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ABSTRACT From 2017 to 2018, the disease has been monitored at four culturing eel farms in
Incheon and Gyeonggi region in Korea. As a result, diseases with gill congestion frequently occurred.
This disease occurred regardless of size of eel, but the frequency and cumulative mortality were
high in eels within 3 months after stocking. The infected fish showed pathological histopathological
features such as intense congestion and dilation in the central venous sinus (CVS) of gill filaments and
hemorrhages in liver and kidney. Hexagonal viral particles measuring about 70 nm in diameter was
observed in nuclei and cytoplasm of gill vascular endothelial cells. Molecular biologic diagnosis by
both PCR and genetic analysis has been revealed that the causative agent of this disease is Japanese
eel endothelial cells-infecting virus (JEECV), the cause of viral endothelial cell necrosis of eel (VECNE),
which is mainly reported in Japan. This study is the first report on the characteristics of JEECV and
VECNE infection in domestic eel farms.
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Table 1. Oligonucleotide primers and conditions used in PCR amplification for detection of viral eel disease

Virus Primer name Nucleotide sequence of the primer References
i INonR - garescccconagroy
BVEX Ros AATTGTCCCATGACTCTGAACAC Van Beusden ot o, 2011
EVE b2 GACAGGATCATCTIGGCATA Blake et al., 199
mo RO OIS st o

SA=n 99 HARe} of7tu] F4H W (central venous
sinuses)o]] A%t 28 FAlo] EAF o]t o] st A A
FE AR WA (Anguilla japonica) FAZN A R
Ay oprhul g ol Belk wolH A A A EAAZ
(Viral endothelial cell necrosis of eel, VECNE) A1} $-A}s}
%tk (Egusa et al., 1989; Inouye et al., 1994; Ono and Nagai,
1997).

VECNEL 1989 UE o] FEAL WhAo] (A, japonica) %
AAFol| A Hz X1l (Egusa ef al., 1989) E °|F=2 & WA}
of k4] AIjlol 2 9L 71W HEE Faw Aol H3
o} (Mizutani er al., 2011). o] o] Yol HAUA = vlolg| A
wujeF AlAdo] SHHEY] M7bA] Fs] wE A A gtk
7k 20079 W] S WA ZE o83t FIHA|E (cell
line) HjFHo] EHEHA (Ono et al., 2007), Japanese eel
endothelial cells-infecting virus JEECV)7} VECNE<S] €1<1 v}
oA o] BrE A ot (Mizutani et al., 2011). VECNE= =%
A o] ]Sl fRAE WOl (A, anguilla)?} o]
(A. marmorata) FAA Qo= A7 BAE do7]1 Qe

A" o|t}(Egusa et al., 1989; Wen et al., 2015; Okazaki et al.,

U wiZo] oFAlAo] A 9] VECNE 2 o 33ist Jgst A
o 2 9 H3ef gt T4 Hul glov MEHoz Wi

o] FA A oA o o}7lu|LES THISIE SASE AHL o
o] ghredstha w4 gelE 1 gict B Ao A 1A, A7
A o] wizro] oFAlApellA] RIW3] WAt Q= A A
WA S JEECVE E45ta AW 49 S4< o =il |
o] FAolA ntdRt Aol xut T4 B
AW N ZIAS (VECNE)S A Eastaat gk,
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TRsho] UPUR LU F 7185, A2, vhold 2 A4 2
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Lejn), opbul R 7 Wy /1S etAn AR Bl
A% 4D GIBE 2ASAT, AP S FRHL

of A&, uA, 7F 5O WAl Al e AEE A4
skt

3. Hio|2{Ad EY 2N

WAoo S dozd 4 Q= vholg a4y A F Aqua-
birnavirus®l| 43} Eel virus european (EVE), Rhabdovirus
o] 43}+= Eel virus european X (EVEX), Alloherpesvirus®l <5
3= Anguillid herpesvirus 1 (AngHV 1), Polyomavirus®]] <3}
+ Japanese eel endothelial cells-infecting virus JEECV)<] 7+
Qoln2 ZABIYT Aol TRHOR ek ofrhul,
W, A, 0 WSl AAE RS 2 Wge) Sof
primer (Table 1)& AF2-3}9] PCR HAMS A A5

RNA®} DNA £8& Z+zF RNeasy RNA mini kit (Qiagen,
Germany), QIA amp DNA mini kit (Qiagen, Germany)S ©]|-&
sto] Aol et #£2]8H%iTh RNA Hio] 2] 2= RT-PCR (One
step RT-PCR, Bioneer)& ©]-83}%] ¢DNA g4 ¥ PCR< 4
A8k

PCR £Z AFE2 QIAxcel Advanced AH5 7|95 A X
(Qiagen, Germany)E ©|83}4] bandS 213ttt $Z5
PCR AHE-& A A3} direct sequencing 2.2 G714 8L &
A3t3 I AIE NCBI web site (www.ncbi.nlm.nih.gov)of| Al
A& == BLAST program FJHE o]-§sto] 54 Bt
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Table 2. Outbreaks of viral endothelial cell necrosis of eel (VECNE) in culturing eel, Anguilla japonica and Anguilla bicolar

Farms (Isolates) Sample number and size (no./cm)

Date (year.month)

Species of eel Typical signs

10/5~6 2017.04. A. japonica Hs, Cg, Cl
10/6~22 2017.07. A. japonica Np, Cg, Cl
. 5/23~30 2017.11. A. japonica Np, Cg,Cl
Gyeonggi (Ggl) 10/5~6 2018.05. A. japonica Cg,Cl
10/10 ~15 2018.06. A. japonica Hs, Cg, Cl
5/20~25 2018.07. A. japonica Hs, Cg, Cl
5/43~45 2017.08. A. japonica Hs, Cg, Cl
Gyeonggi (Gg2) 5/15~30 2018.04. A. bicolar Cg,Cl
10/10 ~15 2018.05. A. bicolar Cg,Cl
5/30~50 2017.05. A. japonica Hs, Np, Cg, Cl
Incheon (Icl) 5/15~25 2017.07. A. japonica Hs, Np, Cg, Cl
5/40~50 2017.08. A. japonica Hs,Cg,ClLA
10/5~6 2017.05. A. japonica Hs, Np, Cg, Cl
Incheon (Ic2) 10/10~15 2017.08. A. japonica Hs, Np, Cg, Cl
5/35~46 2017.12. A. japonica Cg,ClLA

Hs, hemorragic of the skin; Np, necrosis of the pectoral fin; Cg, congestion of the gill, Cl, congestion of the liver; A, ascities

F.MEGA-7 Z2I8& ol§3te] A54E A4stech

27 (ol7hu], 21,

d A, wh e HEdted 10%
FHZ2UA 1YL, e

. A 2AA YA of w2t
70, 80, 90,95 X 100% ¥Z& B4 BALHS AA o
oz Zujslgich ZojE ZZ-L microtome (RM2235,
Leica, Germany)& ©|83}4] 4 um F42 ZH3 & Herris’s
hematoxylin-0.5% eosin (H-E) GAM35}o] Fstdu|zgoz 3
shsict.
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10% ZAZa9wde 1AL 9 ofrjn] 22L& ExrA
A& u) 7 (TEM) 202 AZHE 93] ob7tulE 1 mm’ W<
37|12 AE & 2.5% glutaraldehydeZ 1X} I3, 2% osmium
tetroxide (0sO4)E ©] &3t 22 TA-S AZFT}. Proplylene
oxide (PO): Epon® 2 Zufjgt & A (F7 80 nm)< A|&}st
o] TEM (LIBRA-120, Carl Zeiss, Germany).2- 2 #2314 t}.
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£ SUSHe Aol WAT A% 14F AE vl 2 A

£ AAsaL, +43H HARE F3 JEECVZE HEH 7

£ Table 2°] YRl HH o= B o WiAFojoA 2
J o]Are] Aojo o] 27 7HA] thekstg on W A7) ®3 4
ol A 12971x] Ado] TA o] EAYsGTt ANt oz o
A U4 F 1~ R old WA 1Y Baten @
W Aol WA Al 1~3704 o] &3] HAE Ay EH A
A% B Y4 T8 50% ol4ko] WA A= AT
E3F A9 wEAs olrtu|E S, NdAd A (Edwardsiella
tarda, Citrobacter freundii, Lactococcus garviae)Z} 23 74

7| = AT

Z4ol BIFTH (Fig. 1A, 1B). Aol weh 23 28 opr}
o) W) WA 9 Anen] 9 5o 4L BusIE 5
thFig. 1C, D). Al YRZAL 7he] A3t &8 F4o
2 o5g 702 PR (Fig. 1E), Y% =
0 goly Bk Ao whdol BAE Aol BAETHFig,
1F).

ZAYEstd Bz Ax} oprbu] Y FAAWE (Central
Venous Sinus: CVS)ol| thaFe] dolo] 1169l &8 £4)F
o] EEm, 13 MALH e} 23 FY 71AH T A=F
A (hyperplasia)i} ®/dA|22] F7HE #ET 4= USIH (Fig.
20). A W SAF 28=249 28 AW S4 28 4
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(B)

Fig. 1. Clinical signs of diseased eel. (A) Hemorrhages at head (B) congestion of gill (C) haemorrhages on the dorsal fin (E), (F) large dark

brown liver and bloody ascites in the abdominal space.

Fig. 2. Pathological signs of diseased eel in the gills. (A) C; cartilage, Cc; central connective tissue in gill filament. (B) Arrow; degenerated pillar
cell, white circle; congestion and destruction of lamellar, black circle; degenerated cells at base of lamellae.

FAE (Pillar cel)®] WA, FAto] T T2 AR Lol
e A9 B et (Fig. 2B).

YR g7le] WeAeta ade gk 24 W F8ol Ast
T A o] ofst BT W&ol BTG O (Fig. 3A, 3B),
AL A% A A3)9] AE Wyo] APE o] HEY

o] #A3te T4 FMAE U St (Fig. 3C, 3D).

AdE WA opytu] Ao JdHS AAAu|FoE
Zgt Ak, 224 A BEAZe Wk Az YolA A
65~80 nm (B 72.7+3.1nm)] Ho|AHA LxE 7}A v}
ojZ| & YAE &Ikt (Fig. 4).
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Fig. 3. Pathological signs of diseased eel in the liver and kidney. (A) Severe intrahepatic hemorrhage and weak hemorrhage around the vein. V:
vein, White circle: hepatocytes, black circle: hemorrhage at interstitial of hepatocytes. (B) Blood corpuscle degeneration around venous and fibri-
noid necrosis in the liver. S: sinusoid, arrows: fibrinoid necrosis (C) denaturation of renal epithelial cells and condensation of nuclei. Rt: renal tu-
bule, G: glomerulus, It: interstitial tissue (D) denaturation of blood cells and observations of these cells were infiltrated around the blood vessels
and then tubular epithelium degeneration. White cicle: necrosis of hemocytes and cells infiltration, black circle: Degeneration and vacuolation of
epithelial cells of renal tubule white arrow: degeneration of RBC, black arrow: degeneration of hemopoietic cell.

Fig. 4. Electron micrographs of gill lamella of diseased eel. (A) The hypertrophied nucleic of pillar cells in the secondary gill lamella. (B) De-
stroyed cytoplasm of pillar cells the secondary gill lamella. Hexagonal virus particles measured about 72 nm in diameter without an envelope are
observed in the nucleic and cytoplasm.
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Fig. 5. Gel electrophoresis of Japanese eel endothelial cells-infecting virus (JEECV) specific product amplified by PCR. M, molecular marker;
Infected fish 1~4, showed typical signs eel tissue (G, gill; S, spleen; K, kidney, L, liver); Uninfected fish, normal eel tissues; NC, negative control

(Nuclease-free water).
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Fig. 6. Phylogenetic tree for large-T antigen protein sequence. The
tree reconstructed by Neighbor-joining rooted program of MEGA 7.
Numbers above branches are bootstrap values from 1,000 replicates.
Bar, 0.05 nucleotide replacement.
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Waro] upol# A4 Ao that Eo| primer setsS 0|23}
o] PCR& AAJgH A3} JEECVHo] Bojzog HEE,
JEECVE] A 019l obbula ofet v, A%,
2 ZHOAE oprbulst AR BES AEE AT Fig. 5).

Z} A AFo A AEE JEECV PCR productsE sequencing
3l, 2E W To = SolA 7] 211% Polyomavirus
large T antigen o}P| At A Gt v wste] A54E 2HA45HA
o} (Fig. 6). & Ao @2 opu| At HEE Y29 WA ol (A
japonica)ol| Al £2]%F JEECV (accession number BAS53726,
accession number BAJ72716)¢} 7} =& ASA (100%)
£ Yer ]It ot & o]£2l giant guitarfish (Rhynchobatus
djiddensis)2} black sea bass (Centropristis striata)o| A £2]%

polyomavirus@h= 44%, FE|Z0] (A. marmorata)ol| X E2|9
polyomavirus®H= 51%9] 45742 Hehf it

ini =
B AL A ] il
Z HAEtE ofrtu] 24 ME(CVSM} Ast 8L YAt
L AW BRste, ZF FARe oo FEHeR
o M8lx] AT "o zx3

T =

Z 5= Hho|3 A& (JEECV)o gt
st& 7+ EAS B astuR} sk
1980 At e 29| wiFfo] FAF oA U oprtu|&E
Fo] &3] WA o, o]gt AL WiFo] 27|19 AFE
of TAYe] Tt 53] ‘:]"3"301]7‘1 st =4 HARE
o] o} W2 AHAA —fi—*a—%
1989; Inouye et al., 1994). F| = B 1 3?— oF 207t o] ZH 9]
HRlo] B3 ‘5-}'&]7(] A o} ~E Qg
ol ot 87| Aofl, &4 W3t 5 ‘?:°]9—§ ‘37—1]'93
A5k, o] % WA W I A2 JEEC) Hio] 7hHsstA =
A 4 ofztmlof| Al wRol2 A wike] AFFsar AT AR
ol AEA HolH A7 WAl W oA Z I A (VECNE)
Sarsttt= Ao] Y& AT (Ono et al., 2007). Ono et al.
(2007) v Hiolg 28] EEj3etd §4 9 AREn|A
AS 2 adenovirus-like Ho]|H A2 HH3HF QU A Hlo]H
_/;‘04 0?(—]6‘]—7(-] 52—]0] Eﬂi]—ﬁ‘]-xl 0]'9»1‘]21— 0]_5'

tlo o

Mizutani et al.
(2011)= Al&vtolg A HAAEZ P (rapid determination
system for viral nucleic sequences; RDV)<] 7jito] uwpzt
VECNE ¢l vpo]# 29 GAYRE Aoz n A2
Polyomavirus®] 3= JEECVE Y 3atA] =T,

19909 -2tz Wi FARANME ot 2 TS
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tjeksliy) FEZ O E olrfu] A Au
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Hole] A9 oprul WS FE B9, e FEALY
HoAE &3 ’: 2 Holm (Wen et al., 2015; Wen, 2017),
polyomavirus®l] ZrF% giant guitarfisho| = FA414 T H ¥

Hol ERFoR ettty 3%t} (Jennifer et al., 2016).
VECNE®Q] |24t 242 opytn] SAHAAHS & o]
Qlof| = o] A Huto] AH FHol v|dfsii EFPA @
TN Z7} BZEEH (Bgusa et al., 1989; Inouye et al., 1994;
Ono er al.,2007), 7t 223 28 22|19 @3 &4 9 &0
Axstel B AEe] Wio] FRECT oh3ich (nouye
etal., 1994). 15 4 WS L2 B dFolAY Hd

o9} v fFARSHH of7fu] 22| o] Qo= Fhal A% 224
B23l= dfu A 27 HA 9 FatEo] o] By
A 28 ol & fU3 A2 W

7] RaoAe AR F A #ES ol HAE vy
Az s Az o] 3 oA 20 A (70~75 nm) 29| B}
ol A JAE Fl3l Tt (Egusa et al., 1989; Inouye et al.,
1994). £ AN E EEF4S Hole op7tnlE HAEn]
Ao A 43 oA 2 Y = Al ZZoA 70nm A
F9) wolgj2 AAE BTG
= E7Fof wt2% Alpha, Beta, Gamma
9 Delta polyomavirus2 HE3l+= 4709 4 (genus)o. 2
Hc}. 3}R|T JEECV genome< polyomavirus®] <3t= o]
3t vpo] g A9 T-like protein gene (LTLG)O thet 458
LR A 7] gl o] 3E polyomaviruseh FEA|A] e
family virus AF©]2] chimeric virus2 X 31%| 1t} (Peretti et al.,
2015; Moens et al., 2017). JEECVS’—] polyomaviral T antigen
gene> L5559 AR 7oA ZrEEE polyomavirus T
antigen ¥} A5 ©] © &1 goose hemorrhagic polyomavirus
(GHPV)o| 9J3f 8 == 27 AW $4> VECNEY A

Polyomaviridae+= 2
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3}t (Mizutani et al., 2011).

2 A At A A Al BAgle] AF W
Astgon WAols] A7|9= FHsHA veEgh 28y
2 gdo] AATE o HiFololA] 7 MA A Sl u
Epgton FARE £33 ol A et SYAI7] YA
50% ool HARSE A= ATt A. japoncat A. bicolas
T2 FAE AMgSHe FAR (GeR)ollA = WAl Fol &
Aol 2R FdEE AoE IRIHUL A4F S0l HA
Py EaF fASHATE

Hitol o] upolgiAA oprtu|&d FAT WIS, Park er
al.(2012)%= 20118 AZ Y AJoboll A gjikata 2elat Byt

oh4k WAl (4. bicolar, BFAF 9.7 cmyol A obkv] Z@3}
g 2L SR st Ao UG BAYESY A
@R (PCR)S ©]-&3to] w73 ujLHtol# A (AngHV) 2
B3 bt 9ot AngHVIZ 953 VECNE= F5 W3, o}

7 =74 4 A=guEd 53 2 FARE S Bo &
b aARte 2= R0l ot PCR Ao A AngHV1Z
G019 oprhul e Algt vo|e A7t 7S SA e (Park e al.
2012), & Ao A9 JEECVE 7 ol9] ofrtu] But ofe}
A%, B, 7F Y YR A7 A T Blo|g| v HEE
FEAo| & AJo]E Kol Aoz AZHET & A7 HAL
Algo| A= B JEECVYle] ©= HEEHUoY, & dF 9]
Q] 9] S of7bu] 2o A JEECVE} AngHV 17} E314]
oz AEHe A% o] ol F Aol Ui 4w &
43} Q41 BUEYo] YRy Ao BekHr)

Tanaka et al. (2008)2 A9 &= o wE A Al
< &8l 27~31°C HHolA HAREo] 73~80%2 &2 WA
35°C9} 20°C o] stol| A= HAREo] F4 3] A (HARE 18%)
ok SHEA, FHE olRE l% SaotA = 249
A 35°C 3¢ o] 7H APske AL 7P ARt iy e
2 FA3R . E3F 35°C 7t x{a] Arolde wiztol 2
ol thgk Aol A5 wobA HiolHAE AUAAAS
o FAbstA] Gkerhe RS EAsHech(Tanaka ef al., 2008).
2 dFoAE A et o] R A A FAF A=
AR 35°CE &9 3~59 7F2 APsES o HAbs
o] AHsl= AL I E oy dFH ez Syt
ASA A" A= AL 2 7h2o] oY Al oA o
2 vpo|g| o] L QH A2 EE A7t A9 E7HE5HH
7hE Aol mE AAA &4 AR Q| dA A=
517] o8& A= RALE QI

B A Lo A ZAFSE WiRo] oFAlAlof A
of7tn] £ FAE FHbste A ¢
A ¥HAsl= JEECVY] 913k VECNES} 0l | g
4 240] tlg A, SHEY AES o Fufol

AP
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€ A% Ut S W] FARAE 2H FRE
JEECV7} E23819& Aog 4= JEECVY 93 Ay
o] VECNE 9A] B1¥3] 93t Qe Ao =2 AzbEL} otel
ZH| = VECNE®] tidt AAZ ol myUg o} 1y EA o
7t 5% Aotk FF M W] FAEY AdA
A AL AgEooF shn, A 1)) ZPJ— A7t o,
ogsh 2|8 9@ WAl AdF 59 54 A
o g Aoz Pzt

o) of
2017~2018 ) AA AH 2 A7|A Y wizfo] Fa7}; 47
25 e A4 qF 9 2UEHPYS AN 2, £ A
02 opytu| EEFAE FHke Ayo] vl 3] WAL o]
A2 7] Aaglo]l HASHARE 4] F 37 ol e T
dAY Wtojo A 7 W=t FA HAREo] EA UEst
Zrhols fuol FAAWE (CVS)Q] A3 &t B3, 7kt
A 249 28 S 22 Y2 4 EAS EA
ok E3F oprin] B A2 St A2 Aol A Aol A
F2E 7H A7 70 nm 59| viog A YAprt FEE QT
PCRO| 93 EAYESHY 2 44 £4& 33l
Aol ¢l HHAl= g F2 Bugh yiFfojutolzi A
AU I A 2 A (VECNE)S] 1A% JEECVE 895 %t
2 A7 FW W] FAF A JEECV ¥ VECNE 4
EA4S el A 2o},

At Al

B Ay 2gPsstatate
(R2018065).1 93} 4= =) g1 o,

EADNE-S

FAAATE A
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