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Stability of WSSV (white spot syndrome virus) in bivalve
mollusk digestive enzymes and aquatic environments
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White spot syndrome virus (WSSV) is a viral disease that causes significant economic losses in
the global shrimp industry, primarily through horizontal transmission among aquatic animals. The
virus can also be spread by shellfish, which can concentrate and release the virus through filter-feeding
activity. The potential for virus transmission depends on whether the virus can survive in the environ-
ment for a while without being digested. From the artificial degradation analysis in the environmental
water, the number of WSSV genome copies decreased more rapidly in seawater than in freshwater,
and at 18°C compared to 23°C. Moreover, WSSV had a lower digestion rate with shellfish digestive
enzyme compared to the reduction rate in seawater, indicating that WSSV may persist in the digestive
tracts of shellfish for longer, increasing the chance of transmission. These findings conclude that
shellfish play a significant role in the transmission of WSSV and further research is needed to determine
their specific contribution to the virus spread in aquatic environments.
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ZA U4 54T 4 JHRodney et al., 2007; Paul-
Pont et al., 2010; Martinez-Albores et al., 2020). ©] =
A A3 E ook 2450 A% 84 3ol A
FA 874 o2 WE(Molloy et al., 2014, Mortensen.
1993; Pietrak et al., 2012) =& 54 H25 53
AlRE 233 =04 918 4% A8
I ThRidler et al., 2007; Razafimahefa et al., 2020,
Grodzki et al., 2014, Kim et al., 2017).

WA 7 AR g 4 9 £4 9 9
A WU slAe, o8 87 a4oAe B
A FHAL HE A (stability) 2 A5 28-S o] 33}
= Zlo] Aot} 53] AW 4k SHA A

o A2 A9 d7e vtelg s Ha AR F st
Ul w7 Al (vector) F-2 B A (reservoir) Z 4] 9
7Vs/d & YEMHHall et al., 2012; Seitz et al,
2011), F2ko] A% s 77F FH s Gl Ao vt
olglz 23 9 BHsE T3l 23]y niolgx
AE JARTgE AL or|dth(Molloy et al.,
2014; Kim ef al, 2017). o] &g ¥4 o7 L ¥
AA o] T/ B ol £d 24, & T34 2
< $4AA gl A E Sl g leng
(de Abreu Corréa et al., 2012; Krog et al., 2014; Polo
et al., 2015), o]l Bk A& T3l oluj=F U<
HAA A B2 dol @S Brsr] ¢
& Fasttt. 53] A3 Ag-ollA WSSV7} o] uf i
FolA HEH A7 3(Vazquez-Boucard et al.,
2010; Park et al., 2013), WSSV ] wj7]a]| 24 2] &
S FPE 4 Q7] ol (Praytino et al., 2022), ©]uff
f Foll A o] WSSV 3 bFA Aol a4
o B3 S5 e A BEERE A 27
o= wiEd FA vlolgl e a2 Ea Woll A
FA A4 Ao 24 E APo] Joens
(Hawley and Garver, 2008; Toranzo and Metricic,
1982;), WSSV9] 3l B grrol A o] bg Aol of
g AT w3 Hesit meks B AFelA = o
3l 3173 Q 4ol A 2] WSSV genome -7 AF ¢HY
3& Bt =3 o { vlol g2 ezl

E}L’o
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Eolg]=nlo] 2 2 (Red seabream iridovirus, RSIV)
ofe] FAA A Hlw A S Faf owjslFrt
WSSV wifA =24 zt= Solie &elstaat &

At
W ERETRT

Hio|2{ A

2 AFolA E4 el AR WSSV 2014 8
4 Eivket 1 A A Ankel Al S-(Lito-
penaeus vannamei)| X AZH % TH ANEE
AF&-3F3 T (Min., 2017). Aol AR&3F7] ol A
nlol#l 9] HF N WSSVE s #HAE 24y
3 Ws Al B8 &5 =4S PBS(Phosphate-buf-
fered saline, 0.1M, pH 7.2)¢} 1:10(w/v)2.2 &3 %
vhafeta A4l #2 (8,000 rpm, 10%) A A 3 &

Red sea bream iridovirus (RSIV)= IVS-I strain
(Jeong et al. 2003)2 AF&3}9 2™, 80°Cel HAH
wll Y& PMF(Pagrus major fin) A3l A =3}
of nlolg| =g A st AAFJL, vlolgl = HF
74 &, AlEoA e MEHA EINCPE)E &g
% alelH 2 45 He WSSV &9 Az} e
WMo Az & Aol ARgstr] A7kA &8st
o] -50°C R#3FTh.

Hio|2{A Q| XMk ol

WSSV2] VP28 gene S ZHE] qF/qR primer set
(Table )& ©] &3t AL 281bpe TF AHES
pGEM-T easy vector system (Promega, USA)ol|l A<
ste] A 23S plasmidE A Z3EH 3L, ©1 & Escheri-
chia coli DH50°] A 2AA cloning 3] o) &
i H plasmid #EElste] AREEGTH wElE
plasmid= 10¥] @A 343} standard curve 273
of AR TtH(1.0x10" - 1.0x107 viral copies/uL)
(Data not shown). ©]% Viral DNA2| A& £ 3l
7} npol 2:9] DNAE FTFHOE 3t absolute
qPCRS 33} 2™, Rotor Gene 6000 thermal
cycler (Qiagen, Germany)E A3} A| AL w|
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Table 1. Primers used in this study

ol 2] WSSV (white spot syndrome virus) 443 33

Amplicon

Target Primers Sequence (5° - 37) Size (bp) PCR condition Reference
WSSV WSSV gF  TGT GAC CAA GAC CAT CGA A - 93 Cgsffé 1? Omslgé.(‘ézoccy"les; Reyes et al.,
VP28 WSSV qR  CCA CAC CTT GAA TGT TCC C ’ » o0 2007
15sec; 72°C, 20sec)
RSIV  MgF GGC GAC TAC CTC ATT AAT GT al 93 Cgsffé l(l)omsnelé,(‘é%o‘gd“; Jin et al.,
MCP MqR CCA CCA GGT CGT TAA ATG A 5500t 72°C. 20se0) 2014
el weEk e =3t Microtubed < AAEATE dlet Dol Al nlejg o] FE

TOPreal™ gPCR 2x Premix (Sybr Green with low
ROX, Enzynomics) 10 uL, 0.5 pM2] Z} primer, Z1&]
31 1 pL9] template DNAE X 7}3 3 2= volume

o] 20 uL°] ¥ == nuclease-free waterS 37}
=3

WSSV qPCR £4] Z719] 79 95°ColA] 1583t
HE3-3 & 95°C 10, 60°C 15%, 72°C 20%9] ¥H-g

S 1 cycle® 3t F 40 cyclesE WAl T} RSIV
739 Jin et al. (2014)°l 4] A A g+ MqF/MgR primer
setE o] &3t AT BAS AAEH o, T
z70 whe} 95°Cell A 1023 ¥F&-3F F, 95°C 10
2, 60°C 152, 72°C 20%2] HH-&5 1 cycle® 3}
40 cyclesE WH&A| ZATH(Table 1). T WSSV}
RSIV 25 u}bx] e} cycle ©] % 2E ¥H-3-Eof o3}
o] 72°CHE] 95°C7HA 9] GG A melting curve
A4S AAEt H| 5ol FE o H s G

°d WA HTE HASAL

rE‘: m

olo

1
=
5]

s ¥ EolMe] WSSV RTXL obE M Etol
3l B gerollA 25 IE WSSV -3 Ake

b S RlstuAl, sl 37 ol A WSSVt
B 9] viral genome copy &k W3}E E43HT. B

T A FEES ol&st AF 4L AAE

913 S7EA FLolA oojdolAe AAFH
W WL AET F AP, e A
AR BN A H L gIs) Fare] AekolA 10

km Bl A A AT HG(31.4+0.7%) =
A& T o] & djrot ' B ARE A 045
pm pore size®] filterE FHAAT F ALE3IA L
o, -50°Co] RAH WSSV £9-& o] &3fo] AY

7} 10° viral genome copies/mL 7} = == (Lol v}
A& go] FAIL, o] A7} 18°C} 23°C7} ¥
EE A 7953 oof#ol S AAFH wk
SAIATH Hzx9 viral genome copy @< Elsla
2w D sl 7 uhole 28 B4 F 308
H AFsEL 0] F 1, 3 & 7YA ARE AF AT
A, AFAZ AEE 20000 BB F FA |

qPCR< 53l viral genome copy 4t< 213t T
g Ast 24

HF A2 22 Ul wssvel ehA BlS
H3ll, Areckijseree et al. (2004)2] WH & 283}
Zt ) {REREH FE2F 23 vhaf A o] &3t
23E QS A% 43 AAE &3 =
(Crassostrea gigas; 7.17 £ 1.4 cm mean shell length),
T3 (Mytilus coruscus; 5.78+0.7 cm mean shell
length)3} W}X| (Venerupis philippinarum 5.7 1.2
cm mean shell length)& -4 S| HA| Aol A 435}
AL, AFAR FF F WSSV H RSIVE] E4] o
5 glste] noly 27t EAEA e e &

A% F APl AEFATE olF 72 AT s7A

A F2)3k &38H4-S PBSS} 10% (wv) o2 E33
% ol ak9d AL, 8,000 rpmol A 1023F AA 23

% 9&Y AEFS H3AS ol &l AAZ v
0.45 um syringe-filters 53t} W03 43}
A mpaf Y o] dE o2 vhol e 2o ik 45kE T
g A% &3 EAN o0 =N ALESAT

5 At SA0ACQ| HO[2{A AZlE BN
Kim et al. (2017)2] W& &83l 4A3&
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2g Akl ST WA ezl 43 g4
HS WSSV 7+l Al-¢- 23] v H(10° copies/mL)
I 112 ¥hE3le] F9low, 4318 HlaE 23°C
o] LxolA 1,24 18]l 48 AN ZHEQE XYt
ST TS sl F Ashad 22 o] Ao o))
PCR inhibition &35 YERd F QOB R 3 &
ZollA 3087t s & gPCRE F3Y 3l &3}
Qa, 272 WSSvell " Al &8 =3
s H 2 PBSE WHSAIA FACH T AR
qPCR Aol me} AstgS EA3ta2 3R e
o, &31&S T 2ol ALkt

43} &40 2% inhibition rate (%) = [1- (&3
FaoA9 HZx virus 3E/PBSoA Y H % virus
FT5)

d’d Virus &% = PBSO A 7+43F vlo]g] 29
% x 28} 4o 93 inhibition rate

2318 (%) = [1 — (&8tE Ao 2 HF virus
FE/9% virus FE

F7HH o ® FA ulol gl 23] A%E A4S
S8 el A3F §49-8 WSSV &9 3 RSIV
i 45N 112 ¥EEslal, 23°C] L= oA
1,3, 2 793k vhgskAaL, ald A o] A 3nkE
o2 AgE FYPste] vu EAsT
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I Eh=0llA2] WSSV 2t 2A

9 4ol EXet= WSSV o bd
olX 12} Q19 WSSV £ & Al =33
, AZPEZ viral genome copy#t H3HE 43}
A B NAY BFAEE FUA T WSSV
z24 Y-S st Fepol] =7 £, A
g & 2 23°Ce} 18°CY] el Al 2zt
5.71, 6.52x10° WSSV genome copies/mL, B0l A]
& 23°C9k 18°Cel thEl Zzb 7.99, 6.78x10°
WSSV genome copies/mL o2 4FE =] % TH(Table
2). o] % nlolel 2 copy ate] 4
T 18°Ce] HI3) 23°CellA] A A
AdtE AL 818 2= gglom, vhg 27]¢91 1Y

- X=E = \la T AR
zhell B groll A 18°CeF 23°C9)

p!

2 o & g

E a2 [0 ox
F{E o _w

oo

TAAA AL B

Table 2. Degradation of WSSV genome copy in freshwater and seawater at 18°C or 23°C

Group Temperature Incubation period (Day)
°0) 0 1 3 7

2 5 71%10° 2.71x195 9.97x10° 8.92x10?

Seawater (52.5) (98.3) (99.8)
18 6.52%10° 3.29x10° 1.74x10* 2.31x10°

(49.5) 97.3) (99.6)
s 4.82x10° 7.17x10* 6.43x10°

Freshwater ” [ 697 ©1.0) (99.2)
18 6.7810° 4.93%10° 1.02x10° 1.52x10*

(30.8) (85.0) 97.8)

* Degradation rate (%)
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WSSV genome copy #©] 10* WSSV genome cop-
ies/mL ©]3}Z 74 % I tH(Table 2). t}9t = E 2
@ IAFA FAACE Foyu|d ztol= YERY
A ge Ao®E ey

2 A3 SAO0AMQ HIO|HA AsIE 2AM

w2 WSsvel tisl PBS 183 &, &3, vkA|
2 A3 vl o] mixture oA = %‘L 30% |
S A3}, FA viral genome copydke] 1.08x10°,
5.74x10°, 6.56x10°, 8.34x10° WSSV genome cop-
ies/mLZ YERSETHFig. 1). o]l we} 423} &40
2]3F WSSV inhibition ratex= =, 2%, vlx| o] Zt
7} 46.9%, 39.3%, 2 22.8%C.% 2l F o, =
g ol z=Toll Ao AIZFRE(1, 24 2 48417 dl =T
o] WSSV copy &< Z+Z+ 1.12x10° 1.01x10°,
9.85x10° WSSV genome copies/mLZ YE}T} w}
gl o] & &8st Aol mWE o4 vlol# 2~
TEE FASAL, AA AT WSSV genome
copy #koll wel &348-S SHATE 1A13E, 244
Tt 48AIE 2 ZhZE Fol| A 2.4%, 8.8%, 16.3%,
3ol A 5.6%, 8.5%, 15.3%, L8]l HFx| ol A
8.5%, 10.3%, 20.6%2] HI&Z A3} 5= o2 U
Ebtth WSSVl A3t w7 o] wk-g Al Zto
e SAA 24 A, iR/ F59 doglo] ¥
S 2447k B 484 Zbel] 28k F 0] oA WSSV
genome copy @S ZAHE HoZ FAAFAUTH

1210 WSSV+PBS

WSSV+Oyster D.E.
WSSV+Mussel D.E
WSSV+Clam DE
Oyster D. rate™

Mussel D. rate

LN

Genomic copies / mL
2

Clam D. rate

(%) ASSM Jo a1e1 pajsabiq

S

0 1 24 48
Incubation period

*DE. Digestive enzyme

**D. rate Digestive rate (%)

Fig. 1. Digestive rate of WSSV by shellfish digestive
enzyme. The natural declined virus titer in PBS mixture
due to viral stability is shown in the black bars. The
viral titers in each of digestive enzyme group are shown
in the grey bars. The digestive rate of WSSV by diges-
tive enzyme of Oyster(A ), Mussel(e), and Clam(m) are
shown in broken lines.(*P<0.05)

ol 2] WSSV (white spot syndrome virus) 443 35

(P<0.05).
RSIVSlel BIE S5 2 vjolel 2 o1 2t
A vk whg(1, 3, 2 79)% ARoAE 19

7t ¥k-3-3k RSIVE] 79 %4 23} G40 o)A
13.1%, 23te] 7% 24.1%, vFA 2] ZH$ 8.3%2]
232 e B $ 393}, S92 A5 486
%, S AT 67.3%, vkA o] A9 55.0% R
H, 79 2 =9 A$ 91.5%, T2 H$ 97.0%,
v 2] 79 95.8%2] Ashgo] F<lE A Th(Fig.
2B). o]l §k3ll WSSve] 79 193k =, &3, vhA|
ol Ao 238 72+ 24%, 14.7%, 7.5%= LHEF
wom 3Y Aol = 21.3%, 38.5%, 29.9% 2 7Y X}l
= 85.2%, 92.0%, 96.5%% LEFFTHFig. 2A). ZE
aFolA R/ FFH vlolel 2 TR O B4
Ao foug Aol YERA] Rt o, vk
142t wis] 3LUARE ZE 1FNA viral ge-
nome copy#x2] f2lvgk T+a7F YERSTHP<0.0001).

1% o
&
= &
£ 1x @
& s
S e,
2 .
E =
S v
~ wm PBS
S
1x T BF Oyster DE?
= Mussel D.E.
= ClamD.E.

--A= Qyster D. rate”
--#-- Mussel D. Rate

-« Clam D. rate

Genomic copies/mL
(%) ASSM JO 21e1 pasadi(]

Days post incubation
* D.E. Digestive enzyme

**D. rate Digestive rate (%)

Fig. 2. Digestive rate of (A) WSSV and (B) RSIV by
shellfish digestive enzyme. The natural declined virus
titer in PBS mixture due to viral stability is shown in
the black bars. The viral titers in each of digestive en-
zyme group are shown in the grey bars. The digestive
rate of WSSV by digestive enzyme of Oyster(A),
Mussel(e), and Clam(m) are shown in broken lines.
(*P<0.05)
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o F
= A Aol A el WSSV At
AT B F A aho) e WSSV 2 RSIVE
TR AL S AT A 87 29 S
T 9 FolA 193] Wt B e
WSSV genome copy #k°] Bl Bl3l 3ol A
\:1 o] ZAEHE Ao L}E}yy\l-l:_ﬂ](j"able 2), o]
= g T SASks 271 o]0 viral capsid®ll
FE doA P o] BAAA HHA STl A
%"1 T8 tgo] e BEE gl
oJ(Roberto et al., 2009), B &7 o vl& AthA
O =2 viral genome copy #°] HAaEHE ALRE AR
Ft}. Hawley and Garver (2008)2] ATolA &<
9 34 5 VHSV (viral hemorrhagic septicemia vi-
rus)7t 99.9% &5 E = A Bl A ZE &
5 F3ol Aagle] oA B3t v MEA
o] Fox|= AFHE B 2™, Jeong et al. (2008)°ll
Ax T gl BFeu|(Trichogaster lalius)
o A E2]3k PGIV (Pearl gurami iridovirus)<} 3l 5
&2l o Ql E&E(Oplegnathus fasciatus)ol X &2 ¢t
RSIV (Red seabream iridovirus)oll T3l Al = E<=oll
H] 3] 3| 4=ol| A viral genome copy Ak°] T 7+A35lH
2 Aol A Ao} vl&siAl UESTE o]9f o
Bo] 22 945 A& 18°Cl| HIE] 23°Cel| A
ZasteE A2 el =dl(Table 1), %52 viral
genome copy a0l WISA = &2 =3 & TS
NA= ASZ & A 9 o™ (Hawley and Garver,
2008), 25°Coll 233+ WSSV7} 50D 2ol Hd S
FAshe Ao vlwste] 15°CE B3 1208714 =
Zegs FAT APATe} FAR ZHAE BA
TH(Momoyama et al., 1998). H] & £ Ao A A&
gk qPCRO| EA | we} =34 BARES HE
< A7 FATE Jout, e FoAA ] ZH
o Zl o & WSSV Ho] 7beAdS Ao

Az rl-) r{

W&o AS = /\Ag glo] 2] 29 wj7/fA &
< 3t AoE dHlA O (Campos and lees,
2014; Kim et al,, 2017), A3 AFolA 3F =2

WSSV 73% =g By E bl QlTh(Park et al., 2013;
Vazquez-Boucard et al., 2010). h&}A 37 =2 U

(el

bt
N
ot
e

=2 E WSSV 1t A Ho] e e &str
A8l Eeld &3k 22 v dol] o3k WSSV ge-
nome copy #t #3} ¥ -8 FA) vlo]# 221 RSIV
ool HlwE Tl FAA P E viw EAsta
2 ettt 7 FTRE A9 mpf g ot
WSSV gPCR inhibition rate= =, <3, v}x|et 24z}
o] o] 488, 39.7, E 23.8%= o] E A5
CHFig. 1). ©]F Wk-g AJZtol| 2 WSSV 48188
AT A, 48413 ol F Il F FFRE 43MEL
Z 163%, T 153%, HFAI = 20.6% TEo2 &
A=A} old & A= 979 filter-feeding 74
oA ZFEAE 71z vlolel 2 YAt Bl o
A7t o] Fo A A kS-S oH|ETh 23| Z2
713k &<t 23°C sfj ol A o] Zhag-ol nls] Tk
W7 43F B0 Y7 A5kEo] W2 A0 FE e
U 2884 A e 423 4 Yo A5t
54 -0l osiA nlolz] 29 kAol FA=F
 J&< A AFSHH(Table 2, Fig. 1), ©]21% A=
25°Ce] df ol A Bk AspAid ol A 9] nlolef 2~ 2
2#o] A YePGEE Jin et al. (2014)] A+ A3
oF frAbekAl UERRTH 919k o] A F A3 A4
o] ¢J3F PCR inhibition rate”’} =& Bt ol e}
<ol mlal Qb Ado]l O w2 A=, HF W =
Aste viol# 27F A B A9 vio] g 2o
Hl3) Foid oz AdE f1@de] =& 7Hsdol
NS ASE YZHAT SHAIRE B AFo 4 T3P
qPCRO.Z+= 22 U EA 3= Hiole] 29 HUA
A ARE AGS 5 g7, 7 22 W A
st wlolH 9 A= F£F3 SID50 (shrimp in-
fectious dose 50%)°ll tgk FH#BA AT 5= F
3, B F =2 W EAst= vholel =9 WAl
gk el 8% AoE AsHT

H & AT o2 Foju|gt ztol& FRlE 7|

—_—

_I

o

lo

ot

AL, ThE A Hho] @] 2291 RSIVS}S] Hpo]
2 ZrAaERe| WE A3 Hlw A 3YTHY BES
717 o WSSV 43188 I F 359 HFo

29.9%¢l HWHH RSIVE] 4382 57.0%% RSIVZ}
Wwssvell Hl&) Fd3E W3 7oA <F 2n) A=
o] BalE= ALE I AUKFig 2). &, WSSV
7} RSIVel I3 A A o2 37 43 G4 Yo
A kA st B {7 WSSVe] miAAE A E E
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olFE AFE F A5S ANAZH EZ, SRR
< A& wssvet RSIV«] HF Tl 2 A5t
zlol = 3l F3 vpolE 2~ Fiel WE R/ 23
Y 29 vlolgixe] g Ado] g2A Uehd
Aerg omlat, &5 s Fof miAfA & 2§
717l EH?‘& AEE AslA ole & A7 S
=]

mﬂ
ko
ru°1'

P Ao R AmHT
AEHoZ Wssve A f&?é ‘;‘ W7 25}
oA AAA 0T A= A
FHoZ B F A8 EaddA E]"? eFg 3t Ao
2 Yeitor, g2 $4 vlol#] 2<%l RSV
A A} WSSVZE o2 kg Ao =

et 01: W7 =22 ) WSSV 1HH A o)
7Fsd& &lstkaL, olwjsFo] w7 A=A WSSV
7} Zte Bold & Felste Aot
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