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Detection of Specific Antibodies Against Viral Hemorrhagic Septicemia
Virus in Infected Olive Flounder Paralichthys olivaceus Using Enzyme-
Linked Immunosorbent Assay

Jee Youn Hwang*, Jin Hyeon Jang, Dong Jun Kim, Mun Gyeong Kwon, Jung Soo Seo,
Seong Don Hwang and Maeng-Hyun Son

Aquatic Disease Control Division, National Institute of Fisheries Science, Busan 46083, Korea

The viral hemorrhagic septicemia virus (VHSV) has an extensive host range, and infects farmed and wild fish in-
habiting both freshwater and marine ecosystems. Enzyme-linked immunosorbent assay (ELISA) is highly useful in
diagnosing viral hemorrhagic septicemia. However, ELISA shows high, non-specific background reaction with fish
antibodies. In this study, we optimized the antigen and antibody concentrations used for detecting specific antibodies
in VHSV-infected olive flounder to reduce non-specific binding, and improve the sensitivity of ELISA. The results
suggested that OD (optical Density) values were valid when ELISA was performed with 0.1 pg/well of virus, involv-
ing blocking with blocking buffer (Roth, Roti-Block), 1:300-1:600 dilution with flounder antisera, and 1:1000 dilu-
tion with anti-flounder IgM and HRP-conjugated goat anti-mouse IgG for detecting the VHSV antibody in flounder
sera. Furthermore, 11 different VHSYV strains isolated in Korea from 2012 to 2016 were used to infect the fish. The
results showed no correlation between viral pathogenicity and antibody production. This research is a basic study on
the application of antibody detection in the diagnosis of viral hemorrhagic septicemia in the olive flounder.

Key words: Enzyme-linked immunosorbent assay (ELISA), Viral hemorrhagic septicemia virus (VHSV), virulence,
Diagnosis, olive flounder

A8k H 2] ol A R skA] A sto] g af|Abg 40713 ¢
tHKim et al., 2003; OIE, 2016).

VHSVE= drbA oz SAgE/d7 94134 9] RT-PCR,
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ool QlojA = thefet kol whE A Hhg-o] Fol &
of o S o] gt Mrky 77} Ture] MW T ek,
JEju ofRo] AL o shelo] Ue Mo T4
o] o] 7 A 9] H|50] 4] ¥k-3-o] 2|3t 2 background”} A
7} E]al lth(LaPatra et al., 1996; Kibenge et al., 2002; Kim
et al,, 2007; Kim et al., 2008). & ¢17-ofl A= dx]of 7+l
VHSVE| ELISAZIEe]| 9lof grelat gl s e o] 2 2eks &
3 H]Eo] 2] o] Hh-2-S Zo] ELISA 2tk o] vhe-Ax} wi7hA
& A7 34 Shek

ESE 2 ol ghgh ELISAY © & VHSV 4 |3
FAIGES SHelska vho] 0] UM GAIGS A

O

f 1o

Ao AR o] FF3hA|E= Epithelioma papulosum
cyprini(EPC) cell line (ATCC No. CRL-2872)°|™ 1% antibi-
otic-antimycotic (Gibco BRL, USA), 10% fetal bovine serum
(FBS)Z & 75t Earle’s salt-based minimal essential medium
(EMEM,; Invitrogen, CA)2 AR8-5lo] 20°CollA] v oFalstt.
& AF o A= 201204 2016WE71A] U] Ex]o|A] £
31 11%2] VHSVE AR&59ith 2-2+2e] TCID50= Reed and
Muench (1983)5 9] w2} A5} cH(Table 1). 96 well plate
o] EPCAI:ZE 1 X104 cells/well 253}31 24A]17F & vfo|g
2 wFl 100 LA 10 fold= THA 8] 415k0] HE5tgic). vt
olg & % FolE 2%2] FBSE 715t EMEMHIA S A&
sto] 15CoAl 797 Al 57K (cytopathic effects, CPE)
£ Psieh

[N
)

HM AIS Al \/\HS Z4H0{o| sHalx 23|

oo

=
2191 FAUBN AL AlBol ERaA) Aol
al

AR 20 257 A AZ] 3, A8 42221 300 L4=20f] 101t
Y $A AEE AL, 22 13.0CE FASHAC 11
Z VHSVO| H 4 AL 7} 104 TCID50/fish/0.1 mL& 7t
Z} 27} ARSI tl 2= Dulbecco’s Modified Eagle Me-
dium (DMEM) (Gibco, USA) 0.1 mLE 27} FA}s}0] vlo]
A SAHARE-S 2RI B3, A AAE 37 & Aot
2 A2 @A 300 L &3k EA-S £ (6000 rpm,
4, 20 min)3to] ELISA £4] H712] 220 of| A E3is}gict.

Htol2{A M| Y ELISAQ Z|X5t MY

ko] 2 A 0] A7 = Nishizawa et al. (1991)2] ol 2515]
o} Aol =2 ADC-2014VHS-59| 4 £2]3t VHSV iso-
latesE 150 cm? T/C flasko]] 34£3a}o] o=k vljoF 3 -75C 9] =
A o2 Ali2E E3A1A 4,000 g, 30 min FF ¢4 st
of A AukS FskaL o 7]el 7% polyethylene glycol (PEG-
6,000), 2.3% NaCl-2 Z7}5}o] 47C o A 18Fs}H A overnight
3199tk ]2 20,000 g, 40 min $-9F Y4l Ha]ste] AL pellet
£ 489 TNE buffer (0.01 M Tris HCI, 0.1 M NaCl, 0.001
M EDTA)°] A& EFSE th-2- 15% sucrose cushion $Jol] 53}
1147, 115,000 gol A TAIZE 59t 23145 4] 22 (scientific
WX puLtra 100, Thermo, USA)3}o] Hlo]H A pelletS AT,
2% vpo| g AL 12% SDS-PAGEE #015}9 11 Ert 53
I 280 nm (NanoVue Plus, Ge, USA) oj| 4] &4 3} T}

4| A< ELISAH2 Adelmann et al. (2008)2] W& HY
sto] AA5H L) Y %] VHSV ELISA 2 2|31= 98] AA|E v}
olg A2 712 T} (0.1 pg/well/100 uL, 0.5 g/ well/100

Table 1. Pathogenicity of different VHSV isolates against the olive flounder Paralichthys olivaceus

Virus isolates isolates year isolates place

Dosage (TCID_/mL)

Mortality (%) No. of fish survived

ADC-2012VHS-6 2012 Jeju, Korea
ADC-2012VHS-7 2012 Jeju, Korea
ADC-2012VHS-9 2012 Jeju, Korea
ADC-2012VHS-11 2012 Jeju, Korea
ADC-2013VHS-1 2013 Pohang, Korea
ADC-2013VHS-2 2013 Jeju, Korea
ADC-2013VHS-9 2013 Jeju, Korea
ADC-2014VHS-5 2014 Jeju, Korea
ADC-2015VHS-2 2015 Jeju, Korea
ADC-2015VHS-5 2015 Pohang, Korea
ADC-2016VHS-2 2016 Jeju, Korea
Control - -

1.20E+07 80 2
2.10E+07 90 1
3.40E+07 70 2
2.10E+07 50 5
7.34E+06 70 3
1.50E+07 70 3
7.30E+07 60 4
1.20E+08 90 1
3.40E+07 40 5
3.40E+07 30 7
7.34E+07 70 3
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srolfa] 84 H}EZ vhol

uL)Z coating bufferd] 8]4J3t0] 4C oA overnight 52t B
AR 221, g3 @4 AIRE A5k 1k AR #
1: 100022 3|4 % Anti-flounder [gM monoclonal antibody
(Aquatic Diagnostic, UK) ¥ goat anti-mouse IgG-Horserad-
ish Peroxidase (HRP) conjugated (Santa Cruz Biotechnology,
USA)Z 9hSAIF T E3F HA] @352 (1:150, 1:300, 1:600,
1:1200, 1:2400, 1:4800, 1:9600, 1:19200)f w2 Z= v
slo] A9 X dHsrE 21} 51931, Anti-flounder
IgM monoclonal antibody (Aquatic Diagnostic, UK) ¥ goat
anti-mouse IgG-HRP conjugated (Santa Cruz Biotechnology,
USA)S| A4 2.5 okn 17} o] 2] 5|4l whg 1A 1
= HlaLske] Hth

VHSVOI| CHet ELISAE

ELISA plate (poly sorp, Nunc, Denmark)ef| %At VHSV
< Coating buffer (Bi-carbonate buffer pH 8.6)= 0.1 ug/100
uL2 3|45te] ZF wellof] £5= 8F & 47C of| A] overnightdlo] &
A8 5%t} Washing buffer (PBS with Tween 20)=2 3%
A|# &, Blocking buffer (Roth, Roti-Block Art-Nr.A1511)2]
108} 314 A5 7} well & 300 uL 7Fsto] 14]7F &<t vk-3-5}
% tt. Washing buffer (PBS with Tween 20)= 35 A2 3 12}
Sl VHSV 210012l0] 9l WA S8 thael WA ey
(1:150, 1:300, 1:600)= 2+ 3702] wellof] 100 uLA] £35}0 1
AlZHEot HES-AJZ T Washing buffer (PBS with Tween 20)
2 3W A& & 23} A 2= 1:10002 3] A3+ Anti-flounder
IgM (aquatics Diagnostics Itd., UK)= well & 50 L& {11 |
A 759k WE-3-A) 3}, Washing buffer® 33] washing & Goat
anti-Mouse IgG conjugated HRP (Santa Crus Biotechnology,
USA)E 100 uL 7} &, 1417+ HE5-A| A t}. Washing buffer
2 33] washing & TMB peroxidase substrate solution (agdia,
USA)E well & 100 pL H7FsH3t). o] 3 5& 420l A ¥hg-
A]Z1 3= TMB stop buffer (GenDEPOT, USA)E %7}ato] vt
5% % ELISA plate reader (GloMax Explorer, Promega,
USA)Z 450 nmoj| 4] OD (Optical density)%rs =334t
Zdup A nFE

OIE aquatic manual (http://www.oie.int)of] T2 VHSV 2]
Aeol AlEioRd, FEAS olge HelE s
¥, A olge Bt W 5ol itk o] % 1
AT Ak 4o Aoz Al
of 2441 o] s} 5o} A o2 9 mjE o] ol g% 4 9)
o e of 7o) - HA €4 il El)
Background”7} 350t i w=Zoll A= = =8 521 F Aol 7
&% VHSV Zeh2 98] ELISARS A HokalS ok e, 1
%2 VHSV strain & = ?19] ZF43H 2| o] @& FE5k &
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VHSZIEHS {let ELISA®S| £(X3t & H&ES}

0.5 ug/well/100 uL Z-2-0.1 pg/well/100 pL o] Hlo| HAE &
Hoz ARFS ) 0.5 ug/well/100 uL 73 A 72| &3
I ZFo] 1.31540.693 (1:150), 0.416 £0.021 (1:300), 0.269 +
0.021 (1:600), SA| 72 2] SF= 72 0.184 +0.004 (1:150),
0.1164+0.004 (1:300), 0.111 % 0.012 (1:600)2 Fo1 ]2t} 0.1
ugwell/100 uL A& FAA 2] THE ZHE 0.693 +0.031
(1:150),0.295+0.015 (1:300),0.217 +0.008 (1:600), 34 A| £
of A= 0.106 = 0.004 (1:150), 0.091 £0.000 (1:300), 0.084 +
0.006 (1:600)2 BHlatAthFig. 1A). 0.5 pg/well/100 uLet

(A)
1.600
1.400 | ——NS 0.5 pg/well
—4—NS 0.1 pg/well
g 1.200 —%—PS 0.5 pg/well
8 1.000 + PS 0.1 pg/well
¥ 0800}
©
a 0600f
O o400}
0.200 |
0.000 . . .
1:150 1:300 1:600 1:1200
Dilution Rate of fish sera
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1.600 - P!
£ S
o
S 1200}
<
© i
o 0800
O
0.400 |
o ——— ¢ s e — U
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Dilution Rate of fish sera
©)
4.000
——NS 1:150
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g 3.000 - ~a—NS 1:600
Q 2500 ——PS 1:150
< L —*-PS 1:300
5 2000 PS 1:600
a 1500}
O 1.000}
0.500
0.000 — —— : TP
1:250  1:500 1:1000 1:2000 1:4000 1:8000 1:16000

Dilution Rate of anti-flounder IgM and
goat anti-Mouse IgG conjugated HRP

Figure 1. Comparsion of ELISA absorbance values (OD,, ) for
anti-VHSYV flounder serum [the negative serum (NS) and positive
serum (PS)] under different conditions A. antigen (VHSV) con-
centration B, dilution rate of fish sera C, dilution rate of anti-floun-
der IgM and goat anti-Mouse 1gG conjugated HRP. OD, optical
density; HRP, goat anti-mouse IgG-Horseradish Peroxidase.
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Table 2. Comparison of ELISA absorbance values (OD,. ) for VHS-survived and -negative olive flounder Paralichtys olivaceus sera

450

VHSYV isolate OD values OD vglues OD vglues
1:150 dilution (sera) 1:300dilution (sera) 1:600 dilution (sera)
ADC-2012VHS-6 1.889+0.161 0.286+0.021 0.194+0.007
0.429+0.035 0.18910.012 0.17510.016
ADC-2012VHS-7 1.387+0.161 0.24040.013 0.187+0.008
ADC-2012VHS-9 1.112+0.092 0.347+0.058 0.235+0.020
1.101+0.072 0.15610.021 0.13810.002
ADC-2012VHS-11 2.096+0.087 0.60310.013 0.37210.022
1.659+0.076 0.383+0.016 0.28310.015
2.578+0.177 1.027+0.155 0.745%0.029
1.470+0.031 0.36610.007 0.27440.005
1.503+0.026 0.34610.017 0.30410.043
ADC-2013VHS-1 1.918+0.156 0.389+0.035 0.281£0.010
1.044+0.013 0.22110.009 0.17040.005
0.724+0.050 0.215+0.014 0.180+0.024
ADC-2013VHS-2 1.154+0.096 0.182+0.014 0.140+0.007
0.760£0.062 0.13410.003 0.131£0.002
1.166+0.087 0.23740.041 0.16610.018
ADC-2013VHS-9 0.353+0.017 0.102+0.004 0.102+0.007
0.922+0.052 0.224+0.007 0.184£0.003
0.995+0.060 0.21740.005 0.16040.002
1.571+0.032 0.47940.022 0.35940.005
ADC-2014VHS-5 0.378+0.044 0.119+0.018 0.111+0.012
ADC-2015VHS-2 0.370£0.028 0.22610.015 0.19910.026
0.246+0.017 0.119£0.011 0.121+0.002
0.833+0.090 0.256+0.023 0.177£0.022
0.713£0.003 0.23740.036 0.22410.004
0.374+0.006 0.152+0.009 0.147+0.009
ADC-2015VHS-5 0.849+0.038 0.168+0.005 0.153+0.007
0.559+0.053 0.18610.032 0.157£0.014
0.458+0.035 0.15610.014 0.145+0.014
0.481+0.042 0.186+0.008 0.156+0.007
0.558+0.060 0.145%0.006 0.127£0.015
0.450£0.030 0.14310.004 0.12810.005
0.706+0.031 0.28040.019 0.28840.052
ADC-2016VHS-2 1.288+0.093 0.44510.047 0.295+0.005
0.684+0.083 0.39210.053 0.355+0.039
0.375£0.023 0.33510.011 0.304+0.033
Control 0.369+0.056 0.186+0.056 0.133%0.015
0.134£0.015 0.09410.004 0.09610.004
0.158+0.006 0.10210.002 0.107+0.008
0.141£0.045 0.137+0.048 0.122+0.028
0.120£0.009 0.097+0.008 0.08810.006
0.137+0.011 0.114£0.012 0.113+0.004
0.217+0.040 0.18110.059 0.15040.021

OD, Optical Density.



srolfay] F8A B vrol2fs 4 gAlof Sol &4 A 551

0.1 ug/well/100 pL 25 A 2] S8 = 4H2 0.2 o)A, &
dAmONA = 0.2 o5k B Ak gho = LERT

Ao A &3 FEAHS 1:150, 1:300, 1:600, 1:1200,
1:2400, 1:4800, 1:9600, 1:19200 H]-& = 3] X45}o] T34 FHS
WAt FAARE 1:1508] 4o A+= 1.21£0.56, 1:300
3ol A= 0.649+£0.276, 1:6003]40]A1= 0.442+0.185,
1:12003] A of| A= 0.324+0.127 o SA4A == 0.186+
0.56 (1:150), 0.126+0.008 (1:300), 0.142+0.021 (1:600),
0.139+0.127 (1:1200)2 =<1 =] ¢l chFig. 1B).

22+ 9 32; Ao w5 AAs] fl8 1:250, 1: 500,
1:1000, 1:2000, 1:4000°.2 3]4¥ Anti-flounder IgM 2
Anti-Mouse conjugated 1gGE A 2|5}t gx|o] JEHS
1:300-2.2 3] A] Anti-flounder IgM 2 Anti-Mouse conjugat-
ed [gG 25 1:5003] Alsto] A 2]t Al 7 2] 79 F/dAl =2 &
e 78 1.22240.0590], 24 A 2= 0.153 £0.0090] 5 2.1
2, 3% PAZ B 1:10008] 8310 Helat Az 29, 3
AR % 4ol 0.731+£0.017, S/ A1E+= 0.109+0.003
S th(Fig 1C). Z= A3 o A negative controlZ blank¥ o}
2} kA AR Aok H2)alx] kT OD ghe Belst 2
7}, bankol| A= FH4t 0.094, VHSVE] 583} TMB buf-
ferthS A 2]3S 749 0.078, VHSVE] 3128 glo] &= Al
=29} AJoks AT o= 0.0859] SHEE UERLh &
0.1 &= 2] background:= Ao 2J3t 7|22 Q1 F3 = ghe.
2 Hojrh & A4 9E 7|22 HA o FEAS 111502
2 3] A] Anti-flounder IgM % Anti-Mouse conjugated IgG
HEE1:2000, 92]9] FE S 1:3000.2 3]4] AJof|l&= Anti-
flounder IgM %! Anti-Mouse conjugated IgG &=+= 1:500-
1:10000] 7} A 43t A0 &2 AlgE

sfolziAol wely

Aol et &2 violH A el AlY Z¥= Table 134
Zt}. ADC-2012VHS-7 Y ADC-2014VHS-5 Hjo|# A 9] 7+
Aol A= 7HE 8BS et o] 17 5<tol 90%
HAFelS 1L, ADC-2012VHS-6= 80%, ADC-2012VHS-9,
DC-2013VHS-1, ADC-2013VHS-2, ADC-2016VHS-2 A| %
= 70%, ADC-2013VHS-9+= 60 %, ADC-2012VHS-11+=
50%, ADC-2015VHS-2AI &= 40%, ADC-2015VHS-5+=
30%0] 4 RS theblo] e vho]el A toket Wel
35 SskoiTh ol A ZE2lE 1159 vio| 229 f-37}
o} A AAA o2 =A-E VHSVY G AR 9714 FS 4]
walj 2 Aul B4 Ayt 25 VHSV genotype [Vaz 1=
t}(data not shown).

VHSV strain & ELISAZ! H|i2

117119] FARoll A 2] VHSVE 2] A d A4S
Z o] @& 1:150, 1:300, 1:6002.2 3]4{3te] So] FAI7HE
ELISAR 2 0]-8-510] S 313l (Table 2). 74 1504 = 2]

At A e E B Aol o] o= g A9 %% ELISAOD 7t
2.0.162+0.017-1.450+0.1772 367] 2] A| & B 0.2 0]A4fo]
QaL, 7o) go] ¢l= 14 2] 9] ELISA OD %2 0.1084 +0.015-
0.230+0.0562 7A| & 2 67117} 2% 0.2 n]wke] Zhe LeR gl
o} Z12] 3L EAS 300u) = 3] A7k -, T el g ol Q= A
o] 4% ELISA OD %2 0.119+0.011-1.027+0.1552 367}
O] A& ZF 22709] F3T% ghol 0.2 ool laL, Zrdolgo] ¢l
L g% 9] ELISA OD 32 0.094 +0.004-0.186 +0.056 % 774
O] Al& K5 0.2 m|Rke] ghe e Gt}

H|E, 74 ogo] 9= 92 @35 150812 3|43 A=
9] ELISA OD ZAx}7}ko] 3008) & 5]4 3 A &.2] ELISA OD %t
Hop =7 UgkAeE el gl gl g A19] 1500, 3004 3
A5k A 59| ELISA OD gt #A41519& o, 2= Al&710.2
n|gke Zhs 7H21 300uH 3] 4] Zho] 71 f-agh gho® Hof, &
Ao A= g% 3008 34 gho g2 FA5qI o

1A vRo]# A9 ADC-2012VHS-72F ADC-2014VHS-5
73901 0.240+0.013 (1:300), 0.119+0.018 (1:300)2] &%
T 3 YeR A A vhol2 A1 ADC-2015VHS-2
©F ADC-2015VHS-59] 74-9-0&= 0.119£0.011-0.256 +0.023
(1:300), 0.143+0.004-0.280+0.019 (1:300)2] ZHe =<l
ok 4= IQIT} EgH ADC-2012VHS-119] 7 22 o] uf
olg Ao :=EE oy FWEE 0.346+0.017 (1:300)-
1.027+0.155 (1:300) & &1 =] Qlc}. 12 i ¥ Y447} ELISA
OD o] A2 Gl A 02 HRIt 2012 FE = o]l
Al 2]t VHSVE Q191 35 3, A2 A9 AV &
A5k Aat, ool leete BE A FAE B35
= gon, AIZE E upo| 2| A 0] AT o] gl
A0 2 SRIE|QIeh E5F 22 oF9] ol eZ = it ahel 2t
T Az Afol7h A F3 =l e A v Alo] FRIE
Act.

2 AW VHSY] HAH0A 2231 13T ollA] =8 =]o] 7
33 @RS Qs 272, Kim et al. (2011)0]] w2H 522
13T ol|A= 28U FE] FA7HE &1 o qlekar st
Lol 2 AL A7 2k WAl flof F[are] g2 ohet
L AYZHEITE wheba] G2 9] AR 42 9 A of w2 A
P A7l gt A4 x| & 02 Zls)E|ojof gk A0 = A}
FEQh 2 A= Ao vholg A S84 85 vtol
2~(VHSV) icte] 4| A= ELISAE 4-8-35}7] 913t 7|24
TEA G2 9] Eo| 34| §hg-of gt A RE 53t VHSV
SPF (specific pathogen free) g X|AAFS: S5t 7]9EAL 5of
o|-& 7k Alo|th

ALAL

o] =2 At (2017d e ARES
uh &9, R2017067) 2] x| 910] 2J3) &3 =31

2733 7]

R
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