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Monitoring of Nervous Necrosis Virus (NNV) in the Broodstock of
Seven Band Grouper Hyporthodus septemfasciatus
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We investigated the infection of nervous necrosis virus (NNV) in seven band grouper Hyporthodus septemfasciatus
broodstocks, which have been reared in aquaculture farms in South Korea during 2012-2014. To investigate the
prevalence of NNV within the broodstock, egg, sperm, and blood were sampled in the spawning season. The egg and
sperm samples were subjected to a nested reverse transcription (RT) polymerase chain reaction (PCR) assay to detect
NNV and were inoculated on SSN-1 cells to culture the virus. Blood samples were used to detect antibodies against
NNV using enzyme linked immunosorbent assay (ELSIA). Positive values from ELISA were found in 39 of 162
samples (24%) in 2012, and 13 of 28 samples (46%) in 2014. Additionally, 4 of 34 broodstocks (11%) investigated in
2013-2014 were determined to be carriers from the nested RT-PCR and in vitro cultivation. The broodstocks in which
antibodies against NNV were detected by ELISA, or in which NNV was detected by the nested RT-PCR assay, posed
a risk of vertical transmission of NNV. Therefore, it is necessary to select virus-free broodstocks in seed production
to reduce the possibility of the vertical transmission of NNV.
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54 o] (Hyporthodus septemfasciatus)y= H-573+2] 0 2 = ol o3} H|A} 5 o] Y¢lo g2 2859 th(Hong et al., 2015;
5 ape|ato] £3h= Aol F siatol =, Ifjofl= Eefet B Al Kim and Kim, 2015). 544 0]9] oFAla} Zof WhA¥sh= o E
I Aol A AAJeet /g ol A A, ek O = gho] & 2 Q1 upo| g A4 2 O 2= nfo] g A/J 417 A ALS: (viral ner-
oF S 5 A8 o2 7|I7F wow, W HIR TFFA & vous necrosis, VNN)o| H 11E]o] Itk VNN o] &3 1142
FTOo R FE 0 Qlok SEjue= 20030l 5490 QlE T H 710l ey ohz A O & S HAYATA o] Xpo] KLE] A o] 71R]
AYqto] S AIRE 1 o] % Al 3= vl St A olglem, = HQleHA W oto] =2 4 FHARES WA AIXItHMunday et
W 5/do] FA2 90l SRR E A A= o] 2010 FA o1 al.,, 2002). VNN ¢ &, tfjnl, l=29o], kA QI Alof
15 7 2n0f| A Z 26922 AF4tsEel om, 2011 150+, 2013 5 A AAA SR FH LR A Aol A Wt T4, =
56E-E kst Foll= FARS Holal Qlri(statistics Ko- Z7Yo)(Pseudocaranx dentex), ‘3 2|(Paralichthys olivaceus),
rea, 2017). 5ol Aol &3t H 7] B3t o] 5= A A 8- %-o|(Dicentrarchus labrax), -&10|(Sciaenops ocellatus),
o] #a] vf o] = o] A &2 TA R HFZ FH 3175 E2l(Sebastes oblongus) 5 5% 1130 AA 25%2] o
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Zo] A g gcHMunday et al., 2002). =+ ol A= 1989 o
5, alke] 540l FAAAY o] Hz Hatoln, o
Al 80%2] +2 HARE-S UEFH Itk(Sohn et al., 1991). 7+
olo] E443] olREAoRE HrukE, Aol A5E}
Sol el 9L, Helstd F40= vioh o Wupe] 417
%] Z23} 9 DA} 947} LhEhth(Nguyen et al., 1996;
Nopadon et al., 2009).

VNNZ9] ¥el A= Nodaviridaeol] £:35= nervous necro-
sis virus (NNV)o|H, Hio]g]A ojm|7} glar, sliked-2 posi-
tive sense?] single-stranded RNAZ -4 = o] QIT}. Virion2]
A7) 26-34 nmE 2o, H20HA| e 2 shar Slrt
(Munday et al., 2002). NNV= coat protein gene®| nucleo-
tide sequence?] =}ojof w2} striped jacked nervous necrosis
virus (SINNV), tiger puffer nervous necrosis virus (TPNNV),
barfin flounder nervous necrosis virus (BFNNV), red-spotted
grouper nervous necrosis virus (RGNNV) 2 turbot nervous
necrosis virus (TNV) 5 5 group?] genotype &2 U=o] 2t}
(Johansen et al., 2004; Nishizawa et al., 1997; Nishizawa et
al.,, 1995). |5 Sl Al 5t A<= RGNNVL}F SINNV o] 25t
ko] W 1131 QITH(Oh et al., 2005).

£ Akehg 2lofo] B Agsto] AlAkE FRE oty
L 2ex71990] BHEANONP dentex), $H501(D. labrax),
w37 A}a) (V. moserd) ) kel o] 5] ZAttel (E. kula)
S oA EarE vf QI (Nguyen et al., 1996; Peducasse et al.,
1999; Breuil et al., 2000; Watanabe et al., 2000; Breuil et al.,
2002; Kai et al., 2010). E3F FAJ7H2] NNVE] =2]7F-& 1t
7] Sl8ko] 2o} A, 1 25 W ARG £5S B3 e
) Aeko] kol 4] 28531 QT (Mushiake et al., 1994;
Arimoto et al., 1996; Grotmol and Totland, 2000; Watanabe
et al,, 2000). & Aol A= 2] A A2 F3 A
ol T0l FHAARS 918, RGNNV ZH¢lole 2kl &3t
A E Y] AT Tl XolE FHE FA07, 2012
5B 20140 AA Falieh A o] T lolE e,
enzyme-linked immunosorbent assay (ELISA)H % NNV
< nested polymerase chain reaction (PCR)H 52 4-8-5}¢]
NNV 7254 5701 Zloj& ARk, NNV 7344 5701 A
oA Al r=B}GiTh

Table. 1. List of experiment done in 2012-2014, and result

South Korea

Fig 1. Broodstock sampling location in Korea (a)Geomun island,
(b)Yeosu, (¢) Tongyeong.
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LSAo] Flo] ME2 20124 1681}, 20134 3ute], 2014
31ute] £ ol o] B o &2 AA|5}% ti(Table 1).
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Year Sampling location Number of tested broodstock PCR ELISA in vitro cultivation
2012 Geomun island 168 N.T 45/166 (27 %) 1/2

2013 Yeosu 3 2/3 (66%)’ N.T 0/1

2014 Tongyeong 31 2/31 (6.5%)' 14/31 (45%) 0/19

'Positive sample/Total sample (positive percentage). N.T, not tested.



% vho] ]2 20084 ool 9121 ol A] el g NNV
Yeosu08 isolate (RGNNV)E AR5 tHKim et al., 2012).
Hpo] 2 2 v oFE $17F ol F FIPAE= NNVof| A2 LEt
Y= Striped Snakehead (SSN-1) F3IA|Z5 ARE-31TE Al
3 HjFel2 10% (V/V) fetal bovine serum (FBS), 100 TU/
ml penicillin G, 100 ug/ml streptomycing- 37}t Leibovitz's
L-15 mediumZ ARE-8HAL B Pl Al2= 25T 7] ollA]
vl k5Tt 25 em? A 228l 9F Z2}2~ 3 (Corning, USA)o] v
=l SSN-1 celloll NNV Yeosu082 535t &, 25 T of uljoFsh
A A4 &k (cytopathic effect, CPE)S 2H2ks1¢ich. vlo]
HAE 797 HjoFeE 2, 8,000 rpm O & 1057+ YA 2 el 5o
A3 322 A 781 1.5 mL tubeo]] 200 uL 2 2523510 A
Hol| AHE-s17] H71A] -80Coll Haatgict.

NNV Z&2 #let RT-PCR % nested RT-PCR

Y3} AR E Total RNAS 5%517] 1814] miRNeasy
MiNi Kit (Qiagen, USAYE: AH-319 11, A ZAFe] vfr-2loi]
SFRNAE 3281910} 323 RNAL 2 4] A8 8171, 80T
of| B3}t 3&3t total RNAE ©]-8-51o] cDNAE &) 3}
7] 18] M-MLYV reverse transcriptase (Bioneer, Korea)E A}
S5 th 2535 RNA 5 uL?} R3 (5°-CGA GTC AAC ACG
GGT GAA GA-3") reverse primer (10 pmol) 2 ulL,, RNase-
free water 4 uLE WA 431 65T oA 1027 HF2-A]#4 RNA
2} primerE denaturation A|ASF4L §ES-0] i & Hupg o
Sof Baskgict RNAS primerE 65Col|A] 1057F WhS-A]
7]+ &<t 5 X reaction buffer 4 uL, 10 mM mixed NTP 2 uL,
100 mM DTT 2 uL, RNase inhibitor (40 U/uL) 0.5 uL, M-
MLYV reverse transcriptase (200 U/uL) 0.5 uLE 4] o] ZH|3}
110 Hhgo] Ed & o] Alo] itk AA| 20 uL volume
9] reaction mixture+= MyGenie 32 Thermal Block (Bioneer,
Korea)s 0]-85k0] 37°ColA] 1A17F, 94CollA 5&,4C 32 5
ot B AT} RT-PCROY| ARS8t primer+= RGNNV RNA2
9 T4 59 222 ¢l A forward primer=2 F2 (5-CGT GTC
AGT CAT GTG TCG CT-3")2} reverse primer= R3 (5'-CGA
GTC AACACG GGT GAA GA-3")E o|-8-3}% th(Nishizawa
etal., 1994). PCRZA-2 pre-incubation 72°C 104, pre-dena-
turation 95C 2+, denaturation 95C 402, annealing 50°C 40
%, extension 72C 40% ¥H-5-2 30 cycleS 7|02 A5}
1! post-extension 72°C 1022 & PCRS £=35}%t}. Nested
RT-PCRo|| AF&3t primer= forward primer® NF2 (5°-GTT
CCC TGT ACA ACG ATT CC-3")2} reverse primer2 NR3
(5"-GGA TTT GAC GGG GCT GCT CA-3")E o]g3}%ict
(Thiery et al., 1999). PCR 272 pre-denaturation 94°C 2,
denaturation 94 °C 40, annealing 50C 40%, extension 72C
402 ¥H3-2 25 cycleA A|3}aL post-extension 72T 1022
2 S F=3IE PCR ARE 5 uLE 1% agarose gel, 100

ol
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Volt 2710 A 2587 7] %58+ UV transilluminator (Bio-
Rad, USAYdoll4 HEE glst3ict.

HHZMZFE 0[Zet NNV HiO|2A Z2|ufet

SAlo] Zlojol A 233t - hanks’ balanced salt solution
(HBSS, Gibco, USA)©.2 1:92 3]4]5}0] upajala, 1 upa)
oS (.45 um syringe filter (Pall corporation, USA)=Z ] 1)}
of A7E AAslen, siEAlm SSN-1 34| 3ol &
sto] 25°Cofl v FsHH Al CPES s3It

M S NNV S0IH HE ELISA

5/30] Zlojo] m|RAgwol A Y& sto] A4Z21(6,000 rpm,
4,20 min)E 53l S Eeokoih 2t @32 Al
ARE8E717HA] 20 C ol Harstitt. @44 ELSIA AR
<= Kim et al. (2007)9] A2 3Hars}o] thaa} o] A A
s3It 104 TCID, /mL2] Yeosu08 isolate (RGNNV)E Hat
¥ ZH42 3208) 345t 5 ELISA plateo]] 2+ 50 uLA] 2331
3, 37°CollA overnightsto] 3l& FE3F3ITE Tween-200]
0.05% 315 PBS (T-PBS)& 38 A| 23} 5% skim milk
£ 380 uLA gof 20C oA 1A FF i FskATh. 13F A
= A 0] S 5% skim milk 2 3] 4 (408])3}ko] 147k HH-5-
AR5, A= 204=0] welloll 50 uLA 25513132, 22F 4|
= 5% skim milk2 5008} 3|4% E7] & 5A40] [gM 4
50 uLA B350, 32} gl 5% skim milkE 1000+
3] 4=l peroxidase conjugated goat anti rabbit immunoglobu-
lin antibody (DakoCytomation, Denmark) 50 uL4| £33}
Atk 242 A vhg-2 25T olA 1AI7E B4F "hgs1ait).
T-PBS& 54 <=A51%1 31 ELISA 2H49ll(100 mM Na,HPO,,
50 mM citric acid, 1 mg/ 1 mL o-phenylenediamine, 0.03%
H,0,)< 7+ wellof] 50 uLA 2553 3 25C oA 30 5¢F
Askedet. 7t wellef 2N H,SO,E 50 uL* -2 % ELISA plate
reader (Spectra max 340, USA)= 492 nmoj|4] O.D (optical
density)gt= 5735131

ro

2 o

NNV Hjo[2{A Z2[HHef

5401 o] ol Ael NNV BF7E 2Hlshr] Sl At
710l A1 S0 Hole] e ARste] ARE ARSI
o], A 2= SSN-1 F:8hH| Zo] 13ste] 25Tl wfershu
A AERY BIHCPEYS Basto] vloll2 oIS Aws
itk 20124 2uke) 9] FofolA] F3 UL o] §3 A ZHFS
B4 vlolel s BelUTe ANG At 10h2]9] Aol
NNVe] S0l 328 FAohs ATHY B Hlstg)
T1(Fig. 3), CPE7} bkt | Zejool 4|22 NNV 4% RT-
PCRS AIA|3 23} =7k L NNV 2] hoe &

-
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Fig. 3. SSN-1 cell, inoculated with homogenized egg supernatant,
showed typical NNV CPE. NNV, nervous necrosis virus; CPE, cy-
topathic effect.

BRelgh 4= 9l2dek. 2013 10k, 20144 190}2]2] Zofo A
FRE 2 o83k NNV e e of& AR da) 2 Al =of
A CPEZF UERLEA] gdot 57 o1& BHlsh et

NNV Bo[HA EFRHRIS| AE

/g0l Zlof oAU NNV B2 &Rlst7| s, At
7)ol SHA] sAdo] Zlof 9] it YA &S AR to], nested
RT-PCR% A-&2t NNV HES A6k th(Table 1). 2013
3ute] Q] zlojo A At dat, 149 31vte](FA 22vke], 4
7 9uta]) ] Zlojof| Al A gtk RS ko & AAEHRT-
PCR A1}, 20139 2709 ' A=} 2014 27H2] A&} A| 2o
A Fde] Aaks 2RIk 4= Q) %Itk

N

N

M S NNV S0|eH| dF ELISA 21

o] 21012 NNV 7F¢Jo| &7t Anti-NNV S0 84| 25
B2 3Rlsly] 93], 2012-20144 F3F Atet7]ofl 9FA] 540
Zlojo] Falg o]-gsto] ELISAA RS AAI5HtHTable 1).
20124 % 166712]9] 54J0] HojE tAo & ELISAS AA]
3t A3} 5341 (optical density, 0.D) %t 0.10]14-3 UEFL=45
o] ol A NNV S0l A7t EAsh= A& =g 4= AT
2014 57df 21o] ELISAS] Ah=31v}2] 9] 5 o] Zof &
14utefoll A O.D 7k 0.1013-& Eelsto], HAl 2lo] F- 14nte]
oA NNV Eo| 3|7} EAk-E 2l st iThFig. 2).
SEYL

2014 A 599 A
LA S0l ERlE ¢4 54 o] XlojE Alste] THAY
Abol] ARg3FITE. 4271 2uke] e} 9P outelolA] - 4,500 mL
o] pAEE Hak L, TGS A A 2,700 mLe] FAt 5
1,000 mLeflA F 1,000,000mt2] 9] 2|0} & FIPA|ZTE S5
KYAtol| SPA] FTHAYAFO] AR 4=20L 7] 9] Aol o]Fof
nom, 9AH ASE B3 NNVAHS Adalr] 98t
UVEH 35 ARESIGlT) o] 7] HolER 335
= 2E| 9} dEu]o} FAI 2 NNV QG475 HolgFof o
A RT-PCR& AAJste] HARSEAL, 3789 AiE 291 & 5
F3tch o]F A7) A A MELE AAIst] 733 5440 A
of, g Ate], viete] M E (A&, Ho ol &) s A NNV
A% RT-PCRE 33l on, THAYAL 7|7F 5 4 Al =0l A NNV
= AEHA ottt 1449 10¥7 T H 2 Huf 7158k 8-10 cm
(14.7+ 1.4 g) 2712 At 574 0] Zof oF 3uknte] & AY4lst
et Kol AES FIENNV =4 oo R 5
QIR ZRE|Q NNV =534 2ehe] A, 5/do] Zz|o] A
719 NNV <lgh higga| A} glo] A7et 5/do] x|ol& AJAr

o4 et

ol A} ELISAQ} RT-PCR9] A}
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Fig. 2. Year of 2012 & 2014, bloodstock antibody detection ELISA result. Each dot indicate individual broodstocks. 59 samples out of 197
samples (30%) showing positive values (OD>0.1). P.C, positive control; N.C, negative control.
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i

NNVe] ¢ Zlolo|4] hom Habes s7ko] tiof
3t o]Fof A &l %] ¢l 1 (Peducasse et al., 1999; Breuil et al.,
2000; Watanabe et al., 2000; Breuil et al., 2002; Kai et al.,
2010), @A7HA] NNVE] 4213195 v o Has
W oPH RS A5G B9 WU FUS Ausis 7t
&0l geehito] o] £0] 2|31 Qlti(Mushiake et al., 1994; Ari-
moto et al., 1996; Grotmol and Totland, 2000; Watanabe et al.,
2000). AT NNV O] 2120 aip2|o|al 4540 =2 2t
5171 998l A= ELISAQ} RT-PCR-S 53 NNV R - 2|09}
ZAE FS uljAs= A o] PAETHKim and Kim., 2015).

oo ua

NNV Zgtolli ), gt 220419 VNNS| 4421 3
TANS FSANHOR s, A0, By,

A ESH WS F e vholg A S o7 A Sk
o] A&, A1 AdoA NNV Eo] 349 H=, o] 753
A5 ARE3 HRol & Fefuj ki Fol 3tk Munday et al.,
2002). oSS Mg T Helulerael A9 AR WS T
7Y-15U7F Basto] Al 2dd a7t vrebbs AS kst
of 87| Al7to] 2.2 Ae)1, 1% ulolal2o] Aol Y
FoA| 37} F astr]o AN 7HsRE AT Qe S
ol £7 stk ofof Bkl NNV 125 HEsh=
PCR¥H-&- whE Aol HAA| 0] HEo] 7Heskal &4
7h ot o] T Y HiolH A A&t I ARSE AL ATk

5ol zlofollA] F7h it FAE o835t NNV A&
A=t A7, nested RT-PCRAZONA % 3471] v H2A]
2 5 4700 2, 37 2)2) P ATE BRI 4 99 o
2 fejuioke gt Al S AR F 22719 W2 0|85
o] NNVl & Al =3t A3t 171 9] ol A NNV 9] v o2 =41
shetch. ol4te] 27} S4lo] AololA] Wi A BE NNV}
AEE 7100, 5701 Hofo] AEA] A =7 = A 5]
of 5k 318t 4= 9 %I th(Nishizawa et al., 1997; Watanabe et
al., 2000; Janina and Kim, 2016).

Aol 7hd < 3| &S ARE A ol AHS HGska AL
(FHE74, carrier stage), ot Zlo]of| A A 4ke Ak tate] 7
2 AU F 34 rehiAv At Al 2 sepel
Hio]H A7} ZATHcH Agius et al., 1982; Munro et al., 2004).
wheba] 7]E0] S, HAL A oA S A A e e
2] zlo], G} Zp2| o] & A o= 13 o] B A HE U
ol HeT Ao w Abm T

2 AdoAs 540] ZolE t o= TS NNV ol
A o NNV 22475 S121517] $lste] ELISAS 44]
133z, o] 5 &3 NNV thgt So] A<l 34| gha 5783131
o} 2 A%e] A3t 20124 1660k2] % 451t2], 20144 310}2]
% 14012 9] 5430} Fojo § NNV 7} 7127) ol4ko.2 4
SEATE o= F AAF /01 7o 197v12] F 59112](30%)

Z]
&

3

18

ol

olr

R
1o
2
nz

531

© AN NNV = H o] ZY 3 3|55, A NNV
RIS olulgieh. wheba & A7 AT £AE ot
/0] %1019 NNVo|| gt =S4 d &2 Hatf-7E el
k4= ASITh whebA] F/dof zlofe] AAof QlojAl= ELISA
U} nested RT-PCRZAT-E £313}10] 117 2] NNV k-Zo]2o|
glow, A= G EA] - /HAIE AR sk 2 o] SPF F1
Aol EIpHolek AZHEI) o2 3l 4 W 84 71% 3t
of mr} AEE 72 HAE lskel F7b0l Q77 WAt
3 oA,

20149 919 rjo = Jojg AWstal, =73 ZojollA
GRS Fi5to] 5ol FHAE AT AT Aol 2
A ool A NNV7F HEEA] 9hQtar 27| t s Ab= e
ottt o] AyE AR nested RT-PCRA I} Hlol 2|
2 FeuirA S B3 NNVE 9| A&, ELISAYYS 5
ENNV Sol3A o &9 7+ e 4% Hepdor
sto] 24743t loj 9 o] AipA 0= ARgo] 7heete &

2 ggieh

KeN
=
=]

5410} X|ofo] VNN 2i7-glel g} QA A9l SRAYS
SJ3l AFeEA7]ol b Wl Azto] o) oA

1. /\7_]

= At
=2
=

R019] 219472 AAlste] mat Hoje} A7t Hojg 7
ao] Al 0] W4HQl Hake} ol AL, ol e 7t
Qo] ole 915 2175k Fojo] AHm ohfe} o] )
$912 Bo AL ks Sla) A8 A At AL as0] 4
Agk 25T BES AASL AH|ofo] Hol 4B FEs

2|, dHujol A o] H=E A8 4 970l (Cano

etal,, 2012; Zhang et al., 2006) Z A3t 2|} AFA HAZF H
a7 o r Al Erh
AL AL

O] =i 20179 % AN eke] A E AEALY 3l
A7 e FAARESE Y A (R2017020)°) A ¢ o2 4
e A Ay
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