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Detection of Viral Hemorrhagic Septicemia Virus (VHSV) in Wild
Marine Fishes in the Coastal Region of Korea
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In order to analyse the detection of viral hemorrhagic septicemia virus (VHSV) in marine environment
surrounding coastal region of Eastern and Southern sea of Korea, the pools of each organ sample of three
fish were taken for virus assay from February to May in 2003. The samples comprised 42, taken from 9
species of marine fishes. The VHSV was detected from chub mackerel Scomber japonicus and striped mul-
let Mugil cephalus in epithelioma papulosum cyprini (EPC) cells. The identity of the virus was confirmed a
reverse transcriptase-polymerase chain reaction (RT-PCR). VHSV has previously been reported from chub
mackerel, but not from striped mullet. The new isolates was classified as a member of genogroup I (Ameri-
can type) of VHSV and was closely related to the VHSV KVHS'01-1 based on comparisons of the partial

nucleotide sequence of the glycoprotein (G) gene.
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Viral hemorrhagic septicemia virus (VHSV)&
TANEAE MRS B5 Al AEH o7 7
dso] HF HARE dodls HYA=E & 49
A ot Hdl gxE HE #F o FelM =
AL frdshs ALE BRI v} (ssiki ef
al., 2001; Mortensen et al., 1999; Smail, 1999).

¥ & 99 Atlantic Ocean 2 North Sea
o] A= Atlantic cod Gadus morhua (Jensen et al.,
179)914 A& £28 ©|F, turbot Scophthalmus
maxinius (Schlotfeldt et al., 1991), Atlantic herring
Clupea harengus (Dixon et al., 1997), rockling Rhi-
nonemus cimbrius 3 whiting Merlangius melan-
gus (Mortensen et al., 1999) 5 4 HAF< s
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o] FollA VHSVZE E2]= 2L itk oldl Blsf &
u] ¢1Z¢] Pacific Ocean®| 41+ coho salmon
Oncorhynchus kisutch (Brunson et al., 1989)3} chi-
nook salmon O. tshawytscha (Hopper., 1989)%1A]
VHSV7} A28 BT o]F, Pacific cod
Gadus macrocephalus (Meyers et al., 1992), Pacif-
ic herring Clupea harengus pallasi (Meyers et al.,
1994) FollA #=HAL Y European type
VHSV strains 2= 33 o] o Pacific type
strains 2 EHFF 3 9;151' (Batts et al., 1993; Ben-
mansour et al., 1997; Stone et al., 1997).
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o] FAAAME VHSVZE £8]8 ol AEsHoYy
(Smail, 1999), H Y Agke] Hahe g2
AA AFE ZAR A} AAY YA Par
alichthys olivaceus R 7H}2] Ammodytes person-
atus? A VHSV7} AZ&E 2™ (Takano ef al.,
2001; Watanabe et al., 2002), %F2] @] 4235t
AYE Fdshs Zo® BuET oh (Takano
et al., 2000; Issiki et al., 2001).

olg} FAKE A71dl -8 Yt ME k2]
Zoll VHSVEZE FAE+= AE-E rhabdovirusA
Aol WAE7] AlAsle] Fd7 FUs
o] Aol FP3 A2 (Lee et al., 2003), ©]
T ol AW AJAAE AN ZF 5] A
S 2 dEdX T E= VHSVS d8o] 5
U3k 207 FAEAT (Kim et al., 2003).

A4t g o F7F VHSVE secondary reser-
voire]2l= 3 (Meyers and Winton, 1995)01] 4]
2] 71A s o}Fol tig VHSVE X X
Al7b Ehs] o]FojA] 12 2121 (Brundeseth and
Evensen, 2002; Hedrick et al., 2003; King et al.,
2001, Meyers et al., 1999), VHSV7} E&l5= =
A B oF2 vl TR AoE HIuHy
ATH (Meier ef al., 1994). -] Ul T k4
YA ellA VHSV ZdFol wid HAlsty gl
B 7z} s AAL ofFel st VHSVY
HAE FFE Rk Ao] wi§ FLd #
FAZ RFEA HAck B AFolMes +8 y
2k Fa B et AR AGE gides I ¢
= ol A AN AFE AN
VHSVE] HE o8& A ol EEd
Hpo| 2] FAY S FESIA 3 ch

ME B
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AAALt g o FolA VHSVE BElE7] 9
ato] 2003\ 29 RE 5E7HA 4719 F9F &7,
F3 B4 g Je) QI sl (Fig. Do S99
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Fig. 1. Location of the sampling place of wild marine fishes
for VHSV detection.
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Ao AFEE o1F F3F A ZE EPC cell line
(Fijan et al., 1983)3} CHSE-214 (Lannan er al.,
1984) °]lom, A X wike]2 100 IU/mL
penicillin®} 100 wg/mL<] streptomycin, 10 %
Fetal bovine serum (FBS)2 3 7}3} Eagle's mini-
mum essential medium (MEM)& A28,
vlo]|# 2 HE FoE 5% FBS 71 WA E A}
&3t

VHSV| gt thZ wle]# 224 2001d %
4 g A £3% KVHS01-1 (Kim et al.,
2003)E ARS8
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Table 1. Wild fishes sampled for VHSV isolation

Sa;ljclieng Sampled fish species (Iz:;) I:I;Zdbegszf Nu;)nb;of
California herring Clupea pallasi 18.2 6 2
Dotted gizzard shad Konsirus puntatus 17.8 9 3
Horn fish Hemiramphus sajori 227 6 2
Uljin, Striped mullet Mugil cephalus 54.7 9 3
Pohang Chub mackerel Scomber japonicus 25.5 6 2
Greenling Hexagrammos otakii 20.3 9 3
Finespotted flounder Pleuronichthys cornutua 154 9 3
Black rockfish Sebastes sclegeli 20.3 9 3

................................. Ca_hfomahemngClupeapallasz]7521
Dotted gizzard shad Konsirus puntatus 20.8 3 1
Striped muliet Mugil cephalus 504 9 3
Busan Chub mackerel Scomber japonicus 20.0 2 1
Greenling Hexagrammos otakii 18.1 9 3
Finespotted flounder Pleuronichthys cornutua 17.4 9 3
................................. DonedglzzardShadKmstmspunmms20931

Striped mullet Mugil cephalus 254 3 1
Nambhae Finespotted flounder Pleuronichthys cornutua 15.5 9 3
Black rockfish Sebastes sclegeli 15.5 3 1
Sea petch Lateolabrax japonicus 23.0 9 3
Number of total sampled fish 124 42

B3l Ay AGH oFE 7 3vte]e] A7 H|
AR 9 HE Yt ZFeEdch olg £
g st fdol ¥ vkl F 2H 7 9
ujo| 3|23t Hank s balanced salt solution
(HBSS)2.2 FA3lT 4 CollA 4,000xg, 15+
Eot A B3k TS Hated 045
un membrane filler2 &8t F Hiolz]X Fg
£ 23 oo ARR-EFon, Al A
8}7] 2744 80 Coll A3t ch

Hiole{2e| #2| HHet
24 well platecl]l ©3 wi<FE EPC cells¥

CHSE-214 cellsell ZHA#HRe] HF F=7}
1:10, 1:100, 1:1000°] =A MEMSZ 3|43}
well T 100 pL¥ FE31aL, A=A 30 % F
ot F2AIZ] F, 18 CollA 797 v sl A wt
olg] 2o o3 MXE WA &3 (Cytopathic
effect, CPE)E &k vig 7¢ Fol=
CPE7} #&=A %+ AE5s W& AW (Blind
passage)3te] 797 ] #EAS § AP E T8
&9tk CPEZ} YERd A5 thsixe vidd
A H-& 25 cm T/C flaskoll £l AXIHu| A
9 RT-PCR ¥4]4 A 8E A9t BE 4
HollA] MEMYHE: 33§ M EE negative con-



4 A% - e

trol £, VHSV KVHS'01-1€ positive control 2 A}
&3kt

HIOI2H 2 eIXie] aiEt

03 wle]E A (KVHS01-1) 2 £ vlo]y 2
(Mackerel-1pV)E EPC cellsell H%3 ¥ CPE7}
veb}7] Al S | AEE AT 25%
glutaraldehyde (pH 7.2, 4 'C)dll 4 A|7F A 148}
3 1 % osmium tetroxide (pH 7.2)Z 4 Tl A 24
7k B FA3ATE Alecohol 5 HHE A
* propylene oxide® X §3% ¥ EPON EFEE
5 Mg & F IS AEE ultrathin
section (60 ~90 nm)3}+<] uranyl acetate 9} lead cit-
rate2 ©]F FAFLI 75kveld FE AxE
7173 (JEM 1200- I, JEOL)2.2 3513t}

RT-PCR

Wz vpola s B Zhzhe] ulojg A FeE]§ Al

E HES F 3YA, CPE7} Yehdr] A2k
EPC cells& 443} RNA Isolation Kit (Trizol,
Gibco BRL)S AM&-3td total RNAE #2]35H
t}. &3 total RNASE oligo (dT):s primer,
Reverse Transcription Kit (Invitrogen)E AF&-3}eq
S8AL A7) cDNAE PCRE| F3HOZ A8t
Atk PCRo AME-§t primer= VHSVE] glyco-
protein genelAl A ZE VG1-VD3 primer&
(Miller ez al., 1998) AH&-3tA 2.1, dll A} 5% A&
2 697 bp®l %tk PCR 5-& 4AHE-2 1.5 % agarose
gel & ARE-3t] 7] gdFg ¥ UV transillumi-
nator’doll Al 7] FE4E sttt

FHAL 84

oz wlolglA g £ vlo]2) €] PCR prod-
uctst= High pure PCR product purification kit
(Roch)E AHE-8t] AT+ ¥, pGEM-T easy vec-
tor system (Promega)3} DH 5e E. coli& A3}
o] gene cloning$t ¥ Big Dye Terminator Cycle
DNA Sequencing Kit (ABI PRISM PE Applied

Biosystems)& AH8-3t] sequencing 3t} &
£ ulolg|2e] fAA G7] & tE vlo)
22 (KVHS01-1) B 7|28 VHSV strains®]
% A& Clustal W program (Thompson et al.,
1994)& ©]-8-&}4] multiple alignment3}? 2z}
AAp 7] AEAE Bl EAEAC

g I

gl 22

BT 9% AAM sl oFE o=
VHSVE A& A7 Table 29} Zth o
ekl E kel 7IsE TR F 42709 E) A
EE EPCS} CHSE-214 cell lineol| HE3}e] u}
ol AE wist A, 3 Q1 oA 44
of AAZ %o Mugil cephalusSt F-2+ Q1 )
Holl A 5ol AHE Fof H 49 23 A 3
HAl A AMHAF 5 Scomber japonicusol A
CPEE @2 < Uitk olnf CPE: EPC cells
AME HE F 5¢Y AFE AX7t FFAR
Ergo] Ho g Roltprt nigelx wes)
o™ o]F CPEE ti& ule]#|2:Ql KVHS01-
13 FARHA el e i vlelgx 2 &
g nlolz| o] ZEE MEE v R
HHSIAS o HHEFY vlolg X dxE #
Z g AR Fig2). APl AHE3 ZE o
e o 5ol8 g S48 qislen £
¥ virus isolatest 2tz mullet-1pV, mullet-2bV,
mackerel-1pVZ HH 3}tk

Ha| Hlol2{28 |MAL 84

CPE7} UEhd 3709 Algd] tsjxs A=
Hi & 0.45 um membrane filter 2 o 7}3}e]
= Bl E EPC cells (25cm? T/C flask)oll A3
310 48217 A3t Foll MEE FASIY RT-
PCRE 33tk 1 A3 3702 2g ulol
2 VHSVE] Eo] primers} ¥He-dle] $-42}
FEZ AMEE YEW AL PCR productsE



8] e} A8 2144t s ofo M 9] Viral Hemorrhagic Septicemia Virus (VHSV)S] 22 5

Table 2. Distribution of VHSV in various wild marine fishes

Number of Number of Virus isolates
Sampled fish species
sample CPE positive designation

California herring Clupea pallasi 3 0 -
Dotted gizzard shad Konsirus puntatus 5 0 -
Hom fish Hemiramphus sajori 2 0 -
Striped mullet Mugil cephalus 7 2 233::: ;g:;
Chub mackerel Scomber japonicus 3 1 mackerel-1pV*
Greenling Hexagrammos otakii 6 0 -
Finespotted flounder Pleuronichthys cornutua 9 0 -
Black rockfish Sebastes schlegeli 4 0 -
Sea perch Lateolabrax japonicus 3 0 -
Total 42 3 3

*, April 2003 in Pohang; °, May 2003 in Busan; °, April 2003 in Pohang,

Fig. 2. Cytopathic effect (CPE) and electron micrograph of virus isolates (mackerel-1pV, KVHS'01-1) in EPC cells. A, CPE
of mackerel-1pV; B, CPE of KVHS'01-1; C, virus particles of mackerel-1pV: D, virus particles of KVHS'01-1. Bar=200 nm.
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Table 3. Nucleotide sequence identities (%) of the partial G gene of Korean VHSV isolates compared with that of known

VHSYV isolates

Genogroup | | m Korean isolates
Location, Species
Makah Obama25 Sco95  96-43 KVHSOIl-1 Mackere-pV Mullet-1pV  Mullet-2pV
Washington, Coho saimon,
j - 99.2 84.8 86.2 98.8 98.9 97.0 98.2
Makah®
Japan, Japanese flounder,
- 83.6 84.5 99.1 99.1 97.2 99.7
Obama25
Scotland, Turbot,
) - 90.1 84.2 849 819 83.9
Sco95°
England, Atlantic herring,
- 85.8 854 834 84.0
96-43*
Korea, Olive flounder
- 99.8 975 98.7
KVHS01-1°

Genbank accession number *, U28747; °, ABO60725; , U8B056; /, AF143862; °, AY167587.

sequencing3l ©|& Hlo]H A7} 5 VHSVY
< I

E AoAl vr3 3709 virus isolatesoll T §F
A2 971 wgE 7]1E7E VHSV isolates<}
H| 3 543 A= Table 33 7t} 750 ¥
FololA EZ3F 3782 VHSV isolates&
Genogroup 19l 43} Makah, Obama25 ¥
KVHS'01-1 isolates®t 97% ©JA4+e] H& AFEA
< JepATh

I #

E dyddes $-8 v 8 2 deie o
2 ol 2003 2¥€olA SE7EA G
AAAL o] Fol thated VHSVE] ¥ FALE 4
Alg A} F oF (Fol, LFHLERH
VHSVE Z&3IH T ©]E VHSV isolates= %
2] G| A F-2l== VHSVSE 3 American
typed] RS AU USE ¥ F Uk

Batts et al. (1991)9] WEaW Bog si4 F

©] VHSV isolate:= EPC cells®ll 7Hd &2 7
A4S Boly ¥ #¥¥ dlg oF e
VHSVel& ZhAd o] wol (Jensen, 1979; Schiot-
feldt et al., 1991) ©1& F HpolH YL AE
TN = AolE Btk & ATeMe EPC
cell line& ©]&3le] wlolgjAg EHHOE B
g & F AN, oW IFo] E Foje] 2F ¢
% uholE & A7 10°~10° TCIDy A =21 A
o2 AU

VHSV ] glycoprotein®} nucleoprotein gene
sequence®l| ¥t 53 o strains® H]W
Ag Aol mEY vlole| 2] FE AV &
g ojFde= FHsHH, FElE A Y] VHSVE]
AP 42 #AEel dse ¢ F AW
(Benmansour ef al., 1997; Stone et al., 1997; Snow
et al., 1999; Nishzawa et al., 2002). ©}A]o} R4
M 2522 VHSVE #2] B33 Nishizawa
et al. (2002)2 YE2] VHSV isolatest= H-E
Obama25 type .2 Genogroup I (American
type)ell &dciar stk I8 °©]& Obama
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type<= Group 19| minor clustero]?] 3}x]g}
American isolates®H= 57| wFo] Obama
type®] Hr] AFoqA FA=HAUT] Heles o
H AR native HlolH AU 7RsAo] EThw
3}t Kim et al. (2003)2 -8 Uate] %4
ZlolX AWE KUsH= VHSV isolates A
Genogroup I £3}x|5F AE-2] Obama2s type
3 7P 7R ST (Kim er al., 2003). &
Aol ZARSE 3709] VHSV isolatesy: 1 #
g olFI= T3 FA A IR of¢
FAFSt nlolgj Ao B 2 8 ZA}o) 3l
712 AR7 E Aeg yzhdEn

& A7lAME 959 ALt oFE e
VHSV A& AR-& ZAIE 234 chub mackerel
Scomber japonicus$t striped mullet Mugil
cephalus® X vlolHAE HAET 4+ AUTh
Mackereld| M= A EYol FH &) Fof A
4~8%%] B]&E VHSV7ZF A&E #f YA
(Hedrick et al., 2003), striped mullet2. & 5-E
VHSVZF E2l8 AL AFolrh

VHSVE] EY2 &5 W= sl sl of
Foll thgh o e JAlsE e Re=
A= 191 (Stone eral., 1997), thre] A
AEL ALt 8|4 o] 7 7F VHSVY reservoirdd
7Fs/dE F8kaL ATk (Betts and Stone, 2000;
Dixon et al., 1997). & Q7oA = ATE Al7]9h
UF AH9| oFE tIgoE VHSVY AE o
& ZARIGSNE B73ta 350 € o
¢} 7+ o}F oA VHSVE EIT F e
2 97 v dIs) 87 2o VHSVIF &%
& 7FsAde] o AlzkEnh

2 o

A 873 F9 VHSV X ZAE Y5l
2003 2¥elA 597kA Fal g st
A Foll MYk A sl ARE AFIA
ok Hlel2i #2818 AlEE 9%9 dF oFE
A 42788 AR E A3k 7 A5 23

HNbE epithelioma papulosum cyprini (EPC) cells
o HE3 A3, 3150 Scomber japonicusSt =
o] Mugil cephalus®| A Ble)E| 27} BEelEe
B o] HolElAE RT-PCRYES ©]£3ly
VHSVE 4 4 A3tk ZFoloA VHSV
7F AEEHATHE 7B s AR Sofd) i)
AMe B Aol HE o2 VHSVE 283y
ok AR ol FellA FrEi| Al 7He] VHSV iso-
lates®l] W& glycoprotein gene2 #4135+ A, o]
T HoldAiE F] dAolA AL sk
VHSYV isolates?t A8t E5F genogroup I
(American type)°ll &3k 2o E BHE AT

AL A}

= AT SE YA Y] FAER )
Al (20010064)2] FFH] x| Yol oJsle] FEH
ArA e dEUE Bych
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