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Abstract 

In March 1984, a noW ,h.bdovin" w •• "ol ... d from munbund 
,ulltJroJ biram. (j'panes" Ilmlllder. f'aTalich1~y, %vac<ou) .nd from 
')'\. (PI<cogloss,,-, a/to.d.s) fry In lIy<>go i'rdco<uI'<:, From f-.b'Har)' 

",ro,,~b MJy 1985, Ihe Vlru, w" 'g,m ",ol'led frum hi",me in ,<:.Ow."" 
Ion .. Ln liyogo and K'g'w, l'rdocture, and in Hokbldo, l'p.n, AI 
""'poraluro. between 5 and 2C!OC !he vlTU< ~1,c.ateJ .nd induced 

<)''''1'JlI"c drc",' (CrE). winch p"'gT."ed '0 even,u.l o)'1ol)"i. Ln 
""ocf:llbl. c.1I line" LncludLng I-)IM. EPe, lJ)'-2, RTG-2, SrE-1J7, HF· 
t, 1m, YNK, CCO and EK-l Ille CllSE·214. KO-6 and ClIll-1 ""II 

I,""" were TefraC!ory Muimmn lfli<c"vuy of coli cul!urc-gmwn Vlru' 
w., .I~)u! 109,3-11198 TClD5ll'ml Ln FilM or EPC cdllino •. ·Ill. ",ru' 
"pl""cd (~lt'm.[jy o! 15 10 20<><::. Viru. p"llc1e, wcrot>uU.t ,h,ped, sa 
Om x 1 W '0 200 run The ;,01 ... w"" !en<t,iv. 'n pll 3, 10 diothyl .,htr, 

.nd 10 I.", (.I{)'JC, 2 min)_ The VLru. did not h"nu~glutlfl.te hum.n 0 
I)~- ory!hrcq1es, Viml ",phe.l1C<! w .. not 'nnib".d by 10-4 M 5-

;xyuridin._ )nfecnvilY w .. not ,..,d"ced by ann,e", ag.in,t 
,n.co.:()U, hom'lo!",ie!ic neo",i, VlruS (lNHV). vin.! homorrh'g,c 
"r"c<mi. "ru' (VlJSV). 'pnns ",,,,nu. of ",,,p VLru, (SVCV1, rLX. fry 
rl\,hdoY,,,,, (I'm V). ocl VI",s-Amortcan (EVA) 1nd eel ",rul.Eurore.n 
iEVX) lh. viml ",ol.le wa' p.<hogm,c for hLram. and """oow !root 

IS",'",,, ga","'''') by Lnjewoo bUI n<ll fOf chum .. lmon (Oncorh)'~chtLl" 

i.L'''J, 00/'0 .. 1m"" (0, lis"uh), m1lu nlmon 10 "",sou!, or.yo fry 
by ,,"Olor bonle "'!""u"'_ From til. o"dmce ""to.Lned lim. [Of. Ihll v[ru1 
,I • n.w r"ho~en!" v,ru, of [',h, 1nd i' prov,,"onolly named ImV 
rhLrome rh.~OY'''''), llRV i. now CQno".krcd '0 be .n importo.nl 
l"'hogon 01 cul'ured h,ram. and ulmonld. ill hp=_ 

Introduction 

An unknown disC<lse occurred during ~farch 1984 
:][llOII~ pcn.culturcd hirJllle (lJpJllcse flounder, 
('nn;iJI:hIiI\J Uill'JCeus) held in pens m Flikura BJY, and 
8111(1I1g- cullllrcd Jyu (P/CCOciO,H1U allil'elis) fry held in 
\CJ','dlcr t.Jllks ~t ille Il)'ogo Prefectural Fishef1~s 
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ExperimenL:l1 SL:ltion, Hyogo Prefecture (Gorie et nL 
1985a, 1985b). The signs of disease in hirnme were 
congestion of the gonads, focal hemorr/lJge in the skclcL:l1 
muscles and fins, and accumulntion of ascitic Iluid_ 
Infected ayu fry exhibited exophthalmia and ~thechin on 
the gillcover. The following year, February to May 1985, 
the same disease occurred again among hirame cultured in 
seawater tanks lit the Hyogo Prefutufd! Fisheries 
ExperimenL:l1 Station, Negi Island, Kagawa Prefecture and 
Yagishiri Island, Hokkaido. Examination of diseased fish 
failed to show any bacterial, fungal or parasitic agents. 

However, during the course of vaal examinntion. 
infectious hematopoietic necrosis vinl$ (lIINV)-like 
cytopathic effect (ePE) was observed in the RTG·2 cell 
cultures. This agent was not neutralized with antiser3 
against the following fish rhabdoviruses: [!-INV, vir;}l 
hcmorrhagic septicemia virus (VHSV), spnng viremia of 
caljl vinls (SVCV), pike fry rhnbdovinls (Pr-RV), eel 
virus-American (EVA) and eel virus·Ewopc.1n (EVX). 
Pathogenicity and virulence of the agent to Ihe hiwrne was 
demonstrated by intraperitoneal injection (Gone el nL 
1985J). 

This report descrihes the 
pathogenicity of the new virus 
hirame rhabdovirus (lIRV). 

chnractcristics and 
provisionally termed 

Biophysical Charactl'rization 

Biophysical characteristics of the HRV 840111 
originating from diseased hirdme and IIRV A·!WHI! 
isolated from moribund ayll fry are ~\IInlllarizcd ill Table 
I. EUler treaunent markedly reduced mfcctlvity of Ihe 
viruses. The BSS tremcd control had a tiler of 101i (15 
TCID 50/ml while the ethcf.(Ieatcd suspension [lad less 
than 101.80 TCID SO/tTl I. lbis sen~ilivity to ether IS 
evidence I1mt the virus has an essential lirid-<:onLainll1~ 

envelope. 
The deoxyuridine analogue rudR was not effective 

in b!ockJOg viral replication. Control cilliurcs and IUdR 
treated cultures had simIlar titers (lOo.OS TClDso/rnl). 
TIle lack of inhihition hy hnJo,[!enJled pyrimidines IS 
evidence thilt the virus possesses an RNA genome_ 

Both I~olates were innctivatcd hy exposure to prl 3. 
No hemagglutmation by IIRV was obscrved with Illlm:lI\ 
o t}'~ erythrocytes. 
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Electron Microscopy 

Virus panicles were seen in ultrathin sections of 
HRV infected RTG-2 cells and the kidney tissue of HRV 
infected hirame. The particles were bu!let shaped with one 
rounded end and a mean diameter of 80 nm and length of 
180-200 nm. These morphological and biophysical 
features are charncteristic of viruses of the Rhabdoviridae. 

Serological Characterization 

The five strains of HRV used were isolated from two 
hosl species at three different locations over a two-year 
period. All were neutralized with anti-HRV 840lH rabbit 
serum. No neutralization of HRV infectivity by antisera 
against IHNV, infectious pancreatic necrosis virus 
(IPNV), Oncorhynchus masou virus (OMY). VHSV, 
SVCV, PFRV, EVA or EVX was observed. The 
infectivity of each control ViOlS used was reduced over 
100-fold by the homologous antiserum. 

Cross neutralization tesl~ indicated that HRV was 
clearly distinguishable from the JIve reference 
rhabdoviruses (Table 2). HRV was neutralized with 
homologous antiserum at a titer of 160 and not neuLIaliJ;ed 
with the heterologous antisera te~ted. Anti-IHNV, SVCV, 
EVA and EVX rabbit sera also had the highest titer again~t 
homologous vir11S. Cross reactions were not recognized 
except between EVA and EVX. 

Cell Line Susceptibility and \"jrus Replication 

TIle HRV was originally isobted using RTG·2 cells. 
Twelve other fish cell lines (FilM. EPC, BF-2, STE-]]7, 
HF-I, BB, YNK, CCO, EK-I, CHH-I, CI!SE-214 and 
KO-6) were also tested for HRV susceptibility. The EPe, 
FHM, BF-2, YNK, STE-]]?, BB, EK-I, eco and HF-I 
cell lines were susceptihle to HRV infection. The EPC and 
FHM cell lines showed the greatest sensitivity. wllile no 
CPE developed in CHII-I, CHSE-214 and KO-6 cells 
(Table 3). 1llese latter three cell lines were susceptible to 
IHNV, but the HF-I, BB, EK-I and CCO cells were not. 

As judged by virus yield (Fig. 1), tlle FHM and 
RTG-2 cells were the most efficient at replicating HRV. 
An incubauon lime of 72-120 hours was required to 
observe CPE in EPC, liF-I, STE-t:H. BF-2 cells and Ule 
virus yields were gre.;]ter than IOS.80 TCID so/ml. No 
CrE developed in C1I5E-214, CHH-I or KO-6 cells after 
10 days incubation at ISOC_ 

1lle temperature mnge for viral r~plication wa.~ 

delcnnined 10 be S to 250C. TIlc RTG-2 celt line was lIsed 
for those cxperime1\l~ perfl)nned m S to 2()OC while the 
EPC celt tine was used at I S to 250( because it \Olcr.Hes a 

higher tcmperalUre. TIle extent of erE corrcl~tcd witli tile 
virus titer produced ovcr tile mnge of S to 20OC. At IOOC, 
viral replication was slower and CPE less e;>;tcnsive tJl~n ~t 
15 or 200e. At 100C, viral replication was slower and 
CPE less e;>;lcnsive Ulan at 15 or 20nc. In the ca<;c of 
IImv and IPNV, the optimal lCmpemtures were ISoCand 
in the HUlge of 15 to 200c, respectively. 

Pathogenicity of IIR Y 

The pathogenicity 01 the virus wa~ 1C.~Ied for $pcci[J~ 
pathogen-free chum salmon (OncorhYrlchu.r "-cia). malU 
salmon (0. /TUlsou), coho salmon (0_ ki.~U1chJ. rainbow 
trout (Sa/rna gairdrlcri) and ayu. Ten rainbOw troll! (lnc~n 
weight approximately 8 g), and masu salmon (6 g) were 
inj&ted intramuscularly with 104·0 TCID501fi~h of \'iflll, 
:llld fish were held in 20-1 aquaria at 12-1 Joe ror 21 dny~. 

Fifty chum and coho salmon. thirtv maSH salmon, nnd 
fiftccn ayu, weighing ~prro_,irnately 0.2, 0.5, 0.2 ~lId OS 
g, respectively, wcre inkcled by thc immCfsion Illl"lhll(j 
using 103.0 TCI[)so/rnL Fish were f,!,oscd 10 the viru, al 
llJOC for 60 min and then held in 3-1 :Jqu<lrJJ at 12-14()(' 
Ayu were maintaincd m !fl-l?OC for 21 days_ After 21 
d~ys, five fi~h. including one lliat died, were removed allll 
examined for h~~tcria and viru~. 

Mortality amOllg r;unlXlw trout bcg~n at .<>i;>; cla" 
post·injection and (,()% h~d ~uCC\llllhed by day 12. 
HC!llorrlL.1ges wcre COfllIllonly oh~er\"ed illllluscle and fill. 
llle curnulative morta.lity of control fi,h wa~ I(J% in 21 
days. For ma.~u salmon I of 10 COlllrol fish and () of 10 
virus injected fish died durillg UIC nperiment. In ((1110 

salmon fry, no conLIo] or e'perimclllJI fish died. Among 
chum salmon, 3 of SO control fish and 5 of 50 "inll 
exposed fish died. No conuol and 2 of 30 virus iIlIIllCr_,r(, 
m~su salmon fry died during tile 21-Jay pcriod. Alllnllr 
tile ayu no contml or \·irus-e;>;IXJwI.I fish died in the 
expcrirllcnt (TJble 4). 

Virus isolmi1l11 W~~ carried out 1I,iTl~ five fi~h IfPlIl 
each f:fOlIP, CO[llI'()~C(1 of IJlmt;di!i('~ I'r Idl ';auilicd ;I! llw 
end of t)le n]'cnmcnt. Virll, W~~ rl'lilvereil frOlI] li\"c 
individual r~inbow trOllt (all IlIOftalill·l. Olle rrla~1I s:JllllOrl 
fry (monality). one lI1aSIl _'almon fry (,,:lnlficed Jmllhrrc 
coho salmon fry (sacrificed). 5jlul~ of di'("~lsc were only 
observed irl ram bow Innl!. All tJle isolatcs v,'ne 
neutr;ili7eo.l wilh anti-IIR V serUIII. 

Vinl~ titers in tissues of infected rJlIlbow !rout \ITrr 
determined for kidney Jnd ~rkcn pO\1L~. liver ~lId pa[]CfC~S 
pools, Iieart, inteslllle, niri1IJddcr and rnu~[!c. '1 he Virus 
was recovered frorn all tissuc~ e~aJllllled. Kidney a1lL1 
spleen pool~ had the highest titer. rcaching JOb.US 10 
l(fi.90 TC!Dsoiml. 



Discussion 

TI1C virus isol~tcd from cultured hirame and ayu 
JrpeJr~ to be a previously unreported p.:Jlllogcn of marine 
Id,. No .;v,dcm:c of a ~ilOllar agent is noted among recent 

II~llllgs of 1],11 viruses. 
I'dl rll~hdovifllses, such as I1INV, VIISV, SVCV, 

I'rRV, J:VA ,!Ilil EYX Me well known. Swim bl~ddcl 
Illlt,,"IlIJtion (Sill) Vlfll~ proved to be morpilologlc<llly 
,m.1 ,~f()I()glcally IdcnllCal to SYCV (D<lchman and Ahnc 
1~73, 1~J7--l). llRV was nol nCtJlrahlCd wuh the antisera 
"1;;1[11,[ IIINV, VllSV. SVCY. P['!~V. EVA or EVX 
Cw." nClllralll.aIIW\ le~ts lIldic~tCLI Ih:tlIlRV was clearly 
II, "nglli~hable Irom these rdcr~nce rhabdoviruses. 

I m V ,hows II [NY -like CPE with cvenlu~1 lysis of 
filM, [PC, IlF·2, [nG-2, STE-1J7, I!F-J, BB, YNK, 
CC() and EK·1. !lowever. Ille CIISE-2]--l, CI!II·] MHI 

1\0.(, cc:1l hlle.,·, all wilh ~n cpillidoid mOfTlhology an(1 
d~rl"l~d lrum ~;dlJlIllltd It~h, wcre rcfraUlvc 10 IIRV The 

I",ll::rn 011111, ccll slI\cepllblilly was clearly different from 
1IlNV and VIlSV, Jlld dl,linglJl,hJbk from lhe 
rh,jhd(]vlrlJ~c~ of cod lllclJ~ syndrome (Jensen ClllJ. 1<)79) 
()rnab d()llll~()n 19K-I). 

/llll"'Llgllllle ,ila!Jllclvlrll~CS isnlJlcd from Wllrmw~ler 
f"il (SVCV, Sill V, ['H{ V, Ie V A, EV X), the Vlru, tSOIJICd 
Ir\llll gr,lss c,up (Ahne ]()7S) Jild frolll a North Amcrlcan 
<.ILilll.1 (~.ldl\b~rgc:r _lilt! 1.1l1l1~n'IJgcr I~KO) replicatc Jt 
~5'~' "1 ,illIJV":, IlI<V dill not rcplic;.!IC ~l 25oC. A 
c'JI"IJ:lfl',OIl llclWCCIi I II{ V "IlLI IUUlIJdoVlrlIJ salmon" 
I().,~,lcil~y~ and NilkonGLtln~YJ 19K!) could not be Ill~Je 
kl,lIl'~ III Ille 111D1l~(lllifomlJ[lDn av~lIabk. 

'[Ia; I'dlll"g~IIILlty all,1 v"ulence 01 JIRV for hirame 
W,I~ o!JwrvClI lo11\Jwlllg inlrJp<:ntoneal in)~ction into IO() 

1,,2:;(1 g Ii-,h (GUriC Cl al. 1086). 'nlC curnulJUYc morullty 
W.l~ 2(1',(., Illll 11IDfllllily was nOl ob~crve.d al ISoC or 

The mortality of hlfJmC In nJtllfal oulbrc;lks in 
bO w;.!, 25'/0 (l9K4) anJ 7.2'/0 (l9HS). For K~g3wa 

PrLlccture il WilS 3.3% lind grCJtcr tllWl <)0% in lIokkalUO. 

I·he .">lIe of fish <Ilfcctcd W,IS 100 to 700 g. Tbi~ hif;h 
IIi"fi,ilIlY among naturally lIlicC\cd hirame obwrved III 
1[()~~'lld() may bc ~:lU~c.d by the lower reanng 
tclllj:adlures 11\ lhe winter. 

11I{ V W,IS [clli,ll for ralnhow LIOllt and the cumulallve 
Inorl,lilly wa~ 60%. The ~lgrlS of HR.V infection III 
r.lll1i)()w troul w~re s!rllilar 10 lhose of VIIS, With 
iLC'IIII)[ril:lgilig III muscles commonly seen. 
11"'!<JI,.III"'I,.gl~Jlly. hemal<)p!)I~lJ~ celis were pyknotic or 
ilCLfotlC III hll,lme (KIIIIllfJ ~l :II, unpublished dJta). 
C~"lfl<.. alld de KIII~cllll (1'.lH4) have rerort~d lllnl VIlSV 
I, 1','III'JI:llIl~ I"r ~ea b~,s aIIIIIIUh(lt. I1mh marine S[l<Xle~. 
Tho po,,; '1i~IIS .Inti Ill~tllPJ.th()lo£ICJl d:JL1 reponed 
111,1<,'.1[.; J Cl)[l,jllion slIl11iJf ti) lilat of HRV·inlccted 
],'f"Il'~' Irl lI'l~ 'ItI,ly, chum. coho anLi masu S:llmon Jnd 
,I)"LI I, 'i tid nlll L~jlCf!Cnce h1bh mOfl:lhly wh~n expo>cd to 
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HRV by immersion method, but HRV was isolated from 
dead llnd surviving fish. A longer observation r::riod may 
have rcsulLCd in a higher mortality. 

Evidence suggests HRV is a new and pathogenic fish 
virus which is conSlllcrcd 10 hc an inlporwnl pathogen of 
cultured hirame anLi sllimonids in Japan. 
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Fig. 1 Elec!ron large rn Icrogr<lph shOWIng 

ATG-2 cell 'Infecred vIrus particles 

with 2% uranyl acetate, bar = 200 nm. 
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fig 2. Replication 01 HAV In selected I,sh cell fines mcubated 

at 15°C, M.O.I." 0.1 


