK, BiEOY -2
W E 72D OD, 20044F121386. 76T 0 A FEAI A L
T7.3MEM OB EL T S, WSD IZHAED & BRI
ZMETH S5 (Nakano ef al., 1994 ; Momoyama and
Muroga., 2005) (Fig. 6)o WSD &, HrE ) 5 A X
Nz VT CHMEEARE L, WHRSGHO 2
UASESNE 231 E 2N TRQ L NN R A DY ARE S AY (@
5 (RS, 1994), A¥FlE, THHEHOZY - =%
PIEGRT 274 VAWEIRT, 7IYT7BLIOHER
DIV IECHFETOERGHEEL DL LTS
(Lightner, 1996 : Wang et al., 1998 ; Jory and Dixon,
1999). WSD X 2N F TIZHM 7 ¥ 7 il F o 5l 2
VIE, v Y, ThFTY (F penicillatus),
BIXPayv AR ETCRAEPREIN TV
(Table D)o Z DD 7 V< ZEFHIET 5 7 < ¥ (P.
semisulcatus), 4 ¥ ¥ T Y (F. indicus), Banana
shrimp (F. merguiensis), 7 + I Y (Melicertus
latisulcatus), White leg shrimp, White shrimp
(L. setiferus), Blue shrimp (L. stylirostris),
Northern brown shrimp (Farfantepenaeus aztecus),
Northern pink shrimp (Fa. duorarum), 33 LY,
Ginger prawn (M. monoceros), Kadal shrimp (M.
dobsoni), Fine shrimp (M. elegans), » 5 T (M.
acclivis), 7 h T ¥ (M. barbata), ¥ ¥ T € (M.
dalei), W WV I ¥ (Trachypenaeus cuvirostris),

Kiddi shrimp (Parapenaeopsis stylifera) @ 9 J&22%k
WG D SRR S 7z (Table 1)o WSSV X, 75 U4
“HB LA bR oK T, AT H W
N5 TINVT 3T (Artemia sp.) 7 & ¥ (Brachionus
urceus) CTHEPHPMHER SN, SHICRIELSD
WSSV 28#th S 7= F A3 ), WMAEF TIZI2H21
B 2 MRS U8 D AW TRALAERR 2 5 1 F#iPH DA
WIAIWVATH b,

WSD 1%, FEAETHE X7z PAV & M — D%
e #EzZ BN TWwA (Takahashi et al, 1996 ; Lo et
al., 1996; Wang et al., 2000)). ik @ @ {, PAV
DK 4 v A1E PRDV & 44 & L7z (Inouye et
al., 1996) . AHB L OHERE Y AV 21, EEEHICIE
WSDV & %\ ix WSSV & ’EIEI 5 A%, WSD 72 5 95
LOHRKL %o T BHEEONEROANMD L
CIZTEBEDOFERD, L3 L dAWICHEA OIERTIZ
HTWZ b, HRTIZBAED PAV OFAI—#N
Wb Twb, ICTV (International Committee on
Taxonomy of Viruses) %5 8 it (Fauquet et al, 2005)
T, AW OIFIE 7 4 )V A% white spot sydrome
virus (WSSV) ©, =< 4 VAR (Nimavirida)
7 4 AR AWV AIE (Whispovirus) W20 I N5
(Fauquet et al., 2005), WSSV fi 1%, =rXag—7
TEONIZINED 5 CIZEBMNOFIRT, K& SI3IR
28120-150 nm, £ &£%270-290 nm T, HFFD—ill
WEHOMEY DM IE L TWwb (Wongteerasupaya
et al., 1995), ¥ A 1, mHIMINIHRED 3 &2
SBRDHIYNU—T Y NI ENHY, TONML
HETDLTFTAL N VR EICE > THRIRDR 7 L F
ATy RPREEINTWS, WSSV iZ, #300 kbp
D2ADNAZT /) L L, ToyRNU—=TF X7
BHkD VPIOB X ONVP28, 77 A2 b7 X0 H
MDD VP24B L WNVP26, X Z VA ATy Ko v
X7 B KD VP15, VP664DEl 6 FiH o 3 Bifk ik &
YR EDSREK S LS (van Hulten et al., 2000 a,
b ; van Hulten et al., 2001 ; Tsai et al., 2006 ; Yang
et al, 2001 : Chen et al, 2002a), 7 V< ¥ ® WSD
FERMEAE, HFHEOBARD 5V IZEHEOTEKIZN
A, OARED L3t (Fig 7), EGRE
WZIE 4 )V RIIE & 72 A (Momoyama et al., 1995) .
AR I9C1L, e Yo o Lz ME, &
G, U v SEERE, SRR P IRGE - ARG
ADoK & S L Blig s h s (Bl S,
1994 : H L5, 1994), F /2L DOWSE T, FEEEY
I O AR I B R BIESBIE S, Thuops
WSD % 7 V< T DOFIERETH % &5 % Wiids
&5 (Miyazaki et al., 2008) o
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Table 1. List of WSSV confirmed naturally and/or experimentally infected host species

Scientific Name Gommon Name lanZZ;::* Reference
Marinewater
Dendrobranchiata
Penaeidae
A Ma, Kuruma prawn N.E Inouye ez al., 1994: Takahashi ez al.. 1994; Lo er al.. 1996: Wang et al..,
Penaeus Penaeus monodon Giant tiger prawn N.E \l’\l(};):gwcrasupaya etal., 1995; Chouet al., 1995: Lo et al.. 1996 :
Karunasagar et al.. 1997 Chakraborty et al.. 2002
P. semisulcatus Green tiger prawn N.E Maeda et al..1998; Momoyama et al., 1999: Lo et al., 1996: Wang et al.,
1998: Rajendran er al.. 1999
Fenneroy Fe P hii Chinese or fleshy prawn N Huang et al., 1995; Flegel, 1997
F. penicillatus Red-tailed prawn N Lo et al., 1996a; Chou et al., 1995; Wang et al., 1998
F indicus Indian white prawn N.E  Wongteerasupaya er al., 1996; Flegel, 1997; Rajendran et al., 1999
E merguiensis Banana prawn N ‘Wongtecrasupaya et al., 1996; Flegel, 1997
Melicertus Melicertus latisulcatus Wester king shrimp E Momoyama et al., 1999
Litoy Litop Whiteleg shrimp N.E Lightner et al., 1998; Soto and Lotz, 2001; Rodriruez et al., 2003
L. setiferus ‘White shrimp E Lightner et al., 1998
L. stylirostris Blue shrimp E Tapay et al., 1997a; Lightner, 1996
Farfantey Far p aztecus Northern brown shrimp E Lightner ez al., 1998
Fa. duorarum Northern pink shrimp E Lightner et al., 1998
Metapenaeus Metapenaeus ensis Greasy back shrimp N.E Momoyama et al., 1997; C. S. Wang et al., 1997; Lan, Lu and Xu.,
2002: Chakraborty ez al.. 2002
M. monoceros E Rajendran ez al., 1999
M. dobson Kadal shrimp N-E Rojendran et al,, 1999; Lan, Lu and Xu., 2002; Chakraborty e al, 2002
M. elegans N Lan, Lu and Xu, 2002; Chakraborty et ai., 2002
M. acclivis Tora velvet shrimp N Momoyama, 2003
M. barbata Whiskered velvet shrimp N Momoyama, 2003
M. dalei Kishi velvet shrimp N Momoyama, 2003
Trachypenaeus Trachypenaeus curvirostris Southern rough shrimp E Chang et al.. 1998a; Y. C. Wang et al., 1998; Momoyama, 2003
Parapenaeopsis Parapenaeopsis stylifera Kiddi shrimp N Hossain et al., 2001; Chakraborty et al., 2002
Aristeidae
Aristeus Aristeus sp. N Chakraborty et al., 2002
Solenoceridae
Solenocera Solenocera crassicormis Corstal mud shrimp N Hossain er al., 2001
Sergestidae
Acetes Acetes sp. Krill E Supamattaya et al., 1998
Pleocyemata
Alpheoidea
Alpheus Alpheus brevicristatus Snapping shrimp N Takahashi et al., 2003
A. lobidens Apping shrimp N Takahashi ez al., 2003
Palaemonidae
Palaemon Palaemon adspersus Baliic prawn E Corbel et al., 2001
Pa. styliferus Grass shrimp N Lo et al., 1996; Flegel, 1997
Freshwater
Pleocyemata
Palaemonidae
Macrobrachium Macrobrachium rosembergii Ginat river prawn N.E Pramod et al., 2002; Chakraborty et al., 2002; Lo et al., 1996; Flegel,
1997; Chang et al., 1998; Wang et al., 1997: Rajendran et al.. 1999;
Hossain ez al., 2001
Ma. idella Sunset prawn E Rajendran et al., 1999
Exopalaemon Exopalaemon orientis Oriental prawn N, E I]“g();[ al., 1996a; Flegel et al., 1997, Chang et al., 1998; Wang et .,
Astacidae
Paci] Pacifastacus I ! Signal cryfish E Jiravanichpaisal ez al., 2001
Astacus  Astacus leptodactylus Turkish crayfish E Corbel et al., 2001
Gambaridae
Procambarus Procambarus clarkii Red swamp crayfish E Wang et al., 1998; Chang et al., 1998
Orconectes Orconectes limosus Spinycheek crayfish E Corbel et al., 2001
Parastacidae
Cherax Cherax destructor albidus Yabby E Edgerton, 2004
C. quadricarinatus Australian redclow E Shi et al., 2000
Pandalidae
Heterocarpus Heterocarpus sp. N Chakraborty ez al., 2002
Stomatopoda
Squillidae
Squilla Squilla sp. N, E Chakraborty ef al., 2002; Hossain et al., 2001
Crab
Pleocyemata Brachyura
Calappidae
Calappa Calappa philagius Boxer crab E Lo er al., 1997a; Chakraborty et al., 2002: Hameed et al., 2003
Ca. lophos Box crab N.E Flegel, 1997; Chakraborty et al., 2002
Portunidae
Charybdis Charybdis feriata Coral crab N.E Loetal., 1997a; Y."C Wang et al., 1998; Chakraborty ef al., 2002:
Hameed ez al.. 2003
Cha. natator Hairyback crab N Loetal., 1997a; Flegel, 1997
Cha. annulata Swimming crab N Hossain et al., 2001; Hameed et al., 2003
Cha. cruciata Red sea crab N Hossain et al., 2001; Chakraborty et al., 2002
Portunus Portunus pelagicus Blue swimming crab N,E ;‘&g[:_,[a t:‘zzg,;z:)zﬂzl(i;pﬂmﬂﬂﬂyﬂ et al., 199%8; Chakraborty et al.,
Po. sanguinolentus Threespot swimming crab N.E (l:,toa]e.t. azl(;();997a: Chang et al., 1998; Chakraborty et al., 2002; Hameed
Po. trituberculatus Swimming crab N Maeda et al., 1998; Momoyama et al., 1999
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Scylla Scylla serrata Mangrove or mud crab N.E Lo et al., 1996a; Kanchanaphum et al., 1998; Supamattaya et al., 1998;
Rajendran et al., 1999; Cheng et al., 2000; Chakraborty et al., 2002;
Hameed et al.. 2003
S. tranquebarica Mangrove or mud crab E Rajendran er al., 1999
Podophthall Podophthal vigil Long-eye swimming crab E Hameed et al., 2003
Thalamita Thalamita danae Swimming crab N.E Flegel, 1997; Hameed et al., 2003
Liocarcinus Liocarcinus depurator Harbour crab E Corbel et al., 2001
L. puder Velvet swimming crab E Corbel et al., 2001
Grapsidae
Helice Helice tridens Shore crab N Lo et al.. 1996a: Maeda et al., 1998
Metay ipsus Metapograpsus messor Purple climber crab N.E Rajendran et al., 1999
Sesarma Sesarma sp. Marsh crab N, E Rajendran er al., 1999
Grapsus Grapsus albolineatus Rock crab E Hameed et al., 2003
Varurinae
Pseudograpsus pseydograpsus intermedius Mosaic crab N Chakraborty ez al.. 2002
Majidae
Doclea poclea hybrida E Hameed et al.. 2003
Xantidae
Halimede falimede ochtodes Hairy crab E Hameed et al.. 2003
Liagore [jagore rubromaculata E Hameed et al.. 2003
Matutidae
Matuta Nanua miersii Moon crab E Hameed et al.. 2003
Dorippidae
Paradorippe paradorippe granulate E Hameed et al.. 2003
Parthenopidae
Parthenope payihenope prensor Elbow crab E Hameed et al.. 2003
Leucosiidae
Philyra philyra syndactvia Purse crab E Hameed et al.. 2003
Cancridae
Cancer Cancer pagurus Edible or rock crab E Corbel et al.. 2001
Ocypodoidea
Ocypodidae
Macrophthal) M hthalmus sulcatus Ghost/fiddler crab Hossain et al., 2001
Uea yca pugilator Calico fiddler crab E Kanchanaphum et al.. 1998
il it Hossain et al, 2001
Gecarcinucoidea
Parathelphusidae
S iathel] St hel, sp. Black rise crab E Flegel. 1997
Anomura
Paguroidea
Lithodidae
Lithodes [ jthodes maja Deep sea king crab E Hameed et al.. 2003
Lobster
Palinura
Palinuroidea
Palinuridae
Panilurus Panilurus ornatus Tropical rock spiny lobster E Flegel., 1997; Rajendran et al., 1999
Pan. versicolor Painted spiny lobster E Chang et al., 1998a
Pan. longipes Longlegged spiny lobster E Flegel., 1997
Pan. penicillatus Transpacific spiny lobster E Chang et al., 1998a
Pan. homarus Scalloped spuny lobster E Rajendran er al., 1999
Pan. polyphagus Mud spiny lobster E Rajendran et al., 1999
Scyllaridae
Scyllarinae
Seyllarus Scyllarus arctus Small Europian locust lobster E Corbel et al., 2001
Anostraca
Artemiidae
Artemia Artemia sp. E Li et al., 2003
Other organisms
Copepoda copepod N Lo et al., 1996a
Ploima
Brachionidae
Brachionus Brachionus urceus Rotifer N.E Yan et al., 2004; Zhang et al., 2006; Yan et al., 2007
Insect
Coleoptera
Chrysomelidae
Mantura Mantura sp. N Flegel, 1997
Diptera Muscomorpha
Lphydridae Ephydridae sp. Shore fly N Lo et al.. 1996b

12orders 21families 2subfamilies 51genuses

Type of infection*; N: natural infection; E: experimentally infected
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Fig. 7. WSSV infected kuruma shrimp. upper ; health,

lower ; infected

NV T EOMNAEGE TIE, 19954F 28D T
WSD D5 AED A S, 19994F £ TlIITHAERE S
NTwa (IEEMS, 2005). REHROFER, I~
IERBVWTHHENDH Y, HETL 7 VYYD
LI T O A ERB 010 % F2£ T WSSV @
WD 5\ ik WSD OFAEDFRD S, Gl AY 2 Fl 1
BRBEEOWT E 2o T WD, 7= I O
WRIZ BT B WSSV O F 72 % & geft iy, Eikfzk
THbHZ EH» 5 (Mushiake et al., 1998; Satoh ef al.,
1999), Z okt E LT WSSV 7)) —HIT Yo
B, 33— FHlZ W22 B oSS L CFHEKOK
WAEZETH S (Mushiake et al., 1998, 1999 ; Satoh
et al., 1999, 2001 ; 1% 52003) TN HDOXFHEIZL D,
W 1 il % 45 2 FH W 72 A i 2R R AR T o0 WSSV Bl Bkt
FALITITHESL S NT7225, B RIGRERGEZIC BV
T, SFEREPICERT2HEELLD, HoH I
fH WK %I L7z WSSV DK PAZIRAGE 2 5 fa ik
BHY, KBRS TRV, %, Maeda et al.
(1998), Momoyama et al., (2003) XYY
% s b WSSV i s s 2 & %, 72 Wu
et al. (2001) 1FILFANIC K B KFEGDY WSSV O HE
WRERRERTH L L2 MELTBY, LR
TR O o T RO 1S B B K& G o b L 2
HETH 5.

(3) WSD DHid 5L M E WSSV DigEFi%

WSD WD 3% Hwiza kL,
PR T TR T 5 L H90.5 um DL B DMK TS
RHOLND LR, H LEREOBRGHME OO0~
154 m OMIED 2 3K I O B 350 5 -C MR 3% o
HEfRe LCREgshs 2 e bffifiz e L
THEHEENTWS (Momoyama et al., 1995) (Table

2)o BEHRZ ANV AOKMIZIE, FRNTIA~—%H
WC WSSV O F %2 #itli 3% PCR i (Takahashi
et al., 1996 ; KA+ 5, 1996 : Lo et al, 1996b) AFH3E
SN, WIEOZWEZIILD, Fr ) T7—HYE
PHDOY ANV ZBEFORBEE LTHe LR TWY
5o Z DM, #VETIX in situ hybridization (Durand
et al., 1996, Wongteerasupaya et al, 1996), #GPT
1K (Lo et al., 1997; Zhan et al., 1999; Poulos et al.,
2001), dot blot hybridization (Chang et al., 1998),

dot immunoblot assay (Poulos et al., 2001; You et al.,
2002), wx A% »7uy bk (Poulos et al., 2001),

ELISA i (Chen et al., 2002b), #CE: =M% Hw
72 AV AGEEE b B S L TWwb (Tapay et al.,
1997). €3k @ PCR #: (KH S, 1996) Tl, nested
PCR BT T HETICHSEMZEL, oM
(ZPEFR KRB L TV B IR D38 Ao, Rl 2R
FEARIEIZINE T 5 £ TOMICSEANDEREI RS
Nizo ZD7z30, WIS (1999%25 %) "1, AH
5 (1996) OFIFE L7 PCRZEZETHR L, PCR &
DBENE, T=—=V T RMEDIDODAT v TD
HIED) 5, 7==) Y TDOAT vy TREMHT5H 2 A
7 v 7 PCR#E (% MIVPCR ) 2L ) FInKFO
iR o7z, TORE, TERE ORF S, 1996) &
2 A7 v 7 PCR % HvC WSSV DM HIKEE % ik
LTd, @{#HaoLWHRIPHOoNL L LD,

nested PCR T JUGIKE ] % 21245 D £ 2. 5IR¢ 12 Sl
THI LY Lz, BIEL S o7 v~y T EHE
HEPEREBI TIE, WSSV Bl ¥ &2 Rl 3 572012
PCR B X Z2BAE™MTbN TS A, PCRZEICE S
MRS ORFF S, 1996) STh 5 EEIZI04ELL
EAREBL, mETIEEETERR, BHEEOK
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Table 2. Diagnostic methods for WSD Diagnostic methods Reference

Diagnostic methods

Reference

Dark-field microscopic observation

Momoyama et al., 1995

PCR Takahashi et al., 1996, Kimura et al, 1996. Lo et al., 1996b

In situ hybridization
Immunofluorescence assays
Dot blot hybridization
Dot immunoblot assay

Western blot techniques

Durand et al., 1996, Wongteerasupaya et al., 1996
Loetal., 1997, Zhan et al., 1999, Poulos et al., 2001
Chang et al., 1998

Poulos et al.,2001. You et al., 2002

Poulos et al., 2001

ELISA Chen et al., 2002b

Primary cell culture

Tapay et al., 1997b

W v b e PCR A& 4: & 5 W & w1 2
N7z DNA SR % EXHIREN TV D w"HD1E
W2 B 20O ET ISR S N7 THEOEA
ZHBLENH D, T2, MEELBETHL L
P, BEEPLRVIANAERIET LI LEZD
N5 ZLhbZOHEIEEIATDRIT IR L%
L. HEEZW 24T 9 & (3 PR A R R A & 2T
H59o

3. VI IEEDOEMGPEHEEZFIAL - WSSV B
[£3

7V TE O ARE BB W TIE WSSV 7))
—FEINBA OB, RE R ¥ I — FIZX 2N,
O NICEREHEARKTOFRBICE ) PHERICESL FT
? WSSV O I ARHEIC & 2 EYeBh B s HESR S
(Mushiake et al, 1999 ; Satoh et al., 2001 ; S,
2003), FETHLE HI9 L 3 A2 M AEEREIIB VT
MEAEIICFER SN T2 (Fig. 8)o HHEHEHRB L
WAL TIX, WSSV O % 7 K gu stk & S5 B
B O, HEVD D WIIKRIEGIT X B KK
g (Maeda et al., 1998 ; Wu et al., 2001 ; Momoyama
et al., 2003) OPiIEF A 2V TA N AT ) —DIK
PRI LT, ARHER R i 2 &3 EICa R
FOIIA S, HWEMTRVIZOM R THbIL TV iRwn

A5, WICERAEEICB VT, WSSV RIS K7
HHEAA TN EET LA IVAT) —OFTH DA
W E AR BT, AR IR i 2 A AR TR E#E
1 72 KA R ORI E TN TV 5,

BRSO R I C oW, EELEELRT
CH OB B TR EN SR T LI 06, £
DO - FZEEH SNIBEOTW D, EiES (1995)
DOFREHLTIE, MAFHEB Y IR DOFER B B
AR ERG 52 & THESNL MM,
AR RYROEA 2 Tb RO T, GERIER)HE &
LCEZAZEMMY L L, PuR%E Rz WIEEHEE)
Wow s F BT 5% - REEAETbLE
Motz LTwh, LL, EfES (1995) OfHH
SI04ELL LAk L7-3fE, 7 Vv~ z2 I L%
< O FEHAD HARD HBENE 12 BE 3 5 Hr 72 e W FE AN IR %
EHE SN T WS, Z0O—212, WSSV et # =
VR PR LIPUPE 2 #1595 2 & (Venegas
et al., 2000; Wu et al., 2002), F727 V< EiZBn»
THEBMIZFHE S L7z WSSV ISR 5 JEge Bt zh -
BT FEEIH L THAITH 7228, 61
WSSV &S E 7 Vv~ i) > /33ii2id, WSSV
ZRRRICHAIT DEEEARED S b 2 E D 5 A
2% Y (Wu, 2003), T CFHOBRGPHHEBERIC S —H
DOREMHALDHAET RN RE I N, &5

O, WK M BRI AOC Bk ML 1999, BT Y ZRigE0 PRDV OFffiik & PAV 54 L OB CFEUAERE H A fURY R

HERXWHEEHE, 40.
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=
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(oral vaccine)
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g nested PCR

Disinfection
(0.5 mg/L) -

Fig. 8. Disease control in shrimp hatchery.

2, M2 KRR CTHBL L7 WSSV &5 v 87 B
(recombinant viral protein, rVP) # 27 V<1 ¥, v
1 ¥, White leg shrimp L. vannamei, 7 AV 71
A RERD 5 WIS 5452 T, H
SRIEGLTT M & & AR WSSV 233 5 B i) 3 28
FEINDL Z DR EINTWS (Namikoshi et al.,
2004; Witteveldt et al., 2004a, b 2006; Vaseenharan et
al., 2006; Jha et al., 2006, 2007), 7 27 F VIR E D
5 REBLOBBREA IS AR S Tw b,

AWEFE T, 7V~ EIZBIT 5 WSSV OBl
KA TAHIE2HMWIZ, 1 FITBWCHTERE
BB 5 WSD OFEAIRDIZ OV THE L7z, 4B
2EIIBVWTIE, VIV IEZRIMORE Fra—F
N X BHHOREM ERNFICOVTRELIT- 72,
B 3ETIL, WSSVoORBROIBERE Y 37
BoOREOEGIZL % WSSV Pz R I $ 2 R %
To7zs FEAETIE, WSSVEB Y 7 HoR
BHIC X o THHE IS WSSV 2K 2 BhifHRh R o
SEUIREY, RebelI B X OB GRh 2 B 3 5 iR
AT o720

F1E EEREEAEICHIT D WSD OEERKR

1. B B

P ORE A AR (328 LThBFRY) To
WSD ®FHE1E, 7 Vv~ AT, chFT3a
IV TOIREHESF (Momoyama et al., 1997) 3%
HENTVRICEER V», RETIE, 19964FEB L O
19974E D EATEITEFIC B B 7 )V~ = CHEH A AR
(MHEERD &) TO WSSV o#itis L 08 WSD »
FEAERRIZOWTHRS, B, 7V EOI4EY
DYFNL, A E TS, — TV TR, VLT
IVABIORZA T =N @HEPfEDNIL TV
A3, TS OEFRE TSR O EBS T 7% Ak L 32
FTLL-HLAav (B, 1986 ; AR, 1988). K
BRI, BAT— VORI, /=7
A2 (1~64) =/—=F)V9 A, vyx7 (7T~9%)
=70 bV 7HLrvikvIy, I TVA (10~13%4)
IVAHLIVWEV T, KA MT—N (13~144)
Agrass, (155 Pk) = iz Lo X9 ITBIES
N5, L,L, PEOMGAERYTIX, wWELEIR
NS DEHIEH SN TV BB, S, AiFRICE

/
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WTlEINs0EMeHwAsZ L E Lz, ZOK, K
A b —NAoFE #7313 Hudinaga (1942) O #His
L7-iedi & i3m0, @plRA b7 — NN L72E
FE2 5D HETEL T 2 HEMIH I TWBE 720,
ZITHEL 72,

2. MEBLUHE

(1) B|I7ITIEDBEA LR

19964F- 3 & D19974F 0 Al BT 12 BV A Rl A
HARBB I V= (LT BzY) OlEA% SR
T CTOME A Table 31278 L72o 19964F O Ffi i 4 i T
5 H24HA 5 9 HI7THIZ2T T, JulB L OEO
FIRRER T I N BT ¥ 26,6392 A L7z,
F 72, 19974613, 4 HIIHAS 8 H7HIZHIT, L
MR T S N BT U2 T48R A L 72,
WENRD, BAHIICBWTHHICX 2 8HBIZICXDY
NS FE L 2Bl v &2 # R L7,

19964F O 1 A i T U, I IEBHEK D A - 7 KH (%%
1.6 kL) 12300~600 ROB L ZIREL, Efi&
JFydE F CliE L7228, 19974E 1L, ko o
o &% PR T2 HNT, RIVEBRELHE (H
A7+ b A T2 A8 NPL-10, 22) iK% A5
WAFO—VEZER (10L) 12, 1~7RI2NEL
Wk L7z Wk, WA & ST E 0RO
BIERT, 19964F133.5~10 B¢ & 19974F 133.5~ 6 KR
L 720 19964E DA O K, 20~25T % -

725, 19974E 1L, Wk o BEY 2 $ifil 9 % 72 15T hi
#Be L,

F9, 19964F1%, BAMETEICHAE Lk, WAL
I RCOB AR 7 ) — NEGEIIARM (25
kL) QIR L, SHKiE24~29C CREN AERFEICLE
OIS UC 1 ~ 3 HIAREEIE S &7z Bl UM
DWTIE, EIGRO—EBOEAEDE FE (350 ug)
Z ARSI L, %3 % PCR 12 & % WSSV #ift
JH#AEE L7z

BI974EIL, ARk (HE - R, 1996) 12X 58K
BAEROHI P % AT ) 720, T4 AR—=FTN - ) ¥
Y (FE 3mL 18 G) THIVNEO—#%E
PRINL TR L, JRIIN DKM EKERATER S 7z
Rk (RGN X OV )) 2 ® R L7z, Z&ed, 3R
WL 7250 —# (#1001 g) 1%, MEARIC PCRIC
£ % WSSV Mt U 7zo 585 S 7z B i i1,
T ANV AREAERPHPATSET, =7 L—YarE
it U 72 /NBLRAE (10 T WARBNCIEE L, AT » 7 (O
29477y 78 DA00) 3 HEERMEEBRLT LD
R L, LIS & B KIROwH (15C) 12X /i
RIKAE N C O RSN 2 B L 720 IR Hikie s © WSSV [&
ML HE SNIEERS ~12B% 1 7 Vv—7& LTl
AHE (0.5 kL) (CHNE L7z. TOR, HEIIKIEIZIZE
A B ALFR K (30,000 4 W - sec  em® BRY) %
WKL, Kild#24~28 CELT1~3 HMMEINSE
720

Table 3. Outline of wild broodstocks of kuruma prawn employed for seed production and countermeasures

for WSD at Shibushi Station of JASFA in 1996 and 1997

Year

1997

Broodstocks
Captured area
Captured date
Mean body weight (range) (g)

Coastal waters of Kyushu and Shikoku

May 24th ~ September17th
91.6 (64.4-125.6)

Coast of Kyushu
Apr. 11~Aug. 7
70.6(61.0~93.0)*

Transportation of spawners

Tank volume ( /) 1600 10
Number of tank 1 20~108
No. of spawners per tank 300~600 1~7
time required (p, ) 3.5~10.0 3.5~6.0
Selection of spawners Not done Done* 1
Disinfection of eggs Not done Done*2

Rearing sea water

Filtrated sea water

UV-treated sea water

*1 Selection of spawners was based on the detection of WSSV from ovary by 2 step PCR.

*2 Eggs were dipped into iodophor (5 mg/ /) for 5 min.
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R EEL N2 0REE, ~ v b (HAE 100
um) THBETHHRNEZHRA L 72 RELING,
19964F & 75 ¥ 7 I M M K 2 JH W TR PE S 2 47 - 720
19974F X BRI AL H K TREE L 7272103 — FANC X
Hi#E (A% 5 mg /L, 5 47R) (Mushiake ef
al., 1999) %1772

(2) TEEERE

PRI, BEiEd HIFHEE LI, BAta v
— MEAETHE KM (150~2,500 kL) (ZIUAE L, Kik24
~28CTHLEE720 HMURED /) —7) 7 ZDINEE
ElZ, 0.4~10.8 TR /KL TH » 72, FFENCIE,
7 7%V I R Tetraselmis tetrathele, 7IV7T I 7T
J =7V R Artemia salina 3 X OO N LR &
fiRL 2 V7 B KROIAKIZ I ¥ AWPIREICRIG L,
PRI OBRAID UCTHIM S8, Hfmicid 1
H200% & L7z &3, 19964E @ il H K I IZ 3%
WK%, 72199741 IE BRI EEK 2 iV 720 £
B R O ARSI £ 0 23C 2 #ERF L7228, i
1325 CULEWC ERT 5720, HARKIRE L7z

FER OMATIE, 199641250 (whole 50 u g % 1 #ifk
&L, SMfk: LN whole 50 ug X5&89), / —
7)) 7 A (whole 50ug x5), Y7 (whole 501 g
x5), I A (whole 50ug x5), RAMIF—=/N1H
#i (P1, 5fb#211H H ; whole 5 &% 1 #Mefk& L10
ek - LLF whole 5/ % 10), P5 (P4) (& fb#%15H H,
whole 5 & x10) X ORAER O P20 (P9) (5L
#30H H, whole 18 x30) ##A&EL7Z. %8, FHl
W2, HEOERE/BEZ X VY Hudinaga (1942) @45
D K AEDKFRE DL L 720 19974 O i AE i
TIE, P5F THIZE & FARICAT, B P30 (P11) (5
1b#% 400 H) F T35 H MK THRAE (whole 18 x
30) L, MR HEBRSNERT 548 v M
DWW % 2 HET (P25~ P30 : P10~ P11) IZ#h 2
i (1ROEMEE 1 Mk L30kk : LLN B
WES 1R x30) ZiT-720 %B, HHERY ICHET
LR, FEEO—IBIEFME R T 35 F THEYT
FlEHREMBL, TOM5 HEEIZPCRIZE AT AV
AR (B 1 R x 30) %247- 72,

(3) HEERK

il F KA TR S MR, BIFRA BB SRS L,
FRERICHE L 72, FHEREEOME RifkE, T~
7)) — MK, F oy OoNAKM, FRAD LI
WA T, fEKRIEIMNS25.7~282 CTH - 72

(4) PCRIZL B WSSV Bz FNDHKRH

B Ed X OHED 5O DNA offiihix, KiE
PR L7z~ =27 )V (1996) 1Z#E U THTo 720 il
HL72BB 1k, TE (10 mM Tris-HCL pH 80, 1 mM

EDTA) 100 uL 2% L 720 WSSV @ M 1%, #
IUBIUMHEMG 2 SOMLZDNA Q1ul) %
AL L, AN S (1996) OFikze —#HuE L 722
step PCR (nested PCR) 12X 0475720 T%b b,
PCR Ui 4®%#25ul £ L, DNA RY X5 —¥
Takara Ex Taq (# # 554 %) &M, PCR 754
< —& L Clst-step PCR Tix P1 (5 -ATC ATG GCT
GCT TCA CAG AC3) B & U'P2 (5-GGC TGG
AGA GGA CAA GAC AT-3') #, 2nd-step PCR T
1, P3 (5 -TCT TCA TCA GAT GCT ACT GC-3')
B X U"P4 (5-TAA CGC TAT CCA GTA TCA
CG-3') #MH\v, DNAY=—ILH A 75— (9600, /¥
—F IV v—) TEMBETFZHIEL 72 BRES
DEME, 72T - 10531 B L 95T - 6 4D G ,
95C + 14°M, 57C - 143081, 72C - 1 5% 1
A 7N E L25H D304 2 Vo, 72C - 54
M ORIBEAT - 720 BIES A 7 VT T EMAE Tl
047 vEL, MEOMETIIKETOT=2T
(1996) ZH#EUT 259 A4 7 vk L7z,

3. B

(1) WSD OF4ERR

19964E D FEHi 2L FE 12 B\ TUE, 79 11 o il 7 34
4B (FFFHB) No. 6~9) T, HRIHBEA O
FEW 205 WSSV 2 &, filE %k L7z (Table
4)o TNSDOFE BT, WSSV 2 RAICHIE S
MW OAT =TI, W50 PIOOREFEERT, 20
B fH KL 22.1~29.4CCThH o720 —F, FiE
FEFBI No. 1~5Tld, P20 TIEWIFNDEHFELRET
3 WSSV kT, WSD OF4&LBO SN o7,
LA L, 6l No. 1~5D 5 i & H i H By 2k L
7otk, —HOI Y EEMABETETHEEHTE L TWwi
&2 A, Hhl No. 3B XL U5 D P518 X U P29 —#
A PCRIZEX ) WSSV Btk & Hlsg Stz S EFE
F5 X912, FHBINo. 3B X U5 OF 2 v 72 i
HIK 8 Fl 4T T WSD 23584E L7z (Table 4). 1
BRI BVTCIE, MEZEELs 1l HE2H18H %
DIEFAT—Y (P27~P55) TWSD23%4 L, K
WILICFE 572, WIEOMRIZIE, AuoRE, #ifad
L OHBZICHEA D S, F10H M TORBIL TR
1350~100 % 23 L 720 H 2R H6 No. 5OFE I %
7= R B RS TORRCMATIE, 70 % OfED1
step PCR T3 WSSV Btk & g S 7z,

AW BT EIZOWT, IR T %, —
HOMARDE Lz % WSSV A Icfit L2k 3, 71
THVBEICEEA LB 5 WSSV 2%k S vz
(Table 4)o SNSOBEZ V2 FEW A (No. 5
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Table 4. Detection of WSSV from spawners and juveniles in seed production at Shibushi Station of
JASFA and occurrence of WSD in nursery culture in 1996

Spawners . Occurrence of WSD
. Detection of WSSV
Trial Captured PCR in seed production*2 in seed in nursery
No. date test*! (eggs to P20) production culture
1 May 24, 25 - - = - (0/4)7
2 Jun. 25 - - - - (0/1)
3 Jul. 12 - 4 (PS1)* B + (3/3)
4 Jul. 16, 17 - - - - (0/3)
5 Jul. 24 + 4 (PR9)* - + (5/5)
6 Sep. 3 + +  (Eggs) + (Abandoned) Not done
7 Sep. 4 + +  (Eggs) + (Abandoned) Not done
8 Sep. 12 + +  (P10) + (Abandoned) Not done
9 Sep. 17 - +  (P5) + (Abandoned) Not done

*1 Detection of WSSV from stomach cuticular epidermis of spawners after spawning by 2 step PCR.
*2  Detection of WSSV from larvae and postlarvae sampled during the seed production. The stage of prawn in parenthesis
represents the developmental stage when WSSV was first detected by 2 step PCR.

*3  (Number of cases WSD recorded/conducted).

*4 PRDV was detected later from juveniles which were reared in the hatchery after their siblings were transferred to

nursery grounds.

Table 5. Detection of WSSV from spawners and juveniles in seed production at Shibushi Station of
JASFA and occurrence of WSD in nursery culture in 1997

Spawners Occurrence of WSD
Trial Captured PCR Detection of WSSV in seed in nursery
No. from postlarvae*! .
date test production culture
1 Apr. 11 - - - - (0/1)7
2 May 12, 13 - - - - (0/1)
3 May 16 - - - - (0/4)
4 May 17 - - - - (0/1)
5 May 21-23 - - - - (0/2)
6 Jun. 11, 12 - - - - (0/3)
7 Jul. 17 - - - - (0/3)
8 Jul. 19 - - - - (0/1)
9 Jul. 22 - - - - (0/1)

*1 Detection of WSSV from postlarvae just before transportation to nursery culture ground.

*2  (Number of cases WSD recorded/conducted).

~8) T, MRV T RO, S L WSSV
PR ER, BT IcBIF S WSSV OFFE & Hi »
50D WSSV O R E DL —FK L7, 727201,
FERZEPEFH) No. 9 ICHW Bl vl EEL 5k
WSSV 3l s N o212 b b3, 20tk
O AR\ T, Y (P5) 5 WSSV 23l &
n7z.

—J7, 19974E 234 HB X U5 HICA L -8

COUNEA 5 WSSV At Eh7zb o0, Thbo
PCR B PEAE AR 2 HEB: L 7z B AR 0 2> 5 15 7290 2
FEWEPE IS WS R, 9 oMl A EFe B X 017
O EREF O VT IZB W TH WSSV IEHH
ENT, WSD A BH SN h o7z (Table 5)o
B, IHHEW Ll (BUKERENTEL > 5 —
BEARFRAT 7T LT, DUF RTa L ReS) T1997
FETHESHICHALZ PCR B MAKZ GLH Y



IJNVIIVERTA ARy MEDOBLBKHE

PO L TR/ =T )y A fFRBICA L
LZAh, 2MoFEpFE LN (P8, P22) 705 WSSV
W E N, FO% P35 L UPSIZB VT WSD 8
FAEL, KEIELRD BNz,

(2) {REPEFHEALTEEH S D WSSV D

B oER B X OIIOH 1T % D> 7219964F
DEAET A (Table 4) BT BB EH 5 ORI
W & A 20 5 0 WSSV MR & o BI 4R % Table
6I2F L/ SABIT6 HIZIMALZZB RS
DI % TR A PE % B L 72 B0 <k, Mo
WFNROBEHF AT —JIZBWTH WSSV i3#t & h
ol L2L, THIBALZZBHZ 2 SH
P CHEM A E & AT - 72 HpI T, 6 F6Id 2 FElofE
B (P29B X UV P51) 25 WSSV Btk & %2 o720 72,
SHBIUIHIHBLHATIE, TXTOHIEFT
WSSV Btk & 7 5 720 5812, 9 HBGROFHFITId P20
DIRGIC WSSV Btk & 22 0, Bl 2 5 OFRIN IR ] 73
EL B EEHE A5 D WSSV DM EL %2 b
ELHiT, WSSV A ENZ2EHOBEAT -
PEF A0 AR SNz,

4, £ B

WSSV OBiaf s e LT, WM 28Iy
OF & T — FHNC X 290 217D % %> 7219964F
&, 5~7HRIGOME BT, HHRFRLEIC
B9 201D P20F CTld WSD 12X 238 TIEA LN
Polboo, EAHOPHERER BT, —
# (No. 3, 5) OFNT WSD 29%54&E L7, 9 HUE
SN2 & V72T, EAHT O 2 5
WSSV 25 S iz7- oA e Ik Lz, 72, ]
PRI COE EEa s, 7H FaLE

73

(2% % & WSSV 25 SN B %2R L7z —H,
19974EI2 BV TCI, KRBT Y oRARFRE (R,
1998) 2 ST YD WSSV Btk sAs LR R v & %
AONDAANSHEHAEERIBL, W By L
PR BRI & B BhBRon SR & ol U 7o L, AR EB L O
FRBEROVTROBEBICBWTH WSD I35 EL %
Motze iz, EHITE T - 72fERBET, WSSV
A BA LB e oG o -/MiiicBnT
WSSV 23 # t &, WSD 28384 L 72 (Mushiake et
al, 1999)c TNHDOFENS, 7V~ T CFET A
BRI BT B WSSV O F:7- % @ gefkek iz, By
LOEELETH D LEZ LN,

19964F DRI AL FEFBIZ BT, FEIIFE DO —ERDH
I U H LR 2R L7k WSSV Btk & e s e
L2 Db5T, FRNOOBRIELSELEE»S
WSSV 25k S 7z 28 2 Fip1 (FF 361 No. 3&
9) ol NI, BT EOBRELBN L HBERBIRIC
MEDRH o727 EZOND, TORIZOWT, £
DEOWZEIC L Bl o C DA ITIZINE (RS
1998) & L < I1ZhigE CREIZL Y HED SR L 74
T &I L CTH {/FE) (Mushiake et al., 1999) 75
RN WSSV B SN b Z MLz, L7z
MHoT, HEROARDPCR AR BY
O#EFPFE, WSSV F ¥ V) 7 — OHERICIEA TS T
HHZEVPHLNI 572, BMARBIZELTX, K
Rk Z TR 2 BET 206, FLEomD
INZ RS 5 72012300~600 RO CEZEH L T
WHZ ENS, I LI Y O—i e RET 5
TR, Bl eeko WSSV oFA4 ki % i T
XLHLIFEZEN, oz ens, MEAEEICHY
HERTOBPIEDOIIRE X OZHEIZOWT, PCR

Table 6. Season of egg collection and first appearance of WSSV at each developmental stage of kuruma
prawn in seed production at Shibushi and Tamano Stations of JASFA in 1996

Seed production

First appearance of WSSV

Collection Number of trials Detection
sfiegas Conducted  PCR positive®” rate (%) before P20 P21 ~P40  after P41
May 1 0 0 0%*2 0 0
June 2 0 0 0 0 0
July 6 2 33.3 0 1 1
August 2 2 100 0 2 0
September 4 4 100 3 1 0

*1 Number of trials where WSSV was detected by 2-step PCR in postlarvae during seed production process.

*2  Number of trials where WSSV was detected at each developmental stage.
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Table 7. Detection of WSSV from juveniles of kuruma prawn in seed production at Shibushi
station of JASFA and occurrence of WSD in nursery culture in 1996 and 1997

Selection of Disinfection treatment Presence of WSSV Outbreak of WSD
Year spawners*! of eggs by iodophor in juveniles in nursery culture
1996 Not done Not done 6/9%2 8/16%°
1997 Done Done 0/9 0/17

*1 Selection based on the detection of WSSV from ovary by 2 step PCR.
*2 Number of cases in WSSV positive in juveniles of prawn/conducted.

*3 Number of cases in occurrence of WSD/conducted.

BT X B WSSV At Z2 Fhti§ 5 UENH 5 Z L AVUR
SNz,

HRIE Y T WSD o343, 7 A DR ICERY
LT SNHEICB W TREWEINIIZDH - 72, 2,
WIS (1998) 2L LzL 91, RARBz YT
FEICHE S RSB YT L WSSV PR 5w
CLIGERTAEEZOND, L7z oT, K6 D
BEHASMEL T, B YD WSSV kRS Lk
TnweZEZ6N2 455 6 AOMICHE7-I0 %M E
FEWCFIH$ A2 &3, WSSV OB A% 7% i
ThHbHIT EIRENTz, VLo ZILITPBR R %
FElti L 7219974F O FE M A2 Tk, A H 5 WSSV
OB X O E R TO WSD o341 —81380
513 (Table 7), RFEICX HHLREAD, WSSV
BB SR ICAR D THITH B 2 L DR S N7,

$28 KEF I-FHEZAVEZHENEENORE
HEMR

1. B B

T A SR\ S B 1T 2 AT OB B SR —o & L
T, PoehoomEEGx k3 57201239 — FH
2 & B I B R E L v ¥ — 7 & TR <
ENTWw5b (Mushiake et al., 1999; 7 &, 2003),
T/, I EIZBWTIE, WSSV 2SI E NI HE
35 LWORBEHESIN, BELAFEIREZ S20
EENTWDEH, IIB XSOV TIETRE F
7B EERT 5 2 LA EEEFROBBRIC %
% (Lo et al., 1997), WSSV I&, H#h3 7 FikE25
mg/L #KTL04 R (PE S, 1998), 2.5 mg/L ULk
T0.220 LA, 1.0 mg/L T2 (Bkil, A4,
2004) ICATEILE NG L OGN D B o ZAEII O T
2 & 2 M KGR R R A 152 72012, FEARDH
AN T 2 EZHEOBENIN R, RN O # LB

W HHEEZHOLLICTHIEPLETH L, &6
(2, FEWAERIGR IS BV CIIEEERT ) BAICE, &
{ERICK & 8% T S 2 WHIPH T3 2 3
b, RE K I — NHIDHEE AT Z R R
ELTRRKATDH D70, KEBRAWRELY ¥ —T
&, ZORBEILR A B B & LRI 0N 5
POIEIRICEI T 2 Er 2 K L T b KT,
RE Ry — PO 7 VYT SRINC HE RT3
JE & ALPRIRE [ & OSSR BRI IO T A L L DS, &
FEIN D — LR B O ZEALD S I — FRIOBEBE RIS
WTBHMENL 720

2. M®ERE
(1) AIAVREBE L ESHHIrREM EHEHBDIR
L5258

RE R ryIa—FNHlE LTKRERA VY Vi (BEH
¥) A, RiTEB & OTHH 30 1R R
vy — (Bl R EM eI HBIT 4, T HEITE
LELT) DU THTEREE AR L THER (B
T, 33— Fik) 2ERL7,

HRN I 7 KR & R EIN O SMEICE- 2 5
HELHBRETITRT 27200 EE L THYON
TWLARBDOBARIR IS, 2001) 2OV T
BaAT o720 7od, FEWAPEIZ BT 5 P TH 75 5 ft 5 )
ZEE LT, Kii22C TxhEH% 6 ~ 9 RefEsE L, K
BRI E N2 LAED A 7 — ¥ D45 % v
720

1) JRIEFIE

FINC I ERORK 7 v~ (U, #Hoy)
H, 242 3MEEOBI LGN RHINE
XL 720 FREFROBIEOEE, KEB L UOEH
PO ZAEHFIL, BIR A 24.9 cm, 104.0 g T95.7%,
A& B :21.2 cm, 113.4 g TliZ 98.2%, MK C :24.5
cm, 107.2 g TIFI75% TH -7z, Bl lL, fEkE
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12500 LAY T L Y RIICINA L, Sk, MoK
TREIN S 720 KL, IREEE 2 V22T ICHER L
oo BEWROWRINTZAKMPOMEELED, B LOT
I AF v 75w (ZH) 120.02 g/L (2,000f8 /L) &
%% X )T L7z,

2) A—FHORE LHEHH

9 — N, ARha v RHEE25 508 X 0710.0
mg/LDO3RELL, TNENORETS, 10, 158 &
O205 I+ L7z &I, HOAT—JITEL
7o & ZHEIN0.6 g ZPTEREEICA ML 729 — Fill.8 L
IR LTIt o 720 FTERERICE L 72T, EE6
cm, #E2cm, HEWVW200um DA v b (=v F
7xx-200) THLY & F 720 AWEOMEITHRAT 5 72
D01 g DZAEIWERY, 1 mL D2% X7 b rKTH
— FORIEZIED Iz, F72, ZHIN2 mg = A #EifEK
OFEAF (600 mL/min) (W24 Y MMZIEL T
SAMTEHL, HLvwyry—1 (HFE cm, HX15
cm, K13 mL) B L T2CHENTHLIE7-.
IR, 2K ICATE RERRE L7 (Fig. 9).

3) MEshEDHE

SMEe iRk, 2 =7V A28 (fk 1935) 12

Disinfection

Incubation for hatching

FIELZBEB LI —VICEVEEL, £a1bE
BO GHEIRTEFISHEA TV RSHMEL TV Wk
YR), FEHR, IEHW =TV IR, LS =TT AB
SORE ) —7 )7 A& TR T Tt L, 51t
#OEH =707 A8/ BEx100) 28 H L7

4) £EEHOAE

ARWBUE, BEART N K THE L7222 RINC 9
R DA A TR 2 N2 CER L, 106580 %
TEBLL, WACEAEH (RYXT U5 g WF 21
g THTA—ANRT M1 g RIS g BT F X1 g,
Herbst' s A T#EK750 mL, #4%87K250 mL, pH 7.8) 1
W%, 25 CTH HME L, au=—HKZz e L7z,

(2) ZREMORBERELEEOREM

PIREERE S & ORI 3 — PRI 2 &k
HEix, BIECEERE FRECHIEEZOBIE 25 AR
FEIZ X o TR 2RI & W TR L 72,

1) \RPFIE

A L7 3RO T R, KEB X O NI
D 2RI, AR D 1 22.2 cm, 90.0 g2%92.3%, fAIAE :
20.2 cm, 88.0 g #%92.0% B L OMEMA F : 20.8 cm, 77.0
g TI390.8% TdH o 7=

Nauplius of
kuruma shrimp

Observation of hatching

Normal hatching rate(%)=number of normal nauplius,/ number of tested eggs x100

Fig. 9. Procedure of povidone-iodine treatment in experiment of disinfection eggs of kuruma shrimp.
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2) WIDOERT—Y TCOHESHER

FEIR 1%, Wik & FRRICAT o 720 BEBNDSHERR S I
TR D E B I ZFRN L, JERAREE LTHY
2B LTI ATy 7 54+120.03 g/L & 75 &9 I
AL, IR EORFIORY X 134T b %o 72,
THAE BRI, RS B 2> 590 % BL 23T E D A
T—UIEL L 2R LIZHINO2 mg 2 HE
6 cm, X2 cm, HEV200um DAy b (=Zv &
7xx-200) WZHLD, HEhE 7 RKEES mg/LHI—F
W6 mLDOA->2Y ¥ —1L (HA cm, HEE1.5 cm)
WL, S50HORMEIT>72, X ELT, A
WK Z VT TR 2479 KB & OARLIX % 3%
VF 720 5 5014, SEAEIR & Gk @ A g H (600 mL/ 43)
IZEV 2Ry MCIAE LT3 o MEEEL, ity
— L (Fith) TBLT2RCOENTHMEE . ZHE
JROFSHE BB, 2 M, 128MI i, RIS BRIRAT
HB, 45 1l IR ORI, RO 5 gD
TEH, AMEcB X W OTEEG, RN — 7)) T R
MW B LN —7) 7 2BHo L Lz (K

100 |

©
o
T

(=23
o
T

Hatching rate (%)
S
o

1935), 7=, MBKIIE, INiREEE 2 H v T21.8~
224CITR - 720

3. BRBLUEE

(1) FHIAVFRE LHSHHIINEE EZHBEIPO

RBICRIFTHE

AR FikE2.5 mg/L T 5 ~205MiEE LY
B X05.0 mg/L T5, 1038 X 155 M7 L 7285
BOSMEEIL, FIEX E OMICEEZIZED Sk h
572 (p <0.05: Fisher’ s PLSD |2 & % % H ILIEME,
Fig. 10)o FEVA % R Th & 2 720 1213 FEBRIY 1250
%A LD SMEEOZREINEMAT L2 EAETNL S
EDS, WTFROBEEIZBWTS 54 MUNICEE
M2 DUENHDLEEZ LN, AR T 7 HIEFES0
mg/L T20%8 & 0°10.0 mg/L T5 ~204-MHH L 72
W, SMEEIRRIX & R L CTHE (p <0.01F
7213 <0.05) I TF L2 (Fig 10)e D& EFN
TOEBXOARBUIH 1R L, siRiciki L <
HEIZWRA L7 (p <001 Fisher's PLSD 12k 5%

*
X kk kk
1 J

0 2.5

Concentration of active iodine (mg/L)

; 5 min treatment,

|:|; 10 min treatment,

; 15 min treatment, .; 20 min treatment

Fig. 10. Sensitiveness of kuruma prawn eggs (I1st antenna is formed above the 2nd
appendage stage) on treatment of povidon-iodine. Experiments in triplicate were
conducted for 5, 10, 15 and 20 min. Values are means and standard deviations.
Significant differences from the control values are indicated by * (p< 0.05) or ** (p

<0.01).
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100 r

60 r

20 |

Hatching rate (%)

20

Non A B C D E F G H
treatment

Developmental stages

|:| Control |:| Treated with iodine
Fig. 11. Viable bacterial counts of iodine treated eggs (means and
standard deviations). Significant differences from the control values
are indicated by™(»<0.01).

L7

of ok
ok
10 KoK Aok ok Kk sk Hok F¥

104

102]

Viable bacterial counts (CFU/g)

AANANRER RN RN RN

100
0 2.5 5 10

Concentration of active iodine (mg/L)
E; no treatment, ; 5 min treatment, |:| ; 10 min treatment,

D; 15 min treatment, .; 20 min treatment

Fig. 12. Influence of povidon-iodine treatment on hatching rate at different developmental
stages in kuruma prawn. Eggs were treated with 5 mg/L active iodine for 5 min. Eggs in
the control of each developmental stage were incubated in sea water for 5 min. Experiments
were done three times and each bar represents the mean value and standard deviations.
Developmental stages are categorized as : A ; 2 or 4 cell stage, B ; 128 cell stage, C ; embryo
with a ring-shaped middle part, D ; embryo with 1st antenna formed above 2nd appendage, E ;
embryo with biramous 2nd and 3rd appendages, F ; embryo with appendages with exopodite
and endopodite, G ; egg containing nauplius at an early developmental stage, H ; egg containing
nauplius at a later developmental stage. Significant difference from the non-treatment group
is indicated by*(»<0.05). Non-treatment group represent eggs maintained in the original tank
throughout the experiment period.



78 Jun SATOH

HEmE) (Fig 11,

KNT25 mg/L DI — N E/ERL, fERERfE
200K IR AR T T RRERWE Lz, £/, ZH
YE % A OB S CTH 5033 g/LiBEL 75 L9
122.5 mg/L @ 3 — F{ICIFE L, 205 B #Ls 2
To72%%, 3o REE2NE L7z (HARTHERE (IS
k 0102 T3Pk kB 1:33.3 FREAIEHR) (HABIE
hM2005) ZULZE). TOME, fEREHDOI—F
WO a7 FREIZH L, ZHIFE AN WA OWR
FHEIF11.5% £1.65, I 2 ANTGE OWFERIL
19.7% £2.69& 72 5 725 Student' s t REDK R, HE
EIIBDON o722 e (p>0.05), 50O RER
ST ZRINOFIEIC X 5 T 7 L OREEL 2 H
SlebnLEZ SN,

(2) ZEMORBEEELEEOREM

128K DAL 0 s AL 31%, 37_XT80% U L%
RLUZZA, 128HIB I B 5 bR, FHBKX B
FUa— FXTENZENG63.5% +21.48 X U71.6% +
23.3L % o7z, 128MME I DR HEIX @ S bEIE, AL
XL, A& (p<0.05 Dunnett#iZk 2%
WILEME) KT L7z, 3— FXOSMEsR TR
X &g LAEATRO SN -7z (Fig. 12), 2
NSO ENS, ZOZAT—IIZxLI— FAlICK
LB WEEZ LN, LALAR2S, 12811
WCBTF BNV ) 7o, o7 27— X
NDREVZENFHSNT R o7 128 MBI, Kilk
22°C CREDN 2 REMIBRICHNET B 2%, — Mt 2 1l i A i
W CIIR I 2 7 V= € ORINZHfT b LS
720, WERIZIZTTICZORIZEELTWwT, %
BHUME L WEEZEZ bNb, L2, Ny ) VT
DR Z T B ORI TOHBOEIITET X
XThbrrEZOLNI,

I— FRUEHER I 7 FREES mg/L Tl00 £ Tl
7NV T EZRINCEEDS v E T 585 (BRI
1990) o, %3 7 FikEES mg/L T 5 55 [ DI
HCREEZMHIE L 72 HE (Mushiake ef al., 1999)
LEWHY, TNHEREBRBRIIKEIEDL LW
Z L DHERR S NIz AU T A RS HER S L
ToAR 3 T FiEE2.58 X 05.0 mg/L T 5 45 Mo
WHIZ XY, ARHUI BT B EEBOBAEIE, 90% L
LThY, BEMENRD LNz —F, WSSV I,
Axha  FiEE25 mg/L TL05-H (B S, 1998)
%°2.5 mg/L DL ET0.255 DI, 1.0 mg/L Tlx 24 2L
BRI, B4, 2004) TARIEALE RS LN T
BY, FhOI— FENZ X B RERIPBHEHESMTEY A
WADATFALD IR TE 2L EZ BN,

INSDRERPS I THEDOBENIRI SN &N

RS NN (0.33 g/L) T, 274 VADA
LR SN TV B AR T 7 FZiE2.5~5.0 mg/L
DUWAKIZ, 7 V= I % 5 5 HIRIET 5 2 &1,
REDPOMPEOMBETE ZWNFEETHLEEZD
N5,

EIE WSSV D IVP26H LU rVP28% FOHRE L
=7V TED WSSV BE (339 5 BRBS
fE=hR

1. B B

V= Y QR A BRI BT 5 WSSV B B
XL LT, PCRIZL A WSSV 7Y — B AD
BH), REFra— NIk 22B0WT 2o 0N
WSSV 7V —fEKTOEEDPHETH Y (Mushiake
et al., 1999; Satoh et al., 2001; 1S, 2003), Zh
LOXFHICE Y WSSV 7)) —D 7 v~ Rl O
EPMREIC R o720 LALARDS, WHERB LD
AT, fEREPICELT S Mo P
5H WSSV 2t ¥ 2 & (Maeda et al., 1998,
Momoyama et al., 2003), F 72 WSSV @ % 7 & e
R & TN IEVRARIEGT X B KRG (Wu
et al., 2001) DR IEXHEDMEL SN TV W &0 5,
WSD &7 V= T Y F8hi i 2 B\ TRZRA 2 b
THbo

Venegas et al. (2000) 1%, WSD 45”7 V< U )
WSSV O EGe 5 LB 2 RT 2 &, 48
RAEBMICOHREINLZ L0, EEHESMTH
% T EHIZ "quasi-immune response” (FEREBIS)
BT B L aWiE Lz, 72, BEEEmMHEs Vv~
YRR S 7z WSSV ISR 5 PPk, &Ytk 3
SO LGS, K 2 AT 52 (Wu
et al., 2002), AILPMEITIZ D 5 FEE OFFEMEDTRD
b Z ENHE SN (Venegas et al. 2000), &
51U, A< AL WSSV B X VKB H T%
L7 WSSV oEEMESY /X2 ETH 5 rVP26H
X rVP28% AN T 5 2 & T, Rk P
VFEEINL Z L L NI E 7z (Namikoshi et
al.,, 2003), BIE T TIZ, 7 V< EF O white leg
shrimp B L "7 ¥ = €2 b FEED “quasi-immune
response’ DMFAEZ ESH ST EN, WSSV I3
%77 F VRROBEPIE IS TWS (Witteveldt et
al., 2004a, Witteveldt et al., 2004b, Witteveldt et al.,
2006, Vaseeharan et al., 2006). JG1C b ak~R7:40 <,
BT EIZBIT S WSSV o JEgeitit & LCix, &
WIZE AR EETH S I EAPITR SN TW»
HZENS (Wu et al, 2001), #1172 F > OuiE
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g R END, €T TRIFZETIE, T3 RBW
FEBL WSSV rVP26#5 & U rVP28% V728107 7 F
YR L, ZORPERIZOWTHANESE, Rk
B IOREIEIC X B GG 2 17, WBRET L 72,

2. MBERE

(1) #ER7)IYIE & WSSV IEDTR

LR L2 7 v~ ¥id, ElifTF&T WSSV 71 —
YLUCHTAERESNbO%, F72 WSD ORHEED
T e IR UL 0> FE G B O A 1T AR BE ik T AR E S 72
RH4.0~7.0g DFEAEE v, FETIC nested PCR (K
M5, 1996 ; B s, 1998) (2T WSSV EETdH %
CERMER L, VeIV, TEEICH LA
EOKMIZIAE L, BRI X 2P MK Z DT
LCfEL (24+1.8C), WO A&HFF%Z 1 H472
0 SEIRED 3 %= THREF L 72,

W 72 WSSV B o 3L, B o
(1998) IZ#E U THro720 TbH, WSDIZ X % ¥
FEAE AR O i AR % 4 £ 7 o> PBS (V) BRAR T
Invitrogen) %Mz CTHEML, 4T, 3,000x g 104
oL EEfR O B2 B L72b D% WSSV i &
L, fillET-8CTHRE L.

(2) ZITIEIZHT B WSSV OFRFFRMEER

3 T ¥ IX1500 KK 1247-632 /m” (T RE) o
WETIAEL, BRI, BEBIOREOICES
WSSV O B8R ER % 1T > /2o WSSV i tE, it
IYZI4HMEE L, REECHREBIS L7z, FHEL
B (LDsy) 1%, Behrenes-Karber #:12 X 1) FEH L 72

15 P S 2 B2 v B WSSV 11 PBS TL0%H5 %
5 10745 % CEERE AR U 720 MRTESHIC & 5 BRI it
#KTHTE (MBW 68 g n=15) 1F, 15 CI2HAIL
7oA B2 LRRERIR B L 725, FrE O
JE 12 PBS THA MR L 72 WSSV %100 4 L/shrimp T
WIES L7z (BEEXIR : PBS). R T,
ik v CEAE 44 g n=20) &, WSSV % ik
T10°, 10" BLXO 105 E %25 LX) MM L3L DY
AV AENS T RERNRE L 720 BRI, i
DERE 210" AR 72 KIS FRRICRE L 72, 37
HECEDSR T, Rz iz Ay MO L,
WEAKIZ LD 3B OTKIEG Z TV, fE KA
JEES L7z BROEMRE T, oy CFSfE
3.1 g n=15) 2% LT, WSD BT DO# A %0.25
g 04g 065gBI1.02 g/shrimp TG L7z,
BEERT COTPREDIS% % ERE LT, 1 H4720
O¥HEEZPEL (=047 g/shrimp), 0.65 g BX
1.02 g %57V —713 2 72132 3 HRICH ) T 5%
fTolze MBE LT, L7 VT EDOHK%1.02

g ABO T THREG T 57V — T %% 72, RO
AERICH W7 WSD B TR O AL, TEST B L R
EHEHICH 72 WSSV B ORI LR b 0%
Hwiz,

(3) VP26B LUV VPBEGFNI/O—=2 T EHM

1) 74 JLZ DNA S DFHS

B s (1998) @ RNase-PEG ibiEIC & b, WSSV
WY L7z 7 v~ T E LA & WSSV @ DNA i
WERABMLZ, $2bb, WSDHKT EMALN02 ¢
300y Lo7uas5 45—+ K (0.1 mg/mL) & SDS
(10 mg/mL) ORAWE & HITEM L2, 37CT
1545 [ E L 72e S HICE RO TE EEHHK (50 mM
Tris-HCL pH 8.0, ImM EDTA)- faf17 = 7 — V%
AR 1L < B L 1R, OB (12000% g,
55 H) Z4To CREEBINL 720 HET =/ — b
M ETo72%, SRorzuakVh - AV TINT
Va—)b (24:1) RWEMZTH 1 5HEL < HEL
720 T, mOEE (12,000 g, Imin) 2175 T
KEZEYLL, 1/10805M B 7 €= 7RiEs X
V255 D100% =¥ ) — LV EIA TRA L2, &
LrHE (12000 g, 15501H) (2 & Dk x21572. #5
N7 %200 u 1 © RNase A i (20u ¢/ u L,
TE i) (ML, 37C T2 BH L7, Z®
%, FRmD20%E) TFL 7)) a—) (PEG-6,000)
-2.5M NaCl W & N2 T L, @058 (12,000
X g 5min) TV, REABEZTEICHREELL, &
512, 15mL D70% =% /7 — )V &z CEEEHEL
72, mO4EE (12000% g 2 min) #1Tv, LEAR
WxesIcBREL, 15mL ®100% % /) — V& A
720 Thi, wlsiE (12000% g 2 min) L CEHE
AERREL, S ORI E R TR0 Mz S 2,
2014 L ® TEIZWE#H LT DNA il & L7z %3,
W A TR T - 720

2) S a NI EETFIO—=JRAPCRY

747 —

GenBank |2 %4 X L Tw % WSSV VP26 X O
VP28% ¥ 87 B a1 O ALY (GenBank & $#%7%
5 1 AF1739923 X OF AF173993) (230 &, VP26F (5
-GTA AAG GAA GAA CTT CCA TC-3'), VP26R
(5 -TAT ATT TGT ACA ATT CCC ACT TTA-3")
B LU VP28F (5 -CAA GCA ACG TTC GAT AAA
GA-3'), VP28R (5 -GAA GGT TAA GTA GGT
CAA TAA3 ) Z/EHL 7z,

k794 ~—+t v b VP26F-VP26R 1Z, WSSV
VP26 IZ D+ —F ) —F 4 v 7 7L —A
(ORF, nt 35-649) % & 67035 2k % HIMEFE 1) & L,
VF28F-VP28R 13 VP28i#{xT-® ORF (nt 33-647) %
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GUTHAEEAENET23DTH L. &b, HIEX
D BB GEE, 72C -1053H B L 95T -9 5o
RS, 95C -14 M, 55C -14/, 72C -1 414
Z1H A4 7 VELFB0Y A 7 VT 721k, 72C -54>
FEﬁ k L7z

3) VP26H5 LU VP2BEIZFNDI/A—=F

VP26F-VP26R B & U VEF28F-VP28R % M W,
WSSV DNA 8l 2 5 VP26B & OF VP28 {1 D 1
IREWZ, EO7a a3 —NVIZHEWT T A I KR
% — pCR-Script SK (+) (Stratagene) ® Srf 1 &b~
ALK KW DHraa v ¥5 ¥ MR 2 IBE
R L7z, BN ERIBHIET Y ¥2 ) V28T
LB R TR L, M hcHhau=—%
BT 52 &L TDNAKF 2 H T 502 W2 IR
726

rua—=r 7 LIBEEFOEERIIE 45
—IFR—F—=H A7V 7Fy b (Dye
primer thermal cycle sequence kit) (ABI#:) B X
N T3/T7% 4 754 ~— (T3/T7 dye primer) (ABI

) 2RV, BEIEWITY, BB Y —7 ¥ —
(373A DNA ¥ — 27 T4 — ABI#)IZ X ) fi#Hr L 72,
AN R L D, VP26 X OF VP28#M(EF A7 a—= >
FENTWSE Z LR IN: (Fig 13, 14).

4) VP26 LU rVP28HIBRDIEE

VP26i1n T DORBH 75 4 ~— & LT VP26F ®5
Wil Nde 138 £ O Eco RI OREFREY % & Tl 135 2%
D) v H—HEH (5 -aaagaattcat-3' ) Z AL 727131
IR D VP26expF 79 4 ~— (5 -aaagaattcat-ATG
GAA TTT GGC AAC CTA AC3 ) B X U8 VP26R
D5 I Sal 1 DR 2 EZLREEOY V7
— B (5 -getgtegac-3') & fF i L 72 51313 & K
@ VP26expR 7 5 4 ~ — (5 -gctgtcgac-TTA CTT
CTT CTT GAT TTC GTC C- 3" ) #fE# L7z, F72,
VP28 IE T #7594 ~—& LT, VP28F O5 Vi
HINZ Nde 13 & U Eco RI O RN % & 113ERK
Y v h—HeH (5 -aaagaattcat-3' ) ZAFhNL 725343
#FD VP28expF 794 ~— (5 - aaagaattcat-ATG
GAT CTT TCT TTC ACT CTT TC-3) BV

Nucleotide sequence of structural protein (VP26) gene of WSDV
GGATCCAACCAACACGTAAAGGAAGAACTTCCATCT. AAAACAAAGAAAA@GAATTTGGCA
ACCTAACAAACCTGGACGTTGCAATTATTGCAATCTTGTCCATTGCAATCATTGCTCTAATCGTT
ATCATGGTTATAATGATTGTATTCAACACACGTGTTGGAAGAAGCGTCGTCGCTAATTATGATCA
GATGATGCGAGTCCCAATTCAAAGAAGGGCAAAGGTAATGTCAATTCGTGGAGAGAGGTCCTA
CAATACTCCTCTTGGAAAGGTGGCCATGAAGAATGGTCTCTCCGATAAGGACATGAAGGATGT
TTCTGCTGATCTTGTCATCTCTACCGTCACAGCCCCAAGGACTGATCCCGCTGGCACTGGGGCC
GAGAACTCTAACATGACTTTGAAGATCCTCAACAACACTGGCGTCGATCTCTTGATCAACGAC
ATTACTGTTCGGCCAACTGTTATTGCAGGAAACATTAAGGGAAATACTATGTCGAACACTTACT
TCTCGAGCAAGGACATTAAATCTTCATCTTCAAAAATTACCCTCATTGACGTGTGCAGCAAATT
TGAAGACGGCGCAGCCTTCGAAGCTACAATGAACATTGGATTCACCTCCAAGAATGTGATCGA
TATCAAGGACGAAATCAAGAAGAAG@AGTGGGAAT’TGTACAAATATAAAGGT'ITTGTTTGA
ATAAAAA

|ATG . initial codon

Ih“AA . stop codonl

Amino acid sequence of structural protein (VP26) of WSDV
MEFGNLTNLDVAIIAILSIATALIVIMVIMIVENTRVGRSVVANY DQMMRVPIQRRAKVMSIRGERS
YNTPLGKVAMKNGLSDKDMKDVSADLVISTVTAPRTDPAGTGAENSNMTLKILNNTGVDLLIND
ITVRPTVIAGNIKGNTMSNTY FSSKDIKSSSSKITLIDVCSKFEDGA AFEATMNIGFTSKNVIDIKDEI
KKK

Fig. 13. Nucleotide sequence and amino acid sequence of structural protein (VP26) of WSDV. Primer sequences
underlined (——), Green coloring indicate the nucleotide sequence of VP26 coded gene.
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Nucleotide sequence of structural protein (VP28) gene of WSDV
TCTTAATAACCAAGCAACGTTCGATAAAGAAAAAAACTCGIICAITGGATCTTTCTTTCACTCTTT
CGGTCGTGTCGGCCATCCTCGCCATCACTGCTGTGATTGCTGTATTTATTGTGATTTTTAGGTATC
ACAACACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGACAAACATGGATGAA
AACCTCCGCATTCCTGTGACTGCTGAGGTTGGATCAGGCTACTTCAAGATGACTGATGTGTCCT
TTGACAGCGACACCTTGGGCAAAATCAAGATCCGCAATGGAAAGTCTGATGCACAGATGAAG
GAAGAAGATGCGGATCTTGTCATCACTCCCGTGGAGGGCCGAGCACTCGAAGTGACTGTGGG
GCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAACAACACATCAAGAAAGATCAACAT
CACTGGTATGCAGATGGTGCCAAAGATTAACCCATCAAAGGCCTTTGTCGGTAGCTCCAACAC
CTCCTCCTTCACCCCCGTCTCTATTGATGAGGATGAAGTTGGCACCTTTGTGTGTGGTACCACC
TTTGGCGCACCAATTGCAGCTACCGCCGGTGGAAATCTTTTCGACATGTACGTGCACGTCACCT
ACTCTGGCACTGAGACCGAGITAAJATAAATCGTGCTTTTTTATATAGATAGGGAATTTTAATATTA
CAACAATAAGAAAATAAAACAATTGAGGAAATTTATACCATATTTTATTGACCTACTTAACCTTC
TTGCTATACAATGAAT

ITCA . initial codon! ITAA . stop codon!

Amino acid sequence of structural protein (VP28) of WSDV
MDLSFTLSVVSAILAITAVIAVHEVIFRYHNTVTKTIETHTDNIETNMDENLRIPVTAEVGSGY FKMT
DVSFDSDTLGKIKIRNGKSDAQMKEEDADLVITPVEGRALEVTVGQNLTFEGTFKV WNNTSRKINI
TGMQMYVPKINPSKAFVGSSNTSSFTPVSIDEDEVGTFVCGTTFGAPIAATAGGNLFDMY VHVTY S

GTETE

Fig. 14. Nucleotide sequence and amino acid sequence of structural protein (VP28) of WSDV. Primer sequences
underlined (——), Green coloring indicate the nucleotide sequence of VP28 coded gene.

VP28R ®5 ¥iflliZ Sal I O REECH % & & 9D
U —iEH (5 -getgtegac-3 ) EAHINL 725127363k
£ VP28expR 79 1 v — (5 - gctgtegac-TTACT
CGGTCTCAGTGCC-3") %A 72,

VP26expF-VP26expR 5 & UF VP28expF-VP28expR
vy, WSSV VP261 & UF VP28t fxT-% PCR 1l
(72°C -10 min, 95C -9 min, 30 cycles of 95C -1 min,
55C -1 4, 72°C -1 min, and 72C -5 min) L 72%%,
T/ =N/ r7ua RV AiB LTy ) — vk
W2 & D BERE) & A L 7o BANEREWE 1 % (K@ T
HH— A7 VESIKEN L L7-1%, GeneClean kit &
FAWTHM® DNA WA Z ML, Nde 1B XU Sal 1
THLEL L 7218, J8BIN 2 % — pET-25b (+) (Novagen)
» Nde 1-Sal 1#{fileo 4 75— avFy b (87
TN L) BV THIARR, KR BL21O 3~
Y7 v MO E I W72, 13517 rVP26
B IO rVP#EIE T 2 BT 5 KWk % % 4 pET
VP26 & UF pET VP28%k & 5,

5) VP26 KU rVP28RIIRZ A - VP26 6 &
U rVP28M 3R

KW W pET VP26 & OF pET VP28% LB-amp i
& ¥ #b (1% bact-trypton, 05% bact-yeast extract,
1% NaCl, pH74, 50 x4 g/mL ampicillin) % H v,
WK% B (ODgp) 2505 22 2 £ T (K6 I
), 37TC T & H B A L 720 BB ITHRIE DS
ImM & 7% % X 9 IPTG (isopropyl — 8 — D (-) -
thiogalactopyranoside) ZiRMML, X 51237C T3
MBS 52 L CHENERTERIA S 2, BER
AT T—HpEE L, w058 (930 g, 20min, 4T)
L7448 % TE #RM (2 %&% L, Triton X-10038 X
P VI F— 2% IREN0I% B L1000 1 g/mL &
Ah XML, 30C TIom MALEL L 720 BRRRE
72 B P L L 72 %, OB (12,000 g, 15
min, 4C) ML, #0aEEROREY % rVP263 X
O rVP2RD5BLY 87 8w 7+~ & L TlbmL ®
PBS IZ/&#% L 72
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Fig. 15. SDS-PAGE analysis of expressed proteins, rVP26
and rVP28 of WSSV. The proteins in the 12% gel were
stained with Coomassie brilliant blue.

lanes M : molecular marker, lanes 1 : rVP26, lanes 2 : rVP28.

rVP2635 &£ OF rVP28%&#i 12, SDS-PAGE &K

(Laemmli, 1970) (2fit L7, 7 ~—3 =7V )T~
M7V — (CBB) CTHMxHEL7z. DR, rVP26

BIL VP20 4T, %4 25.5 kDa B X 10°27.8
kDa G, WSSV VP268 & O VP28 4 T & —3k L
720 S 512, rVP26B X U rVP28® SDS-PAGE &4
kB 1% % W5 EAN Y 7 b (Image ] : NIH :National
Institutes of Health, KIEEZ#AENZERT) 12X 0
ML 72k, rVP26& rVP28D HliEE 1x, % 4 20.3%
BLU30.8% TH -7 (Fig. 15).

6) rVP26B LU VP28 EOE & WSSV IZ &

DHEHER

rVP26 & 5% \» 1% rVP28% BL & il £l 5 % = PBS
R L, W IREC A fRH I L (Maruha Co,
Ltd), EEWEEE, B 00.5% =0 EAEH (SD
Tenchaku 1 Gou, Schering - Plough Animal Health
kk) ZRIMLEZESE, 2V o077 F v
E LT L7ze rVP26 B & UF rVP28ME M DL &
fERmEE, 5% (W/W) & L7z,

7 v~ v (CP¥YRE 6.8g) % 4 W BRIXIZ5
\F (n=150), rVP26& % \»id rVP287R I il K % 35 u
g/g shrimp/ H (r VP i) : 10 4 g/g shrimp/ H) 3D,
F72E. coli ¥ /%7 EiINER %25 u g/g shrimp/

H, B XU PBSHAGHEZ &4 15H MG L7z
RO 7 F 52550 %, STz & 514K
(n=12~15) &), MiRESEN, REERB L
BB X 5 WSSV O BRIt L7z (rVP26
B L O rVP28#% - [X 1 duplicate) o il WiEST Tig,
E1LE2ME oM 25, PBSTIO ICAML 72
WSSV #100 ¢ L/shrimp 3 oM L 72, BIEWET
&, WSSV #10 AR L ik 1 BFRRE L, #%
YHCl1d WSD Sk 0N % 0.6 g/ shrimp/ 3
HiE TH5-L7z. 2o o WSSV B 14, Table 8,
Fig. 16IZ/R L7z B30t E DS, 727 F Y IERGIXD
BRI CTCENT0% E R LHETH D,

g B BRI 1 HIC 2 EEILL, Zhb
WSSV DIEGLIZ L B ETHSH L 2l 572,
#IZPCR IS 5 £ T -30C THAF L 72

7) FEERTE S LUHEMERE

HRBEOBRBITERRZ, REICLDAESER
EERATo 7z (5% Ki#E) . WIFFERAS T L %5
4%, Fisher OEFEMERFHLE THE 2175 72,

AP A FR R (relative percent survival RPS) 1%, &l
B 1- 77 F Vv BGERXORRILTEE / FFEEGREX
ORMIELTH) x 100) (Amend, 1981) IZL D EHL
720
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Fig. 16. Cumulative mortality of kuruma shrimp after experimental WSSV
challenge by three routes. (A) IM challenge with 0.1 ml of diluted WSSV
solution, (B) Immersion challenge with diluted WSSV solution, and (C) Oral
challenge with WSD shrimp muscle.



84 Jun SATOH

3. #& B

(1) 27 IEICxT S WSSV DiREM

WSD 9 = i A B X U052 0 B o 75 Bl %
v, FIANES, RiEPB L ORI WSSV i
ATV, BWEEITBIT S WSSV OJFIEHEIZ DWW T
WET L 72#E B2 K16I2/R Lze £9, WSSV FE O
10° RSB & A PNERE L 72X T, 7 A L A
OBAMNSIELRD L NIED, fAFE 2% E T
BRI T HIE80% (23 L 720 10° R A B % 15
WHRE L 72IXCTld, JEZ 3 HE2SEEFRD LN
1o, BREBTHRIITZ% THo72 ZHIHL, 107°
GAPE 2 AR L 72X Tk, WBHESHHEL
LA E L7, TOBROETITRDLNT, R
FILTHRIZ6.7% TH -7z (Fig. 16-A)s LLLEORER X
D, fitEk WSSV BERE O 183 sE R (LDs,) 13107°
mL/shrimp & &l X 7> (Table 8)o [d] WSSV J5 ik
D10°°, 10"°B X O10° REAmBE 2 H W 7R IE R T
i, 100 B LU0 AP B IX T, BBE 2 ~
SHEHPSHTII LT, %4 0RBILTHIL’%
BLU30% THolzo THITKL, 10 R5ABHH I L
XTI TIE@RD SN h o7z (Fig 16-B), L7228
5T, i WSSV R DR SR IZB T 5 LDsld
103" mL & & N7z (Table 8)o FEERIZIH W
WSSV i & Al U WSD s = U %025 g/ &, 0.40
o/ B, 065 g/ BB LUL02 o/ BT ORIOFKEE L
WBRX TORBITRIL, K4 15%, 67%, 7% B X
M93% T, AW EHRD LDy, 0.37 g/shrimp
LEH AN/ (Fig 16-C, Table 8)o & B, DI
BPEIZBWTH, B TORTIZEED Sk do 72,

(2) VP26 LU rVP28#ZEOHR 5 IC K 5 WSSV (S
9 B RAEHNR

WSSV rVP268 & U rVP28Z LI G- L7z 7 v~
IR L, X OREILTHENT0% & %5 X9
7 WSSV & TR, ZEB L OHANEEREL 72
WA OREROEALZ Figl7lR L7z, BOREKX T
&, rVP26B L O rVP28% L L7277 V= ZEIZST
RO SN o720, REWSY 7 a5 X%
DI X TIZBE 3 HEL WL 7 HE» HIE TS
BEH, BREIECTHRITLEL 31% BLU6T% THo /2
(Fig. 17-A) . BIEBIBEX TIX, EHZ A4 HED»S 8
HE2 BT H R0 Hi®, rVP26, rVP28, KW
R EEG R B IOHRR ORI CHEIL, £4
21%, 22%, 57% B X UO'73% TdH - 7= (Fig. 17-B)o
—7, MRANEEREX TIE, X¥%4HE»SE
AT LY, rVP26, rVP28, K& » 737 B
HXB L ORBEXORRIELCFZ, &4 31%, 52%,
93% B L U79% TdH - 7= (Fig. 17C) & B, WSSV
FEWEXIZBIT LI, BOONL0o T,

RO 7 F regh- Lz v~ Uz, &1, 2,
FAPESIC L D WSSV IEL, SECB L UAEKL
7B A S O PCRIZ X A WSSV #eHiE % Table 9
R L 720 JERGRIBX (PBSX) I2BIFA2E&TO
FECARAR A & Istep PCR T WSSV 288t &, A 5%
AT H66.7% LI 2> 5 nested PCR T WSSV A%t
ENT2rVP26B L O r VP28¥: -1t D A F Ak 22 5 11,
33-60% A¥1step PCR T, 73.3-100% 2% nested PCR T
WSSV @ fn T2 8z L L, rVPs &5k
O BLBEREE S O AFRAEAKIE, FEORBEOARME RO —
i (£10% OB PEHR) 22 & nested PCR T WSSV B
WeZhozbom, 13&AEDOMMAEIT WSSV BT

Table 8. Virulence of WSSV in kuruma shrimp challenged by intramuscular,

immersion and oral routes

50% of lethal dose (LDx,)

Challenge

Converted value
route Measured value®

(g shrimp™)
Intramuscular 107" ml shrimp™ 1077
Immersion 107 ml ml™ 107+
Oral 0.37 g shrimp™ 1074

* Measured values were calculated from the data shown in Fig. 2
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Cumulative mortality of kuruma shrimp vaccinated orally with

WSSV rVP26 or rVP28 and challenged with WSSV by. (A) Oral challenge, (B)
Immersion challenge, and (C) IM challenge.
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Table 9. PCR detection of WSSV in orally vaccinated shrimp after experimental challenge with WSSV by oral,

immersion, and IM routes

Detection rate of WSSV
(Positive numbers/Examined numbers)

Oral challenge Immersion challenge IM challenge Mock challenge
Dead Survivors Dead Survivors Dead Survivors Survivors
. Nested nested nested nested nested nested nested
Antigen  PCR PCR PCR PCR PCR PCR PCR
PCR PCR PCR PCR PCR PCR PCR
VP26 i 0% 6.7% 500%  833% 0% 9.1% 500%  100% 0% 389% 0% 0%
(0/30)  (2/30) 3/6) 66 (022) (2722 (4/8) 88  (0/18)  (7/18) 012)  (0/12)
P i 0% 10% 33%  833% 0% 0% 600%  733% 0% 357% 0% 0%
(0/30)  (3/30) (2/6) 5/6)  (021)  (021) @15)  AU15  ©O14)  (5/14) 12)  (0/12)
ol 100%  100% 0% 0% 125%  500% 0% 0% 100%  100% 0% 0%
(4/4) (4/4) 09 09 (1/8) (4/8) (0/6) (0/6) (13/13)  (13/13)  (0/1) /1)
100%  100% 400%  100% 100%  100% 250% 750% 100%  100% 0% 66.7%
(10/10)  (10/10)  (2/5) (5/5) (/1) (i - (14 3/4) (/11 (11 - (03) (2/3)

Hole Thbb, rVPs EHHSMEARFEOLEKRIEICSE
\F % WSSV ki, JEd GBI BRI W S
LR S Nz

PLEosEEar s, rVP26, rVP28B X KW & ~
N7 B G XD RPS &M L 72454, rVP26RE 14
5, &0, REBLOHREFICE DR LZZKD
RPS 3% 4 100%, 71% 3 & U561%, — )7 rVP28#%5-
XTid, 100% GREIT), 70% (iRik) BX034% ()
WiES)) & 7% 5720 rVPS ORI 5-80 RPS i1,
rVP28PL G- X O WTER B (34%) ZFRIFIE, &T
60% L ETH o720 —T, KBW S ¥ /87 HHkhIX
D RPS (%) 1%, FOBEXTH54% TH 7225, 2iK
BLORWEN B TIES 4 22% B L 00% &, BiE
FELHT Y rVP26B & O rVP2sH G- & 13 A I
WZ EERR SN (Table 9).

4. £ =

AW TIE, WSSV rVP263 X OF rVP28% Hi v 72
RO 27 F v oORZEE BN, 30 ANERE 2
HB L ORI SHEIC L 5 WSSV OJFEEIZD W
THWE L 720 KB ETO LDyix107° mL/shrimp,
107" mL/shrimp 3 & 170.37 g/shrimp & & 2 h
7z (Table 7)o HBUEBIIH V72 WSSV HiZ, fih
bH—uy PORHZEHAPLLTARL - DTDH
HIENS, BUWEED LD % R EHREICHR
HL72LZh, HREFBTETIZIO g KW HLEE
/shrimp, ZiETX10™" g fWHLKEE /shrimp, 3B & O
RO BB TIZI07" g WM /shrimp & %2 1),
BITR P CTIRBEBEIEOI0 SR, MR EED
107580 WSSV 28 B & 722 1), #RITEGe T X 5 %
FerhEid, IRITIRGs & RTESTC H L CRIE I

Z EHHH 5 222 % o 72 (Table 7)o Escobedo-Bonilla
et al. (2005, 2006) (X, WSSV @ I ¥+ o #L#a L %
T, BRI X ) AR & R R O BRt T
ERHET L 720I121E, 1050 WSSV 3L ETH 5 2
LERELTwS, LaL, KREBRKRTIE, KO
& & RS R OO EE, 107 TH D,
Escobedo-Bonilla et al. (2005, 2006) ®#5H: & K& <
W o Twiz, PHEICILE 2 WSSV &1%, FEr
A D 2 VT AV ARRIZ X ) R 2 RN D
BH, ATIICE LRI & 5 EYRh =R Al o g
BRI S 2IERWZ WD THER SNz Wu
et al. (2001) 3 X OF Momoyama and Muroga (2005)
X, 7V ZVUOFAFEREOEM, H25vidtEvo
FHIEIZ & ) WSD (2 & % BBFE CERARIRISEHR T %
ZERHLMNIZL, EHIT WSSV OREGeRRk & LT
HAEWHPEELENTHLI L ZERM L. ThbD,
RECEGZ BT 5 WSSV DJEGR)FR 1348 6 TR 28,
IR ZEMT L2 TRED WSSV 23K
WD AT, MERMICEBIECRICKE (BT S
DTRBVWHEEZEZOND, RERICBVWTY, &
WAL TWo 2 LB L TH Y, LAV
FEEHRITHE L 2Rt E v I X 288K
e B2 PE$ 5 720121%, Wu et al. (2001) 237
> 7B EFAE EBENATRTH D, LarL, K%
D HMIE, WSSV rVPs & O0#5- L 72 T ¥ OR5 %)
ROWFTHY, TUEEHELTIIIRAEVIEET L
LEZEZAEDLED L, MBIV ETEEREE T TR
RUEZTOMEND L EEZ, FIETIEH 2 THE
FIMEE R X D R ER AT 2L & Lz,

& T A T Namikoshi et al. (2004) X, WSSV
rVP26, rVP28HB L Nk < v Aisfk WSSV % 7
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VR TEICHRANERT S 2 & T, 72 Wittevedt et
al. (2004b, 2006) %, rVP28% 7 ¥ T ¥} X 1" White
leg shrimp IZfE &K 5345 2 & T, WSSV IZXf§
BIEGB MR RFE I N DL T L EWE LTV A,
L #* L, Namikoshi et al. (2004) Tix7 7 F ¥ %
WNERE L, HRANESICE 2B EZIT-TED,
Wittevedt et al. (2004b, 2006) &, 727 F ¥ & #k11¥%
LT, BEIBILILIMAEAIZDDOTHY, 77
F U RS L2 T ORBRIC X 5050 E %
TTo 72 E A b5 %\,

FAR L 720m <, dhfmvid WSSV o kit & L
THEETHHI LD, O F VT EORITRE
WX BMEEDSLETH D L #E 2, KEFZETIE rVP26,
rVP28B L O"KIGH 7 v 237 B2 & 1O0¥%5- L, IO
BIOMZ, REBLOHANEECREL, £FR%8
BB ARIOT7 7 F O PE2BERFT L. £
T, BBCRFEERBRGRXIIBITS 7 VY IV O BREE
TERDPEK A 67~T79% Tho7zZ &b, HFBEHEIC
BB WSSV EANEYI TH o7& % 2 H/z (Table
1000 —7, TOX) HRBERETD rVP26H % \»
13 VP28 I 5 L7227 V< Z ¥ ORI LWETO
RPS 131 $100% T, [T 2 REKE LA
BWTH, RPSIFVWTNH70% L EE 2D, T47%
i AR Sz, €512, ROV 7 F X EFE
P 5-IX D WSSV B3 OB & H 7 i@ W Sig il & 7z
(Table 9)o L7235 T, rVP261 X U rVP28D#E11
Be5-1%, WSSV O #E &SR LT 5 % Bt a)
RAFETE DI LDMERTE 2. FFIT, rVP26dH 5
W rVP28 % #E LI G- L7z 7 V= I L, 145
W% L72RED RPS 13, % 4 61% B L U34% TH D
Z O GBI RIIRR T D B VIR B BCRETHED S
N72wh A KA - 72 (Table 9) o Namikoshi et al.
(2004) 1%, rVP26, rVP28% i RES 52 & T

WSSV 12§ 2 GBI RAFFEE S N5 2 & &t
HL TS, KEBERTIX, rVP26d 5\ 13 rVP28
RREOPG L7z 2 V= T ¥, BIEERD 5 VIR
WAL V1355124 & (Table 8) @ WSSV 3z
FE S NRORBICH LT 202 BzhRz R
L, E5ICROBBREIZHIT S RPS HANRIEBE
H5HVIEIHAEFKETORPS % L > Twiz, &
DFERIE, Wu et al. (2001) B X ¥ Momoyama and
Muroga (2005) 23484 L7z [HEWIZ X 5 WSSV O
RS OEZEEZRZFTHIOTH), 25
2 rVP26B & U rVP28D #1512 ) 7 v ¥
Y TR SIS [HAVIZ X 2 WSSV oK
2¥%] ZHILCTX2WHEEEZRZETLE2HDELEEZ 5,
ARFEERTIE, Fig. 151" T L H I rVPs IZ E. coli ¥
VORI ER Lizlzd, E.coli ¥ 51X % W IEE O
—D L LTH#EMLIZEZ A, Z0ORPSITHEIE
TH4%, BIHBET2% L, KWL XV TEHS D
DD WSSV x5 5 By R A5G 57z (Table
9), Itami et al. (1998), Cheng et al. (2005) B X ¥
Stritunyalucksana et al. (1999) X, E. coli tHk% >~
NI BRBETHZ LT, YRR IRIGL
BN, WSSV IZH L CHIIiEERT, wbwsri
ERIERI R M L Cn b, REBRERCHEO LN
E. coli k% ¥ 87 B 25X O WSSV 2§ % Bl
MHE X, Ttami et al. (1998), Cheng et al. (2005) B
X UF Stritunyalucksana et al. (1999) DR L 72502 K
WRHRICER L0 TH L EHELTnb,
EZAHT, Wuetal (2002) i&, WSSV Jg&gefkis
YD WSSV (2R3 2 3Ptk 1%, B4tk 3AM%E2 S
HEIN, Fotk, R2rAMFERTLIZEe@mEL
TWw5H, Namikoshi et al. (2004) X, FV=V VAR
15k WSSV % i I NHRE LS & 0 3538 S 7z Bzl &
WHERBG X AR EEMMER L 2wz k

Table 10. Protection against WSSV challenge by oral, immersion, and IM routes in kuruma shrimp vaccinated

orally with rVP26 and rVP28.

Oral challenge Immersion challenge IM challenge Mock challenge
. Mortality RPS Mortality RPS Mortality RPS Mortality
Antigen n n n n

(%) (%) (%) (%) (%) (%) (%)
VP26 30 0* 100 28 21%* 71 26 31 61 12 0
VP28 30 0* 100 27 22% 70 29 52 34 12 0
E.coli 13 31 54 14 57 22 14 93 0

PBS 15 67 15 73 14 79

*Significantly different (1% level) from the non-vaccinated groups by % test.
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L TWh, AIFZET, rVP26E X U rVP28% #%
P54 2 8T, o S Ph Rh RASHE T RE T
BB IEPHLNI % 572, REGBER) R O E
BAGHHN 2 & NSFRBI IS D W Tid, BHEZFRET
»HY, HA4BEITHERE L7,

FEA4E WSSV IVP26B LU VP28 EOHREL /-
7Y TED WSSV (Zx39 2 BELRHEHBED
FHGCHAR SRR

1. B B

WSSVICHRER LAEE K727 VT ER
WSSV 12§ 2 RGPt 2 R 2 &, T
PUMEDNIEGe% 3 EH 2 5 380 S NGO 2 7 H BlFiki
T5IEND, BEHBHWTH L7 V< ¥ ORIEN
B O S22 &7z (Venegas et al., 2000 ;
Wu et al., 2002), F 7z, AREEHILIZ, WSSV O
W&y v BERKBW CTHRIA ST rVPs #H A
BT LETOFLTRTH L 2 LRI,
WSSV IZx5 57 7 F VORI RIE S
(Namikoshi et al., 2004), & 512, #HE3FIZBWT,
rVPs Z #1485 L7227 V=13, WSSV IZ X B#%
O, BB L W RN EE SR L5 2 itk
ERTIENHLNICRD, FEHMNAE TWSSV kL
72 F ] OEPEMRMEINODOH B, WSSV D
rVPs Z W27 7 F v ORI VT, T
IV, KT MLy T2 YT THEILEINTHS
(Witteveldt et al., 2004a ; Witteveldt et al., 2004b :
Witteveldt et al., 2006 ; Vaseeharan et al., 2006), L
LA S, rVPs Zfkl %5 L7z ¥ ® WSSV (Zx)
95RO IZ oW T, 13EAECHL 2
IZE3NTWZRn,

& TAETIX, WSSV rVP268B & U rVP28% #%
LG L7z 7 v~ ¥ 2 fERE IS WSSV B 5 5 2
LT, BROTZF 22X 20RO B L O
I IC oW TR T4 & £ DI, rVPsELT 2
T DB GR RO W THRE L 720

2. M#eERE

(1) @RV IE LEE WSSV

TG O 2R O MW A RE R TR E Sz,
WSD &SGR D e v 7 V< ¥ ((F394K#E0.08-0.09g)
%, P& nested PCR (Kimura et al., 1996) T WSSV
EtETh s L 2R L%, EBICHL 72, R
Y, ZHEO LIS A2 B EFE D 72 FRP 8o KA
=R, BFLAEMEK (0.3 mg/L, 23+1C) % Bk
FWHE LCHEL, HRED 3~20%12472 % 1A

GfRZEH 1~ 4 WHEEE L 72,

KA ERICH W5 WSSV i ofi g, % 3 3I2h
L7z TlHiole $bh, WSDERZ V<Y
DA% 4 5= PBS TER L, #0508 (3,000 %
g, 10 min, 4C) 12X D372 L2 EULL, WSSV i
ELTHMT % FT-8TITHRAL 72

(2) WSSV rVP26% KU (VP28 E FECAEF DR

gg

WSSV @ rVP26 8 & I° rVP28D B B X O rVPs
BABRAGEA ORI, &3 TITIR LT L FRRIC
fio7ze §7bH, pET-VP26DH % & pET-VP28T

SRR U 72 KB W % LB-Amp AR HIZ3EHE L,

37TCCTRMIIRE D B52E L, W (ODgp) 7250.5FEFEIC
FELLZAT, mOAEICE ) RBRZRINL, 1
mMIPTG & LB - Amp AR IC &L, 37 CT
IR & O HiAE L7z R WAING 2 .0 508 (930
x g, 1043, 4C) WX D EYXLL, Triton X-100CTHLHL
L7ctk, BEWRLIIC I DAL, S 512E0
SBE (12000% g, 1547, 4C) 12L& D rVPs Z XL
720 TVPs % PBS M8 L7214, WK &R &1 :
19DEEGTRA, #BHEL, S SICRAEFHILT0.5
%EDEAHK REI =) V7 - TZIVANIVR) %
MZWEEEE2Z T, rVPs AR AFFE 25 L
720

(3) rVP26H LU rVP28DFENOE & WSSV IC&

B
EERI. WSSV IZx}T 2 BELBh %R DO RITFH
b LU AR

7 V=780 (F¥HfkE 92+34 mg) %210 L
Za O FRP 8K IZINA L, rVP26B X O rVP28%
104 g/g shrimp/ H, KW & >~ 7328 (B 55 EIX)
%#25u g/g shrimp/ H, PBS (FE&5xIX) Z2 &
Fe A fE 2 1 H 472 D AKE D20 % HoOFERT, 15H
Wl LRS- L72e Table 11O A7 ¥ 2 — )i
e, 55ME2529, 36, 45, 55, 75, 106, 112,
119, 12638 £ O°135H HIZ WSSV 12 & 5 Br#akbi = 17
W, ENENORFILCHE,LSRPSEH I L2, 2B,
WSSV IZ & 2B, & TRIELETIT-72. Thbb,
20~25)ED T E N VITIE L, FHRIX O REIET
BNRBBLET0% & 725 X ) 2L 72 WSSV &
i (WSSV i % ik TL0" R AR 1 1RE TR L 720
g, 7 VI U R RIEKICE D FKESL,
150 L %5 " EJEAL B FRP 8K A L 72e W
BHEOAMICH72 ), ZFIXORFILTOHER ZBILL,
F 7R CHARIZEH 2 R L, WSSV &4 &
HILETHAHZ &% PCRICK VLT 5 720T -30C
WZPRAE L 726
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KERI. rVPsBO7 7 F > OEMBESHE

FEBRT TrVP26, rVP28, REW ¥ v 327 H, &
HZWVIEPBS #ROKLG LAEX 7 Ve ¥EARE
BIZH L7z, Wy 7 F rHGI12L hFEsh:
WSSV 63 2 &GP me A3 L 72 e ], 7% b
LEREEG»STBHBICET 7 F &SGR0 7 V=
I U %65ET 2150 L & D FRP #AKM 4 © 12548
L, #IEE5 LMLy v X2 B G aE % 7
HREEmES Lz 5 81%, rVP26B £ UF rVP28
1310 ug/g shrimp/ H, KWEW ¥ 237 1325 ug/g
shrimp/ H & L 7z g 08: 5% 51063 & '135H 74
12, SRR » 20 H AR L, ERIL
[FIAEDTNET WSSV 12 X BB % 1T 5 72,

KERI. REEBHEIRIRDORERELE

FEER] TrvP26, rVP28, KGH % v /32 E, b
5WIEPBS # OG- L& X7 v~ T ¥R RE
BRIZH it L7z R 7 F U GICE D FESN:
WSSV 1233 % & G: Bh e AT 58 4 (T 2 L 7z R,
T bbb AEEG 25104 %I, &7 7 F &5 X
&L 100207 V< ¥ %210 L &® FRP #lk
fligolzenEnoEL, PS5 RS Y878
T EUHRAEEZ 5 HBMES Lz RS2 5
112, 119, 1268 X C135H H GBI S5-5 58, 15,

2B XU3IHH) 12, %X X D20~252 3 2Hi7z%K
R L, BRI & FEED )T WSSV 12 & &
BiTo 72,

KRNV, BEBHHMEORFRM

WIH =% 7 v~ CER (CEF¥EEg) %
210 L % FRP #/KH% 3 212500 2% L, 25k 1
& [A Kk rVP26, rVP28d %\ id PBS % & & it & fill k-
ZIGHMRRAE L2 U7 F v G5EDB X ORI,
LCHER L L FBRICAT - 720 A EE 5 B4 2 535,
45, 55B L 106 H %12, KX L D20~25R %2 #H7-%
KA L, FEBR T & [AARIC WSSV B ERER % 52
L, #5512 X 5 WSSV 2§ 5 & Gebh e A
—EERLE BELLEIEZHRALL, E5I2,
W5 BAE A S 106 H B2, #El r VP63 5-1 5 5
210 L %4 FRP AKHMIC 2 D260 T 24/ L, —HIC
& rVP26 & LA il kL % (rVP26-rVP261X), fihi)iicix
rVP28 & Bl & fil Bl (rVP26-rVP28IX) % % 4 7 H I
BIMFEG- L ze FERIS, W rVP2SHE G5B A 5 560
B3 o% 2AKMICHHE L, — I rVP265 E A fl R
% (rVP28rVP26IX), 5l rVP28% Bl & fil £ %
(rVP28-rVP28[X) % % 4 7 H BB G- Lz %&b,
P& LT, #l PBS &EC & SR 58 L D602 %
SR8 L, PBS GG ER 2B S Liz. S5,

Table 11. Cumulative mortality and relative percentage survival (RPS) in kuruma shrimp vaccinated with
WSSV rVP26, rVP28 and E.coli proteins by WSSV challenge at different times after the initial vaccination

Initial Vac. Days after initial vaccination
1-15d 29d 36d 45d 55d 75d 106 d 112d  119d  126d  135d
. Mort. (%)’ 2 2 2 4
pag  Cum-Mort ({:) 9 9 0 5 68 60 96
RPS (%) 0 4 100 36 15 0 0
. Cum. Mort. (%) 96 96 88 5 60 72 84
Experiment rvP28
i RPS (%) 0 0 0 93 25 0 0
B ool —Cum. Mort. (%) 92 28" 500 50 96 2 75
. COll
RPS (%) 0 71 41 29 0 0 0
PBS Cum. Mort. (%) 84 96 88 70 80 60 70
) s
VP26 VP26 Cum. Mort. (%) 15 76
RPS (%) 80 0
. Cum. Mort. (%) 45" 79
Experiment rVP28 Booster Vac. rVP28 RPS (% 40 o
Il (75-81 days) o)
. . Cum. Mort. (%) 73 71
E. coli E. coli
RPS (%) 0 0
PBS PBS  Cum.Mort. (%) 75 71
Cum. Mort. (% 85 90 307 65
VP26 VP26 umiMors o)
RPS (%) 0 0 57 24
Cum. Mort. (% 95 65 51 88
Experiment rvVP28 Booster Vac. rVP28 UJRnPSOD/ ) g o 9 7
111 (104-108 days) Ce
A . Cum. Mort. (%) 15 85 75 92
E. coli E. coli
RPS (%) 0 0 0 0
PBS PBS Cum. Mort. (%) 65 85 70 86

*1: Cumulative mortality (%)
*2: Relative percent survival (%) in each group versus PBS group
#3: Significantly different (1% level) from the PBS groups by %’ test
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(A): VP26, (B): rVP28, (C): E. coli proteins ; RPS of the shrimp with initial vaccination
(@), with booster 1 (A), with booster 2 ([J). * p<0.01: from the cumulative mortality

Fig. 18. Time-dependent changes of relative percent of survivor (RPS) against
WSSV challenge in kuruma shrimp vaccinated with WSSV rVP26, rVP28 or E. coli

proteins.

PmEG 20 5113H BIZ, %X 52083 28 727K
WAl L, FEBRT L IAARD PIHT WSSV IZ X 5K
BABRETC, &7 7 F Y RGXORBIECROHER
Z30H MBig L7z

(4) AEERTESD LUHEMEZRE

AREABED L ORI AEIRRIE, 583 L AkD)
ETITo 72

3. % R
KERI. WSSV ICXT 2 REELPEDIRORES L
Ui AR

rVP26, rVP28, KW % v /32 8B X U'PBS %
BOG- Lz v~ WSSV T L 720 %
AL % Table 1112, F 72 rVP26, rVP283% L Of
KW & v 238 7 ¥ 51X 0 PBS & 5-IX 1% $ % Mt
HEFE#% (RPS) % Table 1138 X OF Fig. 18127k L 72,

rVP264% 5-1X & WSSV 12554 5 & bh g1,
m 536 H HA» S5 @d 5N, 45H HIiZiEfE (100
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%, BEELTHE0%, P<0.01) IZEL, ZOBRBE
L75H0 B F TR L7228, 106 H H LLFETIE WSSV 12
x5 B 134 < B SN o 72 rVP28FH-IX
TlE, Wm$HEE72555H HIZHE® SN b & FRE IR
Al (93%, RFEFELEHL%, P <0.01) (Z#EL, 20
rVP26#% 5 X & Ak ORBABIGE I N0 —TF, Ky
W o8 B IX T, WS 2 536 H HIZFED
LR % & RIS (T1%, RARETH28%, P <
0.01) (Z:#L, 55HH F THibe L7z2%, 75H HLRET
BHHRISEBIRCTE R h ol B, PBSEMA
fil B G- X o BRI LTIHIE, 106H H O BERKE T
60% L ET P72 DD, ZOMOBERETIX
70-96% & g LT\ 7z,

IS DREREN S, VP26 5 X OBy HaE D ¥
—71%, rVP2HGXITHARE TR NI L5
otz El, KBRS X TH WSSV ITH T % %
PP MBE D RO SN hS, FOE¥—271d rVP26dh %
Wi rVP28I G- IX IR E L ICHWRHHICZ O 5 h
72 (Fig. 18A). F 72, rVP26» %\ i rVP28% 15H
IR PG L 72 Bc s S b WSSV BB fE 13,
30~40HFEEE L2 FRbt L W EDRH SN IZ R o 72,

RERI. #O77F > 0EMREHNR

rVP26 %25 L7z 7 V= @55 575H H
\2rVP26% 5 HELBMBES- L, #EHS-5 5106 H B
X U135H HIZ WSSV CTHEE L 724%, 106H HIZH
WIEGLBiHEE (RPS: 80%, RFIETE :15%) 2TikH 5
7225, 135H BIZIXEGPimR IO Sk o 72
(RPS: 0%, #FEIL T 76%) (Table 11, Fig. 18).
rVP28% 5. L7z T ¥ \Z r VP28 % ik 5 L 7234 T
b [FARIC, 106 H HIZIRGBHTED TR S 7228 (RPS:
40%, FAHIE LT 45%), 135H HICIZAD Sk Hh
- 72 (RPS: 0%, R R T 79%) (Table 11, Fig.
18)6 rVP263 %\ 3 rVP28% 8 n¥%5- L 72X T106 H
HIZER S 2 i gepitiakix, B 5ar (F28R 11X
75HH) BIXOIEEMEGX (EBRIXI06HH) &
HARHOPTE L, BIMEGIT LD WSSV & Ge b5
R LATEIEVPHLNI o720 LRLAEDNS,
FEINF G X 0 LA L 7z gebine iz, w5 X
D1B5HH GBS £ v6e0H H) 12idseaiciEkL
Tz —F, KBE Y v 7 &% whBs L oseini
HLl7Z7 V=T ETld, 106HHPB X U135H H D #Ai
I, 75% (RPS: 0%) B & U71% (RPS: 0%) &
%0, GBI GAC X B RGP HRE D FAERED Sk
Motze %B, PBSEBNMESXORFLCRIL, AT
Ny71% UL ETH o720

FERI. REEBHESIRORERLE

W7 7 F P XD FHE S NGB i g 28

SRR L72R, 37 b bS5 5104~108
HHICHER T & FMRICEMEEZ T, B sic
X 2 BGPitaE O &AL & K108 X ORISR L7z,
rVP26% B 5 L7z X <id, 1128 H Gamx5-8
HH) BXO19HH GBI 5150H) ORBETREK
PRI SNk 57275 126HH GEINkYS
22HH) OBCETIE RPS 7557% (BRIETH30%) &
b, R VEREDIEESRD S, L,
135HH GEIN#5:31HH) OB TIE, RPSI1324%
(BRRBELCHES%) &0, BEAPiHEEIZ126 H (2~
WEL TV,

rVP28Z& B G Lz X Tk, 112HH Gainds:
8 HH) OBETEABIMGEILED HNARA - 7275,
119H B GEM#5-15H H) OB CRYBiHEEATE
D5 NIED (RPS: 24%), X 5121260 H Gank 5
22HH) O TIE RPS $393% (BRI THR%) &
Y, EWIEGPHREERO Sz, LA L, 135H
H GE#S5-31HH) OXBETIE, BIPiEbaiiR
LWz,

KB HEMEGIX TlE, 112~135H H O cifh
b RPS 130% T, BMHEGI2 X 25 WSSV 1233 5 &
e fgE XGRS DN e h o7z % B, PBSEMKS
X ORI TR, Mhd65% L ETh-7z,

KRV, BEP#EsREOFEM

rVP26d %\ & r VP28 % #R ¥ 5- L, S HIC[fEDH
HWITERM Y o7 B & BINRS L2840 WSSV
EGBLHIBE DAL & Table 121278 L7z, 97, rVP26
HDH\VIE rVP28E FE O 5 L35H, 45H, 55H B X
U106H HIZ WSSV IC X Y B AT/ 25, 35
HB X U45H H OB TR gE 13500 S
o728, 55H H OB BT WSSV iy il ik A - 5
L (rVP26#5-IX ® RPS: 72%, rVP28#45-X ® RPS:
59%), & HIZ106H H OB TILIEGBi HRE AT FE B
HniFHE L T,

KNT, WIEPES106~112H HICWER 57 2 F >
LRFED D WIZRFE Y Vo8 R B S- L, W
G0 H5113HH GBS 7 HH) 12 WSSV BB % 17
5720 TOREHE, rVP26$ 5 X1 rVP26 % e 5 L
72%i4 (rVP26-rVP26) @ RPS 13100% T - 72012
L, WX rVP28% B4 5- L7236 (rVP26-rVP28)
@ RPS 1333% C, MM ZBMES LEe
@ RPS (T BFEPUH 2 5 L 2B ISR S 2
Ao 72 F 72, rVP26-rVP26IX @ RPS 13 38 i #%
BB RPS (21%) (2 HAE S 228 o 7295,
rVP26-rVP28IX & 3B % 5- 1 1 O RPS 24 & 7 2= 5
RO LN h otz —F, rVP28FL-IXIC rVP26d
%W rVP28% BN 5 L 72854, rVP28rVP263k &
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Table 12. Booster effect of homologous and heterologous rVPs in shrimp phylaxis induced by oral vaccination

with recombinant WSSV proteins, rVP26 and rVP28

Days after initial vaccination

Initial Vac.

Booster Vac.

1215 d 35d 45d 55d 106 d 106-112.d 113d
. Cum. Mort. (% 0°
Cum. Mort. (%) 80 87 24" 55 VP26 um. Mort. (%)
RPS (%) 100
rVP26
RPS (%) 11 0 72 21 rvpys DGR
: ’ RPS (%) 33
Experiment rT— =
v Cum. Mort. (%) 87 87 363 90 VP26 um. Mort. (%
RPS (%) 42
rVP28 *3
RPS (o/ ) 3 0 59 0 VP28 Cum. Mort. (%) 15
i RPS (%) 67
PBS Cum. Mort. (%) 90 80 88 70 PBS Cum. Mort. (%) 45

*1: Cumulative mortality (%)

*2: Relative percent survival (%) in each group versus PBS group

*3: Significantly different (1% level) from the PBS groups by * test

O rVP28-rVP28®™ RPS I%, % 4 42% 3 X 0°67% T,

Je L FARICRERE Y 27 F ¥ 2851 L ) FE S h
RGP BIBE D S AT, AT 2 F v & B G
WZEDPHLENI R o720 51T, rVP2638 25X
T 5 rVP26-rVP261X (RPS: 100%) & rVP28-rVP26
X (RPS: 42%) % bk L7234, WL rVP26% 38N
BH LS b O TRET 75 2 #5X D RPS
MREMT 7 F H%5IXO RPS O 2 L EE W 0T
Ho7zo W, rVP2EINIE G- X THE L TH [k
12, rVP28-rVP26IX (RPS: 33%) O J& 4« bl fl B 1,

rVP28-rVP28IX (RPS: 67%) (2R 2 B L L7 5 72,

4, F =

FET OFEED S, rVPs & 7 V< T ICHIHY
L7236, WSSV IZH 3 % &gebifiiag i, 4% 54555
HHEICHIL, Z0%20~30H MRS s 2 & 2%
52 7% - 7z (Fig. 18-A, B) . Namikoshi et al. (2004)
&, rVPs & 7 VY T U IS WSS L2254,
WSSV I3 % IEPUi I3 B30 H B LB ICHERR S 1
HIEEMHELTWDH, F7z, WSSV B4R T &
DA TIE, WSSV I % #i Pk i3k« 3 B
POMBL, Fo®M2rHERRINIZLE LTS
(Wu et al. 2002)s L7225 TC, 7 VYT DRE,
7 F OB HEChrb ST, WSSV YR
REDFHLIZH20~30H REVLETH L EEZ BN L,
LA L, rVPs 2 X ) aFE S 7z &g B 1 5E o Fifi ]
B, YT TR S LB BRI LE R S
W Z PRI N, —F, 7T I rVP28
ZREIRE LG, 5% 7THBEIZRD &V
R HERE S L (Witteveldt et al., 2004), F 7-4KE

S5g DERTA MLy Z Y2 7 THRMKIC, &5%
THHIZEWHESAEE I TwS (Witteveld
et al., 2006) ZDFEIZ, rVPs #FEOHGI2X D FES
N2 EYHaEORHHIZ, 7 Vv~ Zoiory
BCIIRXCELDLLIICRADLA, FEBICIE, R
IYDOHBEOMA T, KE, HEHPUKOME,
FiEd I KIS O S FEBHRRIIRE
B LLEEZOLND, FRITAREL, BiHISOFEER
BT ARDEELRERO—DOTHL LELZTW
bo B¥RD, FMMNREETIED LA, FIHAE01
g 08 gBIU25 gD NV~ rVP26% FEIIH%
L84, 01 gBXU0.8 g ¥ TIlXrVP26#%
G#%45H B F CTRRYBIHBEDFRD bk 2o 7278, 0.8
g DITETIIEGH36H TH &, 4 ZADKRE W
I Y D)7 SR A GBI RE AN BT % 1A A%R 0
LNTW5h,
FEERTIZBWT, rVPs OFELIRS- 12 X % B shF
OFHEIIZ20~30HHITH b, YLl eIk
BNZEDPHLNIIRY, EHEEYTO rVPs 1Y
7 F MR EEE LG, RERBEMNRI N,
Z T, FEBRI T, rVPs OBMK5IZ X b &Ykl
R FEANOFBE L BGE L 720 FEBRIL T, rVPs #H
P52 X 5 WSSV BEYBfifE D ¥ — 7 2% K JiE L
720D, FREBIHREDIRAET 20, wblde 575~
81H H 2B Y-%47- 72 (Table 11, FE& 1,75H ),
ZORER, WP G5-#106H H OB R ER T, JEEn
P G- XA B S 2212 8 RGBT RE A RR S 7z
(Table 11)o AJEYBHHAGEI, BN 515 [T O K4 b
IR L L COHONICE o722 &5 (Table
11), rVPs Z8N#H5-3 4 2 & T WSSV &4 [ ik
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THEFET A LN THL LEEZOLND, LAL
A5, PIEES 251350 H GBS £ V60H H)
24T 5 72 WSSV BUERERIZ BT, rVPs @bk 51X
DI WSSV EHPHRE D RO b otz Z &
M5, BIMPEGI X ) WSSV YLl ik o Hefi {1 1
RIS EDWEETH 505, BIFEGICX VDS
FEfE I R (L Le g <, WSSV & S b i Ak 2 HEFE L e
VT2 72012137 { & H30~40H 412 rVPs &b ik
G950 ENHHEEZ LN,

FEERMTIE, rVPs o M52 X ) FE S I
WSSV & M BE S se4n iy 26 L 22, +24b b
W HS-H 5104~108H HIZ rVPs #3805 L, &
YRR Z BB Lz, TOME, rVPs 2B
5 L2 XCld, @b Esk (FEs5-1128 H,
B S-8H H) OBECTRGPIHEEILFED O N
o 7275, 119~126H H (GBm¥z512-15H H) oX%E
TEWIRGER e (rVP26:B % S- : 57%, rVP28iBhN
50 93%) 2oLz L Lads, 135HH
GEBMPEG31HH) OBET, WSSV &b ik 251k
WCRIEIZHED 5 VIZHK L TWE 2 L L%
»7z (Fig. 18). &% nss, #IMIERGH %% T
WhhorzZ s, rVPs BN 5S1Z X % EGepif
RED IR I D W CIEREIC RS 5 Z & id sk
A3, B GC X 2 IBRGiE OFFE  (F12~15H mitk)
RS (FI30H EifR) ICHREATTRELE AR S
N7ze F72, BB, BINHEGC & % &G
BitHRE O FRReI L, W5 %V Id s B = v
WX, BSOS N,

& 2 AT, Namikoshi et al. (2004) X, 7V~ T
Y2 rPVs Z fiRPNIESNIC X 0 ahdk b4 5 2 & T,
WSSV 12§ 2 BEYBhitHRE A TiHE§ 5 2 & 25 L
TWb, REBRKRETIE, WNERE5C X 2 EGP 6
HRPS 93% Ml L& Ehoz2 b dl), BRALDS
EINPE G & ) IEGEB R O ITHEIX RO SN Ao 72
B3, BN GAZ X 2 BEGEBA I O FFE AR F B ) AT
OHNTze TNSOHBIE, FHEBIWICBIT 5 8ED
CTRINEITHO THEBLL 2R TH S, EHEMEM T
HHIVCHEIINAREZE W 25, KFORIEIR
HLWEEZOLNTE, L2L%GAS, WSSV &gy
i} #8-T ¥ A5 WSSV &SIt 2R3, whwb
TSRS 258 L 8 L (Venegas et al., 2000), rVPs
w5352 LT WSSV YR HBEAFEI NS Z
& (Wuetal, 2002), &5121ErVPs ZBII# 512 &
D IRGBHIE S HE I SN A 2 B, TUHHICH B

I ZHEL U 72 G B AR A3 b o T B ] REME 2 OR
I3 HHERTHELLEEZONS,

FITERIVCTE, rVPsZHGICXDFHES L
% WSSV &4« Bh I RE O b AT D W THRE 3 5 72
DI, MG & FAED 5V IE RO rVPs &80
5 L7256 0BG e OB Iz O WTHRE L7z
(Table 12), O #5H, R rVPs ZBME5 L 7%
¥ A& (rVP26-rVP26 B8 X U rVP26-rVP26) @ RPS
&, BFErVPs MG L7228 4E (VP26-rVP28
B LU rvP28-rVP26) IZHERS 2 ICE L, 208
¥ G- E R & HRTH RGPS L T 2
ERW S NI o7, EHIZ, rVP26:BITE 5 KT
& % rVP26-rVP26[X (RPS: 100%) & rVP28rVP26
X (RPS: 42%) &%, F72rVP26:BMM#%5XTH 5
rVP26-rVP28IX (RPS: 33%) & rVP28rVP28IX (RPS:
67%) L &L 7284, U rVP26d %\ & rvP28
MG L2 b o3 REY 7 F %5 X
D RPS HEFYT 7 F Y G R D265 w2 L as
HEPIT R oo —H, PRI 2R T,
WSSV Gz B I N7 v i, €7
VARG T HPHE R RS o/l &, WSSV
WY Z B E SN VI EDINY V% ik
FiZiE, WSSV #HHfIT A2l ROLNE 2 &,
EHITARILY ¥ 7O BERRE T A VATH S
infectious hematopoietic necrosis virus (IHNV),
viral hemorrhagic septicemia virus (VHSV) B X 08
infectious pancreatic necrosis virus (IPNV) % 1l
THIENTELRDo7 (Wu, 2003 HE+FS0) %
INLORRIE, 7V~ UM rVP26E rVP28% 5
GhHY NI ELE L TREHBEL T AT RIET 5
bOTHY, EHIKOERTRIMONIITE 2ho
WA rVP B8535 2 & ¢, WSSV &Rt
BTG S NAE T LRI R TH DL LERX L. T
bbb, ZVIIED, HURZ ZR WA, FHEEY
DGRPFEIH M3 2 A ARBEHEERE 2 i 2T\ 2 0T BBk
HrLEZ b,

LEZAHT, AR TREGR Y > /87 B %2 #1118
HL7Zzzv=zIiZB Ty, WSSV &Y b fik
WHD LN TNFETOHIEET, XTFF T
v, B-13=-7nHh b L) REHEAE (LPS :
lipopolysaccharide) OFEII#% 512X > THFEIN S
GBS E, MR &GO AL 5T (Sun et al.,
1994 ; Teunissen et al., 1998 ; Sritunyalucksana et
al., 1999), WSSV 2R L CTHREIFFEOH LN TV DS

*5

Wu, J. L., 2003. Studies on quasi-immune responce of kuruma shrimp Penaeus japonicus against white spot syndrome virus(WSSV). Applied

Biological Sience, Graduate School of Biosphere Sciences, Hiroshima University, Doctoral Thesis 62-81.
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(Ttami et al., 1998 ; Takahashi et al., 2000), F7-#
B, B137NAyBLOLPSIIHT 2465 v /8
7 EBABT-A5 P. monodon (Luo et al., 2006) 3 L O L.
schmitti (Cominetti et al., 2002) 767 0—=2 7 &
N, S5 Toll ZH MBI TS L. vannamei (Yang
et al., 2007) 2 SHEESNTW5DH, AEERFHRIZBWV
T, RBW Y ¥ 237 BH5 X Tk, EGpiEo ¥ —
7 (RPSMH71%) H ¥ 5-#%36HH»HRHLNED,

rVPs 5 X D ¥ — 7 1T H~R10~20H F i A5 72 2
E(FERT), SHICKRBEY ¥ /87 HoBniks2
LHMBE—WRDOON Loz 05 (FEBRIL.
D), KW & 2287 B2 X ) FE s iz WSSV ki
FitHIREIE, rVPs 2 X D FFE S N7 RGeBiae & 1358
LHOEPICE o THFEINLOTREEVNEEZ D,

BeaEE

7OV TN AR B T B WSSV D BBkt
EOBIKE Fig. SIZHAMITR Lz R L5
% RGN Z RS 5 DI EE R MR ¥ O 22 KB X
FEMELEIN TR, RIVHOBA L 728 Ui,
FEAEDLERRBEOHICITEFEL TV 5,
KRBT EAT WSSV IR L Cwiug, FA e
WA NAZFHLAGI LIZRY, MEBFRICBT
% WSD BEDREMMENE kb Tz, KERMEHIC
BT 2 HEER AR Z A L CORFEN RIBIEIE S
LUREYED D B0 1E- T, M AFEY~ WSSV % #f
HIA F 7\ 72 D R  EWT & s & L 2z BliBRo)
KOMEIRD N L, BAETIE, HEINHR L 728
I VY ® PCR#EIZL S WSSV G IO 7 1 v
AtET Ok & 2RI O 3 — FANZ X B HHEDFE
B, B X OEE KO Z il & L7 Fibort 3k % 3%
CLhZEl2kY, WSSV 7)) —oMlit % iR 5 H
WHFEN. LTz IRDAF v TELT, ZIVIIEDR
ERRBLG % R U 72 K& Ge Bl Broxt S DR S HS 1] e &
iU, A NAT7) =D OEMAHICORH D
EE LI NV EICBIT D WSD O#A I 2 Bkt
WORESENP R L 2 5. RIEHEIHEB LU 2 HITE
WTZ VI T UM AEREIZBIT S WSD OFeA R &
MG DB Z il & L72BiBs S o zh Rz o n T
et U7z $B1FECIMm LRI B 5 WSD @
SEERM O FEM 2 BFIC XV, WSSV o 272 % ke
RO EZ T o720 T2, H2ETIIRE NI —
FHNZ & %24 TRRMN 2 RGN O #51F % 385
HHWT, 7NV~ IR 2 4RE, HiE
JUERIRE ] 35 X ONHBERD RS D W THGT L 72,

BB 7 A IVA T ) — DR % A FET 5 Hifli %

TS L7278, SFEBREZ YA VA7) —OREIHED
T & SR B PSS BT B ARG IE, S
FTHRTHo7e LL, 2V EIIBIT 0%
B S 03RIZE Y (Venegas et al., 1999), TUE¥H
BV TH T ERBE 2 A L7277 5 Bl
DRV RETH B L EZDICEST2 H3ETI,
rVPs OFFL 512 & 5 WSSV BB~ O B w3 2 13
B, BEBIUROYWRIZE > TR L. H4ET
X, BEERD R OSBRI, R B X 0N Inde 580
FIZOWTHE L, BT 7 F V12 & B ARG
OGEEHIE LTIIZRICIY) LA 72,

ZITIE, INETO/REREICED T LD,
V< IZED WSSV FiEMKDELEIZDOWTELET
5o

H1IEIZBWT, 19964 DO EA BT HIIBIF
% FE A R O WSD D5 IR 2 Mt Lize 20
KA, EIBT C OB 5 WSSV A Sz 2
&, 25 d PCR GRSk O 290 2 PEkR L 72
&2 A, HERAEEORIFHNL23FF 2156 (91.3
%) 270, WSSV OB AR % MGl T & 45 K
AREN (Table 13), BT EIZBIT S5 WSSV O#
REFH 25D WSSV OFelli s L OVWSD OFA A HE
A L7 T2, WSSV OB &Pk L 72
WA ETORIIED LA 6, FAE RIS
% WSSV @ 72 2 RYE I T ¥ 6 0o miElE
weEzoN (S, 1999), WBHS (1998) i,
19964F 7 A 2> 5 19984F 4 A F CIZEN FE 25 Cif
ENFRKRB T CERN2692 (1955, #E314) 9.2
%5 WSSV Z il L, M=, Z8 (7 A»5
8H) WIS A2B L TEHIELEMNALN, K
T4 H2 5 6 B2 Tt S 5 8 v Cldf
WEINASH B & LTze THEEHNT, 20024E % 52007
E T TOEBOREGAEEICE W TERINSEE S 2k
BT 6312050 WSSV B IR 0 % Fig. 19
WR U720 20024F IR 38 & OSJU U200 ik
TH0% 12 3# 9 2 M 2R L7214, 20034F LAFE15.0%
O Z REIITIZI0% M HTHEE L, Riishs
HIR AR E DB AR - 72D S b & &I,
TAH®HAWIZ8 AEICHRIE SIS NS T WEE A SN
720 RN T ORE A2 & WSSV 23 S b
3wy (Loetal, 1997) 3 ¥ (Wang
et al., 1997) THHEEH, v TV TIEEINYTH
% 55 5 B O P PEAR A D 5 234 D FEAE AR X 0 B
BPREL A ENHEINTE, TOWHLIET IV
SIELAKETHY, 7V EIIBWTIEL N
WALy —,EhoT, FTECIIAREBEREL T
% WSSV Ot # #5352 LIENT 2 E£25
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nCTw5 (Mushiake ef al., 1999)c 2 X 9 Ze =R
WM AR 2B 2B 2, MnAEICE
WL, WSSV DRGSR A IR W4 2 56 12
HHESNEBZEEMAL, ZROOBIELLHEL
N72INEHFTIH L Z &b WSSV OB5 B 5o —
DLLTHMEEIN TS (W5, 1998), F7-,

19974E 2> 519994E @ 34EMIC BT 5, BT ¥ OREINHT
BOINEIIB L O3 (RRICK D HEA» SR L7
Fraird L Th < /h3E) » 50 WSSV Mt % it
By 5E, JWHEINBXOZHEOVTN S EINE L

FEIRR DT B EATE <, F 7z, EIIB ORI
GUIIN X 0 2O 5w %o T 5 (Table 13)
(Mushiake ef al., 1999), L EO#FEE»S, oo
WSSV # s R0 < I o BB % 17 9 Bhikrxt
RICBWTIE, IR O ZHETE 2 AL EIRT 2
CENEETHLEEZLND,

Fig. 191Z/R L7 KEKk 27 V< ¥ D WSSV B ki
OB B T, 20024E 5 5 20034E 12 23T THRE D
KT & & DICUEH R TOMB RIS R L
720 WTNUIZOWTHERIIAHTD 24, JINH R

Table 13. Occurrence of WSD at Shibushi and Kamiura station of JASFA in 1996 to 2000

Year Selection of spawnres"' Disinfection treatment of eggs No. of successes / conducted
1996 Not done Not done 6/14 (42.9%)
1997 From ovary pre-spawning Iodine 21/23 (91.3%)
1998 From R. S. ? after spawning lodine 11/11 (100%)
1999 FromR. S. after apawning Todine 16/16 (100%) 47/48(97.9%)
2000 FromR. S. after apawning TIodine 20/21 (95.2%)
*1 Selection based on PCR results.
*2 R. S. :receptaculum seminis.
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Fig. 19. Seasonal change of prevalence of WSSV in wild female kuruma prawn cought from each major landing

places in Japan.
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MR CHIE DMK L2 Z RO —2 & U OREAR L 1H
FOFHBEROBAE Z 5N b, FEH (2000) 1,
F =2 )T OHYHFOBBIHAI 7Y —
<A VAL OFARARIEAL E TOWMRETAS L 6
R o 7z ENDZHEHFANS, BHNO=IY< X (1
TACAT 34E) 1I2B1F % IPN (4 EIEEAEEE) D%
SE (19644E6) 2 HRE T T (204Ey) oFEpIE H R
CIFAL, THEAR L 15 2O ARAT OB b
STWAIMREEATH LTS, Z V<Y IE®D WSD A%
AT D X 9127 572199345 S BIE £ TIC154ER
L, 7V~ Uo iz 24 L 3137 48D,
SFELFTIES AR/ L2 EZ DN, =T
L WSSV OFHALDHE Z o TWAH DD LN,
WSD ASEI T4, WSSV I3 Rk B A 5
HHLVIZDEEINTVBEI ENDS, TDOTALINVZA
BEMNIICESELZDbDEEZONSL, KRBV~
Y OMMBEIMLTBEINCDH 2 1 d H 575, #kFi LT
M E N HIRSHFAEL, KIROFZBFUI WML T
WSSV DS ER L TVo 7207, RIRKIEHICH
1} % WSSV OERIRIZOWTIZHIRIEVWE 2 ATH
Bo fAHIDON—% ) ¥ 4V AIZBWTIL, 5 TE%
RRREFRICI YV RRT VoMb shbsR—%
J T A NVADBBNE DTN, KRR~ TV
BTONR=% ) 57 4V ADARIFIHILY - ZFEIYE
WABBRLTWEEEZONRTWS (EAED, 20074
£583%) %% WSSV oMIIRILICB W TH BN H 2
WIEEMI R LT R ASNRE Z LS (Fig 19), 2
DEN T, HTEFNTRECILDE T -5 OERETH
Z LT, R TO WSSV D504 B X OBk % 4R
THIENMREE UL, WATFIE W)L, S,
X0 RS WSSV BBt SR ORESEA e L 20 % & %
Zho

MR & 912, FfAEEERTO WSD D54 RN
M5, WSSV o gefts & L CREAFE D5 < R0
Sh, ElGoBT LA L, BEL e
ENBT CHRDOIIO A % 3 L TR A PE % H i
L72& 2%, Table 131278 L7z & 9 1219984F 7> 52000
EFTOr NV CHFAEEDOKINFRIZI7.9% & 7 -
720 L72H55 T, P Y oA IEMA Lo I
Bl & WIHH TR 2 993 & 2 flA G bE 72 HiEE,
TR AT BB 2 L~ ¥ WSSV Biksxt s
ELTHMOTHEMTHDLEZ S, LarL, 48FfH
DI 1FITIED 2 2HH 5 WSSV ke & 1,
WSD DL ES ol boo, FEAEZH

B ELE2ELVHEBALD - 720 TOH, ZOENK
1, PEUIEDZREEEIZ PCRIBTETH o 7248, JIHED
PCR MDA & TN T Wiz Z EASHB L (B

5, K¥2) (Table 14), IO ZREEMANEH72
T2 CHIoE TIix, WSSV oz =
FTIEMHWIL 2 ZomERNER <12, 1EE
WZOWTHNEE & S2AE 5D 2 T 2 WA 5 2 & 5
IR DA, TR B X UMK OMER 2 & HRE N
BhdIentb, ROHENRPBIRE LT, B
Y ? PCR R IMEN 4 HA 5 6 H O FE Wk
SN2 B Cx2 v, EINBROZRE, SO
WSSV A5 A FD < ZAGIE O BB A R D %)
BN THDLEEZ D,

WSSV 2527 V= T ZHEICRAT 2 D%, HIZ
HIHIHZEL TV L2220V TIZH L 2T
v, T2, ZEMOWEHIHLTD, 0L
HRIREE BEICHER LS S hTuivy, AE
BB YT YD WSD TREREVCHEDD 5.
WSSV 23IREEINNICAEAES % LIBOFE DSRHE S 1,
TEMEFEPRI SV EINTWS, L2rL, 20
BATH, WBLUMEMAEIT OV TIITE T 221
HEEZ TS 5 2 LA G RERIEORBRIC RS &
LTwb (Lo etal, 1997), FEALZITETIE, ZHIN
DOYRFREIHFAETETA VA ANELT B2 e EHW
LT, 1997 AELIRE, I — FHI (CH#h 3 7 ik 5
mg/L) % & LRI K T 5 4 M O & 1T -
TWh, IEOWEHETIE, WSSV Iza# I v #
25 mg/L ML ETI120.2 LA, 1.0 mg/L Tl 2
SUHNICAEIE S NS L SNTWBEZ Ehs (B,
WA, 2004), bR WL T Z RGN K O
WSSV Z AL TE TV A DEHEESINL, X5
2, BE2FE TRz X ) 1IN OIS BeBE 312851
WD OBRSICERN T 7 RIREDOWEIRZ 55w
EDMERR SN (0.33 g/L) THMI v HikE
258 £ 0%5.0 mg/L TH 7 Momumicky, a—
R % & 2 WilR THBRVED A 24T o 7o X O 1k
HAEEEFOE L VIEESMEEIE SN L Z L HHER
EN, BEPOMEOMFHETE 2IMELETHL L
ZxoNb (kHES, 2006),

FEW AR PEBFEIZ BT S WSD @382E121E, WSSV
BIEho0BEEFOIENIC, KEEFD BELE
Wo—otEZHN5 (S, 2003). FFICEHE
OFFERET T, HEWSHBFTKREZ BN L LK
PRGBSI o Z E WA E R Tw S (Wu

OO RHEE, MR HR, RS, dob ZR RIRRE LRI, 2007. RAS T YHOMIMENIN=5 ) F o4V ADRIZNE . PR

194E I H AR SR A AT RS E 54 p. 37.
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Table 14. Prevalence of WSSV in ovary and receptaculum seminis of kuruma prawn spawners by nested
PCR before and after spawning during 1997-1999

Date:of Prevalence of WSSV (%)

purchase Ovary Receptaculum seminis

Pre-spawning Post-spawning Pre-spawning Post-spawning

year month

1997 Apr. 1.6(4/248)" 3.4(3/87) NE” NE
May 0( 0/ 81) 0( 0/ 40) NE NE
Jun. 0(0/108) 0( 0/ 37) 0(0/ 38) 2.3( 2/ 86)
Jul, 0.7(2/297) 4.0( 4/101) 8.6(6/ 70) 39.2( 83/212)
Aug. 1.3(3/240) 10.0(10/100) 5.7(2/ 35) 52.6( 41/ 78)
Total in 1997 0.9(9/974) 4.7(17/365) 5.6(8/143) 33.5(126/376)
1998 Mar. 0(0/ 3) 0(0/ 18) 0(0/ 3) 0( 0/ 18)
Apr. 0( 0/ 38) 0( 0/587) 0( 0/ 38) 1.4( 8/587)
May. 0(0/13) 0.9( 1/111) 0(0/13) 0.9( 1/111)
Jun. 0(0/13) 1.6(2/122) 0( 0/ 13) 13.9(17/122)
Jul, 0(0/108) 1.4(2/148) 0( 0/21) 24.3(36/148)
Total in 1998 0(0/175) 0.5( 5/986) 0( 0/ 88) 6.3(62/986)
1999  Mar. 0( 0/ 15) 0( 0/181) 0( 0/ 15) 0( 0/181)
Apr. 0( 0/ 10) 0( 0/262) 0( 0/ 10) 0( 0/262)
May. 0(0/ 5) 0( 0/ 39) 0(0/ 5) 0( 0/39)
Jun. 0( 0/ 10) 6.8(5/ 74) 0( 0/ 10) 41.931/ 74)
Jul. 0(0/ 7) 0(0/ 15) 14.3(1/ 7) 56.1(37/ 66)
Total in 1999 0( 0/ 47) 1.9(12/622) 2.1( 1/ 47) 10.9(68/622)

"'(PCR positive/examined).
2 Not examined.

et al., 2001), $- T, FHfEE L Tz S5
il %2 RIS T 2 LR H L & &b I
B OBREOIH O, 7L —variziil
LB MRERG OB IESF IR R ) BERH D, Th
5 DKM R B B2 DO W T, WSSV ICH &) = AR
LRI RO D 2 HHBHESINTHLDT (FES,
1998 : Chang et al., 1998 ; Maeda et al., 1998), fi&
WA S 72HERA 2L, ASICHBIETHET
»HbE#EZ D (Table 15).

RO <, WSSV 7Y — Off il % 1F 5 Hofi 13 e
LU, WIEERGERED B VISR IS B A
WOBRE, BRERICEVWEML T ) Basrs
<, FIROM < B R FF KD & OKFARIFIC X
BIREGSH Z BREMEAN D 5 (Maeda et al., 1998 ;
Wu et al., 2001 ; Momoyama, 2003) . 7 4 )V A J&Gehi

DI EGexd K o BARR 1L, SEHITOHRBEDHEEET
HHrTEhn, BEHAMTGELTL 77F 2 FH
9% /1% SPR (specific pathogen resistant) 5 ®
BAZML ZENRREEEZ HILL, Venegasu et al.
(1999) 12X B 27 VT VCIZBIT B EMRBR D RA
I2E), TEHETHRENIFEOKSGIZLET 7 F /1
B 727 A IV R JRGE R B OFELAST I T &
HeEZ oMb, WSSV IZMALMINEIC X 25325 C
ERWT0, REPURORERER 2SR TH 5 78,

KGR B RE % A7z WSSV i 5 v 7 B o %
HBUSRDTIEETH 0, BITETldim d AW 2 B PR
OVER o —>2 & LTHWBHENRTW2S (Namikoshi
et al., 2004 ; Witteveldt et al., 2004,2006 ; Jha et al.,
2006, 2007) AWFZE Tix, WSSV D& ¥ » 7827
B CTd A rVP26 (tegument ¥ /37 BHH%) B X
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Table 15. Effect of chemical and physical treatments on the inactivation of WSSV

Treatment Condition Reference
Heat 2 1 minute at 60°C, = lhour at 50°C Nakano ef al. (1998)
Dry 2 3 hours at 26°C Maeda eral. (1998)
NaCl 2 24 hours at concentrations of 25% Nakano ef al. (1998)
uv = 100,000pw = sec/em’ Nakano ef al. (1998)

v

Ozone-produced oxidants

v

Sodium hypochlorite

v

Todine

v

Trimethylammoniummethlenecholoride

Ethyl alcohol =
Formalin 2
pH 3 = 60 minutes (25°C)
pH 12 = 10 minutes (25°C)

Duration of WSSV infectivity in sea water 15days (25°C)

1 minute at concentrations of 0.62mg/ |
10 minutes at concentration of 1mg/I
10minutes at concentrations of 2.5mg/ |
10 minutes at concentrations of 25mg/ |
1 minute at concentrations of 30%

10minutes at concentrations of 5g/1

Nakano et al. (1998)
Nakano et al. (1998)
Nakano ef al. (1998)
Nakano et al. (1998)
Nakano e al. (1998)
Nakano et al. (1998)
Chang er al. (1998)
Chang et al. (1998)
Maeda et al. (1998)

OrVP28 (myRu—7% V87 Blik) ORI
52 X A WSSV Bz R % B & 2212 L7 (Satoh et
al., 2008), OG- HE, BRLG~NEAT HHO
TA VAT — ORI WSSV 2t 5 it %
F59 5 ROBIENTHRNLZHEKGETH L, B
BBy N HERIORLG 352 & T WSSV 2K
T % il SO % 555 U 72 B T8 oW < Penaeus
monodon, Litopenaeus vannamei TH &5 X LT W
% %% (Namikoshi et al., 2004; Witteveldt et al., 2004,
2006; Jha et al., 2006, 2007), 27 V=T EIZBIT AR
WhdpolzZ Lpd, REEIZBT 5 BHERNEROFE)
MERECE -2 LI3RFMBE V. T2, EBOFREREET
ST HTHA D) LI X BRI K %2 HE
L 7R SBT3 2 il B R R O 3 E I D w
TOERATE

FEATEIIBWT, FEInb WSSV B BUS D%
BUR, FRiil i B X OB G- DR R IT DO W TR
7oRE, rVPs O I¥ 5B a6 2 H#35~45 H 21258
W a2 s, ZoORMKSOFFNEA10H MEE T
DN, rVPs 2B 5G 352 & T, BiERhR%
BEROND L 2MREL, RN REGATr V2 -V
OGO g2 7R L7z (Satoh et al., 2009), Z O
FEEAEROT— 712X E, BRI, SR
¥— 27 23 A THIZI0H BT & TH 2 RE DR ER) R
RO ONI2Z E S, PITHER S N7zRE 2 530
~40H F R TEINPE G- 2179 Z & THEFFCT & 2l REk

DIRENTz, —T, VP26 G- XIZHEDH BV IEAT
OIS L72E, REBINS XA T uiEi
BH X LT, WS 2ITE VIR R 5 h
720 TOFEENS, Z VI VEICHED LN HEREB
BUTIE, SO THERME L BB T AR AT £
STz WSSV @ VP26 & U VP28D B JF 4§ S 4 12
DWVTIE, ERDBEWIETT A% A7z in vitro FEBR
THRXLENTWASH, VP2BIZAFT 5 FKRIMIE X WSSV
EHAIT A EER S NL/2AH (van Hulten et al.,
2001), VP26II%F4 %~ A HEDPLIMLE Tld WSSV
PHAITE L o728 &1 (Xie and Yang., 2005),
i) & D DEGZ B B PR R 2R 2 L S S
NTWa, ZIWIZVEIZBWTBE I, ATl
N5 X CIPEATER SN b > 7201E, 7~
EOSPUR QR RME 2 JEER L 72 etk E 2 bz 4
%, 7NV EIIBWTREDFEICHN T 2 B
DA AN ZALDHPSHEPITT LT LT
g, X DRENLEPHSREFECE LT TV
BRI N b T =5 b ¥E 2 b,

Venegas et al. (2000) (&, WSSV J&4efif# = €8
WSSV B g 25t LikPutk 2 = 3 3 4 % [quasi-
immune response (FEMEIE) ] & LTHHL Tw
55, TR L Flegel (2007) 1% [ Accommodation
concept GHJSHEE) ] 2B L, HiRHEHO T A LA
BT A AR L LS L LTw 5,
[ Accommodation concept] & i, fFEIT A VA



INVRIERTA NAEY MEOBBR 99

9 B IEFLI S ORI Z Mg 52 LT, 14
T AV A DOFHEY % % L (Accommodaion: 3#
JB), RERMIZT ANV ABERICE DG SR SN DTHE
FHRBOT RN = AW SNE Z &L TRELZIZ
TWh, BEEHEIANVAOHENEHETH B & HH
LTw2 (Flegel, 2007). —#HICHHMEBIY CTIlZ 7 R

M= 2O X, AN ARG &0 A
EAL L oM % B2 3 2 AEARD A SOBAEET 5 & &
N5 (GkH S, 2003), FF, WSSV % yellow head
disease virus (YHDV) IZJEGLIET L7z ¥
BT, TR =T ZMBEAHEML Tz Z &%
&1 (Wongprasert et al., 2003 ; Khanobdee ef al.,
2002), F7- banana prawn TIZ 7 KR b — ¥ A 2B
T 5 HA8—¥370 7 T —Eh5H & (Phongdara
et al., 2006), 7 AR b= AN T AN REGIH T B
IEHOEKRMICB W CEEL#HXEZ LTS LE
ZbNb, LA»L, Wuand Muroga, (2004) &, #&
PERRIIGAC X % WSSV EGFh e D E oA I
b5, WSSVHEIZX ) FHEINs V< Efk
HOT R =3 2B Z 205350 S e h o
722 ens, TRMN=VAZZECHOGIEMRBRICE
W RE 2 R LTV WnWZ EIRRT WS, LaL,
TRV AZRIEZVHRERBZICEVTHIK
PO G2 HER I X o TH 268N L0
(Wu et al., 2002a ; Wu and Muroga, 2004), Venegas
et al. (2000) OFER L - REMIG % i < LR L 720
AL, SREMRAGEIEMNTDINY ¥ @b odufisk
WREIZOWTOR AR LIRBAEH N L5, O
REFRIIZ DV TR L, SRIERRIIG & AR B
BREFEL T D LB TE LN OPOHEICE
WT b iR R OBEREfFIH AT DL S 2 &R WITH
FEEN 5,

W2, IR OSZAETED) b O WSSV Mo
CZREIRDER & T — PRI % W79 & 2 las
b7 FE, MR EBFEIC BT 5 WSD BBk
WAL HETHLZ L, Lrl, ¥—X
YHIZTTICEEINZ D B LT B ] fetkAasd 5
WCHESN DB EIZB VT WSSV MR o 5728
AONLMEADNH ST LD, BT ThHEE)I LA
L72BRICi, B RN R AR © & 3R AR RE S
W B r—AbEZONS, TDDITH, Hizk
L72RWEE] (4~6 H) ICHMEIN2 B ehr bR
IEATO T L BBIBRMNED—DII B L EZ S,

KR IZ B % Penaeus vannamei 7z & O Gl 3
T3 THHNV (R3PER T M E3E5EE) £ TS (¥ 7
TREMERE) S 4V AR & L T SPR (specific
pathogen resistant) FEH D E AN HRE I N TV DS

(Lightner and Redman, 1998), L L, Meiifsmid:
FED T2 DB L ILBIZNEL R D ZRICAN S LT
WHDHZEND, WRAKEBISEONTZHDOPEYST
HY, ZHTHILICXD, FokEIzLIZLITES
DD PIROEERY 2 E UCTHB S 2 RS
ek (Z2H, 20000, 251, BELLHIEDOA
FRIEFEIZTL201CH, ZOXI)BRRBATELS
5 MR 2 & ORIV BLT € O EEA DOFHFEH
BMCEEN, T4V 7Y —OH T CERHAMT R
i, BERIFEOPIBRRORD K& exk e %
NEAbDEEZONSE, ZLT, AUFZETHL NI
otk ), HLWAINREREMICHELHZ LI
X0, WSSVBik#X2bZ e TELES R Do

LK, PR EFRVERESYO T 75 VS
BHEFRTHDLEEZONTELD, TNETHE
HOOWFRICE Y, A8 T ¥ ATHEGL 5 LI
PEa T 5 2 & EMRH SNz (Venegas et al.,
1999) . Z DBIGITFHHEE) W O 02 BLG A D THIL
LERIETHY, 27 VBT GBS
ZFH LT WSD @B B8l o B 5 255312 1 jE T d
LLFE XD, TNETIT, ZUITUEIIBWTIL,
WSD ~o Bl SOt % M3 2 KIS 5Bl WSSV &~
N7 EDOMPIESHE G X o THETE B Z &AW
ENTWABPDY (Namikoshi et al., 2004), RKEF7ETIZ,
FEHMEICEN, MRz 5 82 EoRO#ES5 12X %
WSSV B fizh# 2 B 5 222 L (Satoh et al., 2008),
E B ICHE SN BRI OSBRI 3 X OV Rep
IZOWTH S AT L7z (Satoh et al, 2009). 4141,
C OIS DFERE OIFIICE L CH T — & DIk %
HIICEBRICEFL, IhOOWErOELN 5505
B 2RI L72BiBic B3 2 57— 7 2 InH L,
BRI BT B & ) AR & WSSV Bl o) 38 o
W HIE L WEZZ TV,

%’l

i

KLl D ELDDLIIH2Y, RIRRYZ L TR
HE ZHEL L TAROKE 2o 72JuiE g ks R
B K BERF A JE e i o A ) Tap o P 8% 5K <8 1
LR DHEER LT KR ETT LD
720, IHH AP HSERH X U406 ZhETIEHh2D,
FEERETE O FEM 2 MRS 2 ERIRIRY) % B THRIELR 5T
(AR DR 2 15 o 72 AL iEE R AR A BEK EE R TR
BEiE A T B e B Wi t:) (Bl
MM REROKEE R REER) E CEH OB E
KLET. T/ K XLORE O 2 - 72 deiEE K
R BE K RERY A BIF ZE e U AR W 27 03 W Bde. T B
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L, FEEEY TR0 B SIHASE LS
MATEKHOBEERLET,

AWfGe % FTT 512H720, [HHARERMEH SIS
BOTHUREOIL B KFEAEY A ST SO SEIE
LI FEEE L LTS 2 -7, 22
WL TE#HoEmZ R LTI,

KFEOBER 252 TW2E &, L OfE%ZEH
5 TV 2N 7 MO AT BUE AR EER A TgE L v 5 — D
Wi JCBS, SATRACHE, BT IERT
AT IR, miErR P R, Bl
Koo EDIBRET R BRI, arEsE g
2% Wi, EHHEETRE OHESOREL, AR
PibribE kBostt, wWENKRTE W T
TicE#HoEELRLE T,

ML) RIFFET —<IClb L F X v A% L2 Tw
PnE, flieoliRESH I ETEZL L& DTN
X DRI & TEW 72 K EREITE L~ & — D
SHOTZERT B AT Bl dEXOKRE
e ¥ CAEHMIEL L ¥ —F  mBE—Et
O bBLAH L EIFET,

KFFEICH7-0, FHADTRESHhZHE T L
BaAEREWEIERT e RABRES MR RISE 7 v — T @
WHAKIE 7V — 7k, [H oEEEEmHEr v & —
BEEHAMWITE 7V — 7R POt (B RS
REFHIZ), [ TR HAM T € v & — B HATT
eV — T EABANEE  WEMAEL (B EX
JKEEWFFETT BT 2E 2~ & — Rl 7V — T8
[f] SRR A IIRSHEIEE 7V — 7 FALHEAT B 5
B & L—EREL (BIATWIZEHE SR DFsepss o —
T4 A= =), FEREEEMEE Y v 5 — FEHAE
eV — 7 EABRERL (B YK EMTZERT K E
BT > 7 — FAEMZER) EBILH L BT
9, T/, o0 AEEFEEY VY -0 IERERY
B (ARG ZEHE RIS T — T 1 A — % —) 7
LNt Bl vy R M Mt
CRVHEIX K ERFZEFT £ < AL v ¥ — W
PRV —TE) 2R LOETIMEEKICIE
Kb THHxTHE, ELBLEHRL RT3,

BRI D) F L7zAs, MR AEEBLY TR O R
FC, RFITIZRRT CTOMEE, HH100MALE B2 5
WA S DI MM & 4T - 72 YRS SR ¥
VY =0 SREZHERYE, AR EATEE,
TG FAREA (BRI FErT SRR A
WA v —75K), T WHSCUREEATE (B
WEXOREFZEFT A EIT & F <A B R stt v ¥ —
Tl mpE 7 V—7W2ER), M e EHAMAEL (B
BRI 7R T 2800 ¥ A 7 DR A gE v — 7

), Wiek—IK, Jo it v ¥ — o
PAEATHAN E (BT ZEAT SRR - st~
¥ —FAEWIZEH), ol H gL v — 0 S
Bk B (BLHE R0 R 2 BN 5 7 F =T
TNV —TELMER) BLO B> K, BE
BTIK, HREEK, WLEARTIC RHEERIC AR
D ERR, %5 KHAEMKOBEERE O 412
CZALDBLRL EITE T,
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