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Quantitative analysis of the clinical signs in marine fish induced by
Megalocytivirus infection
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In quantitative studies of clinical signs, rock bream of adults and juveniles infected with Megalocytivirus IVS-1
isolated from rock bream (Oplegnathus fasciatus) in Korea showed average 4.49+1.13 and 4.85+1.06 of spleen index
respectively. In challenge experiments, Megalocytivirus IVS-1 induced 100% cumulative mortality in both adult and
juvenile rock bream. However we found 60% cumulative mortality in juvenile red sea bream (Pagrus major) even
after 30 days of injection, which contradicted with the results of other laboratories. Interestingly, IVS-1 infected red
sea bream of the same juvenile size with rock bream showed lower spleen index compared to that of rock bream.
In real-time PCR, there was continuous increasing of the numbers of viral copies (2.03x107 copies/mg) in the spleen
of juvenile rock bream infected, which were different from those in adult rock bream showing plateau level after
reaching to the peak level. Moreover, enlarged cell numbers in the infected spleen were also increased continuously
in the juvenile but not in adult of rock bream, even decreased after reaching to peak level. Consequently, significant
differences in clinical signs : cumulative mortality. spleen index and viral copy number were found between rock
bream and red sea bream, but not between adult and juvenile rock bream. Certainly quantitative expression of clinical

sign as in this study may be a way to compare the progression of megalocitiviral disease more accurately in different
species or physiological conditions.
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Fridoviridae family= 1990'd, YU¥2-9] red sea bream
(Pagrus major) 25| red sea bream iridovirus (RSIV)
7} A5 22 Eal¥ 3 (Inouye ef al, 1992), infectious
spleen and kidney necrosis virus (ISKNV), rock bream
(Oplegnathus  fasciatus) iridovirus (RBIV), grouper
(Cromileptes altivelis) sleepy disease virus (GSDIV),
largemouth bass (Micropterus salmoides salmoides)
viis (LMBV), RBIV IVSl, African lampeye
(Aplocheilichthys normani) iridovirus (ALIV) “1&]aL
Dwarf gourami (Colisa lalia) iridovirus (DGIV) 5 T}oF
Bt ofFollA] iridoviruses ] HE]7} W 1E 31 Qirt. o]
A ojF=2HE Bl iridovirusesi= Iridoviridae
family ] 57} genus 5 3L+ megalocytivirusol] €35}
o QpAAIRIOIA AR A £ op7] A7|T
It} (He ef al., 2000; Do et al., 2004; Mahardika ef
al., 2004; Hanson et al., 2001; Jeong et al., 2006;
Sudthongkong et al., 2002).

Megalocytivirusof] Z+E % oj&= 9o
AR g, of7h] ST, v 2 AR itk
Uepdich z2ge|sky o2 uiay A4 A4, 7k
of7hu] 22| 5ol vIFFu A EZE FAsh= Ao]
dFHoz EAQ ditoln, nlR oAz
A=A ol A the9] virion] ER4E HRFEAN]H
= 2RI & < Slrk (lnouye er ol 1992). 121} o|2fet
22t Ql sl gt e mE A 5F
o] 9 3lal AR, AF7HR] megalocytivirus 71
ofFoIA UEhRe Weld 84S Hepmoln 44
Aol M B4 UAR AT A o]Roj7)7)
opan glck

2hH megalocytivirus O] A& O 2= HEE
FAE 083t immunofluorescence (IF) test (Nakajima
and Sorimachi, 19949} 2:2- Welala] 7]k B2

2ok e 53], 27)of ulolelag 7% T 4

T
>
>

- HE:H L HIAS

o

EE Lo s [ L
Q)= polymerase chain reaction (PCR) 7|%o] R#H3}
Elo] AMEEIL Qi) (He ef al., 2001; Kurita ef al,
1998; Oshima ef al.,, 1998, Jeong ef al., 2006). Z| ol =
3 22 probe F+= double-stranded DNA <] 23}
= FE o83 rabtime POR 7]312) MR 7}

Aehic} o] Mot B840 2 meglcytivins
AP - Ao 7k 8 % Q) SISic Godeg
et al., 2003; Nerland et al., 2007; Pallister ef al., 2007;
Wang et al., 2006). SHA[FF o213t 7|*HE-2 megalocytivirus
o A& 7 9 AZA B4S Sleto] AREE
E Aol 24 Yio] HlojA w4 229
Stol| it FF2 Brtoll ARgsto] AW 7]
83 AFZA] Exm A|IEFO] AJeFA] Hlao] gt
7120 2A S At Hol YAl Ytk

uteba] & Ao A= megalocytivirsE S5
ol A AFAIA ZFol v FH A2
o} vlAFH 9] S $XA 02 FARE spleen
index: JYA O AR BH, ZAXKA L}
U Hio|2|AF o] 595k Hslele] 4
£ vl 4810 megalocytivirus ZHg ool
b Q4d SH9 AFRE olsy, A2
megalocytivirus 2" 2] 174 1o ot A= A

8 oj%o] Wit shick

¢

o

wu

rE A

(o]

ERET

Hpo] | &

20001 99 =] 'gafiore] GFAPollA megalocytivirus
HIATdE Ul =59 vdesRe s
megalocytivirus IVS-1 straing S Xjojof| 7} A}
sto] &3t A7 & A AZRAE A8t (Jeong
et al., 2006). ZFFZAL A A7}z 80 ColA] Byt
sk
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Aol

LE=A40] (bw. 130.0£100 g), E=xjo] (bw.
8.0+1.0 g) 1)1 FHEA]O] (bw. 10.0£1.0 g)S 3
e} Aol FUstel Aol A8tk 2
o= Agsr] A sud Tz st
megalocytivirus 779 o35 Kurita et al. (1998)0} 2]
o X375 ATPase (Adenosine triphosphatase) +-212]
3F/3R primer setS 0]-85+] megalocytivirus 2] -S4
< SRl Ao ARgeIgith HE off= miY
AR E Holil wjYd ARSPE 3k AP o, ARS
4022508 fAI

sholgl 20l S e

7Hgole] vEk Ei= thE A7) 2 10 ngO 2K E]
AccuPrep Genomic DNA Extraction Kit (Bioneer)E
ARg-8to] ARALS] HPdel ket 21 50 ul<] elution
bufferS: AMS1o] ulo|AmARS ulaigirt, Bal
3 DNAE A9l 3174220 CollA] Batsgirs.

PCR

PCR-2 microtube]] 10 mM Tris-HCI (pH 8.3), 50
mM KCl, 1.5 mM MgCly, 0.001% (w/v) gelatin, 0.5%
Tween-20, 200 pM ] Z+7+0] dNTP, 1 uM &) Z+21+9]
primer, 1.25 U AmpliTaq DNA polymerase (Perkin-
Elmer, Norwalk, CT, USA) 9 53] DNAZA] 255
S 71’ & FRSE PCR S3HE 2550
50 nl7} =A 3}9ick PCR amplification-& Perkin-
Elmer 2400 thermal cycler (Perkin-Elmen & AME5}HS
o, PCR %72 94 Cof| A 387} pre-denaturation
AZ1 2 94C 30% denaturation, 55°C 302 annealing,
72°C 302 extension®} BE3-S- 1 cycle® 3} 30 cycles
S 9 AF R 1 3 72°Cof|A] 7E7F post-extension

At ZE5 AL (.5 ugnl ethidium bromide
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(EtBr)7} 71 1% agarose gelS $45:-9 0.5X TAE
buffer (40 mM Tris-acetate, | mM EDTA)®]| 2o 7]
Q=9 AXEE B Ultraviolet (UV)ollA Ueh}= &
o] bandE HESHICH

Real-time PCR

Real-time PCR-E& &3} primer set+= MCP (Major
capsid protein) H-Q|ZHE ARS8} (Table 1).
Megalocytivirus DNA 2] A& 913]| Rotor-Gene™
6000 (Corbett Research, AUS)E ARE-3}ZITE 0.2 ml
microtube o]} SensiMixPlus SYBR (Quantace, USA) 10
ul, 1 pMe] Z+2k9) primer, 5% DNARZA] plasmid
DNA E= 28 4HE 718 § S57+2 PCR
E3HE 2Tl 20 7t HA 81T, Realtime PCR
o 272 95CoflA] 1087 whest & 95T 10%,
55C 15%, 72°C 20%2] W22 1 cycle2 d}of 40
cyclesE RHRGAIATE TpR9} eycle SOl B HhE-
2o jste] 2CHE] 95CTHHA]¢] P4 854

(melting temperature, Tm) £-41-2 AX|8ISATE

g2 AILHL2 ZAI57] 98] megalocytivirus
IVS-12} genomic DNAS FHO=2 3sfoy MCIF/
MCIR primer set (Table 1)& ARSI PCRE AA|5H
a1 A= PCR A= pGEM-T Easy vector
(Promega, USA)]| ligation 3}4 E. coli DH5a w529
cloningA]7] % plasmid DNAE- £-2]5}9t}. Plasmid
DNA2] copy <2 AFs}17] $Jal Quant-iT™ PicoGreen
® dsDNA Reagent and Kits (Invitrogen Co., Carlsbad,
CA, USA)E AM851¢q plasmid DNAS| copy gt At
31901, 10110 copies/ 1l = 1084} THA| 543}
real-time PCR A] 3EEARA1E Fol=t] ARSI
T} plasmid DNA= A% minict A= 543}
AHgHOm, 22 plasmid DNAS] ti3}o] 3112
Sagslech
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Table 1. PCR primers used in this study

r§:
o
il

Oligonucleotide sequence

Expected size of

i i i . Object Reference
Genomic region  Primers (5 to 3’ direction) amplicons Jee .
3F aaacc C . Kurita et al.
ATPase caRaceacagogCEgCangt 563 bp Detection gra ¢ a
3R gecaageggeacataatt (1998)
MCIF t f :
MCP Baaglagatgopeacelo 163 bp Quantification Tn this study
MCIR caagatgattggcatgeg

v 3o 2EAF

Aygolst Aol 4718 Hzste] fglo)
(Bouin’s solution)of] A 143t 5. 22} 1AL 12} A
T U F 5 WS Agsto] AAlstict
22} 3% 3 24A1700) A El*— *1]3}1 70%14
100% &2} F= ogh&o] g it AYd
olg3to] Fget ot merw_ 22 A
7|30, sleh Eof) & microtome (Reichert-Jung 820,
Leica)& AMg31] B QIck o] &elol= e}
o]l 23 1271014 =ebEE 0]aL Hematoxyline-
cosin (HE) @3S A1A]3t 5 Malinolol 0 2 2l3}o]
Ferdu g o= A4 A9} megalocytivirus ] £7
ol WU RS PSP E3F Image-Pro
Plus™ Z2 7308 o] g35te] ZAFE 1042] 1 mif
o EASHE HARANAELY) BEEE £E51
cells/mr ¢h9]=2 VehiQlck

(xylene)S

Spleen index
A5l oI (98 FHekn 2o st
WS HET The DI ol8alel MR
(mgE ST} Spleen index+= OPEIH A3} Zo]
1 7 @F oAE @22 the ¥ 10002 S3
ol vl RAE ng 92 Fhilste] AHE3HTt

spleen weight (g)

" X1
body weight (g) 000

Spleen index =

3344

Vs-16] e &= vpz2] niel (1 ng'nl)
S 100 W& EE40), EuAlo] I FEA] o]
20utRo] 2tz EZFEARE & AR TRe R A4
31gaL, BRI A HEsP| A%t I52
2 YO R 10nfEjo]] Bl I 5%
frFo2= Eo)gko] HE PBS (pH 72)& 570
FARE ¥ wAES W ekt

TS BALS 98l EsAdolet Alote ARl
& 2002 5 2173, 7, 10, 1294 El= ARG s,
7,9, 1097 == AFNA Aokl A3l oA
nzrol 2 3ula)A A7 3}e] spleen index 7%
Wejeta B 9 real-time PCRE AASHAH: 3
£ A9 = WA ofRE Hstol
3F/3R primer setS A3 conventional PCR 23} OF
d& Hol= ZARE A8} spleen index 57, 7]
We)eta] 2 9 realtime PCR-Z AASIYIT 100}
2le] 2R 2007 o2 HIHES RIS
. 22 HAols SA] ARGl AABHA oA
% @ Bl T (mgE ZA8ISlL, 22
THA} PCRE ©0]-8-510] megalocytivirus o] 7 o7
£ ERlstgict

24

Al
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4 1
o]F A U o}Fo| megalocytivirus ZrAT

Ed01et #|of T7]aL A ofe] megalocytivirus
IVS-1& ARE31o] SAURS AABIITE S50
9 HAkz FAL 5 1TUARE Dojur] Afsigle
o, 397 100%2] FAHARR-S 2t (Fig. 2).
EEA|f9] 0 AL 2 8UA HAE AR 10
DA 100% *FE AR Hod, AJolof vs] wA}
w2 AR Bl & 4 A (Fig 3). 12t
AEA| Y 7Bpolls EFAl01 HAE ARt A
712039 =2 A F LUATE AT dojut
7] AEFBIG O, HAZE EEE HjaA dof AL
5 197K sHAPE ARESAL, 0% 30U7HA] whE
6}0“’2% o o} Hiak= UEhtA] Rttt (Fig.

). AEAOY AT FAAAE L 0% et
100%4 FAHAES 2l EFA]0) B S50
of vjgte} W& FAHAEE KAk

(A) 100-’

80 4

Curnulative mortality (%)

0 2 4 6 8 10 12 14

Day after challenge

57

(B)

r1=0995
M =-3193
Efficiency = 1.06

Fig. 1. (A) Amplification plot of realtime PCR of the positive
plasmid DNA with different copy number. (B) Standard curve
showing a linear relationship between positive plasmid
concentration and cycle threshold number.
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Fig. 2. Kinetics of the clinical signs in adult rock bream (Oplegnathus faciathus) challenged with megalocytivirus IVS-1.
(A) cumulative mortality (@, challenged with IVS-1; O, negative control fish) (B) viral copy numbers in infected spleen,

(C) spleen index, (D) enlarged cell number in infected spleen.
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Fig. 3. Kinetics of the clinical signs in juvenile rock bream (Oplegnathus faciathus) challenged with megalocytivirus IVS-1.
(A) cumulative mortality (@, challenged with IVS-1; O, negative control fish) (B) viral copy numbers in infected spleen

(C) spleen index, (D) enlarged cell number in infected spleen.
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53 -

Cumulative mortality (%)

it
i

Day after challenge

Fig. 4. Cumulative mortality of red sea bream (Pagrus
major) challenged with megalocytivirus IVS-1. @,
challenged with IVS-1; O, negative control fish.

F9z4  volaia ¥E9 Sy g

Eirdoiet 2|0 12)a1 ZR5]oof| megalocytivirus
IVS-1& A & ExA40=3, 7, 10, 12, 1394
I EEAONES, 7,9, 1097 Bl APdol F&F
Y= 3uke]R et Bl 10 mg O 2 5E A
& EF8H1AL, real-time PCRE ©]-8-3t0] Hjolzf2
FEE At (Fig. 2-3). o|u] megalocytivirus 2]
MCIFMCIR 5|7} 235 plasmid & 0]-831 32
Aol A plasmid DNAQ) copy <=2} threshold
cycle (Cr) gk Afolol A A4l 22 0998
UERgT (Fig. 1). g0l RIAMdE9] of 7yt &)
A5ho] ATPase SHAAEE BE 2 T conventional
PCROJA FETE Holw= 7NANES: Fsto] 23]
Yl Hiole| A5 s SRIgto2H Wof o] o]
OJA|AL b= 2 7ol chgh &Ao] o] FojA]A
SHT} (Table 2).

WA EEAelE v 4L 10970 Bt
2.40x107 copies/mg O 2 7} =2 215 YERY

=509 B 49 F 1097 2T wrsiglom,

AP 22 Y vlojg|s s Ald F7I8he A%

-

59

Table 2. Clinical signs of juvenile rock bream, adult rock
bream and juvenile red sea bream at moribund stage with
infection of megalocytivirus [VS-1

Species

Clinical signs rock bream

red sea
Adult Juvenile  bream

Viral copy number

240107
{copies/mg) 0

2.03x107 2.06 x106

Spleen index 449+1.13 4.85+1.06 1.47+0.87

Enlarged cell

+
number (cells/mm) 3754203

274+102  220+160

S Hol, AL 5 9UR9] ool o] Bt nlole
2 B 2.03x107 copies/mg O 2 VERL; AEE E
Saojo] Ane 2 Fol2 Holx] ket (Fig. 3).
MIARAFERS] 2o} B 206X10° copiesimg
wo] vlojgAges Wehfio], 22 HIAMIElS] &
EAdojel xlejo] Hla)| o7k W& viral copy numberE:
UFERNQITE (Table 2). T3F 524 12 0] % Zol=
5 o] FARS HofR] oiQlal 307 Aobe
Azojo] AL MCP (MCIFMCIR)Q} ATPase
(3F3R) = -aAtol] ik PCROA = 24 0% L}

5t} (data not shown).

Spleen index % B4 Fu A S5 24}

SE40ls FA YT e v dieke B
3 Be]d FAbol| 2J3}o] spleen index7} 3.7+1.8&
Aom, olfgt uAET = 109R7HA] Al 213
o] Hof spleen index7} 4.49+1.137}%] o] 25|11,
0|3 oF7el 7HaE Kol ZHEZ7|o updS7 w
27| o]Foi3E 2l T 4= Utk olH2t spleen
index 2} Hgtel 3| Fakdn|Fof &Jsto] ApH
HAxA Yol viAFu N ZsE A2 1094
5754205 cellsmr e 2 Mg H Gl oL} o] % Rk 7t
4Bk HEE Bt (Fig 2). S5Aols FAF3Y

LU s

o
1©
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S 5¥ spleen index7} 5715171 AlFslod 100% #HAL
3 o} 7HA] A|&H o7 Z718) 9UA| spleen index7}
4.85£1.06712) o=l on, HIHFU|PAIE 4= HA|
A& 0 2713 274102 cells/mro 2 94 1t
AE 23t (Fig. 3). WIAMSElS] 2521019 spleen
index:= 14740.872 YElL} B])71d2H=-2] spleen inex
1 0.69+0.180]] H]af oF 28] F= w2 & HAck
whel SE4ole} 2Joj2] fiET0] 7 spleen index
7} Z4Z% 10120195} 12120290 2 Vel 7Hojet
oF 3uiR=9] Alo|5 Ko, ZEo] A9 Euoll vlal
] S-2- spleen index & R UL ERIE 4= AUt 5
BRG] M| 4= 2204160 cells/mri®. 2 UERGCH
(Table 2).

il

2k

2 Aol A= megalocytivirus ZFFo]S] 22
wloleise] o 57} wisel EHA O e
Weld S0 gesie] g o] £314 1A
ZFEfe] ARETEA] tiEt BAE AXEAE ol
Sfsto] B4 izt e P4l SlolEel B
=0l megalocytivirusE QA AAIZLE W) Heht
= el 2ael upgETe) £ SAFL,
HI At 20 AF3LE AAstgon, 1]
51 olg 247k o] 22 Uf EAKE ol
=9 F71e} ojwdt FHAAE VER=AIE vl
j3igic

29010} 228 FAR B4R 11 A
A7t ofby] Altelol, 13UA 100% HAFHAL.
o, ¥ SRR ol $UARE HAlr} AlzkEo] 10
LA 100%HAA 31 (Fig. 2). AA) F2b9l= 2t
Ao} 9= 7Aole] upA] ) volaid s &
=019 A9 1047l Hat 2.40x107 copies/mg 2.

2 71 122 FAE Ve, RYAE BS54
S UERY (Fig 2). E5X019 3% 10¢4)
100% HjAkete] 1 o] 5= ERIE 4 YIYARE upo]
HrErt 749 9UAIA ALHoE Z7telol
2.03x107 copies/mg7}A] ©|2§ 11 0] 1044 100%
A1 (Fig 3). 2o 02 HlAee] 0|22
SE4g0i9k A0j2] 22 U] o2l BEE $je)
Qom, thit H11 5o o] Fof|= Aofi= xjojet
=] AEE AEE AT 5 AT

olggt ZHH 22| W Hloje|Awimo] Hsle} 37
spleen indexzh= 4 7E-S =Q15ko] ZhololA
7P AR o2 v k= WelA 401 uPdstie]
TEE o1 v diulste] ol A Fis)
7} ojRAFETHE RISt ] Bl 4= QA IR
o} 59019 spleen index= A ¥ AE2 2= T
71810, 1097 449+1.13 02 7P &2 & VER)
QA AL @52 THashs A0 Uit
(Fig. 2). ¥Hd S5 o= 94 4.85:1.06 22 100%
Sk o) 7 Ao R Z7IeI (g ), BE
g0l 2] 1294 spleen index ] H= ofIHE S
Aol EEX| 0 Er} megalocytivirusof) THE T &2
Aoz 109 o)l vdiahzl Al27t 837
g=lo] 23jy FAgt Ao PzhEjoA:

Spleen indexy= 2] A9 HIE FA|ZOoR
FEHS Aot AdH o2 nEkEio] g Ao
== v|AguldialEe] 54 wsle} 1211 Ho|E
2wt ofF ATIHAE 7ML Ql=AE BAIS
7} $i5te] rui W v gultiI 2 5 Al
aRatt olgfzt Al Aa7A] ARl wAe=
71 24§10 2 megalocytivirus AH |
= g Fe] Baol o A4S o Yol 3
& Rajoleka @ 4 itk 1 AN A
ol o] HIRFHIA| 2] = 1094 2o

Vs

i
(o]
=4

)
ol o

1)

=

H

il
2 o
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ou} ol ORk Bl ATS Bt} (Fig 2. B
SERol 49 A% A4 0R Z7iste] 92
HuAZ Vel (Fig 3). HARH A EE
spleen index o] wislol nl:gh ST e wof
Folomg ulg 7 Eol et Wl gu|cha o)

(¢}
Z7p} ugEee) o Aelo] Bk AL BlE

SedolE Aolehs gel AHzRA Y vlol#A
S5 ETH27R] 9] el B9 spleen index 2}
A FHAZ g B AL 5 29It HiAje o]
B 3 A SRS LA Aol ofgt e
23Y717ko] Aojo]| Higto] 7| whFol ALt i 7}
AU SojA] dofirt 7] tEY Zow &
ek 22y wste] Atojof gt Aokl olf=
HARRS-S R thefst A-rA} glojof & A
ok

2|29 megalocytivirus 219 0]F0] Xr=x]o]
&) 7B S0l HAL FE A7 ET 3Y =2
FAF & AR FAE Uehgr] A1z
TR IR 5 Blua] Zlo] AL 3 2097 Hxpt
AEem, 1 717 5 60% 9] FEAA S Bl
201 100%2] FAHRE-S Hoje E=x]o] Fi=
gofoll Histe] e A HARE-S VRN St (Fig.
4) WA AEA]019] 49 FAR ojold Zofet
o15E Ahol7t E3tE o] glon® viapge|e] 2t
wA19] & PCRZ PINEE-S Hol= AR tiz|A]
uF eolzAle] BHE ANjsIlch 1 2t spleen
index, WSRO A 2= ZF2F 1474087, 220160
cells/mo. 2 Ueptom vlojy Al 2.06x106
copies/mg O & LFERGT) (Table 2). T3} 304 71| At
obeh2 ZEA|oli= PCR B4 4T 5498 vehich
ol Avk= 22 W ulAFH|thA = wIAMY

ohe] SEXjolo} vlmPS o) SAHOR old A}

l‘m>~0
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o|F HoJA= oSIANE S50l BIste] W spleen
index2} W& viral copy number= 252 W HANS
= 3ol izt gl Afolof] tigt R4 SA7}
g 4 & Aotk Iz Es AdAel
megalocytivirus ZrFe] gk WS} =50l Higho]
w2 o]0 R| 1L QiTfa %L }lom ofof| of
3 wesiael Balnt 3l A44je) 2} Bas
Aoz ualtt

Chao et al. (2002)+<= grouper iridovirus in Taiwan
(TGIV)E E5ol FEAZE W 29476 PCR&
Solf vlol2AE HET 4= lom, 3UARE HY
FH|hAZ7F LR, spleen index @ 22 7E ¢
tissue-to-body weight ratio (%o)+= SUAI7HA| A& 0
2 zopzivtil Busiglc) o] Aves & A3 5%
2019 spleen indext BIAEFv|HME HET} 5
o] ZHtth E3F Chao er al. (2004)+= megalocytivirus
Fgo] £ vl PRItHAIEZ = enlarged cell ] 4
£ in situ hybridization ¥*H-& 53l Al4~5}] kinetics
oz ugguIgESel st BAels, 1
2t ugol A 62R) 71 S AE ekl
2 pziel wlseh opirel TPS ngirh o
H 104 megalocitivirus 2] 2] 9] Hpo|H A=
= LYCIVSF LMBVE] 79 Z+Z} 1063 copies/mg@t
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