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Molecular Evidence of Cyprinid Herpesvirus 2 (CyHV-2) in Domestic
Goldfish Carassius auratus and Imported Pearlscale Goldfish Carassius

auratus

Hae Deok Song, Jeong Su Park and Se Ryun Kwon*

Department of Aquatic life Medical Sciences, Sunmoon University, Asan 31460, Korea

Goldfish hematopoietic necrosis (GHN) affects hematopoietic organs and causes high mortality in goldfish. The
causative agent of GHN is cyprinid herpesvirus 2 (CyHV-2). The purpose of this study was to detect CyHV-2 in
ornamental cyprinid fish. CyHV-2 monitoring was conducted on a monthly basis for 1 year using goldfish Caras-
sius auratus and pearlscale goldfish Carassius auratus that had been cultured at a domestic aquafarm and imported
from Singapore, respectively. The results of polymerase chain reaction (PCR) assays using specific primers for the
CyHV-2 helicase gene showed that 27.8% of goldfish and 33.3% of pearlscale goldfish were positive for CyHV-2. No
cytophatic effects were detected in koi fin or common carp brain cells inoculated with tissue homogenates from either
fish. Our data provides the useful data for establishing future quarantine and disinfection policies.
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AAA 0.2 FhAFo] AFe]L- 1983 W T g Q14-L whom AgA)
3l sron, A= eyt A e e lS oF
2 438t Qlet. Sejutets 5 5UA| ATt A7 A =1l
59 o7 9 Hu|7} theFel A Adolofl g A= ot
Aok B3 Aatol] Q= P ntE A ol & ThfstHA
o7} g-olaf £l aL, QIEf Ul 3 o] W& yhito] Alo] ol A
A = ATHKMLI, 2010). o] FA I/oiol ek o] A
AHA gR] AP o g sl Tifo] Aol geffE o] 20124
o] Aol =] FHo] 4409t Dol A 2016l 6407 He
2 F7FSFAEHINFPQMS, 2016). TE3F ol A= o] 4Hed
O] A4S $1all el FrArR-2t =t o] F3|7t oA vl d &
= PAfo] Ak¢] Breks] 9 ado] FHIE sk Stk =
Woll Al 3dol= 7H, efolet 37 3T ofebsE=M AEE
okar # g3 AH| A% AAstal QItHMOF, 2016). 3
gol 5 7H4 o] AgstaL 7]9-7] 41¢-m, thFH o= HA gt

2 = A o 2 A FH-o|(goldfish Carassius auratus)?} 15
(pearlscale goldfish Carassius auratus) & & < 3t}
FRolo o] A 4 ol AW 5 BolxAr| Al
%2 19924 713} 19931 Ho] Qo] TALE FololA
28 i E Abe7F B sl gtk (Jung and Miyazaki, 1995).
o]+ GFHN (goldfish hematopoietic necrosis) T+ HVHN
(herpesviral hematopoietic necrosis) 2t =4, A 2IA|=
Herpesviridae©l| 43= cyprinid herpesvirus 2 (CyHV-2)o]
o} Uit o] 9of| %= v)=, tivk, &5 9 Froll A CyHV-27} &
Holol| A A= v} QI thGroffetal., 1998; Chang et al., 1999;
Stephens et al., 2004; Goodwin et al., 2006; Jeffrey et al.,
2007). 2l mepo] Fio] AN AEo] T bt 3]
AL, 7oA YETE R o H aaololA dEH vt
Qltk(Boitard et al., 2016; Ito et al., 2017). F-o]=2E 7] HAS
© 59 15025T AfolollA] wayatel, FololA 50-100%
HAME skl B 15| @ ok(Jung and Miyazaki, 1995; Jef-
frey et al., 2007). o] vfo]2]2o] ZH == F-5-ol= F7| =l
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A6, ob7hu] E]sho] Lrefba el AlshA o8 Falat A4
Apo) o] Ao} b o] T A7} LhehdtHGrofF et al., 1998).

ol SetetolA WAALYe] Soi
oA 4] 2 HALE Bol Holu], slelie A4
o ghe 49| QofatolRrt 4¢)elm gong muH
23 1 avh Qleka AZbEIh et R QoA Sl
AL AFT} ol A Al El FRolol4 CyHV-25 =
LB siste] Hho] |2t Sl 2 e nbaiE §olwa gl
32 o] vfo] |27k ZABH=AS Totstard) skt bt
ol ]2 ZAHE TAFol B AR Tolah AR 141k )
g A E|9le. CyHV-20] 3t S0l 42 primerE AMg3H £
AAETAR] WS Eato] Aaeli, Aol Hoe A% o
o R4 o A EeoRS A3k,

o= =

A3lof

s o] mollA R 20164 1243 20174 11
7R o g WA Fgoleh AU TSk Fiol
L ATEE A9 gfolgol A FAE Holn AFEAL A
hmEolN +QE Aol W AA A 120kele] Fiol
(4.62+0.60 cm, 8.47+2.54 g)2} 120}2]¢] Z52(34+0.14
cm, 5.98+0.52 g)S ARSIGL) S9kH 02 WA azo] 9l
LA B3 3 i sto] So] FAfo] GIAIE WAL of
% 9 o}ru], A4 W ]S Beld F-4ntel 4 poolingste]
% 37} A2 Fulstoinh. Belat A715S A A7 80T
ofl 4 akstec.

PCR & 217|Mg £

ol et Ao oy, Bl Bl Ao = e DNAE #
2]3}%itt. DNA+= DNeasy blood and tissue kit (QTAGEN Inc,
Germany)E AHE-slo] &390 5% 374 $ AF A7HA|
-80°C oA Hatstel). & Aol A 71485 W Alltoll thgt
AR ALAISA] ekt

CyHV-2 H<=S 93l PCR (polymerase chain reaction) 4!
& helicase geneoll £°]4 <1 primerg] CyHV2HelF: 5’ -
GGACTTGCGAAGAGTTTGATTTCTAC-3' ¢} CyHV2HelR:
57 ~CCATAGTCACCATCGTCTCATC-3’ & ARE-5} THWaltzek
etal.,2009). PCR-2 Takara EX Taq™ (Takara Bio Inc., Japan)
= ARESEe] 95T ol A 287 RE-Z =33t F 60T ol 4] 45
2, 72°C oA 45%, 95°Col| A 302712 3-8 353] Wz 4=3)
g & i e & 72 CollA 287t BEEA 7| A0 AAE
{ltt. 25 PCR product= 1.5% agarose gelof| 217|952
319132, ethidium bromide= FA3}3L gel doc UV illuminator
(Bio-Rad) .2 AFE-S 31915}9]T}. PCR AFE-L Wizard® SV
gel and PCR clean-UP system (Promega) AR8-5lo] A At

o
o
1%
1z
ox,

P
)
=
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T A7IAE A AAISHIEE 2 AtellA HEE CyHV-2
helicase gene?t Genebanke]| 5-55]o] ¢l= 13719 &2]59]
71D vlastlty. CyHV-29] ¢17|4 45 BioEditE A
f5}o] 24513t CyHV-2 DNA helicase gene2] 7|4 <
2 BioEdit program (BioEdit sequence alignment editor ver-
sion 7.2.5)5 AR50 L3 o] 2 trimmingdlal clustalW
mutiple alignments}o] & 7|4 8- v w5} T

MIZHH S

PCROJA FAVE Kl Az Bl 242 AMgsto] A
EH S AABEAT v 2219 9ulje] HBSS (Gibeo)E
H7hso] 220€ ket 4COIA 4000 pm o2 1557 ¢
HBIE 28] NS AT AR 1F0] A,
2] haelg ZH]5l7] oS Aol AEE ZH|akct. KF-1
(koi fin) Al|3Z2} CCB (common carp brain) A|3ZZE 10% fetal
bovine serum¥} x1 antibiotic-antimycotic (Gibco)©] 7}
minimum essential medium (MEM, Gibco)oll 4] vl %Fsltt7}t
trypsin-EDTA (Gibco) 2 A Z5 Hoj=g] & MEM H[j %] &
E45}31 24-well platee] 1 mL& HE38E 3 20T )| 4] o] E71 vl
oFst3Ich. Al 2 1% Al A2 RE B2 2 A5 5 205t u)
4} 100 iL % AEo] 55 308 F2F Ao gA/sho]
vlolelo] S fEskch 1 % WAS | mLY W7kt
S 20T ONA 25211 vjFstAA |u] S & cytopathic effect
(CPE)E st

HAR & oh o 2 WSS o & 144vt2] o] A+ 5 15
WA A Fo] /o] wEE . F8 SA4LE oprtulet |
#9489 vje] Adielrt W /th(Fig. 1). ol =17t 54
o] rehd 7l 1€ol A& T 3% A=, 280 A& 22
AR, 3Eo| AlE o 29 AR, 4ol ST o 1 5L 3%
A, SEol A& g 19 9 39 AR, 690l & 3 2W A
&2, 7o MEF 71,2, 30 A&, 8o MET 22 AR
o, PCR 2o A 24| 21 A&, 6° | 21 A=, 749 1,
2,3 A g A QIR Kt S NS AT A=A A
© 2 vreht S CyHV-29| 4141 S 237t 7 9] dA|
Sk A2 WERHT. 28U S48 HolA] g AR Al
FOJA & PCR A Aap7F el SA4do1 e} ulSdof Ate]
oAl PCR band | density }o]= ELo] 2| Fkt. wirdol| 144nf
2le] Feofol A= oWt A W H A $F3kth. Goodwin
et al. (2009)°] A-oflA CyHV-2= 9|55/ glo] EHsl=
77 kAL 2 A l7] el & -9 PCR Aol A &F
o2 yehd B2 A A = SAFo] WERA] Rt
AL AYZFETE T2y 78S Al AARE AAEHA] k7] )
woll Al el ofslf el F-ado] Uehds 7hs/d< wiAle
< ATt 2HE Wang et al. (2012)9] 1-oflAl= CyHV-27F 4
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Fig. 1. Gross findings observed in pearlscale goldfish Carassius auratus. A, Bleeding in the gill and operculum; B, abnormal bleeding; C,

splenomegaly; D, normal fish.
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Fig. 2. Agarose gel electrophoresis of PCR products generated from tissue samples of goldfish (A) and pearlscale goldfish Carassius auratus
(B) using primer targeting helicase gene of cyprinid herpesvirus 2. Fish were sampled in January 2017. Number means each pooled sample
consisting of 4 fish. M, marker; G, gill; S, spleen; K, kidney; N, negative control.

SH A A Alatol AEEA] 5ol = Etstar okl gl 2t
E5 290 283} oprin] o] WA Qlrkar Haskqict.
R} 5ol 9 oprhu], v 9l Ao A &35 DNAE
ARg-SEo] PCR AAIRE A3} 366 bp 7] 2] SHE7} 2HQ1=| %]
th(Fig. 2). PCR 43 AAsto] A7 A E 2412 AAIRE 4}
CyHV-29] helicase gene © & 2ol %] 9ic}, 17+ CyHV-2 4
S 3H=Table 19]] A|AI6FGIT 21571 9] 7 9oll= 14,34, 4
4, 54, 8¢ 9 9 A RollA FAAAT Ut A7 E AE
Ak op7tulell A 36719] A= 5 117K, vl A 117 12
L Aol A 1471 2] Al m7L ] AutE Hol 81t 55019
A5 14,39,44, 59, 64 9 129 A mol| A Fd2F Ut

o} A714d A& A= ofrfulof A 36712 A& 5 1170, vl%
of|A] 87 TLejaL Aol A 117] Al87} 43S Hlch x+-
T} Faolol A ] A HESS 747} 33.3%2) 27.8%=A], 71
Fo] Fgolof vlsf w=9rom 371 Al & B4 FA A7t
U2 3147} kol

PCR ¥4 A|52] 97148 B B3] & A7t 20174 4
Hof| MEF3 FHol2HE HAEH ARE AL A &
3ol AlRe A7IA o] YAek= AL ERlskyet. A7
o] thE F5-019] 20174 49 MEY AEH-S GF 17048+
stk A 3201749 5L AMZHH AL A Qe
U 2] 3= A7) A7 A Fol dA|ekaitt. X5=1<] 2017
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GF 1701 TCTACACGCCTCGCATCATGCATCRGGARCAACGCGGTCAGACARACTCARACGAGTCTTGTATGARRARAGACTGTGGGCGCCGRACGGATCTTCARGCCCAR

GF 1704 T... -

PG 1705
LC202020
LC202019
LC202018
LC202017 - -~
LCc202016 - --
RC154034
AYS39867
RKC245087
RC515355
JQOETE03
EU349287
JX164200 - --
JX164199 - -

GF 1704

PG 1705
LC202020
LC202019
LCc202018
LC202017
LC202016
KC154034
AYS939867
KC245087
RKC515395
JQO67603
EU349287
JX164200
JX164199

R N N R N R R R N N R RN R N R N R
210 220 230 240 250 260 270
GF 1701 TCAAGGTCGGATCTCTGGTGTGCGTACTAARATATCAARACTCAAGTGTTTGAAGGCTGTCTGGGAATAGTGGA
GF 1704
PG 1701
PG 1705
LC202020
LC202019
LC202018
LCc202017
Lc202016
KC154034
AYS39867
RC245087
RC515395
JQ067603
EU345287
JX164200
JX164199

Fig. 3. Comparison of nucleotide sequences of helicase gene from 17 CyHV-2 isolates. GF, goldfish Carassius auratus; PG, pearlscale gold-
fish Carassius auratus.

Table 1. Detection of cyprinid herpesvirus 2 (CyHV-2) by PCR assay

Month Pearlscale goldfish Carassius auratus Goldfish Carassius auratus

Gill Spleen Kidney Gill Spleen Kidney
January + 4+ ++ 4+ +4+ 4+ +4+ 4+ —+— I
February - —— _—— _ —— .
March -——= -——= —+— -——— -——= ——+
April +++ +++ +++ +++ +++ I
May —++ +—+ ++ + +—— [ —++
June - - S +++ +++ +++
July - - - - -——— -
August +++ +++ +++ - - ——
September ——+ - ——+ _— ——— .
October - S - - - .
November - S - _— . ___
December - - - —+— - +__

+, PCR positive; , PCR negative.
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| 59 =8 A RYe PG 17052k WHstgith 99 &
Alele -Eolol Wzeo) A vfole] 27} A& E LhojA] A
259 QNG BE FAH] whio] 2 of$o] 19 4
Z3Y N 5E JYHEZ 5t GF 170137} PG 17012 HH3FIch
wpeba] 2 dAtollA A E F 4719 H71-D(GF 1701, GF
1704, PG 1701 2 PG 1705)2} 7] &%l 13709 Eal
oF FHAF A EE B sct. GF 17013 PG 17019 helicase
gene> 7|&of| L 11719] 2e]5=2] 4714 E2t100% LA
3143, GF 1704, PG 1705, EU349287 4! JX1641992] 79
ol Y A] #-2]3=of| Bl nucleotide 1-2714] 2}o| & K lrt
(Fig. 3). o]t 471414 #Jo]of &3] helicase] ofn| At A
&2 GF 17048] 74 tryptophane©] A arginine 2.2, PG 1705
9] 749 alanine©]| aspartic acid®2 *|2H=|7] E it E A
oM Hlol A7} A2 E Aol nAS olafel Yaet &
KF-19} CCB A|E0] R 5519045t of wjgh Al 24 = gk
= 1A th(data not shown). Groff et al. (1998)2 H A7} LEF
% G509 23] o298 chinook salmon embryo (CHSE-
214) A3z, fathead minnow (FHM) A3 9 epithelioma papu-
losum cyprinid (EPC) Al|3zo|| &3l ®f oy CPE7| ek
U ILEaL sk B CyHV-29) dafo] 71 A
GF-1 (goldfish fin) A]Z&}3 sl (Jung and Miyazaki, 1995),
KF-1 A| 3ol A &= v eko] = itk Harzt glom(Wang et al.,
2012). CyHV-2¢] 7% ojA|9] op7im] 22| mpajdlS 4%
3t KF-1 A|Zo| A= AlEde] sl 32 2 7oale =
Ao 2 sl= CPEZ| WEEthal Bary uf Qlck(Jeffery et al.,
2007). & -0l 4] KF-13} CCB Al 20| A] Hi ¥ | A] 243LH o]
fr2e CyHV-29] tigh Al 25=2] Z=p/do] EAY 24] 9]
Hpol A o] 17| Wi£ Y 7Hs/d 0] St} = Jeffery et al.
(2007)& ob7tm] 215 ARERE Zlof Hhsto] & ¢A5tof A= H]
& 222 AF ARER7] dlel 3= 7Hs A e Stk

2 AolAE g JolelRE tie® 1do] 24
CyHV-20] thet U & HAIRE A} A2k F8f v
o|H A7} e E| R UA|TE AP ETHA 0 7 Hiol2 Ao &
AE glsksich & Aol A CyHV-27F A& A A
7EEOIA = A1 =H] Tto et al. (2017) HA] A7k =9
A HEHER 4905 T804 CyHV-2E =3t | Sloi,
CyHV-21= 47122 9] OFA] o it oA of] EA 8L Q= A e
B AR B &o] o2 RE i Ee 2 #uk o e}
e o Fololl Al FAE AL Qe Faof ol A= vlol g &
7F &= o] SEyetE Ho| B AE HAskal vk A& Al
Alstar itk = Wiol A= Ryu (2015)0] ofsf 2014 4] =
o] 47 =l A ARSSHE F5-012f 6dof| 2elofl A
gt 55017t dolEw, 7718 W X 7P 2 k=
9 ol TS Ho RARE 23} CyHV-27} HEE kL
A BAE R Sol 287 ARG S Ut A MY
Hog BREA] o2 Aro]7] witel 7] A Q1 2APL o] F

oJA|A] o ofof thek G- S whEkA] £ ol A

19 ¢ o] 9 =] A dAdolofl tigt CyHV-2 A=
A= % CyHV-29] tieh 49 o W A2
= & Aotk

o] =H 2 20]7THE WH O] Aj 90 7 FhE el LA ko] 2] 9L HF
o} 3l 7] 2 AFA U(NRF-2017R 1D1A1A09000992).
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