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PA1'UQGEIHCITY OF RIlABOOVUtUS O"JVACEU$ (HIRAMI!: RIIABOOVIRUS: HAV\ TO HIRAKE AND S",LMOIHD 
FiSH 

No r I II I,. 
T,k,hl .. 

"d 

l ebo r ato r, of Hl c roblolo,r, r.c ultr of 
rL,berlel, lIokkoldo Unlv.rattr Hln l t o 
3-1-1, I1 l1ko",ll, lIol<kold o 0'1 J llpon. 

A~.tru't 
Plcha"nlclt y of the I b,bdov !ry. 

o!lvac, .. , (hlr ••• r hlbdo v tr .. ll IIIV) to 
~ .'I r ... (J.pa n, •• flounder) Ind .,I,onld 
~fl.h (rainbow trout, 1.1 .. , CbUI, Ind coho 

.,llon) .. ,. .tudll". C" • .,l'tl". 
lo r t, lltle , of IIRV Inflct l" lilT '" r •• r ,d 
I t ~. 10, l~ Ind 20 'C " If' 40, 60, 
20 Ind 0 %, f"Plctl ", I,. Tb, hlab,,' 
_lr" l tlt,r In , t.,d I "pl ,. o f kldne, 
Ind ' pl "n II,. obtlln .. d fr oll fl .b r •• r,d 
It 5 'C. CUI" I'ti.' lorelllttil of IIR V 
Infectl" r ainbow trout, ••• u, chuI, Ind 
coho .,110" f ., r .d . t 12 - 14 'C .... r. 55 . 
)0. 25 and 5 %. r .~ p,c tl wal,. Hort.ltty 
o f r .lnbo ... trout .. ,l lhl nl 0 .2, 0.5 .nd 
1.0 I .... 100 , 55 .nd 40 %. ra , pac tlwal,. 
Hort.llt, of r.ln b o .. trout I nf.ct. d .. Ith 
"IV and I HHV .... 40 an ~ 100 %, 
r,~p.ctlwal,. II I~top .. tholollc.lly. In both 
hlra •• and raln bo .. trout. the kldn a, 
a.hlbltad n ae r otle ehun;e , such a. "UClaaf 
delone r .t l on of h a .atopolatlc call. ond 
ha.o rrha ,a In the Inter . tltl.l tl •• ua : 
tha . plaon ,ho .. e d necrosl a Ind ha.orrh.I' 
I" th a a lllp .o ld and pulp . In ralnbov 
tr o ut Inf ac t . d .. Ith liMY or IIINV .1.ller 
chon.a .... r. ob •• rw.d I n the kldna, a nd 
.pl •• n. but In IIRY Inf .c t ad ft 'h, no 
patholollc.1 ch.nl" .. er. f o und In th e 
Il w.r of a . rl, Ito,el, Ind n.cro, la .. .. 
"o t obla r wad I n tha Inta.tlna. 

Introduction 
Hlr •• a rhabdo.lru. ( 1IIV ) I s • fllh 

rh.bdowlru. dl. eowe r .d fro . eorlbund 
hlr •• e ( J . p.n.,. floundar. r,r,ll,hthII 
ollvo"u,) cultured in 11, 010 Prelecture. 
J.pan, In 1984. Char.ct.rl .tlc. of IIRY 
h.ve b,.n found to dlnln,utah In 
lufflclantl, fro. othar k no .. n fl ,h 
.habdowlru",. Thl. wlru. h •• b.a. • ••• d 
Ih.bdoylry. oilw,c.y., . ft . r the 
scl.ntiflc ••• • of tha ho.t .pacl •• 
(ll.ur •• t . 1 . 1986 ). Thi s wl r u. I , 
p.tho.a.tc to hi .... (O.ako .t .1. 1988 •• 
1988 b ) • b l.ck ~a. bra,. (tlL!!! 
.. , rol'Ph'!u, ) , r.d .a. bre •• (C hrrro ohr n 
illor .nd bl.ck roc k fl a h (S.b.,U! 
nar.i.) •• o n, ocaanlc f l lhal (Sorl.lchl 
~ .nd .1'0 r.lnb o.. t r out (~ 
) 'I rd n.rl). lIRY has baa n f o und .. Idel, 

I . trtbut.d In J.pan. 
Natural outbr.okl of llRV Inf .c tlon. 

dl ,.p p".red "h!!n th e "ot l r t eoop.rlltu re 
Inc rell.cd to 15 ·C . Flr s t, .. e .t tldled the 
effect o f tl,e te"perotur , on l11 V 'nfoctlon 
'1O_1,.'"" ." ...... _~ , ...... , .. s .. _A~ .. r~ ... ;,. , .. _ Of,,. ...... r ...... ~. $oo ...... , ............... . 

and th.n • ••• lnad th a pathos,nlclt, of 
III/ V to .. I .. o nld fhh b, Intr . parlt o n •• ' 
Injactlon. ror the r.lnbo.. trout 
.apacl.II,. the .ftact of .t~a on HI V 
In( octlo n woe Itudl.d a nd the 
hiitopoth010Sl cll i clunle. ver. co.pllrad 
.. lth th o.e o f Inf ect Iou. h •• ,topol.ttc 
n.cro.l. wlrua (IUNY) Inf ect.d !i.h. 

F ish used 
Ona y •• r old 

&4.)1). Hnl.rl! 

1
0 

I r dn lr t , "'0 18h~iL~i;~,":,;,~~~t iLJ •• r " pa( tiv a 
~), co h o (2. 
(Q. !!..I.U) .... 11 1 
The hlra •• "III Itur.d tn 
t llnks lind lol.onld fish .. o ra 
ualnl dochl or lnatld Ci t, wlt.r. 

Vlru ••• plo y.d: 

...... t.r 
culturad 

lil Y .tr ,ln 8601_11 .nd 1I1NV strlln 
ChAb w.r. (ultur,d On r.lnbo .. trou t lo n ,d 
e "l l l (RTC_2) ual n l hlh'. .I n l.u. 
e~.enti.1 •• 01 1 ... PI!'.H) supple •• nt ed .. lth 
10 % f a tlll bovlno ,e r u. I nd 100 TU /. I 
p en i ci ll in and 100 ~g/. I . tr . pto'Jcln 
Incllbaud at U'C (or 7 do, •. Cultura 
fluid "0 1 flltored and stored at -80 ·C 
until u •• d. 

Artlflcl,1 In[ec tl nn 
Th. h lr a.a ... ro 1I ,. d for th l .tudJ of 

th e aff .ct of .. "te r te'p.tltllra On 
.rt lfl cl. 1 In f.ctlon of IIRY. f ou r , r oup' 
of !O fl .h each .. ere Infect.d bJ 
Intrlparlton a ll! Injectio n o f 10' · II TC 101I / 
f is h of III V . nd resr.d , t 5. 10, 15 Ind 20 
'C In. 50 l .qu.d .... Th. condilio n of 
the lI ,h .... ob~erv"d f o r 15 d., •. Th •• a 
hlr •• a .. , r a 1I110 uI.d for 
hl . topathol oMlcl l Ic .. d,. Plthol.nlclt, of 
IIRV to .1 1. onld fl .h .... t a lt.d. E.ch 20 
r.lnb o .. tr out • • 0 ... . ch ..... nd coho •• I eo n 
(w.l,hlnl about 0.5,) wer e Infected .. Ith 
IIIV b y I.P. Injection of 10'·ITCIDu / n.h 
.nd r.or .d at 12 to 14 ·C. To Itud, tha 
.ff.ct of liz. o n III V Infactlon. thr"a 
Iroup' of 20 r .l nbo .. tr o ut vat,hln, 0.2 . 
0.5 Ind 1.0 I "era Inhct a d .. lth lilY by 
t.P.InJectlon o f 101. 11 .10 •. 1 • 10,·ITC IDII I 
fl . h. r"p.c th.I, I nd rearad In r unnln l 
.. atar It n to \4 ·C . Fo r to.p.rl.on of 
tha pathOI.nlcltJ of IIRY .nd 'lill Y to 
r.lnbo.. trout. 20 r.lnbllv trout (body 
... I,ht 1.0 ,) w.re In f ected vlth IIRV b, 
r.p. InJ a ctlonolIO,·1 .nd 10··lITCIDll/fllh. 
r e,p.Cllwll" .nd r e .red In ru nnlnl vat.r 
.t 12 to 14 ·C . Hottallt, .. a. r .cordad 
doll, for 15 d." In the hirll .e .nd)O 
"U,I In the 'lI llOo nl,1. For 
hl . tllputho!oHical u udJ, 2 gfllUp' of 10 
rlll"bo.. tr o ut aach ( body ~.Ight b. 5, ) 

'" 
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were "Mp l oTed 1I11C1 I" r ected with IIR V n,,11 
l UHV by (.P. l nJ"(;tloll of IOl , lI and 10 , ,11 
r ClD u t H a han d r enred I n ' .. nn t nl wnte. nt 
12 t o 14 ' C. 

~~~~~~~speCI.l!'n. of kidney end .pleen 
of hlr •• " and the _hole bodies of 8" laonld 
fish that had dt"d du rl nl the obl.r~stlon 

period " .. re III.d [o r viru. alloy. 
Su r Y I~ln8 f ish ... err " I so ".ployed. Sa. p l e s 
.... r. hOMoge nized by Ho nk's balanc e d .a lt 
lolutlo n ( \:10 ... /.) .. s lnl II hOllo,,,n l zer. 
The hOllo."nates ~.r. fllte.ed .. alnl a 
0.4S p. (litu (tHllIpo.. 11A ) and 
I nnculated on t he IrC _2 tel l us t nl II 96 
ate r o tlt". pla t e, 

muse I. 
"e.e 
dehydrated 
•• beeld"d ". ." 1,, . 
stolned wtth h •• oto_,llll 

skeletal 
bund fl.h,,~ 

~.tl.. lind 
Pouf[ln-

,,"ctione" lind 
lind ",,"In statn •. 

P!HhOlsoi'ijItI or URY to IIlrn .. ., 
Thll _., r tolltr of HRV I n f ected hlrn~e 

rea r ed at 5 , 10 . 15 and 20 ·C was 
40, 60, 20 and O~, re,pectl we ly (FI"I). 
Vlrua ti t er. ve r a obtained froa ft , h 
cultured at 5 ·c, a n d at 10 ·C. 
The wlru. cou l d not be Isolat ed 
froa Infect ed fl"ha a renred nt 15'C 
nnd 20 ·C. 

r'n tholl e nlcltr of 
(;uaulntille 

IlRV to ~at.nl"d 
.", rtnlltl". of 

20 

f \.h: 
ro\nhow 

100 
~ 

o 

-. o c · '" U --
c· 
• " • • 
• u a. --a.;: 
«-

Water temperature rC) 
FI,. I . Effect of the water te.pernture on 

the appearnnce o f tha tfplcnl .tan. In 
tha hl,n .. e nfeu 15 dars ortHlclally 
In f ected "Ith HKV do, e. l .r.IOI.IITC IDIi 

• ~h·Dead fl",h. ~2fr:: FI.h .huwl " a 
typicaL s t gn. 

o 
RAINBOW MASU CHUM COHO 

TROU T SALMON SALMON SALMON 

Fish species 
FI,. 2. Coaps r lson of cua"latiwe .ortlltt, 

In .alnbo .. trout, coho .slaon . ch •• 
",,,Ilion, lind 80.U ao l .. o n Infacted with 
IIRV by Intrnpa.lt o noo l I njection ( dolt, 
IIP·nTC1D Ii / r ls h ) . :;:;:;:;:;:, Co n tro i , f a up. 
1IIl1111lll: Te st .rou p . :.:.:.:.:.: 

_100 . -. ------. 
~ 

80 
• > 60 -- '" --.---. 40 
'-E" 20 , 0 
uE 

0 

. -
~ 

I • ,.<,4-.-'" 
o-/t.'" 

Oays 
10 

pos t 
20 

Infection 

o 

30 

FI~. J. Coa rn r l so n of cu,"ulati we ,"ortslltr 
In ~Iffarent Silted rainbow troat 
Infected with IIRV by Introperitoud 
Injection. 

0600 , Contro l aroup . ••• ' 
0: body welaht 0.2,. A, 
0. 5,. 0 ' borl, w.latlt ).0,. 

r est 
bodr 

. : dOle, I OI·"TCIDII/fh h . ... , d ose:IO' ·1I 
TCIDII lUsh • • , dOli: 10 " 'TCI0" /fl a h. 

t.out, aa,u, chu .. , and coho se l ao n Va " 
55. 30, 25 end 5 %, re apectt~e l, (F t, . 
2 ). R"lnbo .. trout bealln to die at 4 dl,' 
after I n f.ctlon li nd the lortalltr r 'lch •• 
35% at II da, en d 55 % at 29 dillS POlt ­
Infection. The dead fh" aho ved trplca ' 
slana of IlRV Infection lut h liS blillter,l 
e~opth" l ,"ua, In croo ae In asclttc flu i d and 
hellorrh" 8a In the lIuacle. Denth, of .uu 
saillon .. er e obse r ~ed lit 6 dll15 with the 
soa. slana. a nd ,"orta l lt , .aache d )0 % at 
12 dOJI post-I nf ectIon. ."Inho" tr o ~t 
hod hl""er Infecti vity thll ... e' u ,.llon . 
No wlrus was I",olated froa coho end ch~a 
~o l aon. 



Uhet o f 
In fect I on 

.In o ( ralnb ay tr ay t an "BY 

C".ul.tl~ •• ortlltt, of r . lnbo .. trollt 
we l,hinl 0.2. 0.3 .nd ).0 I .... 100, 55, 
40 :t, r 'l p.etl ~. I ,. S .. ,c . ptlbillt, of th o 
f:alnbo .. tr o .,t to IIB V d.c:r •••• d •• bod, 
... I,h t In cr •••• d ( Fl ,. 3). 

Co.po rl,o n o f t he po th ol.nlc:l c , of lilY . nd 
IIIN V to r .inbo .. tro ll ~ : 

Cu.ulatlYo .ort.llt , of rainbow tr out 
In fe c:ted with IIMV .nd IIIH V .... 40 an" 100 
%, re . p .ctl~el,. 

III .to p. th o l oa i co l study of hlr, .! lnfected 
.. Ith ukv 

TI,. kldn. , a t hlr a •• r •• r .d u S ·C 
a n ,1 .o r lbund fl,l> r ear.d at 10'C 
I nd l coted nec: r o tlc: c:h,nle •• nd h,.o r rhol. 
In th e Interst i t i a l 1,. pll old tl •• ua ( Fi l. 
h). Th •• pl e.n o f the S ·C I r ou p .howed 
nec r ol l. ond h •• o rrho ses i n th e .lllpeol d 
and pulp (FIS. 4b). 51.llor n.cro,l ... BI 
a i .o ob •• r ~, d In the .pleen o f th a 10 "C 
I ro .. p, but .. .. not a.~.r ••• c:o_par e d with 
th e fl.h c .,ltur e d at .5 "C . I nliitrotion of 
,.crophll,e. int o th e . pl .o" "f the test 
.. ou p' r e. r .d .t I S a nd 20 "C w.re noted. 
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Iltuopacl> o l oa l c:a l ttu " , o f [,I "bo" tro ut 
l a f ect; d .. I t I> IrBY 

Nec ro.l •• nd l> e.orr h'I' wer e ob.er.e d 
In tl> e Inter~tltlll I,.pl>old tl •• ue o f the 
kldn., (FII. So) an d In the elll,'old and 
pul, o f the .p l •• n. "JP.re_ '. a nd 
h •• o rrl>al ' In the .u.c le of th e ,oete rl o r 
por t o f the h •• d ... r e r .co.nl~.d. No 
, o chol ol tc o l c: h. nl" .. . r . ob. en·e " In tho 
I n t e.t ine o f II IV tnt .ct.d tr ou t (F l •• Sc). 
In t he ee rl , .t • • •• of th e HBV tn( lc ted 
(t.h no c:honl" ... r. ob •• r •• d In che 
l l~.r (FI,. 5b). Ilo .. e~er, lI ar 12 "'11 
pO lt- lnfectl o n, h "~ J he. o rrha.. .nd 
necrot t c c:l>anle. wlr. found ther e . 

.... ob,a r ~ad tn t he 
he.Uopoletic ce ll . o f tl>e kldne, (FI,. 
61) a nd In th o . 111,.0Id and pulp of t he 
.p l •• n . lI eo~, he.orrha,e ... . f Ollnd I n th e 
llwer (Flg.6b). Although hl.t op.C holo.tc:a l 
chonle "0 ' not o b .e r ~ed tn the In te .tlne 
of IIRV Infected fl . h, n.e ro . l . wa s 
r ,colnl~. d In ch •• .,b_uco.a a nd . r . nular 
co il . o f th. Into.tln. o f IIIN V Inf ectld 
(1 . h (Fl •. tiel. 

Fi l .•. Ti" ". of, .o r lb .. nd 
hlr,.. Infect.d with KRV . 
r ,"red a t 10 ·C. (I): 
l:tdne " nec r o.I, of 
h •• a t opo l e tle ce ll i .nd 
h,.o rrh ola are f ou nd In 
tl> o Intersti tial I ,.phold 
tl a, "e . (b) Spll.n. 
noc r o.I, o f .1 1 Ip.old and 
pulp he.orr hale . r e 
r ,col nl~ed In tho til''' •. 
" '[ .t.ln. ( bar _ 20 p.) 

Fig . 5. TI.su. of a !lR V­
Inf act. d r ainbow tr out . 
( I) Kld n.y. H.c r o." of 
h •• lltopo l .t l c c. l1 . .nd 
he.o r rha, •• r . ob •• r~.d In 
th e Int.r.tltlal 1,.pho ld 
t ill., •• ( b ) :llu r, ea rl , 
Ito I' o f IIIV Inflction. no 
hl.topathologlcal eh.nge~ 
or. ob •• r~.d In the tl,,"e. 
( c:) In teltlne, no 
hlltopotholo,lclIl cha n,., 
a r l fOllnd In thl tllsue. 
II & E stain. (b,r • 20 p.) 

fll. 6. TI .I ... o f t llHV_ 
Inf lt t .d rainbow trout. 
( • ) I lidne,. necroll . a f 
h •• at o pol .t tc e. l l. a r e 
( o llnd In the tnt e r .tltll l 
1,.phold tl.llIl. ( b ) 
l lYl r, nlcrosl. of h ' p'tlc 
ell 1. and h . ,y, he_o rrha, e 
a r . o b l.r~.d In the tl ...... 
( c) t nte.tlnal n. c:ro.ls 
I. reco,nl:t.d In ... b. "colo 
Ind , r anu l ar cel l •. II' [ 
stain. ( bo r • 20 p. ) 
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Table 1. Nhtoplltho!ollf;lIl eh"nle l obllerv"d In IIIV lind IIINV Infected nlnbow trut 

H.,u 
Ant. I . I .. , • .," 

II.V H.eroll18 Heerolll" Nllcro"t" 
n •• orrh ••• n •• or th ••• 

IHNV lI.crollt" lIecrolll. IIlIcro"l. 
H •• orrh ••• 

Otlle,,"slon 
IIRY Inf ected htra.e .urlld lit 10 ·C 

ahowed the hl,hlllll lIort.lltr 'nd fish 
cultured .t 10 ' C "h"".d til" hllhest 
observ"bl" r ate o f th" trplcal .t.na of 
"I V Infection .nd hlah.st .\rlla 
infectlvlt,. Th . vl rull ""' not tsol"ted 
fr oll th" ftlh cultured It 15 .nd 20 ·C. 
Frail the •• dotl, the "pUlOS! t."perllture 
(or ItIY Infectio n .llht be 5 to 10 "C. 
SllIilllr tell"l"tl ".rlll rlltpou.d for tllN 
(AI.nd 1910) Ind 'IllS (Clrlletl. It al. 
198 4; J ar ,en,e n 1982). 

CUluta tl •• lorti lltl •• of rainbo .. 
trout .nd .alu ,a t lon r~oehed ~) Ind 30 % 
r l, plctl~.1 1, .nd .ho~~d trpic.t It,n' of 
nlY infection. No vi ru s .. as Iioloted fro l 
chul or coho . nt lo n. Hortallt, of 'iinbov 
trout (bod, val,ht 0 . 2, ) vBI tOO %. but 
10rtollt1 d.cr.aled In p r o portion to 
In c r.a'i na bod , vaiaht. In cOlpnrllon vlth 
the 'pathoseniclty of IIRY end IIINY, rainbow 
trout ,hov.d th e hl,hest IUlclptlblllt, to 
IIINY. 

In rain bov t ro ut . Inf lcted .. lth IIR V. 
nl cro, ls Ind helorrhlse .. er. ob •• r •• d In 
the Int.rstltl.t l "phold tl •• u. of the 
kldn.y, IIIlllpeold end pulp of the Ipt •• n . 
",p.r.ll. Ind h ... orrh.S. In the IU.ct. of 
po.terior part of the hel d v. r . 
'Icosnlzed. No pethotoslc,1 ch.nSe 
occurred In thl Int.stlnlll o f KRY-Inf.cted 
t.out or In the 11 •• r of the 'Irl, Ita,.s 
o f the KIY-lnf ectld fish, Ko ..... r. liar 
12 do,s po,t-Infectlon, h.,., helorrha,. 
Ind n.crotlc ch.n, •• vera found In the 
U •• r, In the IIINY-infect.d r al nbov trout 
n.crolt. va. ob •• r •• d tn the kldn., Ind 
. pl. en. but hlillorrhal' v" not '0 ••• lIIr. 
•• In chili UR Y Infected ,roup" Nelli., 
he.orrha,. va ' round In the II.er . 
Al thouSh pathotolica' chanR' V.I not 
obll r .cd tn t h lll Intestine o f IIRY I n hcted 
fllh. n.cr o, l, va. recoln l •• d In thll 
o r •• n, 

The r •• ultl of the co.par.ti •• 
hlltopatholo,ieol nud, of 1I11Y- 'nd INNY_ 
Inf .c t~d rllnbo .. trout a re .ho .. n In Tabl. 
I, IIRY 0 ' IUIIY Inflicted fllh., ,ho"ed 
. I.il.r ht .to p,tholol!c a l ch.nlla. that I. 
h.lorrhall In t hlll kldne, and .p leen. 
Th.r.forl hlatolo,lcall, thea. t .. o . tru ••• 
are ~e r 1 sl .. lll1r . noveve. the dlleele of 

~::;!:!e~~~o;Id:~: . ~:~ ~~: ::::ru~:lo~":i 
lublueoso end sranulor (ell •• th't ar. the 
ch.raeterlstl ( Iflptal. of IIIN d • • crlbed 
b, Alend et .1.(1969). Aut, these stsns, 

0, '" lver '" • IInCfell1l nt •• t .. 
lIor •• l 11 •• orrh ••• (N"crollh) 1I0r •• t 
n •• o rrh ••• 1I ... orrh ••• 

"',,~.ro.l. 

IIlIcrolt. (1I •• orrh ••• ) (1IIIcrollt.) IIlIcrollt. 
n •• o rrh ••• 

"., 
lillY 
ynS 

h.a. , h,lo rrh". t n the 
!nf.~ted trout. ".r. wer, 

(h,utlk •• t ,1. 1972) . 

R.f.r.nc.s 

.f 

" 

AI.nd,D . F. 1970. Control of !lIteeth .. 
h •• atopol.tlc n.cro,tl .t r llS d1 .... f~ 
b, .t .... tlns the .... t.r t •• p.rature. 
J, Flah, I •• . 80.rd Cnn, 21:26'·}7D. 
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1969, A h .... topol.tlc .lrlJ. 1111 .... to 
ro tn bov trout and sockeye .. 1.0. . 
Tn n •• A. , FlIh , Soc. 98: 196-804, 

C,rlln". J. 'nd O. IIn ... lIn. 191'. 
Elp.rt •• ntll Itud, of the n,cII,tt Ul tt r 
of tva .,rln. (t.h ,p.el.l. , •• bI .. 
(tllcqntuuhll' l.A..i.u.!) IIId turbot 
(Scophthallu, ... llu,) to 'ltd 
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