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Correlation between clinical changes and viral genome copy number
in rock bream infected with red sea bream iridovirus

Dong Jun Shin, Yi Seol Jeong, Min Jae Kim, Guk Hyun Kim and Kwang Il Kim"

Department of Aquatic Life Medicine, Pukyong National University, Busan, 48513, Republic of Korea

In this study, the correlation between clinical changes and RSIV genome copy number was inves-
tigated to determine the quantitative criteria for the characteristics of RSIV infection. The rock bream
(Oplegnathus fasciatus) was intraperitoneally injected with three different doses (1.0x10', 1.0x10°
and 1.0x10° viral genome copies/fish) as low, medium, and high doses, respectively. The clinical
signs (spleen enlargement, death) observation and real-time PCR were conducted at 5, 10 and 14
days post-injection. During the experiment, spleen index as a quantitative indicator for spleen enlarge-
ment was continuously increased in the medium- (up to 2.26) and high-dose (up to 4.99) challenge
groups, respectively. Notably, when the spleen index was over 1.5, 2.0, 2.5 and 3.0, a positive correla-
tion was revealed with average viral genome copy numbers of 2.51, 3.37, 4.97 and 5.43x107 viral
genome copies/mg, respectively. Moreover, the threshold of spleen index over 1.5 was 1.0x10° viral
genome copies/mg, while the thresholds of spleen index over 2.0 and dead was 2.51x107 viral genome
copies/mg and the thresholds of spleen index over 2.5 and 3 was 3.98x10 viral genome copies/mg.
These findings suggest the possibility of quantitatively analyzing the characteristics and development
process of RSIV infection.
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M 2 < F3 A= FWolt(Inouye et al., 1992; Gib-
sond-Kueh et al., 2004; Girisha et al., 2020). &3]
ZEolg] =rlo] 2] W (Red sea bream iridoviral S gl A%, Jdajol Ko ok o)A

disease, RSIVD)2 1990 UEoA & RuH 1998 d =0 RSIVY Hzx TAlo] HIFF o
o] % -Eute} B ofAlof 7ol A st 2 EHA (Sohn et al., 2000; Jung and Oh, 2000), 53] E&<
H 23 b kg s Akol Fol A @A ste] FA A
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(RSIV)= Iridoviridae™} Megalocytivirus<ol 43}
™, Megalocytivirusi= major capsid protein (MCP) &
adenosine triphosphatase (ATPase) 3 A G714 4
o] AlZEFol wel RSIV, infectious spleen and
kidney necrosis virus (ISKNV), turbot reddish body
iridovirus (TRBIV) % scale drop disease virus
(SDDV)Z 7% Th(Kurita and Nakajima, 2012; De
Groof et al., 2015).

A AlEE 2777 (World Organization for Ani-
mal Health, WOAH)oll A= RSIVDS] F iy o
Z A4S, ¥l 248 B transmission elec-
tronic microscope (TEM), indirect fluorescent anti-
body test (IFAT), bioassay (A3 H]F 2 IFAT ==
PCR), polymerase chain reaction (PCR)H, €714 <4
4 55 dasta gler 53] RSIV ¥ ISKNV
TR AES 9gE PCRH Y AME-& HAS)H
I Aok HZ RSIVE AFH A4S 93 thafgt
real-time PCR 7]'&o] R 15 I th(Lee et al., 2020;
Kim et al., 2021; Kim et al., 2022). 3}x] 2+, o] 2] 3k
PCR ¥ real-time PCR2 T}Fg Eofol A 2143
A o kAo g ARGH I Qo 3
24 @71l 71 &% BAAEETH A Ee
ST AEY A Wzt 3 HAdA ] Bg AAFE
T3] ool AUt

RSIVel 2 d o 7o 449 54<
AW vtoly 29 AgFH s34 v v 3
(spleen index), H}o] & 2> W& F(viral shedding)ll
3k A7 FY = HTHin et al., 2011; Kim et
al,, 2023). E3], Jin et al. (2011) ATl A RSIV]
o3 ZEE o7 F8 YFFTE v HdE
7122 spleen index$} real-time PCRE] g 2 £
Ae] FHPAE AT vk Aoy HIA HI™ 9
g2 WsE F4E 4 = viral genome copy
gl tig B Ve AR EHA FUdh

A B AT A= EF) RSIVE s =EE
A9 st A4, HelxAsE Hd 2
real-time PCRS &3l 748 HEH & E4392oH,
spleen index$} viral genome copy number?t2] 33+
BAE A3t RSV tigk HE EA4S A s)
& e 71ES AAFTA F

Aold - 4
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HiO[2{A HHQE

B Ao AREE RSIVE 20194 8€ U] 3
QF A A RSIV A EFS2FE £
19V (RSIV Subtype-IE AH&-3} % Th RSIV Hl -2
ojd Aol JEH =7 A#n] fFH AE
(rock bream fin; RBF) (Jeong et al., 2021)E A}-8-3}
%t RBF M X<
ance plus grade; gibco, USA), 1% antibiotic-anti-
mycotic solution (gibco, USA)7} 7} L-15 i =]
(gibco, USA)o A vl ka4 Th. T75 flask (75 cm® &
2ol A v &FE RBF A Z(80-90%2] Al H-2
Eyoll 7] A 100 uLE HF F 25°C =719
A 797 M £ A & IHcytopathic effect, CPE) A
3 RS dEE L FAdd i FdL -50°Cell A
54 9 25°Cl A s & 33 H}E'SP%‘\E}. o
Z Hj kA S 500 x g2 102 7 AR & A
B FEldte] AF A7A -80°Col 3T

- ==

3]
L

10% fetal bovine serum (perform-

olﬂ

Qle e
Aol ) Aol AA T FA A A

o F 9]3) QA=AS Holx Y= l:é‘%(Oplegna—
thus fasciatus) < TY43l] AMEF2%E 25°CE 25
& AR, o, ATl F AT shel &
A48t MAE %Eﬂ 71TH(WOAH)Y] F4tEs&
A " ~E "5 (Manual of Diagnostic Test for
Aquatic Animal)el|4 @38}= PCR W (Kurita et
al., 1998)¥} real-time PCR (Kim et al., 2021)%H ol
we} HAFS F3eta RSVl g 738 AES
gl & Aol A& TH(Table 1).

EE9 Holgl~E 1.0x 10" (AE%), 1.0x10°
(FF%), 1.0x10° (IL¥ %) viral genome copies/
fishZ 50mF2] 4 100 pL &F o2 57F FASHS
AR 1). Y93 s =AM 4 15ERE
1ok 8 B2 FAske] 2097 A HANE S
HESFALAEE 2), 4 AF Y =T 107t
= PBSE T3(100 pL) FABIA . dld 252
55 L A FxoA 25°Ce] 2o =AHIL
H, AEE AAFY 2%E sF T W Fold}
AL, WL AR 50%E Y 259 rE
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Table 1. PCR and qPCR condition in this study
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Genomic regions Primer Sequence (5' - 3") Condition Reference
95°C Smin
Pst 1 fragment 1-F CTC AAA CAC TCT GGC TCA TC 94°C 30s, 58°C 1 min, Kurita et al.
(PCRY I-R GCA CCA ACA CAT CTC CTA TC 72°C 1min x30 (1998)
72°C 7min
Major capsid RSIV 1094F CCA GCA TGC CTG AGA TGG A 94°C 10min Kim et al
protein RSIV 1221R GTC CGA CAC CTT ACA TGA CAG G 94°C 10s, 60°C 021) '
(real-time PCR) RSIV 1177 probe FAM-TAC GGC CGC CTG TCC AAC G-BHQI 35 x40

*WOAH recommended PCR assay in Manual of Diagnostic Tests for Aquatic Animal Chapter 2.3.7

Bk B Ao 219l g AP 2A
S FEUGHA VAN ZRE 52U Wol 5
&5

Spleen index

RSIV 7] HF F=o @& vA vt X &
AFstalr] Aal 4] 229 AF 1994 HE F
5,10, 140l A, &, 1= HF 1FEE Hols)
© =% 10vHe] 3 tiz=TolA doldles &% 3nt
g o Ay 2004 HAAG =FS AMET38HA spleen
indexE Jin et al. (2011)2] AFNA AA A H}<}
7ol ol o] FA S =Z spleen indexZE AHESFSI T

Spleen index = [spleen weight [g]/body weight [g]

x1000]

Real—time PCR

E+9 v1% =& Y viral genome copy numberE
ol 317L, 7] 23904 AMEH T AAE e
2 realtime PCRS T3ttt WM& /A & =
A A 2] v 2] 10 mg o ZRE yesG™ Cell
Tissue mini kit (GenesGen, Busan, South Korea)<
o] &3t DNAE #2353 th Viral DNAS] A &
E42 93l Kim et al. 2021) Wl W} Megalo-
eytivirus®] MCP 325 £ 02 3 primere}
probe set (Table 1) ©]-&3}4] real-time PCRS <
P3}R 2™, 95% Limit of Detection (LODose,)E 71
F9 2 5297 copies/uL ©]3Fe] A5 AS S4L
= B

E IR
S
1%
o
do
o>

}7] 232] A

194 HF 5=
Z 5suglE 4
=

10% 54 =X

AR AAIBIL, 70%N 4 100% EAFs = S
Lol & xylene 0. 82 38| uetwl 313} 9}
23 Xl & rotaryd microtome (RM2125RT, Leica
LTD)& AH&3te] 4 um 7719 22 23S A
o} o]& H&E 4 (Hematoxylin-eosin staining)<
AASFIL malinol o= Fste] FSHEW A
(BX50. Olympus LTD.) 0.2 #Z3lo] t] €7}
2H(DP72, Olympus LTD.)E A& &3ttt v
2 24 22 1 mm’d EAEE o|FHdAEE

A3k enlarged cells/mm’ ©9 2 &3}
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Fig. 1. Cumulative mortality (%) of rock bream after
red sea bream iridovirus (RSIV) infections with different
dose.

o, TEE AT AFNAE AL T oY F
47} WA EL7] At Ad FEU7EA] 40%9]

«Fﬂ/\]'?—_r*‘ YERR AL, 5= HE 1ElA
—t— %ﬂz 8 2HH-E] J%Wﬂ I %ﬂ& =
1894 2E A7}t FALSE] 100% 72 #H A
&5 B3th(Fig. 1).

Spleen index

HIZ vt =S £43817] 918l 7] 2.300 A
A ZH g doll= MAEY spleen indexE A&
g A HE F sYa dE2F, AR, TR 1
IFE HF AFANA 27 0.94+0.21, 0.99
+0.31, 0.92+0.5 123 1.00+0.28 % }E}FSTE
HE T 1094 d=27, AFE, 55 18 1
T HAF aFANA 42 0.99+£0.16, 0.90 +0.35,
0.87+0.31 183 1.23+043°.2 Vel on A
T T WA dET, ATE, 5 I8 1Fs
HE 2FNA 22 0.94+0.14, 0.76 +0.15, 1.02 +
037 283 277+ 1.18E Vet HAZ & 2
71 2 spleen indexE one-way ANOVAE A&
st A% A HE F 4La v s HE 1
FolA AeE, TF55 AF 15 FYvg zho]
£ BYTHP<0.001).
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Fig. 2. Spleen index of live rock bream (sampled in ex-
periment 1) and dead rock bream (sampled in experi-
ment 2). The bars represent the mean of spleen index.
Asterisks indicate significant differences between the
spleen index according to the infected doses and sam-
pling days. ***P < 0.001.

A 1.89+0.38, 2.80 + 1.37= EFHTHFig. 2).
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Fig. 3. Viral genome copy numbers of red sea bream
iridovirus (RSIV) in live rock bream (sampled in experi-
ment 1) and dead rock bream (sampled in experiment
2) determined by real-time PCR with LODysy, value
(5.30 x 10" viral genome copies/mg) denoted as dotted
lines. N.D., not detected.

aFolA ZZF 913 x10° (H4& 1.17x10°, M
1.87 x 107), 3.68 x 10”7 (H 4 1.65 x 10°, At 1.03 x
10%) viral genome copies/mg©- 2 7 &5 | th(Fig. 3).

Ao, RSIV AHF F 59249
IFAA diAz B4 S8 1Al
HE LEolM wize] A A ol
A5 ks, v 22 wE, a2lan

>

Aot A S KA, AFE JF TEFNA
BAAE BEEN K (Fig 4). HF F 10839 &
= IFMA B4AVE #Z2HYoH 5= HT
OFolA 8 w50 AFHN oW s HF 1
FolA= o]lFn|t) M E(enlargement cell)7} &2
= 9 thFig. 5). HEF & 4IHoE ZE A
FY vl A FAAT BHFEHN O FEE A
Z OwolA ol FHIiAlE B A3 SN
Alaze] oF 20%7F FAF FdE BT LEE %
IF9 35 v olPuHthh 27 #FEHI S
w g FEHAE A F4ES EATHFig. 6).
TS ZF MAIES] o] FRIHAEE AT3tA S d,
HE 5 10893 155 HE 154 B 104
£23.26 enlarged cellsymm’S. 2 VEMYTH HE: &
14dzt s 9 1esE HE IFodAE 44
e 2.6 + 5.81, 133.4 + 96.78 enlarged cells/mm” S
2 UEPSTHTable 2). HF 55 % 7|7HE=E o]
HI WA Z45 one-way ANOVAE AR-8-31o] E4
g A3 JAE F 4Rl 1vE JE 2E5S A
TEHFT IF 9 TFE AT IF Y +9H
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Fig. 4. Histopathological observation of spleen in rock bream at 5 days post-injection with RSIV. A: Appearance
of macrophage activation with low dose. B: Appearance of ellipsoid and lymphocyte activation with medium dose.

C: Appearance of inclusion body (arrows) with high dose.
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Fig. 5. Histopathological observation of spleen in rock bream at 10 days post-injection with RSIV. A: Appearance
of inclusion body (arrows) with low dose. B: Appearance of inclusion body (arrows) and pyknosis (transparent arrows)
with medium dose. C: Appearance of enlargement cells (yellow arrows) with high dose.

Fig. 6. Histopathological observation of spleen in rock bream at 14 days post-injection with RSIV. A: Appearance
of inclusion body (arrows) with low dose. B: Appearance of enlargement cells (yellow arrow) with medium dose.
C: Appearance of enlargement cells (yellow arrows) and inclusion body (arrow) with high dose.

Table 2. Enlargement cell numbers in the spleen of RSIV-infected rock bream

Group
: . Mean of enlarged cell |
Samphng fiay' Administered d'ose numbers (cells/mm?) P value
(Days post injection) (RSIV genome copies/fish)
10!
5 dpi 10° Not observed Not significant
10°
10! Not observed
10 dpi 10° Not significant
10° 10.4 + 23.26
10' Not observed Not significant
14 dpi 10° 2.6+5.81
10° 133.4+96.78 P = 0.07°, 0.08°

P value compared with high-dose and low-dose groups
°P value compared with high-dose and medium-dose groups
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17 y=1.286x+2721 ) 2A2~E AR S ARESE A st} vi-
2 ={0.3955

Palie < 0.001 ral genome copy number?te] FITAAE £ 35}H

HI v 2 H A AR S =S8 Spleen
index 1.5 o] 2 AAHL 1.0 x 10° viral ge-

nome copies/mg, spleen index 2 ©]7¢ 2 HAF {3

-1
1

AAH L& 2.51 x 107 viral genome copies/mg, 12| I
spleen index 2.5 & 3 o] & dA ML 3.98 x
107 viral genome copies/mg 2.2 AFE = §] 2. W (Fig.
8), 2t Bl the AFAH L P <005 FFELE
AFS 7443 Th(Table 3).

Log,;y RS1V genome copies/mg

1 T T T T 1

Spleen index

Fig. 7. Linear correlation between spleen index and viral

genome copy numbers determined by real-time PCR 1 =t
with LODosy, value (5.30 x 10" viral genome copies/mg)
denoted as dotted lines. N.D., not detected. H A7 AE= RSIV 554 Q9 7 & Ul
1.00 L] L] ® S8 & - ®ee
Spleen index (> 1.5): 1 X 106 viral copies/mg

Spleen index (> 2): 2.5 viral copies/mg
0.75 Spleen index (> 2.5), (> 3): 3.98 X 107 viral copies/mg

Dead: 2.51 X 107 viral copies/mg
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Fig. 8. Correlation with RSIV genome copy numbers and clinical change (splenomegaly). Thresholds for clinical
changes of RSIV-infected rock bream, which were determined using logistic regression analysis (0.5 probability de-
noted as dotted lines).

Table 3. Validation analysis of thresholds for spleen index using logistic regression analysis

Odds 95% CI of

Clinical signs Variable Coefficient ~ Std. Error Wald . . P value
ratio odds ratio

Spleen index Constant -5.41832 1.24331 18.9918 - - <0.0001
(> 15) Viral genome copy 0.90025 0.20256 19.7532  2.4602 1.6541 to 3.6592  <0.0001
Spleen index Constant -6.45038 1.84258 12.2552 - - 0.0005
(>2) Viral genome copy 0.86684 0.27318 10.0688 2.3794 1.3929 to 4.0644 0.0015
Spleen index Constant -12.23383 4.62293 7.0031 - - 0.0081
(>25) Viral genome copy 1.61608 0.64607 6.2571 5.0333  1.4188 to 17.8564  0.0124
Spleen index Constant -13.19574 5.10548 6.6803 - - 0.0097
(>3 Viral genome copy 1.725 0.70812 5.9342 5.6125  1.4009 to 22.4866  0.0148
Constant -6.53831 1.87654 12.1399 - - 0.0005

Dead Viral genome copy ~ 0.88011 02778  10.0372 24112 13988 to 4.1561  0.0015
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ARl /] v vidiel Wel 22 Wl
2 viral genome copy 4t EUIEZ RSIVE 44 &
& Ao, vl vl 2 #H Ao gt viral
genome copy &8 A 71ES AASA Sk
IFE JF 152 HT F 104 2H5E #HAL
dAste] A 518Ul 100%2] 3 HAES
HAOH(Fig. 1), % AT 15> AT F9¢
2H5E HARE A S A FEU7MA] 40%2
A HAES B As: HE I5% dx
TE AY F5Y9002)7HA #HAE dojuiA] &
THFig. 1). & E5(5.90 £ 1.21g)°] RSIVE 1.0
x 10° viral copies/fish® HZF & §U2}IE H A7}
TAE 100%2] 74 #HAMES YERA o]d o
T(Kwon et al., 2020)2} FAFS AFS B
T 9 ATE HF 25 = dold A
Rt} Jeong et al. (2022)N A+ S gL
gk 42 T RSIV 8 5(17SbTy, 17RbGs)<]
A4 2ol & HAEFY 21, 17SbTy<9} 17RbGs
Z/FZ 1.0 x 107 viral copies/fish2 HZ Al Z+
6.67% 2 80%<] +2 #HAME, 123l 1.0 x 10* vi-
ral copies/fish HE Al, 27} 53.33% 2 100%2]
Z HAFES YeRg o] RSIVE] EEFo) 2 Y
A zpol & ERISHE T B Ao A ARESE ulo] Y
2% 7129 A (Kwon et al., 2020)9} o] 3k Hg
Foln, Age Agd EF9 oA FF =3
1840 + 4.12 g & F7|7} ] A7) W&o Ao
o] st o] g g Aol whet wlolel 2 Ik

=1

¢

Al
&

LA oE it o 2

—_

RSIV 2 A, 8 44 548 7719, 118,
H17 B, ¥R B (WOAH, 2021) 5] U
om, W xAstH 8 WHORE =3 A
A AE MZZF YEehda B, A3 A T A&
371, ob7be] & thke 2F oA o] oA 2
7} #ZAd(Jung et al., 1997). E3], WOAHY] &
AHeE e H2E sjmdoAe RSIV JTHS 9
g 7 gt A= vAs Aast
2 AT = RSIV 2ol disk dlx4<2l ¢
2742 v v =& A 317] AsA Jin
et al. (2011) W ol w2} spleen indexS

o A7 F<F HAE S SR ke &

HE 153 dxz7e AF $ 149 5<F spleen

Aol - uA - = -

=

A3

index®] frolm &k ko] 7F YIAAL(Fig. 2), BIFF AlE
A% ol FuthA 27} AR FUTH TFE
AL OF T3 AF F 149 52 spleen index 2]
frolm &k ko] 7h f1l S (Fig. 2), B Al Z ol A
ol PHINA 7T HF F 14YAFEH YERET] Al
A chFig 6). IFE HE 15 AT F 1493
HE] spleen index®] 2|17k 2}o] & K Th(Fig.
2). Spleen index”} 2] W] gk 2}o] & Hol7] A2}k
AE F 144 A0 A o] PRI 25 EF TS
HE 2FANA FvlstAl F7Fs S tH(Table 2).
olg]gt A= ol FuItA e FI17F vIAHIY)
o] UAYUS AAFSH A+(Jin et al., 2011)2] 7 33}

QA F8 P F41 v wi sk 72 e
25tz Wyl ol FulthAEete] FHAAE
FAT £ UM

RSIV ZFg el @& v vith e} vlolef 2 54|
TF o] ABBAE LolR AL, spleen index <}t
viral genome copy numbers A F 3] AL E 53
g A, ford o] dHAAE GJsAT
(Fig. 7). =3+, 2A ¥ A EAE o]-&3to #HA
9 spleen index 5*] T-X1'8 viral genome copy #£<
UAEE 4+&3 A3 spleen index 1.5, 2 o]
ul, 22} 1.0 x10° 2.51 x 107 viral genome cop-
ies/mg® YUEFgow 2.5 3 o] 4d uf, 3.98 x 107
viral genome copies/mgZ 5 L34 YEI o™ FH
Abell T3 AAH L 2.51 x 107 viral genome cop-
ies/mg2 YEFFTH(Fig. 8). 3l F 971243 = EF
o RSIVE 9 HEd &, A= 5 AA AAE
4% AT(Jung and Jung, 2019; Kawato et al.,
20210l A AAIZF B 22 W viral copy %3
ARt AES B2tk Jung and Jung(2019)° 4
spleen index 3 ©]’d& Holm HAG 5 v =
2 W viral copy number: 1 x 10714 1 x 10® viral
genome copies/uL/79~140 mgZ YEIRT. T3
Kawato et al., (2021)2] A-T-olA g2l A H AL
g FAE Xojo AA 9 ¥R 2A W viral copy
number= 1 x 10%°* %4 viral genome copies/mg 2 Z
AU F, ol AT A 2] HAF ANA ol o
3} viral genome copy < £ ATAlA HAF ANA
o that YAl 2.51 x 107 viral genome copies/mg
(spleen index 2 ©]’)F AR 2™, ©o]= RSIV
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