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PATHOGENICITY OF Rhsbdovirus oliv(Jceu5 ( HlRAHE RHABDOVIRUS 
HRV ) FOR SALMONID FISH 

~~rihisa Oseko*l, Mamoru Yoshimizu*2, and Takahisa Kimura*2 
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Kochi Station, Nansei National Fisheries Research Institute, 
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Abstract 
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Pathogenicity of the Rhabdovirus olivaceus (hirame 
rhabdovirus; HRV) against salmonid fish (rainbow trout; 
Oncorhynchus mykiss, masu salmon; O. masou, chum salmon; 
O.keta, coho salmon; O. kisutch and pink salmon; O.gol"buscha) 
was studied . Artificially infected salmonid fish with HRV by 
\o,'ater-born and I,P, injection wel'e reared at 12 to 14 ·C. Signs 
and mortalities of HRV infected fish were observed and also 
histopathological changes were studied. Cumulative mortalities 
of HRV infected rainbow trout, chum, coho and pink salmon by 
watel'-born infection were 8, 4, 4, and 0 X, respectively, 
Mortalities of rainbow trout, masu, chum, and coho salmon by 
J.P . injection were 55, 3D, 25, and 5 X , respectively. Highest 
virus t1ter was obtain from the rainbow trout infected by both 
infection methods. Mortalities of rainbow trout weiglling 0.2, 
0.5, and 3.0g were 1 00 , 55, and 40 X, respectively. And 
mortal ities of rainbow trout infected with HRV and IHNV were 40 
and 100%, respectively. Histopathologically, on the HRV 
injected rainbow trout, the kidney and spleen indicated 
necrosis and hemorrhage, skeletal muscle revealed hyperemia and 
hemorrhage. In rainbow trout infected with HRV or IHNV similar 
changes were observed in the kidney and spleen, but in HRV 
infected fish, no pathological changes were found in the li ver 
of early stages, and necrosis was not observed in the intestine. 

Introduction 

Hirame rhabdovirus (HRV) is a fish rhabdovirus discovered 
from moribund hirame (Japanese flounder, Paralichthys 
olivaceus) cultured in Hyogo Prefecture, Japan; in 1 984. 
Characteristics of HRV have been found to distinguish in 
sufficiently from other known fish rhabdoviruses. This virus 
has been named Rhabdovirus olh'aceu5, after the scientific name 
of the host species (Kimura et a!. 1986). This virus is 
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pathogenic to hirame (Osaka at al. 198880, 1988b) I black sea 
bi'eam (MyliO macrocephalus) I red sea bream (ChrYl'ophrys major) 
and black rock fish (Sebastas inermis) among oceanic fishes 
(Sorimachl 1987). and also i'ainbow trout. HRV has been found 
widely distributed In Japan . 

In this study, we examined the pathogenicity ot HRV to 
salmonld fish by water-born and intraperitoneal inJection. For 
the rainbow trout especially, the effect of size on HRV 
infection was studied and the histopathological changes were 
compared with those of infectious hematopoietic necrosis virus 
(IHNV) infected fish. 

Material and Method 

Fish uS6d: 
Fingerling rainbow trout ( weighing about 0.3, 0.5, 3.0, 

6.5g, respectively), masu salmon. coho salmon. pink salmon. and 
chum salmon. weighing about 0.3g and 0.5g were used. Salmonid 
fish were cultured at 12 t o 14 ·C. using dechlorinated city 
wate r. 

Virus employed: 
HRV st rain 8601-H and IHNV strain ChAb were c ultured on 

rai nbow trout gonad ce lls (RTG-2) using Eagl e's minimum 
essen ti al medium (HEH) supplemented with 10 X fetal bovine 
serum and 100 Ill/ml penicillin and 100 pg/ml streptomycin 
incubated at 15 ·C f or 7 days. Cu lt ure fluid was filtered and 
stored at - 80 · C until used. 

Artificial infection: 
Pathogenicity of HRV to salmonid fish was tested. On the 

water-born inlection, each 50 rainbow trout, chum salmon , coho 
salmon and pink salmon (weighing about . 0.3g) were exposed for 
60 min. to HRV of 102.30TCIDso/ml. On the intraperitoneal 
injection , each 20 rainbow trout , masu , chum , and coho salmon 
( ... ·eighing about 0.5g ) were l.njected HRV of 10 4 • oo TCIDso/ fish. 
Hortal i ty Io"as recorded daily for 15 days on the water-bone 
infection and 50 days on the I.P. injection. To study the 
effect of size on HRV infection, three groups of 20 rainbow 
trou t we ighing 0.2, 0.5 and 3.0 g were infected with HRV by 
I.P.1.njection of 10,·15, 104.00, 104.00 TCID50/ fish, 
respectively. FOl' comparison of the pathogenicity of HRV and 
IHNV to rainbow trout , 20 rainbow trout (body weight 3.0 g) 
were infected with HRV by I.P. injection 104.00 and 10L3 o 
TCID5 0 / fish, re spectively. Mortality of infected rainbow trout 
was recorded for 30 days . These fishes were reared 1n running 
water at 12 to 14 ·C . 

For hi stopat hol ogica l study, 
trout each (body weight 6.5 g) were 
HRV and IHNV by I.P.injection 105 . 30 
and reared in running water at 12 to 

2 groups of 10 rainbow 
employed and infected with 

and 105. eo TCID50/ fish 
14 • C . 
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Preparation o f t he specimens (or virus isolation and 
measurement of the virus infectivi ty : 

The \o,°hole bodies of salmonid fish that had died dUring the 
observation period were used for virus assay. Surviving fish 
were also employed. Samples were homogenized by Hank ' s balanced 
salt solution ( 1 : 10 w/v) using a homogenizer. The homogenates 
were filtered using a 0,45 I-lm filter (Millipare HA ) and 
inoculated on the RTG-2 cell using a 96 microliter plate. 

Histopathological study: 
Kidney, spleen, liver, skeletal muscle and intestine of 

moribund fishes were fixed in Bouin's fixative and dehydrated 
with ethyl alcohol. Paraffin-embedded samples were sectio ned 
and stained with hematoxylin and eosin stains. 

Results 

Pathogenicity of HRV to SlJlmonid fish by water-born infection : 
Cumulative mortalities of rainbow trout, churn salmon, coho 

salmo n and pink salmo n by wate r -born in f ectio n were 8 , 4 , 4, 
and O ' X, respectively (Fig. 1 ). All dead fish showed no typical 
signs of HRV infectio n. But HRV was isolated from infected 
rainbow trout , highest virus infectivity of diseased fish was 
10,-101C1050 /g. No virus was isolated from chum, coho, and 
pink salmon (Table 1). 

*-
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species 
Fig. 1. Comparison or cumulative 
mortality In r ai nbow trout , coho , 
chum, and pLnk salmon infected 
with HRV by water- born (uposed 
for 60 min. In l02.l0TClbsoJ,IIl). 

;;;:;::: Control ,roup. 1111111 : Test group. 
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Fig. 2 . Comparison or cumulative 
mortality in rainbow trout, coho, 
chum, and masu salmon infected 
wlth IlRV bv I. P. inJection 
(dose : IO· ·ob TCIOso /fIsh). 

~:;:::;: Control group. I1Ull: Test group. 
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Table 1. Result be virus isolation from artiflciall~ 
infected rainbow trout, coho salmond chum salmon and pin 
salmon with HRV by water-born metho . 

Fish Fish Virus· Fish Fish Virus* 
species condition No. titer species condition No. titel' 

Rainbow Dead [ 3.55 Coho Dead [ < 1 . 80 
trout 2 5.30 salmon 2 < 1 . 80 

3 5 . 30 Survived [ < 1 . 80 
4 2.80 2 ( 1 . 80 

Survived [ 5.80 3 < 1.80 
2 5.80 4 ( 1 . 80 
3 ( 1 . 80 5 < 1. 80 
4 < 1. 80 
5 < 1 . 80 Chum Dead 1 <1.80 

salmon 2 <1.80 
Pink Dead [ < 1 . 80 Survived 1 <1.80 
salmon Survived 1 (1.80 2 < 1. 80 

2 <1 . 80 3 < 1. 80 
3 <1.80 4 < 1 .80 
4 ( 1 . 80 5 < 1 . 80 
5 ( 1 . 80 

Pathogenicity of HRV to salmonid fish by I.P. injection: 
Cumulative mortalities of rainbow trout, masu, chum , 

and coho salmon Wel'e 55 , 30, 25 and 5 X . respectively (Fig. 2). 
Rainbow trout began t o die at 4 days after infection ana the 
mortality reached 35X at 11 day and 55 X at 29 days post ­
infection. The dead fish showed typical signs of HRV infection 
such as bi lateral exopthalmus, increase in ascetic fluid and 
hemor rhage in the muscle. Deaths of masu salmon were observed 
at 6 days with the same signs, and mortality reached 30 X at 12 

Table 2. Result of virus isolation from artificially 
infected rainbow trout, coho salmon, chum salmon and masu 
salmon with HRV by intraperitoneal injection. 

Fish Fish Vl t'us· Fish Fish Virus' 
species condition No. ti ter speCies condition No. titer 

Rainbow Dead [ 2.55 Chum Dead 1 < 1 . 80 
tl'o4t 2 3.30 salmon 2 < 1. 80 

3 5.55 3 < 1 . 80 
4 3.55 4 < 1. 80 
5 4.30 5 < 1 . 80 
6 2.80 Survived [ < 1 . 80 
7 5.30 2 < 1. 80 
8 5.55 3 <1.80 
9 4.05 4 <1.80 

[0 4.80 5 < 1 .80 
Survived [ < 1.80 

~ < 1 . 80 Masu Dead 1 4.05 
< 1.80 salmon 2 3.80 

4 < 1.80 3 4.55 
5 < 1 . 80 4 2.55 

5 2.80 
Coho Dead 1 < 1.80 6 3.05 
salmon Survived 1 < 1. 80 Survived [ < 1 . 80 

2 < 1. 80 2 <1.80 
3 < 1 . 80 3 < 1 . 80 
4 < 1 .80 4 <1.80 
5 < 1. 80 5 < 1 . 80 

• log TCIDso/1l 

• 



days post-infect i on. Rainbow 
than mas u s a l mo n. No virus was 
salmon (Table 2) . 

trout had higher infectivity 
iso l ated from coho and chum 

Effect of size of rainbow trout on HRV infection: 
Cumulative mortality of rainbow trout weighin&, 0.2. 0.3 

and 3.0 g was l Oa, 55 and 40 X, respectively. Susceptibility of 
the rainbow trout to HRV decreased as body weight increased 
(Fig. 3). 

~ 100 ••• Fig. 3. Comparison of • cumulative IIIOrtall ty 
~ •• o!! 80 •• in dlrferent sized - rainbow trout infected 

16 I with HRV by 1. P. - 60 ~ ... - ....... injection . 
0 

O~O ' Contro l group. E • k 
40 >:' .-. Test group . 

~ f A. .--- ..... ' 
.~ .' 0.' 0.2,.0. ' 0.5g, - 20 j ~ ... , 3.0g (body weight). 
~ 
:; 

" . :103.15, 4. :104 • 00 , E 0 , 10 20 30 .: 104 . 00 TClD50/fish 
U Days post-infection (dose) . 

Comparison of the pathogenici ty of HRV and IHNV to l"ain bo lo' 
t rou t : 

Cumulative mortality of rainbow trout infected with HRV 
and IHNV was 40 and 100 %, respectively. 

Histopathological study of rainbow trout infected with HRV: 
Necrosis and hemorrhage were o bserved i n the interstitial 

lympho i d tissue of the k idney (Fig.4a) a nd in the ellipsoid 
and pu lp of the spleen (Fig.4b). Hyperemia and hemorrhage in 
the muscle of the posterior part of the head were recognized. 
In the early stages of the HRV i n fected f ish no changes wer e 
ob sel-ved in the liver (Fig.4c). However, 1101' 12 days post­
infection, heavy hemorrhage and necrotic changes were f ound 
there. No pathological changes were observed in the intestine 
of HRV infected trout (F ig. 4d ). 

Histopathological changfJs of IHNV infected ra.inbow trout: 
Necrosis was observed in the hematopoietic cells of the 

kidney (Fig. Sa) and in the ellipsoid and pulp of the splee n 
(Fig . 5b). Heavy hemorrhage was found in the liver (Fig.5c). 
Although histopathologi cal change was not obs erved in the 
intes t ine of HRV infected fish . necrosis ~as re co gnized in the 
submucosa and granular cells of the intestine of IHNV infe cted 
fish (Fig.5d ). 



Fig. 4. Tissue of a HRY-infected rainbow trout. (a): Kidney, 
necrosis of hematopoietic cells and hemorrhage are observed in 
the interstitial lymphoid tissue. (b): Spleen, necrosis and 
hemorrhage are shown in the pulp. (e): Liver, early stage of 
HRV infection, no histopathological changes are observed In 
the tissue. (d): Intestine, no histopathological changes are 
found in the tissue. H &: E stain. (bar= 20 pm) 

Fig. 5 . Tissue of fHNV-infected rainbow trout. (a) :Kldney,necrosis 
of nematopoietic cells are found In the interstitial lymphoid 
tissue. (b): Spleen. necrosis and hemorrhage are shown in the 
pulp. (c):Llver,necrosls of hepatiC cells and heavy hemorrhage 
are observed in the tissue. (d): Intestine, necrosis is reco g­
nized in submucosa and granular calls. H" e stain. (bar:20)Jm) 
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Discussion 

On the water-born infection. All salmonid fishes didn't 
show severe decrease. But infected rainbow trout has a littl e 
high infectivity of HRY . If observation period were expand or 
much more viruses wer e inoculated , mOl'tality of the infected 
rainbow trout might be increased. On the I.P. injection, 
cumulati"e mortalit i es of rainbow trout and masu salmon reached 
55 and 30 " respec tively . and showed typical s igns of HRV 
i nfe ction. No virus was i sol ated from chum or coho salmon. 
Mortality of rainbo w trout ( body weight 0.2g ) was 100 X. but 
mortality decreas e d 1n proportion to ioel'easing body \oIeight. In 
comparison with the pathogenicity of HRV and IH NV , rainb ow 
trout showed the highest sus ceptibility to IHNV. 

In rainbow trout, infected \ofith HRV, necrosis and 
hemorrhage were observed in the interstitial lymphoid tis s ue of 
the kidney, ellipsoid and pulp of the spleen, Hyperemia and 
hemorrhage in the muscle of posterior part of the head Wel"e 
recognized. No pathological change occurred in the intestine of 
HRV-in fected trout o r in the liver of the early stages of the 
HRV-infected fish. Howeve r. 11 or 12 days post-infection, heavy 
hemorrhage and necrotic change s ~'ere found in the liver . In the 
IHNV-infected rainbow trout nec r osis was obse rved in the kidne y 
and spleen. bu t hemorrhage was not a s severe with the HRV 
infected gro ups. Heavy hemorrhage was found in the liver. 
Although patho l ogical c hange was not observed in the intestine 
of HRV infected fish, necrosis was recognized in this organ. 
The r esults of the comparative histopathological study of 
HRV- and IHNV-infected rain bo w tl'Out are shown in Table 3. 

Table 3. Histopathological changes observed in HRV and rH NV 
infected rainbow trout. 

Virus 

HRV 

IHNV 

Kidney Spleen 

Necrosis Necrosis 
Hemorrhage Hemo rrhage 

Necrosis Necro s is 
Hemorrhage 

Organ 

Liver Muscle Intestine 

NOl'mal Hemon"hage NOL"mal 
Hemorrhage Hemorrhage 
Necl'osis 

Necrosis (Hemorrhage) Necrosis 
HemOI'I"hage 

HRV or IH NV infected fishes showed si mil ar histopathol ogical 
c hang es , that is hemorrhage in the kidney and spleen. 
Therefore histologically these two viruses are ve ry simi l"'l". 
Ho wev er the disease of HRV-infection was not the same as IH N. 
because HRV didn't show the d estruction of submucosa and 
granular cells. that ar e the characteristic sympt o ms of rHN 
described by Amend et al . (1969). But , these signs, and heavy 
hemorrhage in the muscle of HRV i n fected t r out, were ve,'y 
similar to VHS (Yasutake et al . 1972). 
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