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Abstract: Disease monitoring in wild aquatic animals is necessary to obtain information
about disease occurrence, disease agents, and the transmission of diseases between
wild and cultured species. In this study, we monitored viral diseases in wild marine fish
and crustacea caught by trawl in Korea in April and October 2018. We monitored the vi-

ral diseases in 977 fish from 39 different species and 287 crustacea from 14 different
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species. In fish, we collected kidney and spleen to detect viral hemorrhagic septicemia
virus (VHSV), red sea bream iridovirus (RSIV), marine birnavirus (MABV), hirame rhab-
dovirus (HRV), and lymphocystis disease virus (LCDV). In crustacea, we monitored white

spot syndrome virus (WSSV), infectious hypodermal and hematopoietic necrosis virus
(IHHNV), taura syndrome virus (TSV), infectious myonecrosis virus (IMNV), yellowhead
disease virus (YHDV), and white tail disease virus (WTDV) using pleopods, pereiopods,
gills, muscle, and hepatopancreases. Although none of the viral diseases tested in this
study were detected in the samples, these results will help disease control between
aquaculture species and wild aquatic animals.
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|3 Tk (Lee et al. 2006; Lee et al. 2007; Cho et al. 2008,
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ol A& EF (Viral haemorrhagic septicaemia;

VHS)& A=A siit offoll A e d8t 9lew VHSV
of ZE AAFA L 7S HHEA - FAolFol
Armz 3 B 49 WA 2 4 e Ak
STt (Stone et al. 1997; Skall et al. 2005). T (White
spot disease; wsD)o| 93t nj= Fol x|yt A 7t
A FA 1] 2kArA| ZHAf ol A & WSSV (White spot
syndrom v1rus)7]' 7{}%5—] M__tq (Baumgartner et al. 2009)
22 20179 299 B F=0] AALA Ao = Jojof
A Adz=gEFA A (Gyrodactylus salaris) 85
9 oJojFZuto]HAHY (Spring viraemia of carp; SVC)©] &
Hysto] o o] o EES elst At (OIE 2017).
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MABVD), 3|2t & 1o 2 AW (Hiramerhabdovirus
disease; HRVD), HZA|AE]AH (Lymphocystics disease;
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LCD)) ¥ HZARE tdez PN 65 (A
(WSD), A Hd 15L& 7] I ALS: (Infectious hypoder-
mal and haematopoietic necrosis; IHHN), EF--2F5-F
(Taura syndrome; TS), /3 I AHS: (Infectious myonec-
rosis; IMN), =™ 2] (Yellowhead disease; YHD), 212
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HEH 222 Biomek NX" (Beckman Coulter, USA)=
o]-gsto] ARALY] Z2 EFo upet ihS FE5HAL o] 7
= VHS, RSIVD, MABVD, HRVD, LCDE, ZZ}3= WSD,
IHHN, TS, IMN, YHD, WTD®|| th5slo] PCRE& A AI5HS
t}. PCR mixture 24 % PCR 2712, HA A A (VHS,
RSIVD, WSD, IHHN, TS, IMN, YHD, WTD) 2] 73-¢ M4t
A2 AR A A joll whet A5kl o™, B A
(MABVD, HRVD, LCD)-2 o3¢l B ¥ =72] #Hy
et BAS AAISE o™ A A Table 29+ ATt
RNA H}o] 2 A9] 732 iScript cDNA synthesis kit (Bio-Rad,
USA) H+= superscript IV revers transcriptase (Thermo Fisher
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Fig. 1. Sampling areas for disease monitoring of wild marine fish and crustacea (O, fish caught in April; A, crustacean caught in April; O,

fish caught in October; v, crustacean caught in October).
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Table 1. Investigated fish and crustacea for the detection of target diseases in this study

Viral disease monitoring of wild aquatic animal in Korea

Number of sample

Average size of sample

Order Common name Scientific name
April October  Total Length(cm)  Weight(g)
Fish
Anguilliformes Finned worm eel Echelus uropterus 10 - 10 43.4 70.7
Clupeiformes Common hairfin anchovy Setipinna tenuifilis 81 20 101 141 18.5
Japanese anchovy Engraulis japonicus 1 - 1 15.3 41.7
Kammal thryssa Thryssa kammalensis 10 - 10 11.8 13.4
Pacific herring Clupea pallasii 25 - 25 270 144.2
Gadiformes Pacific cod Gadus macrocephalus 10 32 42 173 50.0
Lophiiformes Yellow goosefish Lophius litulon 2 - 2 179 162.9
Ophidiiformes Armored brotula Hoplobrotula armata - 10 10 24.8 134.3
Osmeriformes Deep sae smelt Glossanodon semifasciatus 10 - 10 14.4 21.9
Perciformes Big head croaker Collichthys niveatus 21 10 31 8.6 10.7
Blackthroat seaperch Doederleinia berycoides - 10 10 10.1 14.8
Blotched eelpout Zoarces gilli - 20 20 23.6 90.1
Butterfish Psenopsis anomala - 10 10 19.5 133.6
Chub mackerel Scomber japonicus 10 - 10 15.7 316
Glowbelly Acropoma japonicum 20 20 40 72 5.4
Indian perch Apogon lineatus 10 - 10 6.8 4.6
Japanese jack mackerel Trachurus japonicus 89 50 139 19.6 58.3
Korean pomfret Pampus echinogaster 5 - 5 21.6 153.4
Pacific sandeel Ammodytes personatus 10 10 20 14.5 8.7
Porqushead eelpout Bothrocara hollandi - 10 10 211 48.8
Red barracuda Sphyraena pinguis 37 20 57 26.1 111.6
Red seabream Pagrus major 20 - 20 15.5 110.8
Japanese sandfish Arctoscopus japonicus 25 10 35 15.0 29.1
Silver croacker Pennahia argentata 30 10 40 20.1 102.2
Spotnape ponyfish Leiognathus nuchalis 10 10 20 8.8 10.7
Yellow croacker Larimichthys polyactis 40 63 103 12.3 16.1
Yellowback seabream Dentex tumifrons - 10 10 13.5 64.7
Pleuronectiformes  Blackfin flounder Glyptocephalus stelleri 5 - 5 18.3 44.2
Flathead flounder Hippoglossoides dubius - 10 10 19.7 69.1
Sohachi Cleisthenes pinetorum 13 - 13 20.5 59.6
Scorpaeniformes Korean rockfish Sebastes schlegelii 8 - 8 22.4 168.2
Longnose poacher Leptagonus leptorhynchus - 10 10 179 14.7
Spiny red gurnard Chelidonichthys spinosus 10 10 20 18.8 58.0
Spiny flathead Hoplichthys gilberti - 10 10 18.4 56.9
Spotted velvetfish Erisphex pottii 20 10 30 1.1 12.9
Spottybelly greenling Hexagrammos agrammus - 10 10 141 29.1
Tanakas snailfish Liparis tanakai 10 10 20 15.8 2614
Teraodonitiformes Black scraper Thamnaconus modestus 10 - 10 24.3 210.0
Zeiformes John dory Zeus faber 20 - 20 215 143.5
Total - - 582 395 977 - -
Crustacean
Decapoda Big head shrimp Solenocera melantho 23 - 23 8.8 8.1
Chinese ditch prawn Palaemon gravieri 10 22 32 5.9 9.2
Crangonid shrimp Crangon dalli 10 - 10 5.4 2.3
Decorator crab Oregonia gracilis - 10 10 16.3 1141
Hakodate sand shrimp Crangon Hakodatei - 38 38 6.7 26.5
|lzumi shrimp Plesionika izumiae - 10 10 5.6 14.8
Red-banded lobster Metanephrops thomsoni 1 50 61 10.3 122.8
Sand crab Ovalipes punctatus 7 - 7 5.9 359
Shiba shrimp Metapenaeus joyneri 3 - 3 10.7 5.7
Snow crab Chionoecetes opilio 10 - 10 4.8 33.2
Southern roigh shrimp Trachysalambria curvirosteis 18 20 38 9.2 279
Spiny lebbeid shrimp Lebbeus groenlandicus 15 - 15 10.7 5.7
Sword-beak eualid shrimp  Eualus spathulirostris 10 10 20 34 2.6
Two-spot swimming crab Charybdis bimaculata 10 - 10 2.8 55
Total - - 127 160 287 - -
http://www.koseb.org 477
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Table 2. PCR primers used in this study

Disease Primer Sequence (5' to 3') Expect size Reference
VHS VNF ATGGAAGGAGGAATTCGTGAAGCG
VNR GCGGTGAAGTGCTGCAGTTCCC! 505bp Snow et al. 2004
1F CTCAAACACTCTGGCTCATC ,
D 1R GCACCAACACATCTCCTATC 570bp Kurita et al. 1998
4F CGGGGGCAATGACGACTACA ,
MABYD F GCACCACGAAGGTACGAAAT
R GTACGTTGCCGTTTCCTGAT 597bp Cho et al. 2006
HRVD F ACCCTGGGATTCCTTGATTC
R TCTGGTGGGCACGATAAGTT 533bp Cho et al. 2006
LD LCDV F YTGGTTCAGTAAATTACCRG ,
LCDV R GTAATCCATACTTGHACRTC 609bp Kitamura et al. 2006
st 146F1 ACTACTAACTTCAGCCTATCTAG
WD s 146R1 TAATGCGGGTGTAATGTTCTTACGA 1447 bp Lo et al. 1996a
o 146F2 GTAACTGCCCCTTCCATCTCCA
146R2 TACGGCAGCTGCTGCACCTTGT 941bp Lo et al. 1996b
389F CGGAACACAACCCGACTTTA
389R GGCCAAGACCAAAATACGAA 389bp Tang et al. 2000
77012F ATCGGTGCACTACTCGGA
77353R TCGTACTGGCTGTTCATC 356bp Nunan et al. 2000
HHN 392F GGGCGAACCAGAATCACTTA
392R ATCCGGAGGAATCTGATGTG 392bp Tang et al. 2000, 2007
309F TCCAACACTTAGTCAAAACCAA
309R TGTCTGCTACGATGATTATCCA 309bp Tang et al. 2007
MG831F TTGGGGATGCAGCAATATCT
MG931R GTCCATCCACTGATCGGACT 831bp Tang et al. 2007
9992F AAGTAGACAGCCGCGCTT _
. 9195R TCAATGAGAGCTTGGTCC 231bp Meri et al. 2002
7171F CGACAGTTGGACATCTAGTG
7511R GAGCTTCAGACTGCAACTTC 341 bp Navarro et al. 2009
4587F CGACGCTGCTAACCATACAA _
o 4914R ACTCGGCTGTTCGATCAAGT 328bp Poulos and Lightner 2006
4725F GGCACATGCTCAGAGACA _
4863R AGCGCTGAGTCCAGTCTTG 139bp Poulos and Lightner 2006
10F CCGCTAATTTCAAAAACTACG
144R AAGGTGTTATGTCGAGGAAGT 135bp Mohr et al. 2015
st GY1(F) GACATCACTCCAGACAACATCTG
GY4(R) GTGAAGTCCATGTGTGTGAGACG 794bp Mohr et al. 2015
GY2(F) CATCTGTCCAGAAGGCGTCTATGA
2nd Y3(R) ACGCTCTGTGACAAGCATGAAGTT 277 bp or 406 bp Mohr et al. 2015
G6(R) GTAGTAGAGACGAGTGACACCTAT
YHD YC-Flabpool  ATCGTCGTCAGCTACCGCAATACTGC
- ATCGTCGTCAGYTAYCGTAACACCGC
TCTTCRCGTGTGAACACYTTCTTRGC 358 bp Mohr et al. 2015
YC-R1abpool  1CTGCGTGGGTGAACACCTTCTTGGC
VC-F2abpool  CGCTTCCAATGTATCTGYATGCACCA
o CGCTTYCARTGTATCTGCATGCACCA
RTCDGTGTACATGTTTGAGAGTTTGTT 146bp Mohr et al. 2015

YC-R2ab pool  GTCAGTGTACATATTGGAGAGTTTRTT

478 ©2019. Korean Society of Environmental Biology.
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Table 2. Continued

Disease Primer Sequence (5' to 3') Expect size Reference
F GCGTTATAGATGGCACAAGG -
MrNV
r lintenal F -~ GATGACCCCAACGTTATCCT
linternal R~ GTGTAGTCACTTGCAAGAGG 546bp Sudhakaran et al. 2007a
F CGCGGATCCGATGAATAAGCGCATTAATAA o
WD R CCGGAATTCCGTTACTGTTCGGAGTCCCAA 205bp Sri Widada et al. 2003
XSV
S linternal F ACATTGGCGGTTGGGTCATA
linternal R~ GTGCCTGTTGCTGAAATACC 236bp Sudhakaran et al. 2007a
MINVF GATACAGATCCACTAGATGACC .
MrNVR GACGATAGCTCTGATAATCC P
XSVF GGAGAACCATGAGATCACG voganandhan et al. 2005
XSVR CTGCTCATTACTGTTCGGAGTC 500bp

VHS: viral hemorrhagic septicemia, RSIVD: Red Sea bream iridoviral disease, MABVD: marine birnavirus disease, HRVD: hiramerhabdovirus disease, LCD: lym-
phocystis disease, WSD: white spot disease, IHHN: infectious hypodermal and hematopoietic necrosis, TS: Taura syndrome, IMN: infectious myonecrosis, YHD:
yellowhead disease, WTD: white tail disease

Table 3. Rate of disease detection in fish and crustacea by PCR.

Disease VHS RSIVD MABVD HRVD LCD WSD IHHN TS IMN YHD WTD
Fish 0 0 0 0 0 ND ND ND ND ND ND
Crustacean ND ND ND ND ND 0 0 0 0 0 0

VHS: viral hemorrhagic septicemia, RSIVD: Red Sea bream iridoviral disease, MABVD: marine birnavirus disease, HRVD: hiramerhabdovirus disease, LCD: lym-
phocystis disease, WWSD: white spot disease, IHHN: infectious hypodermal and hematopoietic necrosis, TS: Taura syndrome, IMN: infectious myonecrosis, YHD:
yellowhead disease, WTD: white tail disease. ND: Not determined

ol A VHSVZF AE8 AdpA AES AT 3 Fr7deHa AEdol e AR (Lee et al. 2007) & 17l
2] 2003 2] (Trichiiurs japonicus) 2 20054 = A= RSIVE AEHA] &3kt (Table 3).
(Dentex tumifrons), 41511 2] 20058 -] (Pampus argent- 2 AFolA = HHAH I ] MABVD, HRVD, LCD
eus) B 71 57FA0 (Glyptocephalus stelleri) 7} H. 11 =] 31 0 ™ of thofiA® HUEHS AASHIARE HEEA] A3kt
FA] G| 5219 genotype 4a°ll Z5FATH(Kim et al. 2011). (Table 3). SFA]TF QFA] FFoll 4] 2005, 2006, 2007, 20101
SEAIRE 2 Aol A E AAeA HAHYENA = s Aol L7 HES AL (Kim et al. 2006, 2010; Cho et
VHSV7} A& 5] 2] ¢4t} (Table 3). al. 2008; Park et al. 2012) AFAFA] A EANA T LCDV
RSIVDE= Y& A|ZF 2| F F2] HsollA &= Aot (2007\d), MABV (20104 #5)7F HEEH A v & HE
of A L&, FoFAIof, FHOFAoF 52 = 7ol A FH A S WA AEAQ nUE P oz A A A A
QF s3] HIAH|Y] 58] B4 Kol 2 25°C o) F Y Alg g ezt Ak
o @2 HARE e Sl E 1998 o] % st
F2] o731 =5 (Oplegnathus fasciatus), X122} (Sebastes 2) 4e HEH nUEY
schlegelii), 35 (Pagrus major), '8 2|47t ofUj e} Fpil ¢ A7 HAEAAY 650l tisto] HeA K F7E
Al &7V2] (Siniperca scherzeri) ol &= A A= o] B2 HfE AAEAA R = B HEE T (Table 3). WSD= 5=,
ATt (Jeong et al. 2003, 2006; Won et al. 2013; Jin et A& =S S ofAJof, QI T, Z]F3l, S5, Bl
al. 2018; Kim et al. 2018). = U A7 9] o} (Lophiomus SOl A Bzt qlom ke AW F 7P B A
setigerus), TOF2] (Pleuronichthys cornuts), \=-& " (Doederlei- 4 BEES AU = G F sl sl 714
nia berycoides), B& & THYRt FFONA HEHUCH & 0] e AR dEe okl AAL AR, A
Aol Al ZeE RSIV F71H B 97.2~100% 2] =2 25 9 A2, 22a st i, iR, EAE 0l
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olt

carrier2 2H-8-39tt}, o] = Ao dHbd-& Yehfie HAA
9 Ao} o] ot A= 2003 TS} (Fenne-
ropenaeus chinensis) FAFNA Hx LY & AqHo=
ST S E AR SR QIR g o2 Myt
7Hs ottt A ol AAISH= Al 748 (crab larvae), &

7Y (copepodid), B3 01 (Periophthalmus modestus), B
A (Pachygrapsus crassipes), S| (Helice tridens), 275 ©1 5

(Neomysis sp.) oAl AHZH HF It (Kim et al. 2009). '3]
T A= E EEH a8 Hor 2 9F
AlSEAL Qlof M-S Al A A4Sk s ol wsDell 7
FEo] B FAH E AAFA R o]F F W g

Nl

SDE A

7Fs/del St ofell mhe FAH MY A= Ate 5
Hu} gl st A flst] AALA ] 2R ohY
R

%%XHWW —1—7]' 2 B glok IHHN % |z stetol <]
-2 (Penaeus stylirostris)q]/q HAEOoLL T 5 gt}
A GOl A= Aol g, @A oll= vl=, Fm],
HrjEEnto] ofu el AJ7HE, e, Hi=, WellAloF 2 1
vlAJobol| A & HAY G, o =2 Ul Ao WS 4]
ot A o2 FaA Hol= EAS 7121 ik =
ofl A 2005 = HEo] & F 2006 d7F 2010 F7}
202 HEE]TH(Kim et al. 2006; Kim et al. 2011). 2010
g A& HHNE 39 = doaAle FAEeIA &
2= glom b=t 9 FdotoA ZalEs oy At F
Agt S AYA AATH(Kim et al. 2011). TSE 1992
dof| of Fotz 2 9] ef--2pt shtRo] Srte¢- &
Aol A WAste] W2 moflE f ottt vl FEot

Ao}, ZXof Ja] BxE]o] 9l om slubyz} A 14
e AU Jlom A oftt F2 HE A HiL
55| 11d 9 {922 dAs] HA Ho F2A ol
= EYch ol A 20048 5t Slck| A9 4]
oA #z FASIATH( Do et al. 2006). IMN-S H il o

TR Arh A A A X2 EAYSH o™ Q1|
Alotel A= 2006d Betd 2R 3t FHE o] 4|6k
ZAute| ek, A2 2| =2 %‘—% ol FE L1e YA
U oA 20158 SEA 2z EAYgH bt Q)
01 01-7\4 o] oﬂoLzA}_ /u;\] J)r obk]x]- Zl:ﬂ A—]/\U\H
ENAE IMNVZE €5 AZE AT (Kwon et al. 2019). 1
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T IHHNV, TSVE} M| FA1e] tisto] RUEHS A
star glom zZtALA ] teiA e BYEE 73t
Al A AAE FAsEL Ak TS 2 IMNS 27 &9
Fofl At} 7Sty wiEel] A Al RTE ofu =t F
Z FH 2ol thet e et E sl
AA7EA] YHD 2 WTD+ oAl A H B17F ¢l
on B A Auto| M FAA AP Bl A B A
hﬂo] A i};]x] OJ-OH;} /\/R]-/KH =27 Oﬂl:g ;g;gx]_rq (;dlqil

>

_121 mlo o,

478 9) 1A 712 2A VAR A FF0l sle
745, A o2 WY E T Qs 789, 1A 10 o]l
o] AL A "hAy Alske. m2 = Ao o|th AL
Hog Tk gl A9 © 3 104 o] el el
AAL A WA AL B A9 A5 5
AAE (SPAF 2ol 4] o] SHelw ] glolok ek,
=4 ﬂ oHOM TAES AFstel A vl

il

o

T 64704 OM ol 39F 97771 R 2R 145 2877
2 & AAsto] F 1264020 thsto] H A HH ARE
_75_/\].3}0&1;} o-]_ﬁ_h mz%;qogtﬂ 2—‘—(VHS RSIVD) ol H
A A 3% (MABVD, HRVD, LCD)& #4511 7427}

F= HAA G 62 (WSD, IHHN, TS, IMN, YHD, WTD)
S EASIAE ARG BE AlRofA] o] AEEHA
ASIA|RE, - ubetel A AR A =AY Eo] £
Hote] FA= B A9 Aol T8 HARE AE
& Aotk
A AL

O] =2 20199 % = AtTot A ER A A
% AF% (R2019058) €] Ao 2 3 APyt



REFERENCES

Baumgartner WA, JP Hawke, K Bowles, PW Varner and KW Has-
son. 2009. Primary diagnosis and surveillance of white spot
syndrome virus in wild and farmed crawfish (Procambarus
clarkii, P zonangulus) in Louisiana, USA. Dis. Aquat. Org. 85:
15-22.

Cho MY, HY Kim, BY Jee, MS Kim, JS Seo, MG Kwon, YS Im, DC
Lee, YK Oh, SH Park, JW Kim and MA Park. 2008. Disease
in wild marine fish caught from Korea coastal offshore water.
J. Fish Pathol. 21:259-270.

Cho MY, BY Jee, GH Park, CH Lee, DC Lee, JW Kim, MS Park
and MA Park. 2009. Monitoring of fish pathogens in wild
marine fish of Korean costal offshore water in 2008. J. Fish
Pathol. 22:75-83.

Do JW, SJ Cha, NS Lee, YC Kim, JW Kim, JD Kim and JW Park.
2006. Taura syndrome virus from Penaeus vannamei shrimp
cultured in Korea. Dis. Aquat. Org. 70:171-174.

Jeong JB, LJ Jun, KH Park, KH Kim, JK Chung, JL Komisar and
HD Jeong. 2006. Asymptomatic iridovirus infection in various
marine fishes detected by a 2-step PCR method. Aquaculture
255:30-38.

Jeong JB, LJ Jun, MH Yoo, MS Kim, JL Komisar and HD Jeong.
2003. Characterization of the DNA nucleotide sequences in
the genome of red sea bream iridoviruses isolated in Korea.
Aquaculture 220:119-133.

Jin JW, YK Kim, S Hong, YC Kim, WWJ Kwon and HD Jeong. 2018.
Identification and characterization of Megalocytivirus type 3
infection with low mortality in starry flounder, Platichthys stel-
latus, in Korea. J. World Aquacult. Soc. 49:229-239.

Kim JH, CH Chroresca Jr, SP Shin, JE Han, JW Jun, SY Han and
SC Park. 2011. Detection of infectious hypodermal and hema-
topoietic necrosis virus (IHHNV) in Litopenaeus vannamei
shrimp cultured in South Korea. Aquaculture 313:161-164.

Kim JW, MY Cho, GH Park, KM Won, HS Choi, MS Kim and MA
Park. 2010. Statistical data on infectious disease of cultured
olive flounder Paralichthys olivaceus from 2005 to 2007 J.
Fish Pathol. 23:369-377.

Kim JW, SH Jung, MA Park, JW Do, DL Choi, BY Jee, MY Cho,
MS Kim, HS Choi, YC Kim, JS Lee, CH Lee, JD Bang, MS
Park and JS Seo. 2006. Monitoring of pathogen in cultured
fish of Korea for the summer period from 2000 to 2006. J.
Fish Pathol. 19:207-214.

Kim KI, SD Hwang, MY Cho, SH Jung, YC Kim and HD Jeong.
2018. A natural infection by the red sea bream iridovirus type
Megalocytivirus in the golden mandarin fish Sinjperca scher
zeri. J. Fish Dis. 41:1229-1233.

Kim KS, SY Park, IR Lee, YK Nam and IC Bang. 2009. Prevalence
of white spot syndrome virus (WSSV) in marine organisms

Viral disease monitoring of wild aquatic animal in Korea

around the shrimp farm and polychaete worm-mediated
transmission of WSSV to Fenneropenaeus chinensis. J. Fish
Pathol. 22:15-21.

Kim SM, JI Lee, MJ Hong, HS Park and S| Park. 2003. Genetic
relationship of the VHSV (viral hemorrhagic septicemia virus)
isolated from cultured olive flounder, Paralichthys olivaceus in
Korea. J. Fish Pathol. 16:1-12.

Kim WS, SJ Jung, JO Kim, DW Kim, JH Kim and MJ Oh. 2011.
Genetic positioning of Korean viral hemorrhagic septicemia
virus (VHSV) from cultured and wild marine fishes. J. Fish
Pathol. 24:1-9.

KimWS, SR Kim, D Kim, JO Kim, MA Park, Sl Kitamura, HY Kim,
DH Kim, HJ Han, SJ Jung and MJ Oh. 2009. An outbreak of
VHSV (viral hemorrhagic septicemia virus) infection in farmed
olive flounder Paralichthys olivaceus in Korea. Aquaculture
296:165-168.

Kitamura S, SJ Jung and MJ Oh. 2006. Differentiation of lympho-
cystis disease virus genotype by multiplex PCR. J. Microbiol.
44:248-253.

Kurita J, K Nakajima, | Hirono and T Aoki. 1998. Polymerase chain
reaction (PCR) amplification of DNA of red sea bream iridovi-
rus (RSIV). Fish Pathol. 33:17-23.

Kwon MG, SM Kim, KW Shin, MY Cho, SD Hwang, JS Seo, JY
Hwang and BY Jee. 2019. Epidemiological survey of infectious
Myonecrosis in farmed white leg shrimps (Litopenaeus van-
namei) in Korea. J. Kor. Soc. Fish. Mar. Edu. 31:94-99.

Lee DC, MY Cho, SJ Cha, SH Park, MA Park and JW Kim. 20086.
Monitoring of disease in wild marine stocks collected in June
2006 by trawl in southern Korean water. J. Fish Pathol. 19:
215-225.

Lee WL, SR Kim, HMYun, Sl Kitamura, SJ Jung and MJ Oh. 2007.
Detection of red sea bream iridovirus (RSIV) from marin fish in
the southern costal area and east China sea. J. Fish Pathol.
20:211-220.

Lo CF, JH Leu, CH Chen, SE Peng, YT Chen, CM Chou, PY Yeh,
CJ Huang, HY Chou, CHWang and GH Kou. 1996a. Detection
of baculovirus associated with white spot syndrome (WSBV)
in penaeid shrimps using polymerase chain reaction. Dis.
Aquat. Org. 25:133-141.

Lo CF, CH Ho, SE Peng, CH Chen, HC Hsu, YL Chiu, CF Chang,
KF Liu, MS Su, CH Wang and GH Kou. 1996b. White spot
syndrome baculovirus (WSBV) detected in cultured and cap-
tured shrimp, crab and other arthropods. Dis. Aquat. Org. 27:
215-225.

Mari J, BT Poulos, DV Lightner and JR Bonami. 2002. Shrimp
Taura syndrome virus: genomic characterization and similarity
with members of the genus Cricket paralysis-like viruses. J.
Gen. Virol. 83:915-926.

Mohr PG, NJG Moody, J Hoad, LM Williams, RO Bowater, DM

http://www.koseb.org 481



I I
Korean J. Environ. Biol. 37(4) : 474-482 (2019)

Cummins, JA Cowley and MSTJ Crane. 2015. New yellow
head virus genotype (YHV7) in giant tiger shrimp Penaeus
monodon indigenous to northern Australia. Dis. Aquat. Org.
115:263-268.

Mun SH, JW Hur, SJ Cha, SD Hwang, MH Son, JY Kwon and SR
Kwon. 2018. Monitoring pathogen infection of freshwater cy-
prinid fish and crustacean in Soyang Lake in 2016. Korean J.
fish. Aquat. Sci. 51:47-53.

Navarro SA, KRJ Tang and DV Lightner. 2009. An improved Taura
syndrome virus (TSV) RT-PCR using newly designed primers.
Aquaculture 293:290-292.

Nunan LM, BT Poulos and DV Lightner. 2000. Use of polymerase
chain reaction (PCR) for the detection of infectious hypodermal
and hematopoietic necrosis virus (IHHNV) in penaeid shrimp.
Mar. Biotechnol. 2:319-328.

OIE. 2017. Disease information. Weekly Disease Information.
World Organisation for Animal Health, Paris, France. https://
www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/
Wl/index/newlang/en.

Park MA, JW Do, MS Kim, SR Kim, MG Kwon, JS Seo, JY Song
and HS Choi. 2012. Comparison of pathogen detection from
wild and cultured olive flounder, red sea bream, black sea
bream and black rockfish in the costal area of Korea in 2010.
J. Fish Pathol. 25:263-270.

Poulos BT and DV Lightner. 2006. Detection of infectious myone-
crosis virus (IMNV) of penaeid shrimp by reverse-transcrip-
tase polymerase chain reaction (RT-PCR). Dis. Aquat. Org. 73:
69-72.

Skall HE, NJ Olesen and S Mellergaard. 2005. Viral haemorrhagic
septicaemia virus in marine fish and its implications for fish
farming - a review. J. Fish Dis. 28:509-529.

Snow M, N Bain, J Black, VTaupin, CO Cunningham, JA King, HF
Skall and RS Raynard. 2004. Genetic population structure of
marine viral haemorrhagic septicaemia virus (VHSV). Dis.
Aquat. Org. 61:11-21.

482 ©2019. Korean Society of Environmental Biology.

SriWidada J, S Durand, D Cambournac Qian, Z Shi, E Dejonghe,
V Richard and JR Bonami. 2003. Genome-based detection
methods of Macrobrachium rosenbergii nodavirus, a patho-
gen of the giant freshwater prawn, Macrobrachium rosenber
gii: dot-blot, in situ hybridization and RT-PCR. J. Fish Dis. 26:
583-590.

Stone DM, K Way and PF Dixon. 1997 Nucleotide sequence of
the glycoprotein gene of viral haemorrhagic septicaemia (VHS)
viruses from different geographic areas: a link between VHS
in farmed fish species and viruses isolated from North Sea
cod (Gadus morhua L.). J. Gen. Virol. 78:1319-1326.

Sudhakaran R, VP Ishag Ahemed, P Haribabu, SC Mukherjee, J
Sri Widada, JR Bonami and AS Sahul Hameed. 2007a. Exper
imental vertical transmission of Macrobrachium rosenbergii
nodavirus (MrNV) and extra small virus (XSV) from brooders to
progeny in Macrobrachium rosenbergii and Artemia. J. Fish
Dis. 30:27-35.

Tang KFRJ, SV Durand, BL White, RM Redman, CR Pantoja and DV
Lightner. 2000. Postlarvae and juveniles of a selected line of
Penaeus stylirostris are resistant to infectious hypodermal and
hematopoietic necrosis virus infection. Aquaculture 190:203-
210.

Tang KFRJ, SA Navarro and DV Lightner. 2007 A PCR assay for dis-
criminating between infectious hypodermal and hematopoiet-
ic necrosis virus (IHHNV) and the virus-related sequences in
the genome of Penaeus monodon. Dis. Aquat. Org. 74:165-
170.

Won KM, MY Cho, MA Park, BY Jee, JI Myeong and JW Kim.
2013. The first report of a megalocytivirus infection in farmed
starry flounder, Platichthys stellatus, in Korea. Fish Aquat. Sci.
16:93-99.

Yoganandhan K, J SriWidada, JR Bonami and AS Sahul Hameed.
2005. Simultaneous detection of Macrobrachium rosenbergii
nodavirus and extra small virus by a single tube, one-step
multiplex RT-PCR assay. J. Fish Dis. 28:1-5.



