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Status and Characteristics of JEECV (Japanese Eel Endothelial
Cell-infecting Virus) and AnHV (Anguillid Herpesvirus 1) Infections in
Domestic Farmed Eels Anguilla japonica, Anguilla bicolor and Anguilla
marmorata
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The infection status of domestic farmed eels Anguilla japonica, Anguilla bicolor and Anguilla marmorata with Japa-
nese eel endothelial cell-infecting virus (JEECV) and anguillid herpesvirus 1 (AnHV) was examined at the major eel
farming areas in Korea. These viruses were detected in all areas examined, regardless of the eel species or age. Any
farm with a history of viral infection in adult fish confirmed the infection to be transmitted to stocked fry within 3 to 5
months. It is proposed that both viruses are horizontally transmitted within a given farm. The primary symptoms and
histopathological lesions produced by the two viral infections are similar, making it difficult to distinguish the two
diseases through clinical symptoms. Both viruses displayed 100% detection in the gills, suggesting that the gills are
an optimal tissue for JEECV and AnHV monitoring. This study concluded that JEECV and AnHV were prevalent on
eel farms across the country and caused very high mortality when the two viruses co-infected fry. Additional studies,
including experimental infections, are needed to clearly understand the pathogenicity of each virus and the risk of
co-infection.
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Heterosporis sp)°l| 2]gt HAMAL| 7} HalE| o 2O LKKim et
al., 2011; Park et al., 2012), Z|<oll= 743t HLAE Ad v}
ol#AAd Ar(Japanese eel endothelial cell-infecting virus,
JEECYV; anguillid herpesvirus 1, AnHV)of| &Jgt 137} &
w3 Qlek

JEECVE vto] Y AAW I A| EZ I A (viral endothelial cell
necrosis of eel, VECNE)Z ¢ 27|+ 2l Hlo] 2| A2 (Mizu-
tani etal., 2011), 19891 U204 FAIS= Anguilla japonica
(A. japonica, =5, H17o)o ] VECNE®Q] 50| 222 B
1% 9l o v (Egusa et al., 1989), Mizutani et al. (2011)°]] 23}
L A1 7 HEelE A o] ¥l KTk JEECV - Holl of gt HAL
= Wo] FAAol 2 AAA asiE 4o B opy et A
1) AiAole] el 7] €19l F SPRE 24ET
9lth(Okazaki et al., 2015). -2]uta}ol| A= 2018 o] k4] A.
Japonica®} Anguilla bicolor (A. bicolor, ot WAof)of
A VECNE7} F 22 34 B %I tH(Kim et al., 2018). Kim
etal. (2018)2 S-2/Lie} Q123 77] 7)ol 9121gh Aol o
AE td e TR (53] ol g A} 7SR =2 v|
329]0] 2}, of7}u] F41 45| £ 5 VECNE 2418 1
ol Wkl 2| wlole|o] §75HY ST} el 2 sy
74 EAAS B8] JEECV7E YA Y-S vhad o).

AnHV fio] sjajintole| AR 19859 U2 A, ja-
ponica®} Anguilla anguilla (A. anguilla, -BAF WAoo
A 2] = ol(Sano et al., 1990), o] U2} tfjghe] F4] H
Aolof ] AnHVS| o]gk o] 5|3} uo] 2] o] 1 31E]9]
S m(Ueno et al., 1992; Koboyashi and Miyazaki, 1997; Lee

et al., 1999; Chang et al., 2002), $-2|L}2to| A = FA 8= A,
Jjaponica®} A. bicoloro| 4| B o] B11H Hf QITH(Kim et al.,
2012; Park et al., 2012). AnHV 7Fgo]e] 9 SAL (&
8] o)) A, A 8 9 AL o S E A4
o] H&, Al=gn] 7|17 WA 8, A vl HlY 5ol
QIth(Haenen et al., 2010; Kim et al., 2012; Park et al., 2012).
FeluetolAs A XS FHoR WS, S, B, 4
55 A=A 0R Wikl o] olola|:L glov] Fa o
Al tAF 52 A. japonica, A. bicolor®} Anguilla marmorata
(A. marmorata, F-e7gol)olch. 2| 4] o el HH A4
T ARFo O A =] S|y AL R £E 5o S
ojm FHAFst= Abel| 7} gho] HAYsk= A &2 uhofE|gl o, o]
+ JEECV %= AnHV 9ol o3t A2el 4o 2 &t
ofg]2of o5t AL 7HsAdo] 9 =5 A o' o AT 22
O] Atoll A U Y- A ] FA] wiFojof A WA= HAL
o] %10] JEECV H+4= AnHV©| 25t vpo|2j A/ 2 o 2 gf
3 271 3} 2 (Kim et al., 2012; Park et al., 2012; Kim et
al., 2018), A=ro] W7o} Ao 259 vlo|ej Ao £ &
& AR AL R] T o]of] & Aol M= eutet
of Wigo] aflo] ololal R A|ole] Wikl QFAl3e o
AFo.2 250 ol 71 AR HAsle] Fuhe] vhe]el
B 032 Tlolsiolh, Eak o] 44 olF 27] A8

=
S skl on], 9ol o A vlo2] A Fael AW
BHA 24} 29 Hiol 2| Ao o3 Wigto| o] A 7Y &
& A8kl 71 AIHE B arskal i)

ox M

Table 1. Infections of JEECV and AnHYV in cultured eels, Anguilla japonica, Anguilla bicolor and Anguilla marmorata

Host species Region (site no.)

Detected no./Tested no.

JEECV AnHV Dual' Etc.2
Anguilla japonica Gyeongsangnam-do (2) 12 0/2 0/2 12
Gyeongsangbuk-do (2) 0/2 0/2 0/2 2/2
Jeollanam-do (19) 9/19 5119 3/19 15/19
Jeollabuk-do (7) 4/7 37 27 317
Chungcheongnam-do (2) 1/2 12 12 1/2
Anguilla marmorata Gyeongsangnam-do (2) 12 0/2 0/2 12
Gyeongsangbuk-do (2) 22 12 12 1/2
Jeollanam-do (1) 0N 0N 0N 01
Anguilla bicolor Gyeongsangnam-do (2) 12 12 0/2 1/2
Gyeongsangbuk-do (1) 17 0/ 0/ 0N
Jeollanam-do (1) 01 01 01 01
Total 41 sites 20 1 7 25

IThe letter indicates mixed infection with JEECV and AnHV. 2The letter indicates detection of other pathogens such as bacteria (Aeromonas
sp., Citrobacter sp., Edwardsiella sp., Lactococcus sp., Vibrio sp.) and/or parasites (Dactylogyrus sp., Trichodina sp.). JEECV, Japanese eel

endothelial cell-infecting virus; AnHV, Anguillid Herpesvirus 1.
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Seubete] 8 FA Aol 3F(A. japonica, A. bicolor,
A. marmoratayS A2 2 20184 5LFE] 20194 108714
Hhol2| 2 2F(JEECV, AnHV) 9] 4 A% 2ASHIT 7
&, A&, A9, A&, 9 A9 W] S 4amR
g Aol oA E= JAIE st (AT 3-101t] ZHF)
T8 WSS 7158kl Holg A 9 #%5 PCR (poly-
merase chain reaction)§]-& ©]-8-5}0] ZAISI TH(Table 1). 2
o) njolals A2 915 Waole] 414, Hlg, obrlul, 4|
Lu] 221& 23] 5}] high pure PCR template preparation
kit (Roche, Basel, Switzerland)E A18-51%] DNA (deoxyribo-
nucleic acid)& =3t} JEECV 1Y ZAE 93 Mizu-
tani et al. (2011)]] &Ja}) .15 JEECV A1/A2 primer set (A1,
5’-GACGGTCCTAAACATGAACGGTGAAATGTC-3;
A2, 5- GGTATTTTGTACTCATTCATAGTGGCAATC-3")
<= ARESEen, AnHV ol 2ARS 9I8 Rijsewijk
et al. (2005)0] ©J& H.1E HVAPOLVPSD (5-GTGTC-
GGGCCTTTGTGGTGA-3)2} HVAPOLOOSN (5-CAT-
GCCGGGAGTCTTTTTGAT-3)& ARE-513ith e Ao
tisto] wiole| 2 HAke A 7185 A H Al AW
HolHE AT 7183 A 2AF: A E FH 3 o7
A mE Fetdn] S soff wastolt At A2 vl
AR Fat 2 © & 21 &3]0 brain heart infusion agar (BHIA,
0.5%; Becton Dickinson and company, Franklin Lakes, NJ,
USA)ol| = § 25°CollA] 24-48A17F vieFsto] Aot 3=t &
3 5 Eelskeltt
AHTO] Alg7|7HE HIO|ZHA 2
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o} A-D A2 A. japonica, E %A1 A. marmoratas At
Sl AR U TH(Table 2). T3k, Aol & 4] 5 oF4]
Aol 1 o)k AL 591 2314 Wgolo] wjolals w
(carrier) o} A2 $J3] 30k2) A 2{ste] 414, ¥l o7}
u] 240z vlola A A% olRE 2Ae)
i Hiol g A Hu} 750 S RARFLH e AR (o] 2 A
dAol)o] vhol | A 7hd A= follA] 7]&gt

PCRY o 2 ZA}5}9iT).
HO[2HA 2 HHEO]
A BX XA

Hrolg] 2 2 7iA o] 8 22
afl, vpol 2| A7} HEE AL YAk Sl
55.8+5.37 cm)yE A &ste] ofrfn], A%, H
Z31qlet st 222 10% F4 2o

o=
(paraffin) 220j3}o] 5 um F7 &2 A AHSEIL H-E A5 &
He|eh WHS dn| g o2 Ekstgiet.

T8 22 vlo|g| A HAE 2 AR 9|sto] vlol A 2%
of sl zH2t AAE ol F3skA vretub A (I 2199
A. japonica)E 5ute|¥ Y F|5le] ofrtu], 7k A%, BIA, 2]
Hu|, o) A F2HE] DNAE 2Z3}0] PCR YO Hlo]d
2 BEE 2R

Z4 EI_

U LA E0{9] JEECV, AnHV &H

Sefutetoll A FAlete wie] 258 JEECVE} AnHV & 24
A RS AR A, 2ARE SN A1) A, A5, A, A
I, 3 Bl A 23] vhol 2| A7 HEE It AR 4170
G T 59%<1 247110 4] HEo 2| A7F HEE o] =] A
Wl of 7 Fof whol2 A7} Rhlstal Qla-& skt
JEECV+=207114x(49%), AnHV+= 117]2~(27%)oll A A== %)
o, o] F T2(17%)= 252 vhol2 &7t S =
ATHTable 1). vhol2| 2 4 Ao =8 A T4 5

ror
ol

o

230

Table 2. Investigation of virus detection after stocking of glass eels, Anguilla japonica and Anguilla marmorata

Virus detection in adult fish'

Virus detection after stocking

Site/Species (size, cm) Stocking Apr. May  Jun, ul Aug.  Sep. Remark
AJA. japonica ND (46.8+2.68) Apr. - ND - ND - ND

B/A. japonica JEECV, AnHV (41.1£3.25) Apr. - - - ND - JEECV

Cl/A. japonica JEECV (52.0+2.0) Apr. - - - ND - JEECV

D/A. japonica JEECV, AnHV (56.7+7.7) Mar. - ND - JEECV - - Mortality (20%)
E/A. marmorata JEECV, AnHV (52.8+1.47) Mar. ND ND JEECV JEECV,AnHV - - Mortality (90%)

IThe letter indicates virus carrier status in eels cultured for more than 1 year stocking on the same farm (n=3). ND, not detected; JEECV,
Japanese eel endothelial cell-infecting virus; AnHV, Anguillid Herpesvirus 1.
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(e)

Fig. 1. Similar clinical signs of JEECV and AnHYV infected fish. JEECV infected fish shows hemorrhage of pectoral and anal fins (a), con-
gestion of liver (b) and gills (c). AnHV infected fish shows hemorrhage of pectoral and anal fins (d, ). JEECV, Japanese eel endothelial

cell-infecting virus; AnHV, anguillid herpesvirus 1.

o R ol A|E W A Lefu|o] wa E SFo| U
5gl0 0} 710] £z 1339] vleh7} skl glek. o] uret

A A, e LA SO AR ST o g W &8, %

w gt 5] 54
A 1Al 8 9 B A © A o) &Y
2 H5:9 Q1 348 e elrkFig 1),

4| 03 MEHOIo| Bloj2{A 2 FX EAf

=0

FAE 5720l hsto] 1 o)/ AbEE WiAdo] Agofof A €]
Ho|2| A Kot of 55 2AlStaL, 4] gk Aaolof A o] vpo
& HE oS FATHITH(Table 2). 19 o] ARG WA
o] /gofell A uolg s HE o] o] gl A FARS A, 2AF
712l 6702t 250 nto 2| A7} W HEEA] ekgket. 4
ol Al JEECV 4 ol=o] Qli= C FA1e] 745, Aol
A4 57 LA ol JEECV7ZE HEE|lon, A Sol4 gib=
HHAYSEA] okt E3h, Adolol Al JEECVEF AnHV7E 5 3
Z5= FAE 3714(B, D, E) 7, FAE B - 571 ol %
JEECVEF A& 9lon] B4 Ao ofgh ks dAskA] &
Qkeh. FAE DO A4, YA 40 EA) ALl A JEECVZE A%
Ejglon HA7}20% 71k HAYSEGATE. A ES] A A
370 Aol JEECV7L &5 7] Al ARt FAlof HAF Ay st
7] A &kstol, 47147 JEECVE AnHV7F 5% &5 9l o
& HAR gl 74 HARE-o] 90%e] Eekgich

Hro[2{A g WEO| RZE|H2[ofd HH gl Hio|2
A BI XA

JEECVE} AnHV Z}2k€] hol2|2ofl ZHA el 7iA] 9] o7},
k7, AV, B 22 o) s g WEskiTt JEECV
A MACEA 2 9] A. japonica)®] W 2|22 814] Al A,
of7pn] WAL gl T Al 94, 1 &, ulke] gt &,
Ao AREA WAl A o 8l S5, A Al utels] &£,

ol
T

A Aurets-o] A& 5o A Eth(Fig. 2). AnHV 4
WA 29| A. japonica)®] v 2] 22|84 24 A}, oF7}
vl gl Aa ape] 5S4, A2 sl 3o A Zhu Ek] o
SHE S75 v & 2 AL ARe] Akl vt wid
A Al A B AL 9 A elSe] ofdt 2 B AT A|
2] A} o] WEH A rH(Fig. 3).

JEECVEFAnHV Z}7}9] vhol 2 2ol 2h¢ A Suf2]of o
ato] ofzhu], 7k, A1, v, A =eu], @A AR E 2 F|5}o]
Z2d vpog A FES FARSIGIH 71 A3}, JEECV= oF7)
ul, A%, w)kell Al HholE 27k 100% HEE AL A =fulo
A 7P S22 HEE20%)E BT RHE, AnHVE op7hi]ef
A=2u]ol A 100% HE= e BN M H2 HEE
(20%)& WHEF Slth(Table 3).

L

Ao A 2 Selutee] oFA] Wgolo] 7 Elo] 313

2 91073 gl WAl Wl A= 1 Afulo] el A(EECV)eH
Ao} 83| 2uo] 2] (AnHV)el| thated, iAol 8 FAjA| o
Q) 7, A%, A, A%, $de Bl FAY 41ALE of
Ao 250 Hlolal s 1Y WIS 2ASIL U B B
H3tgict.

Sejutete] 8 yigo] ¢FAEE<l A. japonica 3271 4>, A.
marmorata 57\ 4>, A. bicolor 47 45 tjAF 0.2 vlo| 8 A 7+
A-S AR 23 33552] Ao]o| 4 JEECVE} AnHV7}
A== o, ZARE = A ol A 29| Blo| 2| A7 HEE
of S-zjufete] Aol 22 viole A7t Rash= S g<lst
ATk 2ARSE FA 41704 5 59%¢%1 247l 420 A HEo] 2] A7}t
A== =, JEECVZH AEH A2 20714, AnHV 73
S8 FAFL 1174 0H, o] F T/l A= 259 vro|g A7t
SRt E eI Sle a3t g A Aol RE 1-39 ARSRE
Jol7tA] wiAro] Azt TA| glo] violH A7 HEE T
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1

Fig 2. Histopathological observation in JEECV infected eels (Anguilla japonica, Anguilla bicolor and Anguilla marmorata). Degeneration
(circles) of epithelial and pillar cells at gill lamella (a); Congestion(arrows) of liver (b) and spleen (c); Hemorrhage(circles) in submucous
layer of intestine (d). JEECYV, Japanese eel endothelial cell-infecting virus.

OpAIe) 49 Bol4oR dbh wsto]l RS WARE  ASH Ao RN Ay A ol ague ARel 7
A8 SISLATh thitol AL A Solsl A A Sharol 0% o Ml A9 e ol of
A oL IR S SO 3 el el el s A, ele] oL 2 A 0 2

Apafee] AAE Agstel St B MAPH A 2h0E, B w5 ke A% 9l B4 Belon e

Table 3. Virus detection in major tissues of virus infected eels

Virus detection in the tissues of virus infected eel

Virus Individual Size (cm) - - - -
Gill Liver Kidney Spleen Fin Blood
Fish 1 54.4 D D D D ND ND
Fish 2 56.2 D D D D ND ND
Fish 3 69.2 D D D D ND ND
JEECV .
Fish 4 55.8 D D D D ND D
Fish 5 59.2 D ND D D D D
Detection rates (%) 100 80 100 100 20 40
Fish 1 51.2 D D D D D D
Fish 2 55.3 D D D D D ND
Fish 3 52.2 D D D D D ND
AnHV .
Fish 4 50.3 D ND ND ND D ND
Fish 5 54.5 D D ND ND D ND
Detection rates (%) 100 80 60 60 100 20

JEECYV, Japanese eel endothelial cell-infecting virus; AnHV, Anguillid Herpesvirus 1; D, detected; ND, not detected.
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(b)

Fig 3. Histopathological observation in AnHV infected eels (Anguilla japonica, Anguilla bicolor and Anguilla marmorata). Desquamation
(arrows) and proliferation (circles) of epithelial cell at gill lamella (a); Increase of inflammatory cells (circles) in liver (b); Congestion (ar-
rows) and necrosis (circles) of cells in spleen (c); Infiltration of leukocytes (circle) in kidney (d). AnHV, anguillid herpesvirus 1.

1% JEECVE} AnHV7} SA]0] A<= 9l th(data not shown).
U5 A= 9] 9 Edwardsiella anguillarum, Vibrio vulnificus,
o7t EFol Tl AEH71%= st=tl, E. anguillarum®)
785 A 59 S ol Wiolofl 4] Hars o] §)
S (Jang et al., 2020), V. vulnificus®] 733 5i7Fofof] AA1A
YL ov|= e At o= defA ¢lrk(Bioscaetal.,
1991). o] 2t Aupz= e f-2jutet M9 of jito] Aol 2
Fol Hpol g A7F - =2 HlE= A o] Sl AH ol
™, 29 A9 (AnHVEF JEECV Y] 2919 Ee= the AW
o] T3 )9 A% A HA E FAL o] 7hsd o] ol
- H2 7o gotEc

L 2 Aol A= fEvetel] AA o] WSkl Al 2

i

[e)
o] wpo]H 20 7Hg] 3t 2ARS Pl YA g AelE o
SO oF 6714 Fet vhole ] AR WA oM 2ASHA
th. A. japonica = A. marmorataS MS35H= 57| A5 tiAk

o8 Ao, S7ha B A 27]of= Hio|# A7) A
SEA| ket 3-471€ o|of molgi vt HEEE AS &
o135} tt. Park et al. (2012)2> AnHV ¥ A. bicolor7} ¢
£ o] 3o g g ARE| W sle] siatshs AL washg o,
Kim et al. (2018)2 JEECV ol A A. japonica®} A. bicolor
oflA JA 1270 A HAZ I 5] A 2Fshe] 371 o]

of| ARS-01 9] A 71H50% F =) FAte] o] 2= AL Hals}
ek 2 ArollA, T Y FA W 1 o)A ARSEE A ofell A vt
ol A7t AEEA HE A9 YA g AuiAfofof| A= 2P|
ZF Bt Hol g A7F HEEA] ¢k9k o H(Table 2, site A), ]
o A1 JEECV 74 o] ut Qi A1) 9- 4] 2|ofo A=
57§ o] JEECVYE HZ0] = $ltH(Table 2, site C). 4 o] o] A]
JEECVS} AnHV7} 25 AZ 5= oF413 37§ 4(B, D, E) W5
JEECV7} WA fEo] H7]| Altatel o, 914] o] 5 47] LAy
ofl JEECVRE HEH D) 75 #lAkeo] 20% B=3
O, 3-470¢Y oyjo]l JEECVeF AnHV7} 5 HEH FA1%F
EQ] 79-, 90% o142 -2 HA | HAste] x]o] AJ7]of 2%
o] ufol# A B9 7FAL Wi 2 HARE sk A 9l
skt whetba], el datof nhedstar Qs WiAo] Hiol
2 2% FY FAF ARSO|(Foh)REH E Ao R Ktk
I Qe Ao Azbelm, Aol Q4] M AR AT ARG
Tt] AT A%, AR B0 25 AR T4 § Fold
WAt HA G ARS: Tefs vhol A T oS $fgh v
Q3 -3 o] A Ao & AYZHHTE Eh 2]o] A]7]of] 25:<]
Hpo|g Aof S A=W - =& HA s A o
Qgtol whet JEECVEF AnHV 7H2te] A o] et 2% vt
ol#] 2~ 0] &9 3H 9] $9 Aol Hste] I AL Fek
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/g wlao] et A+t7t E 2 FhS Akt
JEECV Zr¢of &J3 VECNE®Q] 2| 2232 3442 o7}
FAAMEY] = W Az o) v, 7h} 2 24 O] Ik 3
49 23, APy a4 2] WA So| 1iEo] glriEgusa et
al., 1989; Inouye et al., 1994; Ono et al., 2007). AnHV 7%
of o3k Wito] &ju| Aufole]Ary of W R AISHA] F/e- of
7hu) Al 2 ) Bk, o7bul 23] §2 8 SR
7o) vpel, 7 A FEste 3449 o] 58 Fol
1% o] Qlck(Rijsewijk et al., 2005; Park et al., 2012). 2 &1F
of 24} A7HJEECY 2siololA] ob7hul, 2h, 414, )3, 2]
=8, =9, A2 WA 5ol Uehson], AnHV ZHg o] E3F of
7ha), 7k, A B, flolld &8, &8, A2, YA 59 5
Aol FHElo] o] o) i} Gk WelskA e ueo
o} o] = njol )2 7he] EE el Aol ekl gisle. ol
Qo) 20 F4ko] BAS ek 22 (o7, 11, A
2jn)), 2GR A (A, v 12|l @8-S 4o = PCRE ©]
goto] 22 nlo| A HES RAVE A3t 2ARE BE 23
of|A] vfol2| 27} HEo] H oy A& Rl 2ol 5 H it
5], op7fm, 2k, AV, Bl A 259 Hlo] 2] R =2 H]
A2 Ho] o5 210 B lo|3A0] Fa XA 7]
= 9131t Jacob et al. (2009)-2 zFA5=A o 4] 2 5t 1l
. anguilla)®) o}7}m] 220 AnHVE B35} 9= 21
5192, Kim et al. (2018)2 JEECV7} of7}u], 7H Al
oA HE0] B A2 HAskYc £ Ao Avt
5t of7hu)of| ] 222] Blo|H A7} 100% HEEL Bl Ao
38, of7}ul iz 259 vo] 2l 0] 20 B4 |0 R AZtE
T A U S YsliAle ofrbn] 22]o] 7Hd Ajdet A
o Berech, Eal, 5 vhola o] ofgk Ao 28 Q4 %
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