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and lobsters from India

K V Rajendranl*, K K Viiayanr, T C Santiagol and R M Krol2

I C.nii.l Insitut ofBnckjshwatet Aqurculture, Chenmi, India

2 In$iture ofMarine Sciences, Gulfcodi Rerarch kboratory, Ocan SPdngs, MississiPPi, USA

Ab3tract

Experimenel srudies were conducred by injecriog
or feeding white spot syndrome vnu 0WSSU
derived from infected shrimp, Peaaew -."odu

Lfrhrrc io, ; .  co l lected f rom the rout} - . r t  oaw of
India, to five species of shrihp, vo species of
freshwater prawns, four sprcies of ctabs and three
species of lobster. All species exanined were
susceptible to the viru. Experinental infections in
,he .hnmp hJd 'hr  , "me . l in i , r l  .ymprom. and
hiroparhologr , r l  .hr , , . 'er in i . .  a '  in  natura l rv
inrercd r .  nonodon.  A,umularne morr , l i . )  o l
l00oo M\ ob.erued wirhrn s--  dar  rn rhr imp
injecred with \(/SSV and 7-9 days in shtimp fed
with infecred tissue. Two species of mud crab, sqyl1z
sp., suoived the infecrion for 30 days wnhout eny
, l ,nre l  ,ymprom .  AJI  rhree .per< '  of  lobrer . .
fda,l',b, 'p- and rhe Ue'h"atcr p wn. Md.,"-
brachiun rornbetgii (De Man), sunived rhe
infection for 70 days wnhout clinical synptoms.
Houoer.  bronvv ,nJ hsro logy u, ins heal th '  . "
nonodrn 'qe"led rhat crabs, prawns and lobster
may acr as asymPtoneric canier/resenoir hosa of
ws\V Th, .  I  rhe f i^ i  repon ro.ugge. t  'he rarr rer /
re 'eno,r  . "pr in  of rhe.e h^h Ihrough b i . ro logi , , l

"nd b,os,ry  n iden.e ' .  Ul , rd. tu(ru, r l  drm, l '  o f  $e
rr ru '  in  exper imenta l ly  rnte, 'ed 'hr rmp l '  aazza
ze,, (Boone), were ako studied.
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lntroduction

Vhite spor syndrome virs infectior, with its
associared monality, is energing r one ofthe nost
challenging problens for rhe global shrinp in-
durr ) .  e .peci : l ly  in  Asia and sourh-er$ A. i r
{ lnou)e.  Viw, .  O\eko,  Nakano.  Krmuru.  Momolr .
na & Hiraoka 1994r Nakano, Koube, Unez*q
Momoyana, Hiraoka, Inou/e & Oseko 1994;
Takahashi, lrami, Kondo, Maede, Fiji, Tononaga,
Supanaaaya & Boonyatatpalin 1994; Chen 199t;
Chou, Huang, 'Vang, Chiang & Lo 1995; Wangj
Lo, Leu, Chou, Yeh, Chou, Tung, Chang, Su &
Kou l9q5: Wungleeraupryr. \ ickeh. SDurdirdu-
nr .  \ r .h .  Al . r r r j ,morn.  Boon.aeng.  lan l rm.
Ta$anakajon, withyachumnarnkul & Flegel
1995). The causarive vnal parhogen has been
naned ditrerendy by variou workets (Huang,

song, Yu & v^ns 1994 Ttkahashi .t dl. r99a;
wang, al t 995; \rongreeto:Waye et nl. 19951.L,
Ho, Peng, Chen, Hsu, Chiu, Chang. Liu. Su, Vdg
& Kou 1996). However, Ughtner (1996) ha
regrouped all lhe medbe$ of these non-occluded
vnuses underrhe name white spot syndrome (wSS).

Acordingly. the viral pathogen is called whire spot
syndtome vims (WSSD in the present paper.

Ahhough this disease wc reponed in India ,n
eerly 1993, it w{ o y in 1994 rhat adequate
rrenr ion wa pdid ro i r  a  a.on.equeme ol  i ts
increased sderity and large'scale hortality. In
1995, the ausarive organism of the epizootic 16
identified for the firr time as SEMBV (Anonynou

1995). Theteafret, three repors were published on
rhi .  \ i ra l  epi /o"( i .  f ,om Indi  Msohrr ,  SundaF
r i r j .  \e lw,r j .  sheeb.  chidmbrrm, Mohrn &
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tuvishankar 1996; Karun*agar, Ona & Karunua'

sar 1997i Rrjendrd, Vijayan, Alavandi, Raryowa'
my, Srinivasagan & Rajababu 1998). The above
repors *ere linired ro informrtion relaung out.
breaks of the disease in cultured shrimp, 2
noudon nd P. ixdi.6 (Edwtds). Ho*e"er, the
suceptibility of other species ofshrinp and the role
of other crusaceans in the epizootiology of Indian
WSSV have nor been invesrigated.

The sucepribiliry of live species of shrimp, rwo
specics of freshwater prawns, four specics of craos
and three species of lobsten (ali fron India) ro
WSSV wu invesrigated in the present study. The
asociated histological and morphological manifes
tation, rhe enier/resenoir potential of experinenral
rn imal . ,  and rhe ukrr ru,  rurJ deru i l '  o f the r  i ru  rn
cperinentally infected shrimp were also analysed.

llatarlalr and method3

Erperimentd mimals

The penaeid shimp, Pela$ noaodo^ ^nd P.
ifldics, serc collected ftom a farm which so&ed
hatcheryreared posdanae with no histoF/ ofYrSSV
infecrion. Ptu u tmisubatu (De Hana) were
collected fron a hatche.y and reared in the
laboratory to 2-5 g in size. M.td?ehatu no"o.do!
(Fabriciu) and M dtbsni lMiets) wece collected
from rhe wild. Mud ebs, .t9l, r,/zta (Forskau

id S. ,atquebdri.d (Fabriciu), were ollecred
trom Pul i lur  lJc,  a bracki .hwrrer  l ,ke in  Chenn, i .
lndia, and other speci€s of ctebs, M.d?osnp"' sp.
nd Scranz sp., were obtained from lagoons n
Murtukkadu, Chennai. Freshwrer prawns. Mzro-
brachiatu tutrkb,gii, werc p.ocured froh a private
hatchery, and all species of lobstets, Pn ulitu!
honaru (Linraetst, P. omdt'! (Febricits) and ?.
polyhagas (Htbst), wete collecred from the Bay of
Bengal  o{ i  the (  henn, i  @,r .  fhe JnimJl '  u 'ed in
the aperimena are listed in Tables 1 -4. All tne
expenmental rnimJ' rere ob'erved for one wek rn
a clen labotatory environment for clinical symp-
roms of *hite spot syndrome vnus N7SS\')
infection. Addnionally, representative samples of
rhese adinals we.e subjected to histolosical studies
ro examine VSSV specific pathologr Gightner
1996).

Lrperimenral and conool anim,ls were mair-
hined ir verriql, t00-L ffbreglas tanks, which
wae kept in an isolated wet labontory at an
mbient tenperature of 30 32 "C. Watet saliniry

was mainttned ^r 25 300/ao. The pmwns were
reared in frsh water. The nunber of animals kept
in a single tmk varied aeording to rhe size and
sperie. of rhe hovs. fhere were duptieted experr-
mental tanks for all groups in addition .o the tton-
exporcd controls. The conttol gtoups werc k€pt
isolat.d from rh€ experimenral set-s. Except for the
days of adninisrradon of the infected tissues pa as,
dietary food for rhe shrimp and pnwm consisted of
ommercial pellea fed zd libinn. Crrbs a
lobsters *ere fed *ith liesh clam man ad libinn.
All the e'perinental and onrol animals were
exam'.ed iou' 'o five ,ime. a day ro €$ablish their
heahh sntur. Samples of apedmental aninals were
ollected periodically for biorsay and parhological

Experim€ntel infeiion studies

Vhire+por-syndrome'infected. P. noaodon were
collrcted from wo hrms at Nellore, tudhra
Pradesh, on the south-easr @6i of lndia, durins
a widepread epizootic du.ins the last quaner of
1996. The infected naterial which wo ollected
ms frozen md kept ar -70 "C until ue. Before
checking the susceptibility of the qperinental

aninals, the froan mrrerial wo usid for testing
the virulence using healthy P. noaodor and wx
found to produce @nsisrenr histopathologiel
alterations and morrality. The gills, stomach and
epidermal layer collected from frotn dise*d
shrinp were ued for challenge rials according to
rhe methods followed by Takalchi a dt. (1994'),

wnh slght nodifiarions. The infeaed dssus
were honogenized using a manual glus homo-
genver (BOROsl l .  lnd ia)  in  {er i le  mr ' rne
phosphate butrered saline (PBS) (1 g of tissue
maie'ial in I nL PBS) and cenrifuged at
2000 r.p.m. for l0 min at 4 'C. The supernatant
wd fihered rhroush a 0.22-p.n nembrane fiit€r
fined ro a syringe. This viru.s containing supe.-
nannr wo diluted to one par: of filtmte to t0
parrs of PBS, and injected intnmucularly into
healrhy shcimp, prawns, crabs and lobsten [0.1%
(v/w) body weighrl. srerile PBS ms injecred inro

. rhe nesadve conftols. In all inj€ction rretments, a
sinsle injecion w$ given to the uperinental and
conrol animals. In the cae of per or infection,
aperimental animals were fed with diced infated
naterial on the basn of 8-l0vo bod/ weighi. The
feeding mtes for the qperinental dimals are
presented in Tables I -4.
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T.d. I Ddils of th. apcrinoal slninp, motulity pandd, hnopatholog/ .nd bioet

0 1 2  3  4 5 6 7 4 9 monaliry (%) l-i stopalhology Boassay

P.naeus ndodd \n = 40: +14 9)

P hanadan ln = 4a;6-3 g)

P. t.dr.us \h = 4A a 1a A)

P indicus (n = 4a A 1A 9)

p sehtsut.atus (n = 3A 2-5 e)

Metapffia$ nanace@s \n - 4a; B to a)

M naw6ln  =  3a  a  1Ag l

M dob@ilh = 2s 24 sl

o 0  0  s 4 7 5 6 4
0 0  0  0 0 0 0 0

0 0  0  4 7 5 3 5 6
0 0  0  0 0 0 0 0 0
0 0  4  3 9 3 4 2
0 0  0  0 0 0 0 0
0 0  0  5 3 1 0 7 5
0 0  0  0 0 0 0 0 0
0 0  0  0 3 2 4 7 5
0 0  0  0 0 0 0 0 0
a a  1 4 1 5 7 2
0 0  0  0 0 0 0 0

.rsr cM) nurmsuh, hrsionr rnd (oFl ocr kdirB Gi4l4.

Cros$-infeciion dpoimentr

Challense bro*wy rrirJs were onied out to srudy
rh€ dorn,nr infecrion/dricr epaciry of *perr
rnentally intuaed prawns, crabs and lobsters. A
represenor;ve s:mple (wo rnimJs of erch.pRierl
of th€ eaperimentally infecred prawnr crabs and
lobsters were sacrified at wekly/fonnighdy inec
vals. The gills and foregur of the,e minals were
minced and fed wie a &y rc hen&y ?. nonodta
I  l0-15 g in  s ik) .  S imi l / , |y .  r is"ua f rom exp€r i -
menrally infeaed shrimp wae also subj€cted ro
biousty $inshe hhy P. notodon.

Histopathologr

The gilLs. foregur, epidermis. lymphoid organ. ele
,oik and muscle' Gom rhe conrrol rd experi

menral dinals wcrc wd for histoparholosical
vudier. ln rhe *e of prawn', crrbs ud lobsrers.
vo animals of ea.h 'pe.ie' 

"ere 
sauiGad afret one

wcek of infecdon and rubjected to histologi.,l
rnrly'i\. Samples of shlmp (lwo animrl. of erch
spaia) were raken after 2 days of infection. Tissuo
from rhese animals were fixed in Davidsoni
6mrive, procesed, €mbedded, sectioncd (thick'

ne* 5-o pmr. rnd sained wirh hacmrrorylin
and eosin, a€cording ro the proedure oudined Ly
Bell & Lightner (1988) and Ushtner (1996). The
' i$ues werc examined for  h is tomorpholognal

Ultrutruaunl studies u.sing \rSSV colleaed frcn
P. notuda" in har,^ werc .onductcd by cmining

T.ll.2 D.tdls of dgcrineni,l frsnmt r pnwni homlny pa(cn, listop2tlolog)/ md biorsy

0 1 2 3 4 5 6 7 3 9 1 0(days) no a ry (%) H slopathooqy

Ma.rcb@chin rcsdb$gt

0

0 c 0 0 0 0 0 0 0 0 0  7 0
0 0 0 0 0 0 1 0 0 0 0  7 0

0 0 0 0 0 0 0 0 0 0 0  7 0
0 0 0 0 0 0 0 0 0 0 0  2 0
0 0 0 0 0 0 0 0 0 0 0  2 0

0 0 0 0  r 0 0 0 0 0 2  7 0

'Kqr llM) inanuc'nn itrjctiou ud (oF) qd f.dins Ginsle)
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T.bL 3 De6! oa dp.rindtl cnLs, motulity Fndh, hnropatholog/ md bioey

n r e . r ' o n  0 1 2 3 4 5 6 7 3 9
experment cumualiv€

10 (days) monarb/(%) H sropatholosy Biossay

0

0 0 0 1 0 0 0 0 0 0 0  3 0
0 0 0 0 0 0 0 0 0 0 0  3 0
0 0 0 0 0 0 0 0 0 0 0  3 0
0 0 0 0 0 0 0 0 0 0 0  3 0
0 0 0 r  0 0 0 0 0 1 0  3 0
0 0 0 0 0 0 0 0 0 0 0  3 0
0 0 0 0 1 0 0 0 0 0 r  3 0
0 0 0 0 0 0 0 0 0 0 0  3 0
0 0 0 c 0 0 0 0 0 0 0  3 0
0 0 0 0 0 0 0 0 0 0 0  3 0
0 0 0 0 0 6 0 2 0 2 1 1 5
0 0 0 0 0 0 1 0 0 1 0 l s
0 0 1 0 0 0 5 0 3 r 0 1 5
0 0 0 0 r 0 0 0 0 0 0 1 5

S.y/a salrld (, = l0 30-110 q) lM
conlro (n = 5130 110 9)
S se lab( ,=  10  30  l loq)  oF
Contro (n= 5: €G110 g)
s ser€ra (, = 10 30 110 c)
Con lo  ( r -  s  30  110q)

Sesam, sp (, = 20 4-r0s)

S tanqLebai.a(n = 2A 1Aa 11A gl tlJ
Co . l . o l  ( r =510G1109 )
s tanqueban.a(n = 2a 100 1109) oFD
Conror (, = 5 loo rr0 q) oFD
Metapognpsus sp (, = 20. 2 5 9) OF
conrrol (n: 10 2 s q) oF

'K.yi (lM) rirrmwuh. jnFqioDi lof) {dli.Jirs ldnde); and (orD) onlre.d ng (,laily ror onc wcl)

rhe foresqts of experinentelly infecred P. uarnanei.
Ti$u€s werc fixed in 2.50,6 glutaraldehyde in 0.1 u
sodium oodyl:re butrer with 0.6 u .urro.e. port.
{ixed in l% osmiun rerroxide, stained z ,/4. in
17o trnnyl acetate and embedded in Spuns epoxy
ra 'n ( \pur  I r )6r) ) .  Uhu(hin .e. ' ,on(  $ere .ur  on a
Reich€rt Juns UlrracucE ultnrome and staincd
with lead cimre soluion (Re/noldr 1963). The
sectiotr were exanined with a JEOL-JEM 100SX
rrusmission elect.od midosope. This ultrurruc-
tur . l  . rudy w orr ied our  at  rhe Inv i rurr  of
Marine Scien.es. Gulf Cout Research Labonrory,
Oced Springs, MS, USA.

Reaolt3

The details of the experimental animals, the
morraliry paE€rn, histopatholory and biousay are
l i . ted in  Tabls I - . ,1 .  AJI  rhe.hr imp.  pmun.  crab
and lobster species used in the experiment were

found to be susceptible to VSSV. All the
epermenoJly infccrcd rhrimp \pe.i€. erhibi(ed
narked white spots or patches on the carapae, and
showed a sinilar nonaliry patrern and clinical
.ymprom. * naturelly infecred an,m,Jstwongreer'
asPtya .t a[. 1995; \fang, Tang, Kou & Chen
le0-'. The moniliry parern of eperimenmJly
infecred shrimp 

"uied 
with ihe mcthod of diFese

inducdon. Mo.t lin/ wd obsened within 2-3 da)s,
when rhe p: rhogen wa,dmin; \ tered in t ramucu-
Lrly. rnd cumuJrrive monaliry reached 100% rn 5-
- day,. ln rhe cne oforul infe.uon. mooJiq w
obsewed at 2-4 days and cunulative monaliry
reached 100o/o in 7-9 da)'s. Bioa$ay using frsh
rissus of all rhe exp€rimennlly infectat shrimp
species produed the characteristic dinical synp-
toms of WSSY in P. nonodtn.

Mdxlobtuch;un tu@b,gii which were adninis-
rered th€ infection intrmusculady, recorded a
.umuhr i re moreJi ry  of  20% dur ing 

-0 
dr '  o t

Tabl. 4 De..ils oa cxperime.tl lobncn, mortality pftdn, hnlop.lholo8)/ nd biorsy

Tola I me ol
exp€rmenl

2  3 4 5 6 7 4 9 1 0  l o a y s ) modal!, (%) Hislopalhoosy B @ssay

Pa.lr/us ronarrs (n = 6: 100 150 g) lM
Conr rc r ( r=  3  100 150 9)
P o . ra t !s ( r .6  30  110 g)  OFD
contor ( ,  =  3 ,3cr r0  q )  oFo
P polyphagls (n = 6130 1oo o) oFD
con l rc  (n .3 ;3o  100 q)  oFD 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0

'Xq:l lM) irt lDuru|{ injdioi; xid (OrD) oal6.,l ins ldailv for on. w.k)
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th€ qperimental period. In the feeding expetiment,
rhe cmuJrrive monalir) w,s found ro be l0oo. fhe
rurur ' rng animr i '  d id not  .how rnt  mrn, f t 'D, ion
of  rhe d i ,ese ry t 'p '  ro,  rhe r inv .pou on the

.rkpr ,e under miuo. .oprc examin on.  In  ihe

,se ot M. idclb 'Htlendor0. cumulJr\e moriJiN
reached t07o in the *perinental periodof20 days.
Both the species showed tiny spos on rhe arapae
upon rvminrr ion under J  microrope.  The .unrr -

ing prawds exhibired normd aciiviry and feedids. A

challenge biocsay in 2 nonodr" Binz dpetimen-
tally infecied prawn tissue produced VSSV ;.fec-

Ou,  of ,he I0 mud . r rb.  in jered ur th f i l t r r t . .

rhe cumulative morralig, ws found to be 30vo ,n

30 days ot exper;henr. S./!a lmata which wete
oelly infected showed l0Eo and 20vo nortaliry m

30 day. .  The r .  mrrn ing rn 'mr l .  In  rhe e\per imenb
showed no signs of the disease ar lernination of rhe
aperimeor afier 30 days. Experiments wirh 5
ndkqsebaticz also showed similar results, and rn
both ! .e . .  none o l  rhe expe, imenral  crabs 'hoqed

an1 rh i te .pon on 'he . r ,pJce.  fhe g i lh  rn,1
qom^h r i . ,ue.  of  exper imenta l ly  in fe. r rd . I rb '

exhibited a remarkable degree of infectiv;tl in the

crosvinfecrion dah using Z norodon, and rhe
'hrrmp .houed r l l  rhe c l in ica l  $mp,. 'm'  en. l
s .o. iered morr : l iq  r t  2  3 dJy.  po.r . ,n la. r ion.
Orhehpe.,e. ol rb., i.e Mctapogdp u 'P. 

"nd
Sadmd sp., werc also found ro be susceptible ro
w5sv The,e,db.  wer€ 'n fe.Led 'h 'ough rhe oru l
roure and J l  rhe.e exper imrn,J ,n imal .  d ied
within 15 days. Bioasays using the fresh careses
of the experimental animals *ere found ro be

All rhree 'pe.re' ol lobrer. u'ed in rhe pre'ent
experinenrs we.e found susceptible to \trSSV.
randn, hona.a, *h*h receryed rn rnrrumucuhr
injecrion with rhe filtate, showed a cumJative
notraliry of 33.2ok after 70 days. Io rhe c*e of P

omat6 ^d P. polrphasa, which w€.e infected by
the ora l  roure.  l6 .60o "howed .umuhr i 'e  mo(r l i ry
wi th in 

-0 
dry. .  lhe remaintng animJ'  rppeared

herhhy r  rhe ,ermin{ ion of  rhe exper iment .  rvh i te

spors codd not be detected on rhe carapace of any
of rhese animals. Biousay using gills and foregur
tnsue,  ofexpenmental  animJ.  geve po. i rne re\urL.

In r l l  .pecre '  o f  .h , rmp.  mrked h i rom.t
phologi.al .hange rh:racreriric ol rissSv hrre
been obsened in infected rissues of ectodermal
and mesodernal origin. Furthermore, all rhe

experimenrally infected animals showed chaF
acteristic pathological manifesrarions similar ro
rho5e in nJ'uraily infered f. nanodon (Ftg" I
8) .

fhe hrr" logicJ mani fe ' tauon.  in  the g i lh  Jnd
foregut tissues of experimentally infected prawns,
cnbs and lobstere rwealed a narked similarity to
thar of VSSV inGcrion in shrimp. Gill lamellae
showed acute degeneration, narked hypenrophy of
nucle i  wnh.hromrrrn rurg inat ion and | ' : ryor
rhexis along with intnnudear incluions (Figs l, 3.
5 & 

- r .  
Haemoqle.  found in the g i l l  lamelhe rnd

orher ri.'us al'o 'hoqed marked hypen,ophy. The
cuticular ectodernal layer of gut showed a large
number of  p,ominenr.  deeply {a inrd.  \ r , rb ly  ' iad
eosinophilic to bdophilic incluions .haracterisnc
of wSsV (Fiss 2, 4, 6 & 8). Howder, the
rnclu, ion,  found in rhe su '  wai l  o i  mud .ab.  s t re
nore prominent, deeply bnophilic, Iarge and
greater in number than rhose nr lobsten and
prawns (Fis. 6).

Ultrastructural studie of the 
"omach 

rzll of
erperimenrrllv ntecred L tatnana 'hote,l ln
iecred nu. ler  enclo. ing rod+haped r r r ton.  )10

320 nm long and 80 100 nm wide. The nucleo-
capsid wu 182-250 nn long and 60-80 nm wide.
Virions were obseryed in crJ,stalline arays or
scarrercd inside rhe ruclei (Fiss 9-11).

Di3cu33lon

A l ; ,  o t  ,u \epr ib le 'pe. ier  
" f  

WrSV hr  been
pre.ented by l legel  ' lDqo[nd 1,441 (  t<te6)
I  he pre,enr  !udy drmon.rr te.  ,he .u\epr ib i l , ry  

" r
f ive .pe. ie '  or  shnmp. ruo .pecie.  of  ne 'hqre '
pmwns, four species of crabs and tbree species of
lobsren ro Indian wsSV. All the experinentally
in fered shrrmp 'howed mrrked h i {opJholos ic / l
.hange.  rn ecodermai  and me.ode,mr l  tN\ue '  wi 'h

p.ominenr eosinophilic ro basophilic inftanuclear
inclurions sinilar ro those reported earlier ror
V5\V in nrrurr l ly  in fe. (ed.hImp r \songreera"-

pry '  aal .  t9 t ] . t .  The morrr l i ry  pat tern o l
eper imenta l lv  in fe. red.hr imp wr found 'o  mry
with respect to rhe dode of inf€crion. The eerly
onset ofmonalig, in the inject€d shrinP hight be
parrly arrributed ro the high concen$adon of
parhogen rn the l ' lh , r te .  rnd po* ib le {Fs s,

Aithough Flegel (1996) listed the freshwater
plawn as a sPecies resistanr ro wssv, Polymerase
chaio .eaciion (PCR) analysis of cultured n4
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'o .dbdc in  la iun .onf i rmed rnfe.uo.  . , rh
wssv (Kou, Ho, chen, Hsu & l, 1997). The
pr€.enr .rudy onfirmed the pre"ence of V:rV 'n
exp€nm€n,nly infecrrd V ,o,cnb+gii by hi't"logt
cal and bioasaymethods, posibly for the ffnt rime.

K Y R.t.tulrm d .1. wbn. $at rydtutu ,tu in Inlian tub..atu

The present srudy also pealed the tolerance of
prawns ro \7SSV infection and rhe presene of
mrrroropr  rpos on rhe cmp*e x r  reuk of  rhe

L^ .r uI. tlqq6l recorded n:rural VSsV infec

, :.,,lll,t! !r r' i .,..-':3i;

7
FisEs 1l Photoniaosaphs of ti 6 aron shrimp, p*wn, chb rnd lob*er dpedm.nBlly inacck.l wiA wlire spor i/ndrcm€ vns
showins d.sm.iat d h)Frcsphied nuclci ud vnJ i.cludons (,trc.|': lr) Pznus nonadon Eill tissue (H & E, x 1000)i (2) P
ho"odo, Av lH |{E, r r0oo): 13) Mznb/-..ti,n nb./s'i sill rissu-" (H &!, x 400)r (.4)M z,.,rtgi gur (H&E, ! 400)i (5)
sald J'aic sill tisue (H & E, x 4oa\ 1.6) S. ndnqrcb.n.. EDr \H uE. x 20o)t (7) Id.,htu odntu gill!n,!e (H & E, r 400); and
13) ? atutus EDt lH tr E, t 4o0)
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t t

fisurs 9 I I Tnnsmn.id, ck.,r.n ni i.r.gr:phs oa the *onrn e pnhel\tn ol l'?u?u dntunt sFcih.nQlly inL(ed wnh whne

:po.yndtuhr vtu. fr.n P ',,,,/,,, (t) A hypertrophi.d nudcus (N) vith mqinaicd chbm*in (M) .oneiN vnls frkres nl

v{i$ {:ger.addelopnenr. Nok tne nen6nn.bound vi ! pifti.les in ,hc .y,.fL$ {:iios) (h:r - I jln). Il0) vntrl ssenbly n

: nu.kus Vrrios mses of vn,on dcvcloFmcn' in.n'dc nenLnn.$ envelope pre.usor lE), .rpsid orisimtors (Co), mmrturt \ tru

prncl.s (ll m?iurc vniotrs wirh a nippk lik€ proie.tion (V) rnd vtrrns in rnys (A): (C) .rothJh (bai = 500 nn) ( I I ) Nuclei snh

ciily rnd l.re uges oariDl inle.tio.: (il) a nucleus wnh an {.: ofviroFlarh dekL.fing ii rle cnre, surtounded by nurpmftd

.hronltinj :nd {t) r nucleus lilled with mrtur. vti',ns $ rl'e.nly 'li{ingunh:Lle rerure {brr = I pn).

do.s in s J.//z'z by PCR analysis. However, rhe 30 days (at rhe terhinaion ofexperinent) wiihour
pesenr study indicates thar WSSV @n be experG exhihiting .linical symptoms, these aninals may acr
menelly transmirtcd ro mud crabs. Furthetnore. as en $ynptomadc canier/reservon host rather
the presenr invesrisarion also provided evidence of than an indicaror species ofinfecrion. Although the
infecrion in crabs by hist,logiol and bioessay odrcr species of crabs used in the present *perr
me$ods. Sioce rhe dabs sunived the infection for nenr, Le. M?hqogrd?'rt sp. and .Saraza sp., are

1 8 9



Joum.l orFl.h Oie$ 1999, 22, 133-191 K V R:jddrd a rl. vtjt 4d ,rann litu! in lnaidn rub...tu

not of rny ,mputuc ro JqurLulrute. 'fie sccp'
ibilicy of these speciB suggsts rhat the/ my be
imponant in the sprad of \VSSV sine dBy e
abundant aroud shrinp fams in Asie dd Sourh-
edr Asia. R4endtu .t al. (19981 repo.ted the
outbreal of wsSV in confined sh;mp g.ow{urs
wh*e tuns were min-fed. One of dre nain rurco
of di**e tnnsmision in rhae onfined sysrems
mighr be c.rier hos such * cr:bs.

'lhe 
pre'.n' in'esrig,t;on demon'rnted 'hi'

lobsrer could play e mjor role c a reemit hor
of VSSV. Tansmision of the disc to culMeo
shrimp is ualikely sine lobsrer have a mdne
habitat. How*er, there appers ro be a posibility
of infection of wild shrinp brodstck by lobstes
orrying WSSV. The facr d-t lobres o oe
infecred aperimenrally with WSSV dd en suryive
fo. a lons per;od widout dy ill etret indiqre that
infected marerial releoed irto the e thtough bnd5,
unsceened se ran hing, dd unr@red shrinP
waste from farns md proesing plans on act s a
source of inGaion to lobsm.

According to info.mation obrained ftom vaious
hatchery operators, rhe prevaleoe of \rSSv
infection in wild broodsrock of P noaodoa and
P. ixdru all<red otr the outh.gt cout of Inou
k high. This clerly susscts that a wild reryoir of
VSSV exists ir rhis geographic region. The ptesenr
rudy indiete rhe wrde rrge of hoss ruilable for
the Indian \fSSV ad the ned for qtreme

praudons ro prwent dre disminarion of the

ln the present study, the hquly ninebltud
cru!a..rn.. lobrs rd @bs werr Pdir;ve fo.
VSSV for long periods of rime, but did not elhib,t
rhe chda.teristic diniql synptom sucn s whire
spos or patches on rhe caBpa@. P€rhaps, rh€ oame
'whi'e spo, \yndrome is nor docipdve for all hots
of this virus. The defence nechaisms of praus,
crebs and lobsrer nay bt diFcnt from rhor of
shrinp. 

'lhis 
is en am which wamns tunher
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