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Immune responses to the vaccines of viral systemic necrosis of carp
virus (VSNCYV) of common carp, Cyprinus carpio L.

Mi-Young Cho', Sang-Kyu Sohn", Yi-Cheong Kim"*, Jin-Woo Kim"*,
Myung-Joo Oh™"*, Sung-Ju Jung*** and Soo-Il Park****

Jinhae Inland Fisheries Research Institute, National Fisheries R & D Institute
*Aquaculture and Environment Institute; NFRDI
**Pathology Division, National Fisheries R & D Institute
***Department of Fish Pathology, Yosu National University
¥***Department of Aquatic Life Medicine, Pukyong National University

VSNC is a viral disease causing significant economic losses in cultured carp Ciprinus carpio L. in Korea.
Carps were immunized with prepared vaccines against VSNCV and examined specific and nonspecific
immune responses. Carps were injected by 0.2ml of formalin-killed vaccine (FKV), heat-killed vaccine
(HKV) or E-MEM, respectively and dealt with boost with same way two weeks later. The lysozyme activity
of serum and chemiluminescent reponses of head-kidney leucocytes showed increased responses during
2~7 days post-first injection (pfi) and post-boost (pb) in the vaccinated fish, and then decreased to the level
of control. As measured by ELISA, vaccinated groups showed a significant increase in VSNCV-specific
serum antibodies between 2 weeks pfi and 6weeks pb with a peak at 2 weeks pb. Results of the virus chal-
lenge showed that the fish vaccinated with FKV have induced protective immunity, while HKV injection

hardly provided protection.

Key word : VSNCV, Serum antibody, Lysozyme, Chemiluminescent reponse

JoIF P 28 Jeke P4 oF FolA
7HE A IAE AT Jen 1 ek 9
2] HEso] W A oF FoM 2 T
& AAEI ATk (o F, 1997). 1Y, 1998
BE 1999W7kR] 7}5e] kA AL ZAloE o
2 QJoiRel Al el srpul, oprtul R
W 371e] 3 E AL 5o FHoE Q8
WA} BASGOH, F1TE AR
ohiet A%a) P 2 $4 AH PN 5

tCorresponding author : Mi-Young Cho, Tel : 055-546-3521,
Fax ; 055-546-6292, E-mail ; mycho@nfrda.re.kr

175

MM A&AR] HfE FEst Ut o] A
< ZAgele] A u A A -] vlel
HAZ2 FHEE A7 70~80mm 7)) viriono)
AEHJom, vloje A wikelg A7FsE Yo
of ANAA Al A} 80% oAt &L HAL
& Uelfio] vlolgiie] o3t HAAFoE &
Q1= At (Oher al, 2001). 1Y}, EA7EA]
Ql uHtolgl ol e &3 FH R WS A
o] whE =] E&a ith vloleiirt HAYshH



176 B

o]F2] AWolAE NCC (non-specific cytotoxic
cells), HA|, ¥]50]3 o]l 2 AHHAE T o
FE A o7 R HYSEEY 59 A
A4 A&7} violglAe] AA FAdH= AL
2 B33 9t} (Ells, 2001; Desvignes et al.,
2002). 12, 74 FupolE X Z1F ] tigt
AT o) Aolst olFE PSR AT
H AAEZA ploj X ZPo = Qs YJolF
o] AellA Yolvhke HRESA gk A7+
HE3 Aotk B A7s Y YolfolA
AZHg FE o3kl A= YdoiF HbolE
ARAANIALE (viral systemic necrosis of carp:
VSNC)¢] ool tid 712488 d2A,
29l vold AT WAL At Yolo] Fof
3l 3 leucocytes] phagocytic activity, @3] 2}
o2l &4 R IAVEE ALY, °lE0]
oleol vlAE Fee 2

Mz 3
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Agols U FAIA TN FTHAYAS)
o ARSS A%E JolE ARSI WA, v
7ZE ol Aa] A8l ARRFQ 2 (3§ -
5vhE], § :5Hkeh)e] Arg Ft X% F
YAg 233l ELISAH S Z VSNCVe %t
A EA FFE ElsiNth AEE nE4E
ol MEE 8% & AsE ARE3t AL
S3lg e, $ABLE povidone iodine 100ppm
2 malachite green 1ppm OS2 A% & X3}
£ o]§3lo] Hal ARSIt Ad AA] A
HEFHoZ Agole] VSNCVe Wit 74 o
H-E ELISAY O 2 313 & 65 T2t A A
& Ago 283 th Aol = F groupl
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A3zt AFTEE 3004 FRP 20 60 v}z
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R+1CE dAsA fASIILH, FrdoR
AHEFAT

HIOI 2~ EA| R AR A
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st dojA uHio]# 2 pellet2 HBSS

(Gibco)oll Herete] wWialdFo) ARSI Th &
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10°TCIDs, FXE9] vlolgiAdel| 04% X2 WA
A ate] 4CAA BFFFt WA St AHEER
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b 7HE At AT
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€ 2] A8 2 AE 18] Rod AT
£ boost A 2| ¢ AP hEF= FATh

HI RO HHE TAl

YARS 329, 1, 2F A R 23 YT
(boost) F 24, 1, 25 A Aatd FHN 2ol
Aol AL AR FAZFHAA oy
A ¥E ¥a3te chemiluminescent (CL) response
& ZAREHITh

Lysozyme activity

g3y golazty §4L Aol v
2RE A¥so HE £2F ©E Ellis
(1990)2] #hHel wel Turbidimetric assay® =&
AVEIE T 2, Micrococcus lysodeikticus (0.1mg/
mf) FErY 950409t BH S0ulE EF3I] 25C
oA 30%& H 4% 30 F WA F 530m
AN FATE SAHSAC FoliAy 842
&35 Zto] 0.001/min ZA% ZHE 1 unitE2 &
AlBtr.

Leucocyte phagocytic activity

Leucocytes®] &/34t4% $4& 93 o
FAZ 2 A 34/51% Percoll density gradient&
AEE] AMEE FEEIRAH, JolEFeR
7+2+8F zymosan3 luminol (5-amino-2,3-dihydro-
1,4-phthalzineedione, Sigma)S AME-3R T} £
3 ATE Ix16° cells/ml EEZ ZA
polyprophylene tubedl] 40040% E33}520H
700.£¢) luminol solutiong H7}3le 1087F wt
2A171 & 7+ zymosang 300u0% H71sle
automatic photoluminometer (BioOrbit 1251, Fin-
land) 2 &7 3T

BT Z=AL

WA o] F 1, 25, boost A2 F 2, 4, 65
Azt AFTEE 1001y AYsEle 3A 7N
ZAsh dAhe 54 VSNCV

o gk Aol BEFEIE B ol A3
o, ELISAY & 3ol wzh dAlstanh 94
ELISA platee coating buffer (pH 9.6)= 104) &
Mg wlo]zjie) (CVI-2001) 100448 A28t
AL A 1A]7F ¥H2AIZ] F PBS-Tween 20
(PBS-T, 0.05%, Bio-Rad)Z 53] A& & th
10%(w/v) skimmed milk 2 1A]7} &<} bloking3}
¥ PBS-TZE 53] M¥g ¥ PBSE 1008 34
g Jol¥A 100uL2 1A ¥ESAIH T PBS-T
253 AHE F GEE Yo M S0uE 14
7+ ¥h-e-A17]1 3 PBS-TE t}A] 53] A48} sec-
ondary antibody (anti-mouse IgG peroxidase conju-
gate) 5042 g2l A 1A ¥H-g-A1Zi ) PBS-T
2 AHE 5 = (H:O.-ortho-phenylenedi-
amine substrate) S00% 1057+ ¥2IA]7]) 3L stop
solution (IM H,SO.)E It ¥k AHzA|A
71 & microtiter plate reader (Molecular device,
USA)E 492molM FA3%ch,

BAXE|

Wz7sh 2+ 487 Aole $94e Su-
dents Test& ANHOH, 2t NEF)
A& 2= ANOVA testE A AJske] P<0.059]
SzoN fol4S ARSAT

g o

Activities of plasma lysozyme

FKV$ HKVE FA% ZAx 2ol B3]
¥ golAA] 840l F7iekit. Fig. 1614
Uebd A o] glolaxiqlel 42 tET
o] Ae FA}7|ZF E9F 20.25~23.6 U/mle] ¥
2 Jehd b, FKV 9 HKV R polre F
A F 2dARE 15 A7EA ZH2 30.0~30.25
Uimd, 27.0~27.6 UImdZ Z7Vst9 7t 27 R ol
Z27 502 723 Boost A 27| 7
%23} Fol ¥ 29 thAl 2T ¥ 13) Fo
Foll uls) f214 A S/, HKY &
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Fig. 1. Lysozyme activity in plasma of carp after intraperi-
toneal injection of formalin-killed vaccine (FKV), heat-
killed vaccine (HKV) or E-MEM. The vaccinated fish
were boosted with same vaccines after 2 weeks ( T ) of the
first injection. The unit of enzyme activity (U) is defined as
the amount of sample causing a decrease in absorbance of
0.00Imin’. Vertical bars indicate standard deviation.

* Significant difference from control (P < 0.05).

0.5

—&— controi
04 —— FKV
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Absorbance at 492nm

[ k4 14 28 az 56
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Fig. 3. Mean values of carp immune response to VSNCV
measured by ELISA for anti-VSNCV antibodies. Fish
were vaccinated with intraperitoneal injection of FKV,
HKYV or E-MEM and boosted with same vaccines after 2
weeks(1') of the first vaccination. Response was measured
the absorbance at 492nm using the 1:100 diluted carp sera.
Vertical bars indicate standard deviation.

* Significant difference from control (P < 0.05).

AFAME boost M) F 27 A7 f2)2
Z7bh dehgeh 2y, 2k 9409 boost A2
o A% EAANE fol4e] gl Row
EFtTHANOVA test).

Head-kidney leucocytes (HKLs)2] phagocytic activity
A Fo] & HKLs2] CL responsesE FAM3H

- ol g - 77

- ~O- controt
—&— FKV

] —a— FKV{boost}
200 4 1 —— HKV
! * —8— HKV(boost)

250

200 4

CL responses(mV)
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100 4
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Days post-injection

Fig. 2. Chemiluminescent responses (CL) in head-kidney
leucocytes of carp after the intraperitoneal injection of two
different vaccines or E-MEM against opsonized zymosan.
The vaccinated fish were boosted with same vaccines after
2 weeks (1) of the first injection. Data show mean peak
responses of CL. Vertical bars indicate standard deviation.
* Significant difference from control (P < 0.05).
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Fig. 4. Changes of cumulative mortality in vaccinated carps
followed challenge with VSNCV. Fish were vaccinated by
injection(i.p.) of FKV, HKV or E-MEM. All fish were
boosted with same vaccine after 2 weeks of the first vacci-
nation. Challenge was performed at 2 weeks post boost
vaccination,

A dix2te AS ZAI7 £ 61.8
~76.55mVe] HAZ JEelon, FKVe HKV
FATAME WA Fo F 2dx zZtz
240.0mV, 160.18mV =2 2ol vl&)] 24 ¢l
A F7FAT o1 F 15 A7HA] F9H-8 2o
& YeERiI O, 2F A dl279 FAE X
2 a2tk 7t W9 boost A 2] T A
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boost 2] F 2UARH 1F A7A] 27 E
18] Fofto] H3 CL response7} 2144 A
7kttt Egh boost 8] ¥ 2dx FKV %
&7 272mV, HKV 7o M= 162.78mVE
HKV Fof 3o u]3] FKV Fopo]a] CL
response’} EA WERsTE 18y, zZh wale)
boost Aol o}%t AFEIdE FAe] fiE
RS E ERsETE (ANOVA test).

I

VSNCV 941 Seigt ¥ o] WA o)
7b] W3S ELISAYOE ZANSAT, 7 49
FEE 1091214 AWl GAE ZAR B
3}, FALF 17 ARE 25 A7 B4 54
S Agols) ST%eIN P FA7F et
o, ol boost H2) F 65 A7IA Aol
714% o3l P FA7k ekt 2 49
7 A7k Fig 3o e ule} o] FKV
St HKV $ei7 2% WAR § 253 A%E
boost 42 F 673 A7HA Tl s Fol4
A Z7FeHE.0m, T FNME boost 2] F 2
F Aol HLAE ek

Wois

boost X F 23 &) VSNCVR <19)71d A
2 F 273 5 FHAHAERES B3I 1 2
3 FKV T o M= 20%, HKV £ oA &=
70%9] A AHEo] Vel en, oeld HKV
Foltel] Hls] FKV Fojte] wo|axrt g2
A& & F AN (Fig. 4).

ool A Tk HUYES HYA oS
3 Yol g vl F28 JF

1 &
A4 99 (innate immunity)& FAHEE9)
A A v
F2] 3 A

+ AR 4EA Ut gelixyde
134 H9e F23 AAEM F2 AAHE,
Z7 9 39714 ogpo] 23 (Fletch-

er and White, 1976; Sveinbjgrnsson er al., 1996),
23 oM FAl Z3Fo| plasma lysozyme$£)
F8 FF AAolt} (Paulsen et al., 2002). 3],
gHo] &L 4 B 8¥FA A A(Alexander
and Ingram, 1992), &4 R I|H8F 2HE #
Rt ol gmjola A g Fol| FAFoTH
AR Q] ojFhgel A thds JEe gee
Aoz 4#HA 9tk (Jolles and Jolles, 1984).
Desvignes et al. (2002)2 Atlantic salmond]]
salmen pancreas disease virusE 219 7+d3% A3}
Nz sl &7} AMES, ghelaxd
BHAe &4 BF FrIeIdcty Rustsch
B A7 AAME 9 Bope A B

F Z7INEEANA izl vis) 84 gojaxzt
e gAo] mEA F7H8IH L, HKV Fof
AN boost 2] F 25 & 7R frel A A
71 AR epydth 3 go|aatyde) F
8 F¥ Z&ojm NKcells @ NCCe 0 &
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38 S5 Ao golARY vl R 3
A T F 27 gz uls] CL
response”t HA8] FHe AL &+ AUk
kA, B A3 AF}EL o] plasma
lysozyme ¥ HKLs7} vjo]# 2o gt =7] ut
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o}k & HEA VSNCVe] thdk xA] mejo
EA FKV % HKVE Jojo] Fodsle] 37}
o] M3HE AN A7} WAl £o F VSNCVo
g SolgkAl7b 943 A 718 ReE
E5to), HKVE B3t A7 74$ =&
A7tk ol o] UAX|ERA] gtk ulolE A
el ek o o] HANSoA Ao T
o tairE o} W oFEHo| Uth Agneil
(1975)& Fo1F2] 7% IPNVe] th3t Hojgd]
A QA Aol 2§ ATE YT B
2131¥ e, Yamamoto (1975)% F-2]7}40]9)
A 717F AU vle)E Ao Aol #Eol vk
I o), T Aol o FelME ddAol
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Qe A0Z HITHIT AT} (Reno, 1976; Smail
& Munro, 1985). &%+ Bootland et al. (1995)
brook routE E843} A7l IPNVE WA
3% B2 AP AEHIoY FALFE
Az goig g YepiA Sttha B

I5HFFEY AL YA T/ 2 AW
ol uhe} ol xjolzt glow, olF
ojg o] Ajolol= BAISHE 54T leucocytes7t
F23 AREAN FAdoy FHA U
(Khakpour and Murphy, 1987; Buchanan and Mur-
phy, 1993; Yoan et al., 1997, Murphy et al., 1998).
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t} 3 HKV Fojfol|x A 7ke} whojEo)
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