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Abstract: A diagnostic test for viral hemorrhagic septicemia virus (VHSV), which infects
more than 80 species of freshwater and marine fish at home and abroad, causing mass
mortality, was conducted to provide quantitative data on the amount of virus expression
in various tissues of flounder in chronological order. The tissues were collected in

chronological order after the intraperitoneal injection of 3.0E + 07 tissue culture infective
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doseso (TCIDso) per 0.1 mL per fish of VHSV to randomly selected flounder. As a result of
relative quantification through real-time PCR, the highest levels of virus expression were
found in the spleen, kidney, gill, and liver on day 5. This study proved that the spleen
was an appropriate site for the final diagnosis of VHSV in the early stages of infection
and will provide important information for the diagnosis of legal infectious diseases in
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20199 FAA o FIAESFRAL Aol E}‘ﬂ' = g
2] (Paralichthys olivaceus) 2] A al
9 oF s1% 01 1% RS FR Aleh,

2% 145780 vjolel Yool ofe o AL o
A Aol Z oS E Wl I} (Park et al. 2015: Park et al.
2016). FHl WA o WAL WAXA)E 2wl

2| 2= viral hemorrhagic septicemia virus (VHSV) = H.11
a1 et VHSVE =UHi€] oF 900 Fof E4 B oo
FE AIAZIH AATEEA7]T9 2782 (World
Organization for Animal Health Office International des
Epizooties (OIE) notifiable disease) .2 2] =2 ™ (OIE
2017), 2ol trafet ojFollA gad A7t Hals
I IoH(Gudmundsdéttir et al. 2019).

ol A= 2000 7FE St BAFAFANA A
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YR o] F, A2 A1l Aol 7] B2 HANE
k] FAA 42 TR =gy

=
M= HAAGEor WSt = A olth (Kim et
al. 2003; Skall et al. 2005).

VHSV1 Rhabdoviridae™ NovirhabdovirusZ©] Z5}
+ RNA Hpo|2{ 200, Hpo]2| 2 izke] A27]= 274 70
nm, 2°] 180nm 2] ©3d 2 Folth Whole genome~> oF
11,000 bp©]™, nucleocapsid protein (N), phosphoprotein
(P), matrix protein (M), glycoprotein (G), non-virion protein
(NV), polymerase (L) 67R¢] FHAE A2 do3lst
Y= Negative-sense, single-stranded RNA genome H}o|
2 20]th(Trdo et al. 2005).

N A2} G F4721e] F71M D 242 Sl Asw4
St 02 479 FAAY (1-1v) 2.2 LHrolx|H, o]t
TR A2 Faxo] whet 2 E T (Einer-Jensen et
al. 2004; Skall et al. 2005). Genotype > F2 2] &
o sfi<roll A FEH o, la-Te7FA] O] MEIFS 71
t}. Genotype II= W ES]| % W= o] A A E Frho]m
(Einer-Jensen et al. 2004; Gadd et al. 2011), Genotype III+=
SAF D Efjol| A A = 2T (Einer-Jensen et al. 2004;
Duesund et al. 2010). 12| 3L Genotype IV= All 7H] AJE
1FC 2 oA ™, Genotype IVar= SHa= HIESL &
Fofalop 2| Bl FEEH Ao siFetgol &
=912 ™ (Bernard et al. 1992; Traxler et al. 1999; Hedrick et
al. 2003; Lee et al. 2007; Ahn et al. 2013; Garver et al. 2013),
Genotype IVby= HotH| 27} @t 0] g 2 SofA B
=] I} (Elsayed et al. 2006; Thompson et al. 2011). ZL&| 11,
Genotype IVei= 7Lt FoliQt sk ofl A A= ik
(Gagné et al. 2007; Pierce et al. 2012).

VHSV Z1e ®H-2 OIE] #]74et VHS = A| 20T
of whe} Al Zulj e, M E Y82 e} Real-time PCR,
RT-PCR % 97|M<E #£4= ol-gt 2=ty A
S AA5tAL 21 2™ (Ariel et al. 2001; Soliman et al. 2006;
Garver et al. 2011; Jonstrup et al. 2013; OIE 2017), = o A
T VHSE "2 d e Aoz A Al3a- A
6ol wheh = iPEE A AA ol F et AlFAL
=B EA-A N AR A=
ATt vo] dqkE o]-g-sto] g%
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FAE St 2H 71 H 2 22 08 A 2T YT
= A F st FUAARE A5kl 91O (Mackaym 2004;
Bland et al. 2012; Jonstrup et al. 2013; Kim et al. 2014), ‘g %]
o upof 2 Ay & ZF 2 Hio|H A 0] A 742
oFz] W& 7l Zlo] gith

ol§l Aol e FFA Ao
71715 ol-§sto], FAMER
VHSV 49 @] 9] oheafet 22| (op7v], h A1, B, 2
=)o VHSVE A4, A4 ekt Ay 2
FAANA ol it 7| 22w E AlSoka A} g,

ERE

1. Ho|2{ A vH Y

H2ol A £2% VHSV (ADC-VHS2014-5)2 AH8-5FSL
oh AMEH o FFSA| T = Epithelioma papulosumcyprini
(EPC) cell line (ATCC NO. CRL-2872)°ll 10% fetal bovine
serum (FBS)E 77}3F Minimal essential medium (MEM;
Invitrogen, CA), 1% antibiotic-antimycotic (Gibco BRL,
USA)E AR&5to] 20°Cofl A HiF5HATH (Winton 2007;
Hwang et al. 2017). Tissue culture infective doseso (TCIDso)
2 Reed and Muench (1983) ® ofl ™2} 96-well plate©l] EPC
cell line2 1 x 10* cells well '2 E55}11 24A]7F 5 10 fold
=2 GA A VHSV i FH-S 100 uL A HESHY, 2%
FBSE 7Rt MEM HIA|E H7IRE 7, 15°CollA 7943 A
H/J &7} (Cytopathic effects; CPE)S 25| TCIDso

=7g5toict

llo R

A7 FF 13°CE A
o VHSV {9 de2 A+ 9] 20079 3.0E+07
TCIDso per 0.1 mL per fish® 57 FAFSE T 2+
Y] 201+ 1% Phosphate buffered saline (PBS) (Gibco,
USA) 0.1 mL& 57 ARSI HAkE2 AT £ 2



M) EA] 2005 1627 AT VHSV A2
AT +2 18719 FA] 18015 AXHE el wh
ZF 6M3E 1243 19, 2%, 39, 59, 79400l 2] 420
A ol 34 AdEsto] ofrfa], 2k A, W, 25 Al
25 ZFSHATE RNA isolation< 2] Bl 100 uLE
RNA isolation kit AccuPrep® Universal RNA Extraction Kit
(Cat.K-3140; Bioneer, Korea) 2} DNase treatment RNase-
Free-DNase Set (Cat.79254; Qiagen, Germany)% AFgsloq,
RNA SOuLE Bt

cDNA ?}14J-2 RNA isolation -+ ¥-2 RNA concentration
1 y.goﬂ RT Rxn 20 y.L/ rxn RT premix AccuPower® Rocke-
tscript™ Cycle RT Premix (Cat.K-2201; Bioneer, Korea) <t
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Fig. 1. Mortality of olive flounder (Paralichthys olivaceus). Cumu-
lative mortality of P olvaceus that were injected intraperitoneally
with 3.0E 4+ 07 TCIDso per 0.1 mL per fish of VHSV (W) or PBS (®).

Quantitative analysis of VHSV by Olive flounder tissue

Primer Oligo dT (20 mer)E AF8-5}0] RT condition (37°C
30 sec, 48°C 4 min, 55°C 30 sec) x 12 cycles, 95°C 10 min®]|
4] PCR machine<> MyGenie™ 96 Gradient Thermal Block
(Cat.A-2040-1; Bioneer, Korea)& AH-8-5t0] gHdotict. 3
AH A BE -70°CollA Hastelet

3. Real-time PCR (Relative quantification)

Real-time PCR-> VHSV F312}F¢} 'd 2] 9] Reference
AZFQ1 EFla FAZE Blaste] JoigEsisich. A9
of AF&% Primer® VHSV (GenBank accession number
793412.2)E FA o2 5= Forward primer: 5'-ATG-
AGG-CAG-GTG-TCG-GAG-G-3'; Reverse primer: 5 TGT-
AGT-AGG-ACT-CTC-CCA-GCA-TCC-3"5 AH&5t3o
™, Paralichthys olivaceus Reference gene! EF1a (Genbank
accession number AB915949)2 X2 O & 5= Forward
primer: §'-CAT-GGT-CGT-GAC-CTI-CGC-TC-3'; Reverse
primer: 5'-CTC-GGG-CAT-AGA-CTC-GTG-GT-3"& A&
SFAT

Aol AH&H A== ¥/d% Template cDNA 10 uL.2}
PCR Premix AccuPower® 2X GreenStar Master Mix (Cat.
K-6253; Bioneer, Korea) & =351 A6} 9™, Real-
time PCR 7| A= ExicyclerTM 96 Real-Time Quantitative
Thermal Block (Cat.A-2060; Bioneer, Korea)= A8-51$3tt.
PCR 2712 th-53 240] Step 1: 95°C 10 min, Step 2: (95°C
15 sec, 60°C 1 min) X 45 cycles scan”), Step 3: 65°C S min,

Fig. 2. Symptoms in olive flounder (Paralichthys olivaceus). (A) Pale coloration of the gills, accumulation of ascetic fluid, and a severely con-

gested liver. (B) Redness of the fin and skin.
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1| W Gill

VHSYV gene expression levels (log10)

Ohr  6hr 12hr lday ‘ 2day 3day 5day 7day
(n=3) (n=3) (n=3) (=3) (n=3) (=3) (n=3) (n=3)
time

G

18
16 | | Spleen

VHSY gene expression levels (log10)

Ohr  6hr 12hr lday 2day | 3day Sday 7day
(=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3)

time

(E)

40 M Muscle d

VHSY gene expression levels

Ohr  6hr 12hr Iday 2day 3day 5day 7day
(=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3)
time

C

16 M Liver

VHSYV gene expression levels (log10)

Ohr  6hr  12hr ‘ lday 2day 3day ‘ Sday 7day
(0=3) (0=3) (n=3) (=3) (=3) (n=3) (n=3) (n=3)

time

S

16 M Kidney

m

12hr 1day 2day 3day 5day 7day
(rl 3) (H—3) (=3) (=3) (n=3) (n=3) (n=3) (n=3)

time

VHSY gene expression levels (log10)
=]

Fig. 3. Tissue distribution of VHSV by gPCR analysis. Total RNA was isolated from various P olivaceus tissues. (A) Gill, (B) liver, (C) spleen,
(D) kidney, and (E) muscle. VHSV normalized to EF1a rRNA expression. The mean £ standard deviation (n=3) is shown. The values of the
columns with different superscripts (a—d) were significantly different at p<0.05 by Duncan’s multiple range tests.

Step 4: melting curve analysis 65°C~95°C (1°C sec) 2=
a7gst.

Real time PCR2 &9
H R S 2 Exicycler analysisS

262 ©2021. Korean Society of Environmental Biology.

S A=A 2-ddCt S ©]-851 fold change s 7
AFoto] loggh o 2 2HAFSHITH (Livak et al. 2001). w415 2

THE-2 SPSS L= 17 (SPSS, Chicago, IL, USA)-S Al-g-5}
o] FAA = £ %] 9™, One-way analysis of variance



(ANOVA) testol| 4] AF9-#7d-> Duncan testS 53l A A5}
AtH(p<0.05).

U G| FA] AT AR A oFA] AF AJAtEFe]
oF 51% o]42 Aok Fa s At o g A st of
2|9t 2]4: 2 Q1 vpo]|q A4 Avof oJgt thgF HALZ FA]
AkQjo] 2 HeE Wl Qo= of2] VHS Y o
9 x| Zof gt 22 Hio|H A A B0 tigh A=
BZ35E Ao}, oo B AFoME SAYEHAGH 9
g 2 2] ARl VHSV ZE YA E real time PCR ¥
o]-gsto] thoFet 2] (ob7tm|, ZF A%, H|%, T-8) o A 9]
VHSVE AR Asto] A4 aleh Ax Ak 9 vrelA|

A o] tigt 7| 2217 2 S-85kAt st
ADH-VHS2014-5 (3.0E+07 TCIDso per 0.1 mL per fish)
2 B7F FARE A3 ADC-VHS2104-5 HFo] 82 A+
oA FALY sLAHE 1642} Fetoll 90%2] F4
Ab-go] =] 2Tt (Fig. 1). Hwang et al. (2017)2 = d
A 2l VHSVE ARE-sto] H2] Z]ofof tigt & =
ARt A3} ADH-VHS2014-52 57 FAF5He] 90%9] ++
2 HAlgo] PAEIHY B 15t B Ao
3.0E+07 TCIDso per 0.1 mL per fish == 9 Ad-Z
ANPEOE 90% 2] +4 HAMEo] TEE =], vl
22 v 9F Fof| T VHSV IVa (ADH-VHS2014-5) = o] 73]
JaoA =2 HARES 7He A ol A
4E& FASH= A2 UERNIT Fig. 24, B 3 44E §
A} G2 o] Aprlolw, ZjAofl whet 279] 2fo]7f glo

VHSV #4949 £33 A 4, 2552 L &

PCR AT £4= I8l o2 13°C B34 ADC-
VHS2014-5 (3.0E +07 TCIDso per 0.1 mL per fish)2 @]
x| ojof] B7F FAFSEA] AT, 6A1ZE, 12417 1Y, 2%, 3%,
59, 79 AZhEA R A9 AEE GRANA| Q] of 7],
74 A%, v, 252 ABEZ7 5] RNA isolation & cDNA
g5t N—geneg F24Q1 gt house-keeping gene

el EFla-gene 3t real-time PCRS 53l Ctal2 SA5}

Quantitative analysis of VHSV by Olive flounder tissue

Fch Exicycler analysis D2 7WS B SHE Ctike
Al 2-ddCt ' -E ©]-8-5}9] fold change s +4
Skleh. A4, 47119] 22 (ot7im], 7H A%, B ol
A BZFFAL & 242 E VHSV HESFo] 7o) AR
5], sUato]| B4 (7.84 +8.07 Fold charge (logl0)), °F7F
1] (7.02£7.22 Fold charge (log10)), 417 (6.51£6.73 Fold
charge (log10)), 12|11 7+(6.33 £6.56 Fold charge (log10))
%72]9] Fold charge”} 5ol o] & & HASt= Fdo] 1t
EhdTh B 25 2204 9] VHSV EA e B
AL & 5D 2}of| 17.3 £20.0 Fold charge2 5715t &, 52| =]
+ eo] et (Fig. 3).

Kim et al. (2014)-> FYeosu05 (1.0E + 5.8 TCIDs per 0.1
mL per fish)E @29 &l ARG 3 1,3,5,7, 14,21
A zF A ] AT} B 22 pooling® MES
TICDso % real time PCR Et| HFAE vl 2A45HH
TF TICDs % Al 27 2T 3d % o] Hiolg| A Tdd
Fol 243] F7lsto] 7427 {FAEH & 1442 E
Aol FmE= 2149A7HA] Biol# 2 W] A
+ TElo] LehiTh

Kim et al. (2020)2 42 20°C 2734 VHSV (1.0E +
6.0 plaque forming unit (PFU) per 1 mL per fish) S d 3] #]
ojof] 7} FAFetA, 04, 3¢, 744 107]2] 2] (oF7H],
Y, B3 7 A, A A 9 A 28)S A s
Atk 71 A}, 3UARE 7UA7EA] VHSV i ge] 54
5] S7loh= sidlo] Uebgtom, 742t v, &5, otz
THZ 20| A VHSV B EF S7HE0] A LT

H AFe] A= Kim et al. (2014) 2 Kim et al. (2020)©]
A AiEihs o2 sgatelA vHSV E@ o] 7t
EUTE ZEZA] A VHSV HEFE Hlwohle o,
A AT A= mju|et F9] VHSV I o]
2O Kim et al. (2020)°] EI1gt Aitol| A= 7UA}e
VHSV Hd o] I, o7 thgo & =7 I == A
o} o] ZA A Yehdt o] fia= VHSV &
17 2, delojo] 2E 9 A O] Zfo]

% z7
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o

O] A9} Kim et al. (2020) 8] A7} AJHtE]|o] S4xITh

& 3 APz 07 ALE7|A FHHs| mou, £}
Aol AE I Was Zloz Holrl

2 Aol B VHSV T F 2 O] vheket 22 (of
7tu], 2, A, 81, 2-5)014] VHSVE HRFEAL slol,
ol A sk ALY vHSV A 2 el

A sl td Am olg 7158 Aoltt.
o 9

SfjololA] ool Fol Wi B4 % siitolRE 1A
7 YgHAIS AL vtold Ay £84 Wds b

Z]

o] (VHSV) AHAARE flsf d2]9] of2] £2]¢] Bt
ojg]2 drdgol tigt A dlolEE AteAof ut
Aok F219] A g A]of 3.0E+07 TCIDso per
0.1mL perﬁsh—/] VHSVE 7 Aot A7k '](0/‘
6A17E 12417 19 7)ol wta} 22 (0}7]-
], 7+ A7, W1, E%) XH%‘%O}&‘;E}. Real-time PCR
S B At AeFst At 54zt olrta], 7 A% HA
A Hiol# 2 0] WA gFo] 7P A Urebgth ol AFE
Sl A 271DA A B0l vHSV ST 9%
15t o, =il Mgy o] &

O] 30] o]
2%,3%, 5%,

o] RO 501 A LS ALEZ A ] Q] A EE)
A7]e T 9 29 2 (R2021071) 0] AP 4
B AFdych
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