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Risk assessment to shrimp induced by the White Spot Syndrome Virus

accumulated in shellfish

Joon Gyu Min

Department of Aquatic life medicine, Graduate School,
Pukyong National University

Abstract

White spot syndrome virus (WSSV) is a major pathogen causing large
economic losses in aquatic farms of shrimp of the world. Owing to the
unavailability of immortal cell line for culturing of WSSV in wvitro,
transmission experiments with bivalve shellfish known as an important

vector are hard to characterize.

In this study, we developed a PCR method which is more sensitive for
detection of WSSV compared to that of the conventional PCR of OIE
utilizing as a stadard method, and applied to chase the potential risk of
shellfish as a vector for transmission of WSSV in aquatic filed by

accumulation of WSSV in tissues.

Primers designed from the nucleotide sequence of WSSV VP28 showed
higher sensitivity for detection of WSSV(85%, 17/20) in 2-step
amplification compared to the results performed with OIE reference
primers (75%, 15/20). We have also demonstrated the lowest PCR
detection limit of WSSV in the infected shrimp when the subcuticular
connective tissue among various tissues used as target sample for WSSV

detection by 2nd PCR.

For analysis of the risk in shellfish that might be induced by WSSV in
shellfish, we compared the PCR detection rate of WSSV  using gill,

midgut and mantle tissues of 4 different shellfish species (oyster, mussel,



clam, and bloody clam) during accumulation and depuration process.
Except gill, two other tissues showed the same frequency of positive PCR
result of WSSV in 5 samples of each different shellfish species exposed to
5000X diluted WSSV infected tissue homogenate for 24 hrs in 204 tank
(1/5000X, corresponding 1.00E + 10 copies / 20¢ seawater). Thus, through
the analysis of shellfish gill tissue for accumulation of WSSV, we found
mussels showed 100% (5/5) detection rate since 12hrs accumulation
process, and the lowest results in clam(20%, 1/5). But we were not able
to see a significant different frequency of WSSV detection in all three
different tissues from 4 shellfish species used to assess the depuration

rate.

Also we compared the level of accumulation between RSIV as an another

aquatic fish pathogen and WSSV by comparison of the detection frequency
of each pathogen in shellfish gill tissues. Shellfish were exposed to
approximately 5.00E +04 copies per m¢{ of each WSSV and RSIV in
seawater by immersion method. After 60hrs at 23°C, frequency of positive
sample in shellfish (21/48, 43.8%) exposed to WSSV was almost twice as
high as that of RSIV (12/48, 25.0%).

To assess the risk of shellfish as a vector of WSSV, 20 individual of
each oyster and mussel exposed to 5000X diluted WSSV -infected tissue
homogenate for 24 hrs in 20# tank (1/5000X, corresponding 1.00E + 10
copies / 20#¢ seawater). In each two 100¢ tank, those shellfish were
moved and cohabitated with 20 shrimp (20g of body weight) at 23C for
20 days and found the cumulative mortality of 44% (7/16) and 13 (2/16)
with exposed oyster and mussel, respectively. Certainly, shellfish that can
accumulate WSSV in tissue have the potential to act as a vector for

transmission of WSSV.



3ubd wlol 2] 2(White Spot Syndrome Virus, WSSV)+= 2 Al A o A
ot e FA = Aol Zdste] dFAALE doy= 4 nlojg
w A go] v ek 5AE Blth(Flegel, 1997). 3Wbd wpolef~
= °o]Tuw4Ad DNA wHpolel~=A Zol= oF 275 nm, ®ol+ ¢F 120
nm¢l o Roke]l & efo] ¥ (Wongteerasupaya et al,. 1995), A Ao =
71+ °F 2907305 kbell ©]EtH(Van Hulten et al., 2001, Yang et al,
2001). WSSVl ZHAE A5+ g=Fo] e wbdo] yehes 54
& YehiiH, 49 F 3710 kel 100%9] X AME S H1tH(Chou et al,
1995)
1991 o] F FofAjotollA HiolE 27t A& WAZ o]F, HiojP e
oprfo} A} wlmow FPFo]l FA Aol dF HALE doA, Al
- A Ao 2 JEE o] Al AT (Walker PJ and Mohan CV,
2009). =l A= 1993 At A Fe] tisiel WAl FA el A
As AaEJew mid A Ao @ FIE 7ML JHHKim
et al., 1997, Jang, 2000; Kim et al., 2004; Jang et al., 2007). o] % 33
E =o7] A8 =l F8 A FAEs FHue EF AeFA dist
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WSSVl #Zdd =t gadadel g A=A
Aol gike] 7H 2 S MAE 802 AT dE sFA4=E
H Zsto] g ef wole 2~ wiyfA e R EoldE & 847

A ket Sobsey & Jaykus (1991)+= | Foll A o ¥4 2] (filter—feeding )<
g Hol AH Aol HAAE v R vt =4& Al 54 AF
T oo, AsHA Fk B HA AU T (digestive

gland)e] Sol& o Haste] EATE vlolels QXS A 6] A

biomonitor®] g AEZ &8 o $th(Claisse 1989, Kwan et al
2003, Miller et al. 2005). 53] F#vtet F4 o B¢ oJsll7 L A &
Aol HHE 3 W dFSHA EASL e R FFet sl &
5 wlolgi A AW monitoringd #E 7hsAdol o 3

Z':/l
F7he FATEAY A% 2 A¥4S Aastals] e AFHolrh ®

AAstar glov ofo] ek A= gle AAH, A AAHeR i
e AAEEAAE] WSSVell #gh A EFE F53 Aol
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C. Vazquez-Boucard (2010, 2012) o] <45 &3], =o] W =
filtering 3t= %% =59 WSSV A= xFsle] ofrfu| e A3l

@ ekgel ATV 9n FF AYGoR B4 sojAol I wRoln



mebA] 2 AFd A= PCRS &3 WSSVe A&EWS /st ol&
Abgstel WSSVE] vectorZA oluf o] &S FA stz sl
WA i) WSSVE PCRel 93 &S ¢1% OIE primer (146 F/R
primer) ¢} 2 A Ao A t}gFe WSSV strain® viral capsid 4 A+
9] nucleotide sequence H] 3ol A conservedt F-9= Ao 23k st
st W VP28 primer2te] WSSV #HEE 93t PCR-sensitivity & H] 23}
oAb QA i) g A 24 249l vlol#xe] PCR HE IAE
Hlastel  HA ol A xS AdAstaz sk olF i)
immersion Yol 93t WSSVl &% thdst difF =4 Ul vlojg~
o 4 B s FEe "l s, v) "E FA dholg Al

RSIVeFe] %7 43 wlm ®Asrh £F v) WSSVel dars A

% %2 homogenateE immersion Ho = 2H #HF x2 U =% %
A 99} cohabitations ste] s|F =4 We] WSSV7F FFo= WEd
o] Ao M2 HAES B3O 2ZH vector W =4H WSSV7ZE L

ehile A% FHdFIA e AR4S 98 At
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1. A48 /A £ virus 4

1.1. A%

Ao ALEgE A= Ul siWHAIe] Al Zujidel A Btke] A S
(Litopenaeus vannamei)s T 43FAT. A$-= 2002 9] x4 14 1

8 AR Fol 2L 3%e] 1M4 5T s 23:05CeNA TR Fd £
ANAFAT. A= FA 17-23g, 4do] 16-18cme 4 g =7]9

A8 At on], APl Agetrl BA vk el ASE FAR

XA 3te] pleopod, subcuticular connective tissue, abdominal muscle %

-

2& 28 $F total DNA 85 AAsdt. 1 % PCRS ©]§¢
= A= "Wyl OIEY protocole] wa} 146 F/R primer setZ
o] &3] PCRE AAlste] 2-step PCRAIA 24 HH$ }o]
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1.2. A+

7= 8 vt 8 A Q7550 F= (Crassostrea gigas), <%
(Mytilus coruscus), VYA 2 (Venerupis philippinarum)®t 212N Anadara
granosa)< G e] WAl A FASFAIL, 2004 oA 3o 1™
A gk s ohn 23:05ColA 7Y S SAAAFAT Hol= A
o % Al#HEE Reed Mariculture® instant algae shellfish diet
1800(Reed Mariculture) & ©|-&38to] A ALY WHge] w} HolE F9]
th Ao Algstr)e] A, Z; H5{F9 gilld} midgut 18] 1 mantle Z
A& #elsto] total DNA 225 530, PCRE ©]83 WSSV %+
A= el OIECS protocolel wel 146 F/R primer setES ©] 83}
2-step PCRAIA &4 ®¥H&& &Aste] WSSVl 4

]
A okee selskit
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13. A% 2 59 23

2 AFoA AEE A feA e PCRE &3 WSSV HE A, A9
A AR 24 AAFES 98, 7 2AEE 1st PCR Al A& A&
gelste] A= Bluetarzt sk A9 =29 pleopod
subcuticular connective tissue - abdominal muscle F%& g3}
1.5ml E-tube® A& A "ol 2% A7HA -80ToA x2S Bys
AT

A7= AF 22 Wl virus F49 FES HEH7] 9fsto] oprin]
(gil) &4 3 F34A (midgut) +9= A% AFH3e] 15ml E-tube® %

A ot Ad A7AA -80T el M H kst



1.4. Virus

2014 8Y = HFAAE A AFAATAENEH, AAH R WSSV
of ¥ WSD d% #4d M5 ol&staith Aol Argat7]ol A
S F 10v8]l & &9 =2 A¥Hslo] pleopod, subcuticular connective
tissue, abdominal muscle Z2&& #2] 3 U3 total DNAE 2|3
o} I % PCRE ©o]&3 WSSV ¥+ = Wil OIEQ protocolol] u}
2} 146 F/R primer setE& ©|&3to] PCRe AAlste] 1-step PCR
productE &elstel WSSVel =] A=A A&l sda, 23 A
£3}7] 72 -80C deep-freezeroll W 33}o] AL-&3} T},

RSIVE 2000 9€ =uf et FAHFdA E=Fow 9%
Megalocytivirus sachun-1 (IVS-1)S PMF celld] 10®] 3]438te] 0.1me
HAFE3 ¥ FBS/F 5% H7hd L-15 wix|o] 25ColA 747k W &
cytopathic effects (CPE)7} YElU™ wviA] A5 dES 3l43ste] 0.2um
syringe filterg &A1l & 53 diolg o] URE FHslo] A7
Abg37] A7bA -80°C  deep-freezero] H.¥&to] AL-83FtHJeong et
al., 2003).



1.5. Virus®] g4k £z

ZANS-o 2% 10 mg B IAF9 F%F 10mgl ZHFFH GeneAllR
ExgeneTM Tissue SB mini kit (GeneAll, Korea)E& A}-&3}lo] #|ZAF9]
protocolel] WE31 FF 25402 elution bufferE AF&3Fe] total DNAS
ettt 2l DNA® A3 A7k -20TCel A Hasksd



1.6. PCR (Polymerase chain reaction)

1.6.1 Primer

WSSV 7 &ls f8f OIEe A AAlst= WSSV i+ HE W
¢l 146F/R set(Lo et al., 1996a)& ©]&3o] PCRS 4 S tH(Table
D. =3 & AT AEA Az W VP28 primer set WSSV 9

ol

1/\]

viral proteing & 3Fi= VP28 gened o] &35to] J7IALERFE Eo]F
o2 AZEo] AFE3G T WA Genbank (NCBD)=HFE, o3 origin9
WSSVl EA3F= VP28 geneol 97 A<ES 42 3 MACAW
program (Version 2.0.5., National Center for Biotechnology
Information, National Institutes of Health, Bethesda, ND, USA)S ©]&
3teo] w)uL3le] conservedt H-91E targetO ® 3t primerE A 2FEFATH
(Figure 1.). =3t 2nd PCRS $13F primer= #2 VP28 genes target
gene® = AZE WSSV VP 28F2 / R2 (Park et al, 2013)2 AH&3}3
ok Alg- =49l DNA #29 positive control® =+ decapod 18S
rRNAS 7 &3+ 143F/145R primerS AFE-3FAtH(Lo et al., 1996).
7o RSIV =2%9 3¢S major capsid protein (MCP) genecl
conserved 3t H-9E targeto 2 A Z® MIF/R primer setE& ©]-&3}¢]

PCRE AA8te] e s1atAT. (Jee et al, 2011).

-~



Amplicon Size

Target Primer Primer sequence (5° to3”)
(bp)
146F1/R1 ACTACTAACTICAGCCTATCTAG 127
WSBV 1461 bp Sal IDNA fragment (1"PCR) TAATGCGGGTGTAATGTICTTACGA
(OIE) 146F2/ R2 GTAACTGCCCCTTCCATCTCCA gt
(2*PCR) TACGGCAGCTGCTGCACCTIGT
WVP28 F1/RL CTTICACTICTITCGGTCGTGTC o
(1*PCR) TCGGTCTCAGTGCCAGAGTA
WSSV VP28 F2R2 CACTCITICGGICGTGICG
VP 28 gene 408
(2®PCR) AAGGAGGAGGTGTTGGAGCTA
TGTGACCAAGACCATCGAA
WSSV gPCRF/R 281
CCACACCTIGAATGITCCC
TGCCTTATCAGCINTCGATIGTAG
Decapod 18s RNA. 143F/ 145R 848
TICAGNTTTGCAACCATACTICCC
GCTGCCCATGCCAATCATCT
RSIV MCP gene MIF /MIR 401
ATGCGATGGAGACCCACTIG

Table 1. PCR primers used in this study

_10_



vapst'] > < wvpz2s R1 |

wvp28 F2 w vpP28 R2
| qF > vm.

WSSV VP28 gene

1
1
1
1
1
:—> 281 bp «——
1

601 bp <

1
1
1
1
1
I —> 408 bp <«
1

1 5

i >

1

1 -

> 615bp

Figure 1. Location of primers for WSSV diagnostic PCR using

WSSV viral protein 28 gene
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1. 6. 2. Primer® PCR sensitivty H]

OIE primer set(146F/R)&}F ¥ Aol MFA Az W VP 28
primer setE& AF-&3to], PCRS ©]-8&3% WSSV AZ=9] sensitivityE H| L
staz}l skl

A g ¢k OIE primer setE& ©]-&3te] 2nd PCROIA R S Hol

= st | S-S FAsdt 1 T A ® origine] tHE 4vkE] ¢
N5 o]l g3te, 2z} A 9wt} subcuticular  connective  tissue,

hepatopancreas, pleopod, gill, muscle %% 10mg #S &g slo] 239
AbgsL T Eeld 228 total DNA 28 & % 79 primer setZ
o]-&3to] 2nd PCR& AAlste] d719s 23 WSSV HE&S Blust
ATH

_12_



1.6.3. Viruse A% v

WSSV viral DNA9] absolute qPCRS 0.2 ml microtube®] TOPreal™
gPCR 2x PreMIX (SYBR Green with low ROX, Enzynomics) 10 pl,
05 pM9 Z} primer, &)1 1 pl¢ template DNAS H7}3 & %

BN

volume©®] 20 plo] ¥ =%E nuclease—-free waterE #7}ssith. gPCR
& 95TCAA 1623 &3k & 95T 10%, 60C 15%, 72T 20x<] wt
S5 1 cycle® 319 40 cyclesE WHSAIZ L vhAIE cycle $oll & EE
HEg-Eof tiste] 72CHYE 95T7HA Y G GoA] melting curve +41&

At Standards 201433 8¥eof by AW & HQl oA &-&
Abgste] WSSV s=iF AZE 9% AR=E ARESEATh A9

AN

pleopod®} subcuticular connective tissueZ5-E dAHS F=Z=3IAT. F
=% gAS FPor o] WSSV VP28 gened targetl® 3=
primer set®. 2 gPCR F/qPCR R primer set= AF&3}o] (Reyes at al,
2007) PCRS 33 t}S, 1% agarose Z2S o] &3t A 7|53}
29 281 bpel productE agarose oA A2 TS, GeneAll
Exgene'" Gel SV kit (GeneAll, Korea)& ©]&3to] AAlstgit}. A
H 281 bpe AHE2S Promega pGEM-T easy vector(Promega, USA)Z
Abgste] A=At W] wel NSt & Escherichia coli DH5al 3
A8 AlA WSSV-inserted plasmidE #1238l th WSSV FZAHE

o] FRY ¥ FES 9 F i widstdar, AxFE plasmid = A
2] &kl 10-fold2 @Al 3A48led standard curve (1.0x101.0x10'

copies/u) & ZHAsh=d A&t

_13_



I T TET I T e e e St g e g e Cycling & .Green (Page 1)
- R=0.99984
28 F - T et e e e s e - - o] BASo GQABT
D s e S e R e e S e e e e e T e B e e M=-3.480
. . B=33.657
24 . . Eftficiency=0.94
=g AR SRR TR ST RS S B Fe o E i 4 e e T e L SR E i S RS e R
S I
18
16--—---- __ .............
14 T
12. ............ : ......................... e e T R et =
: . : 1
10.......... - - e - - — e e el ——— - - - - o i - o -
10 1d 1d
Concentration

Figure 2. Linear relationship between Ct values and the dilution
of the plasmid DNA of WSSV samples in the quantitative

real-time PCR assay. Ct; cycle number of threshold.
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1.6.4. PCRE ©°]&% WSSVe HEE AT HE AT target

organ A A

g

X 2] PCRE B3 WSSV A% A, ofdl 24< o] g3te] P&

A/NA A48zl fal 1st PCR A9 & A &lste] 2282 A

=
o

Ader dFzeld we @Y 49 AT =4 1gs AAL F PBS

9mlS % 7}38ke] homogenize 3t YA 1

N ot

T A5 S 0.45um syringe-filterol] 3 Al A
100peell skl A4z FAAATH
59 % moribund FEIe] A $E FH3FY] pleopod - subcuticular
connective tissue - abdominal muscle &2 7Z}7F 10mg® 33t
AT 224 total DNA 28 F Free DWE 10814 w7 8451 W
VP28 primer F1/R1 primer setE ©|-&3lo] PCRS AAlsta, A& SHA
2 v wdet. o] w decapod primers ZZA W WSSV DNA #g
2 PCR inhibitor control24 A}-8-3}t}.

g
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HF= sampling A1 F FA] s Fske] 7o) oprpn], T aE|a
WE 2SS FEdt & Ao AE3sH7] A7bA] -80C deep-freezeroll

, A¥= W VP28 primer setE ©]-&3Fo] 2-step PCRS &3l

7= 6417 e SRlstdal A T dAAF A= SA AAA e,
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Volume : 20 ¢

5000X WSSV-infected
tissue homogenate

L

Bioaccumulation

WSSV-free
4 shellfish

(n=15 of each)

24 hours post
tank replaced

Figure 3. Schematic illustration of the bioaccumulation of shellfish with
WSSV-infected shrimp homogenates

Volume : 20 ¢

5000X WSSV-infected
tissue homogenate

12hours post immersicn
Tank replaced 49 hoiirs

Bioaccumulation Depuration

WsSV-free
4 shellfish
(n=30 of each) A A
100% 100%
water exchange water exchange
(6 hours) (24 hours)

Figure 4. Schematic illustration of the bioaccumulation and depuration of
shellfish with WSSV-infected shrimp homogenate

_18_



3. 7 mo] WE WSSV %49 2ol

zte] SAel W viruse FAe] wa Polusl A, AR x4

glol Aznts o] &&to] virus F42 AolE Rt vk = 7

MAL] = S o] &3t W] FAAAF] AETH Jgo] Y=E
autoclaves AAIgH A} mAAl & oM HlE stz stk EE
MAE Sz 2o wE ZolE FRlstr] flaiA, =3 7 A7
o] &3l M= Wt tE FoAe w7zt B Ao UM I F
Sd gzt 2717 g7 34 =
15709 #jZte] ZHolE FA3le] FWAS wHFuA 3t F5o]
3l =el 7F2& 153W), A2 1.40M), ol 1.34v] ZAo F Fu A
oF 287u) 7} Hof, = 2570Ael st Eeke] WA = 2R A4S
T Ark ool wel = 257RAIe 7 7270AE 72 151 FEell ¥of
SEE 23T FAAA FAAL, Fr7l=d dHE FF= AA &7 S8
WSSV 7+ #HAF A -9 24 15g& whsfste] Fxeo] dolFo 34
nkaf el o] 100008 3] A ¥ =% ko] virusE HF AT

g 12A13F, 24241%F 34, 5¥of tmls AF S & 1 F 100ulE 3
& total DNA #&& AAsi, £2¥ DNAE ol &34 PCRE &

3 s T WSSV w%& ZAst3th

_19_



4. Vector2® T©E o F wrelgxste HF 27 o
4 @A 2

HF 22 d virus 4 i

2}, virus®] F7F R qWe SAYE d¥o] 3vk(Bedford et al., 1977).
aEE g 54 AE whel# 29l RSIVE o] 838k WSSVl 54
AlalE Fsko] ko] o] l=A &]lstarat skl

=27 FFE o] &3t WSSVE RSIV 7 &9 virus9] {7 =3
wskr] fal, =3 FF ortElE & =29 157 200
deojgoldE Fal Ma TH % AF R oy =E
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5. AHeE 4T dHF f WSSV A &

H ool d9H o WSSVE HH A7) 4 81t
6/NAE 50L o Fo #7F7} filter-feedings
T AEE IARE FF FH =S ST 1 5 WSSVl e Eo] T
ARSE Aol %2 10gS a9 90ml= H713Fe] homogenize 3t ©] %
50L #5e] ZFojFo], AFAHoT FErt 50008 A EHEE so] Hlo]
HAE HAAEe] Fvh FE3 accumulationS 93] overnights =3
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5000X WSSV-infected Water exchange (80% / 3days), Volume : 100 ¢
tissue homogenate

WSSV-free shrimp ]

U [ (n=16 of each)

Bioaccumulation Mortality
WSSV-free
Oyster / Mussel
(h=16 of each)
12hours post immersion 21 days post
Tank replaced Tank replaced

Figure 5. Schematic illustration of the cohabitation of contaminated
shellfishes with WSSV-free shrimps. WSSV accumulated Shellfishes were
transferred to a new 100f tank for induce shrimps mortality.
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1. PCR

1.1 Primer®] PCR sensitivity H| 1

Primere] W& WSSV PCR sensitivity®s HlnLsl7] & 2
templateE ©]&3to] 2-step PCR A #HE$& ¥uE %3 PCR

sensitivity & Hlustaizl A3 S st

Origino] & 4wke]o] A §-9] Z#& o]&3le] 2nd PCRS A e 4
¥ WSSV A=E&2 OIE 146 F1/R1 primer o4& & 2071 A5 & 1
M(T5%)N A FAd AHE & 4 9, W VP28 primergs ©]-&
2nd PCR A¥E= 2070 AR F 1770(8%) A 443 ZAIE &
AdA, A3 o g W VP 28 primer set’} OIE primer (146 F/R) Xt}
WSSV H&E&o] =of WSSV g PCR sensitivity 7} Hold A& &

2 o,

ek
>
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(A) OIE primer (146 F2/R2, 39cvcle) -941bp

10(11 12 45 144 145 16 17 718 g8 20 P N
B | B g B B O ew g @ S o O

Figure 6. Detection of WSSV in various tissues of shrimp by 2-step PCR with
OIE primer set(A) and newly designated primers(B) in this study ; S :
subcuticular connective tissue ; H : hepatopancreas ; P : pleopod ; G : gill ;
M : muscle

_24_



1.2 PCRE ©]&3% WSSV Zd A% =37 U WSSV AZ A

9] target organ A7

WSSVell Zdd Aol PCR& ©]&3 WSSV H= Al A&

an

target organ A& fld AF= AAlsdv. 4 2HEE DNAS +5
Z 10w @A A 3 F 1-step PCRS AA ettt d7|d%s A, 4
7} 2] house-keeping gene®! decapod 18s RNA # 9= targeto = 3}
+ decapod primer® PCRE AAlstel A= HAES s o,
abdominal muscle *29 HE A7 7P Sdkvk(Fig. 7). ey
WSSVE 3213t W VP28 primers AF&3 PCRol| A& subcuticular

connective tissuedl A A& A7} ¢ <& A¥E AT F A
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Decapod Primer 15t PCR, 85cycle | VP 28 Primer 1% PCR, 35cyclé

A P“q S _.n._ ’i‘i |

Figure 7. Comparative analysis of PCR detection limit of the WSSV in
various shrimp tissues with decapod and VP28 primer sets.
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= | Granular ark
[:F]
®
= 20% - 8

0%

12h | 24 h iz h ‘ 24 h 12 h 24 °h
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Figure 8. 2-step PCR Detection rate of WSSV in various tissues of 4 shellfish
species from bioaccumulation experiment using WSSV-infected shrimp
homogenate during 24 hrs
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Concentration of viral particles (copies/20L)

Species
Oh 12h 24h
Virus copy® 8.95E+09 345E+09 7.90E+08
Oyster
decreasing rate** 61.5% 91.2%
¢i Virus copy 7.60E+09 4 45E+08 1.88E+09
am
decreasing rate 41.5% 75.3%
Virus copy 6.35E+09 1.80E+09 5.85E+08
Mussel
Decreasing rate 71.7% 90.8%
Virus copy 5.45E+09 2.59E+09 1.38E+09
Granular ark
Decreasing rate 52.6% 74.8%

Table 2. Total viral concentration of WSSV in 20L seawater from

bioaccumulation experiments using WSSV-infected shrimp homogenate during
24hrs
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T1.00E+10

1.00E+09

WSSV viral copies / 20L seawater

1.00E+0G8 T
o 12

period (hours}

Figure 9. Accumulation kinetics of

WSSV

in

24

seawater

== Oyster
== Clam
e US|

=—=granular ark

for each

bioaccumulation trial carried out with various bivalve mollusc during 24 hrs.
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100%

20%

G0

40%

20%

Detection rate in 2nd PCR

1009%

20%

40%

20%

Detection rate in 2nd PCR

0% -

Gill

12h  24h 48h 7zh

6h

Period
Mantle
gh 12h 24h 43h 72k

Period

Detection rate in 2nd PCR

100%

20%

0%

A0%

20%

0%

Midgut

6h 12zh 24h 48h 72h

Period

Oyster ® Clam

Mussel Granular ark

Figure 10. 2-step PCR detection rate of WSSV in various tissues of 4 shellfish

species from depuration experiment during 72 hrs
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Concentration of viral particles (copies/ml)

Species
1h 6h 12h 24h 48 h 72h
Oyster 9.89E+04 1.64E+05 3.65E+04 5.85E+04 1.72E+04 2476404
Clam 3.58E+04 7.18E+04 4.28E+04 5.15E+04 3.89E+04 4.79E+04
Mussel 7.48E+04 1.16E+05 4.48E+04 6.15E+04 2.50E+04 3.15E+04
Granular ark 5.33E+04 1.04E+05 5.03E+04 5.63E+04 3.10E+04 5.48E+04

Table 3. Viral concentration of WSSV in seawater along depuration period.
Results are expressed as no. of WSSV viral copies/m@ of seawater.
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0 2 24 36 48 60 72
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Figure 11. Depuration kinetics of WSSV in seawater for each depuration trial
carried out with various bivalve mollusc. Black triangle, the time of 100%

water exchange.
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o}
WA oA E23 DNAE o] 834 1-step PCR AAl Aol = o
3l band® H.o]A| ¢dti(data not shown). L ©o]F 2nd PCR2| cycle
T5 16% Yo mlus]d 23 sjzts Yol ¥ control Lol
H3] 12A]7Fe] A F band9] density z}olE& &2ld 4 9ow 2o
A 7F E A} autoclave A AIgE = | ZFo A= vlo]g 2~ band7t HolA] &
*tHFig 12). ©]& gPCRE o] &ste] a4 Wl WSSV sk Xfol& &4

2 A, 7] 128l A= autoclaved oA &2 =3 3 179

A #4 Ul virus B 2ol B Feldd £ gl o) AJ7ke] Auba A
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W AOENAO M: Cd AO NAO M C AO NAO M C AQO NAO M C

L]

b}

2 autoclaved oyster

b non-autoclaved oyster
¢ mussel

d control

Figure 12. Comparison of WSSV 2-step PCR detection in seawater with
various shells.

_85_



1.00E+11

1.00E+10
-
=
~N ‘\ —4—A_oyster
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Figure 13. Total decreasing concentration of WSSV copies in 20L seawater
from adsorption experiment with various state of shells.
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4. Vector2X & T4 AE violzi29e d{F =

3

3 54 54& Hlast AolHds &
g W virus® A 12A]3ke] At o]
WSSVl H]3] band7} €4 = H AS & 5 a(Fig. 14),
60AI H74A = 2-step PCRS AA S o] 27 AE9S IAT + A
tH(data not shown.). =3 3|F %4 ] viruse BT 1-step PCRoOA]
band”7} &<lw %] ¢Fekil(data not shown), 35 cycle® 2-step PCRS 2
Alste] A719%F bands ST + AATHFig. 12).

WSSVeF RSIVE 34 ¥old WRV I3 3 FTHRTS HolE
WSSV, RSIV Z}7}9] Aol& Hlagls o Fo% <l Aol gluth. 1
Hub M2 T2 viruse! WSSVEF RSIVE #jF 24 W wmpo]g 2]
PCR HA&€S YudS o, WSSV (21/48, 43.8%)7F RSIV(12/48,
25.0%)° wvlal]l Fuj A= PCR HE&°] =of 540 ¢ & He A&
g = AAH(Fig. 15).

Figure 14. Virus detection in seawater inoculated with different viruses. (A)
WSSV and (B) RSIV by 1st PCR
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Acc+12h Acc+60h

/—Aﬁ

Oyster Oyster Mussel Oyster Mussel

Oyster  Mussel
WRV WRY RSIV

*WRV : WSSV + RSIV virus
Figure 14. Virus detection in seawater inoculated with different viruses. (A)
WSSV and (B) RSIV by 1st PCR

WSSV 2nd PCR

A)
Acc+60h, Oyster Acc+60h, Mussel

RSIV 24 PCR

(B
Acc+12h, Oyster Acc+12h, Mussel Acc+60h, Mussel
A

SRR )
WIV Vs WiV Vs Wiv VS

Figure 15. Detection of virus in shellfish gill tissue exposed to different
viruses during 60 hrs. (A) WSSV and (B) RSIV by 2nd PCR
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5. AR ez FHI AF | WSSV Ao it
3}o

A Y WSSV =438 g7 147 Al$-2k9] cohabitation

A FEEo] 52 Hol7b Ho
zb=2] gl 918 AdS AAs Y. 539 A5 167
} dAAbsle] o} A E Yol &2 negative control¥ & A}

ol UATH Y ZF A5 AFHLE HAZL HA st HEFAoE
167F2] = 7712 (44.0%) 7} ﬁﬂ*ﬁi AE g1 AT F& AMAE
oz PCRE AAg 23 25 Ist PCR 449 Z2yE ggodd &

9l (data not shown) negative control& &4 o & 1%}
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0% 1—
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B0% — .
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E /
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L=

1T 23 4 5 67 8 9 10 11 12 13 14 15 16 17 18 19

Day after cohabitation

Figure 16. Cumulative mortality of shrimps cohabitated with WSSV

accumulated shellfish
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St vpolg e wuloll Al 1993w B AS- A A AE DA
A olFrR wid 2 JEE gk ool Wi diiFow
g~ ¥4 TS dlst (Fenneropenaeus chinensis)oll Al WSSVl =
WS AU st 3Ye|Al$- (Litopenaeus vannamei) @ &%
FAste], dA dFEY A F4 orte ol s H 34 HY
S AA o] v e w4l B ERE AME IgAe TEHE
At A5t 9tk (Jang et al., 2007).
stAIRE g-2jubet A Akl vwid AAHer Z v E 71X AL U=

Autd mpolgf o] e mpole e w9 W Aat A2 e ATe

i)
o

WSSVl add=et 2t

Ao Fibel 7HE 2 TS A 82 #AFAE e sFA=S
}_

ultd
fo
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-4
fru
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o
offt
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o
Iz
)
&

M
ox

T o o=

H| Zsto] g4 ¢) nlole 2 wifA e FFA=
Ast, WSSVE 18F<] Alg- W ofye}l 759 &2, 759 714, 38
T A, BotEERe 2HH 1ga BRR{F T o6 WA hosts: 7t
A3 @ltH(Chakraborty and Ghosh, 2014). 53] 3F& o344
(filter-feeding) S & ol A3 Al WHAE v Eg thas &

Avel 4 A2 & dow, x5y sk 23 HA FAY T

(digestive gland)oll So]H o= F-Hste] EAjst= nfolefx YAE

AdH zHoAA & Fx 7] o] viAA = FHFYEZAY o
g8 3 9= stsAo] vk dtH(Sobey & Jaykus, 1991). Althrt



A FT oA HFE WSSV vector24 EullF 54 Al
Ads stes Hol ot ofd g FAg 2= e AAoth &
g d AAAeE HFE 2T AAsEANAY vius F4 AT
enteric viral pathogens (M. Grodzki et al.,, 2014; Nappier et al., 2008,
Polo et al., 2010)¥} bacteriophages (Burkhardt and Calci, 2000; A.
Olalemi et al., 2016) #15% %o da WSSVel thgh His vl 5
3k Aoty 18yt C. Vazquez-Boucard(2010, 2012)¢] 4 ZA3}o] w
2m #= (Crassostrea gigas)ol WSSV7F 4 o @iy 25 447}

A A el 4= A, Yun-Shiang Chang (2011)&

H
L
e
L)
als
&)

WSSVE 43 379 oprtn] A4S o] §ste] Aol A ®Holz &
47 g7 24 U FAHg WSSV Hol A4S skt 13y
AAA 0w ofugf 77} of I FA SAF A WSSVE vector=A gt
= ot Ao did A AstHd A7 glo] oldd i ATE
Al 3FA

OIESIH A48 PCRS B3 WSSV 24 who i of 20d A A
H Lo et al.(1996)¢] 143 F/R primerE o]-&3tx gl 12 143 F/R
primer set®] -9 WSSV7} §l&o|% bandES 13 Ax7l ¢lar, 146
F1 primer7} H]E o] & o & sequenced] £o] oA A% Z3F band”’} &2l

71% 3}i= false—positive®] A3}7} At (Claydon et al., 2004). E=3F OIE

Far

o

ol

reference primer® amplicon sizex= 1st PCR 7| 1447bp® W|u % 2
o] PCR % elongation®] AJ%to] Aol It &9 protocolS AFE3S
1-step PCRell 3A1%F 30+te] Adth+= @ %= SR8t o]y gk &A1 A
= S&ESLA WSSVellA 7Hd ®ol 2Hdx= 59 % stuel viral
protein 28 gene H-¢1E ©] 83} primerE design dFaLAF 3 1 (Xie et

al., 2006), 71 % target organ® detection limitE H|nL3}e] WSSV A=
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o

YA 7N 2A SFATE B Ao A Ro] AT W VP28

primer set< ©]-&3le] PCR 43 % OIE primers ©|-&3% PCR¥}¢] #

HlaaEfE Ax 22 20709 samples AME3IS Wl HEEO
=o} PCR sensitivity7} © Holw A& &0d 4 A (Fig. 6). °]el

w2}, OIE primer®] @3S 7lA3Fal PCR sensitivity %3 o 2 W

VP28 primerE Ab&3te] WSSV H =] ALE-3axt 83

A A 2449 PCR WS &3 WSSV Hd=S 8 4%

MR
o
o

|

target organ< A A3t A} 3k Ao A AT A Af§-o] A 2] DNA
F+% 2 PCR inhibitorE &<l3}+= decapod primerES A}l-83te] DNA #

g 3 PCR &5 XAEE Husdn. 22 &9 =45 AR5
DNA F% % decapod primerE A}&3}e] PCR detection limitE +4]
A], abdominal muscle©] 10 °7+#] 314 §1& wo]| = bandE 218 5= 9l
Aok F e 27 Y& AL u], abdominal muscle®] DNA7Z} 713
ol F=HAAY PCR inhibitor7} 7Hd 74 € A& AL = UA
tl 28} WSSVE A=38= VP28 primere] 7-$ abdominal muscleX.
T} subcuticular connective tissue’} 7Fg& detection limit7} Al U2
S golst = A tH(Fig. 7). Guang-Hsiung Kou et al.(1998)% <ks&}
A ZAAE skl A 2nd PCRe ©]&3 WSSV HE& vl A, op7fv]
o B8 25 4o M HEol & He As gelskdth 2y &
Aol A abdominal muscle R T subcuticular connective tissue’} PCR
detection limit7} o} PCRE& o] &3k Ajf-ol Aol WSSV HZEe o #
33l target organo ® A ZE Th

MEA A2 primers o83t AF 24 Wl virusE 4 #H W
A= AdE S HF -2 AE ZolE BHalAk skl Al

Zbol wWa 54 Ao A9 12823} 244]3kE 2 Aol & HolA| &

e
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bacteriophage %% Al &§o] =HU wEt= A4 ZAatel FE AN
(A. Olalemi et al., 2016), Hepatitis E virusES =23+ ZA3}ol= wioj o
A3E Ko (M. Grodzki et al., 2014) virus P}t &2 9] zol7 = A
S g = A 2 2 Aol A9 bioaccumulation Al BFA] 2
o] A5 Ade FEA Aofgl7lo] WAl HHE TEA XT A
T EASTE = WSSV HE a2 7 Alg 22 S o] &35, AR
& AAsto e HJFA F7lEo] Bol EFH ] i, BE npAZ
M= F71E0] UF 2S u filtrationS #AAA AL AUAE o}
= mechanism®| £A3}7] w& ol (Newell and Bayne, 1930), o]el| uw}z}
A g ol F3o] =A ® AFAY ThsAs wWAE = gtk dF
W virus Ao & sl Wl virus F 40 AdE B v S
Aol =4 upxjgte] s U virus¥eol =i, F3 F3HedA] vl FH
ol FAAATE e Ao BAtK(Table 2.).

b AP AgolMe g ofrtuloA Aol FHE FIHS Y=

Aol7k b AS AT & UrhFig. 8). AAHOE 249 wug 3

enteric virusgE 4 % W&E3% 23 Ao w2, virusts AlZF o}

=
B A Fol AobAe molesst A& wob WE U4 gt F
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Zrell virus7h Zo] 3 =4 W fdE"o] 42 Aow Addn
ol% #HF x4 W FAHE nolgl=E vE F4 nlolgl~=<l RSIVE
a el sl 774 448 whole] 9] vector=M 5ol
S gstux AgS APkt WA Ao kA WSSV primeret
RSIV primer®] 1st PCR sensitivity® Hladt 27 2% 10° copies/ml
o] %7} detection limitZ &2 # } A tH(Data not shown). T
2 olF #lel¥ &<l RSIVeRe] 45 Bludls A, s W RSIVE] 7
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