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ABSTRACT: In March 1984, a new rhabdovirus was isolated from moribund cultured hirame (Japanese
flounder) Paralichthys olivaceus and from ayu Plecoglossus altivelis fry in Hyogo Prefecture, Japan.
From February through May 1985, the virus was again isolated from hirame in seawater tanks in Hyogo
and Kagawa Prefecture, and in Hokkaido, Japan. At temperatures between 5 and 20 °C the virus
replicated and induced cytopathic effects (CPE), which progressed to eventual cytolysis, in susceptible
cell lines, including FHM, EPC, BF-2, RTG-2, STE-137, HF-1, BB, YNK, CCO, and EK-1. The CHSE-
214, KO-6 and CHH-1 cell lines were refractory. Maximum virus titers of about 10°° to 10%% TCID;, ml™
were obtained in FHM or EPC cell lines, and virus replicated optimally at 15 to 20 °C. Virus particles
were bullet-shaped and measured 80 nm X 180 to 200 nm. The isolate was sensitive to pH 3, to diethyl
ether, and to heat (50 °C, 2 min). Virus did not hemagglutinate human O type erythrocytes. Viral
replication was not inhibited by 10™ M 5-iododeoxyuridine. Infectivity was not reduced by antisera
aginst infectious hematopoietic necrosis virus (IHNV), viral hemorrhagic septicemia virus (VHSV),
spring viremia of carp virus (SVCV), pike fry rhabdovirus (PFRV), eel virus-America (EVA), and eel
virus-European (EVX). The viral isolate was pathogenic for rainbow trout Salmo gairdneri by injection
but not for chum salmon Oncorhynchus keta, coho salmon O. kisutch, masu salmon O. masou, or ayu fry
by water-borne exposure. The new virus has been named Rhabdovirus olivaceus (hirame rhabdovirus,

Published October 15

HRV).

INTRODUCTION

An unknown disease occurred during March 1984 in
cultured hirame (Japanese flounder) Paralichthys
olivaceus held in pens in Fukura Bay, and in cultured
ayu Plecoglossus altivelis fry held in seawater tanks at
the Hyogo Prefectural Fisheries Experimental Station,
Hyogo Prefecture, Japan (Gorie et al. 1985a, b). Com-
mon gross signs of the disease in hirame were conges-
tion of the gonads, focal hemorrhage of the skeletal
muscle and fins and accumulation of ascitic fluid;
characteristic microscopic signs were pyknosis and
necrosis of the hematopoietic tissue (Kimura et al.
unpubl. data). Infected ayu fry exhibited exophthalmia
and pethechiae on the opercula. The following year, in
February to May 1985, the disease was again observed
among the hirame cultured in seawater tanks at the
Hyogo Prefectural Fisheries Experimental Station,

© Inter-Research/Printed in F. R. Germany

Negi Island, Kagawa Prefecture, and at Yagishin
Island, Hokkaido. Examination of diseased fish failed
to show any bacterial, fungal or parasitic agents known
to infect these hosts.

During the course of viral examination, infectious
hematopoietic necrosis virus (IHNV)-like cytopathic
effects (CPE) were observed in the RTG-2 cell cultures.
The responsible agent was not neutralized with anti-
sera prepared against known fish rhabdoviruses:
[HNV, viral hemorrhagic septicemia virus (VHSV),
spring viremia of carp virus (SVCV), pike fry rhab-
dovirus (PFRV), eel virus-America (EVA) and eel virus-
Europe (EVX). Pathogenicity and virulence of the iso-
late to the hirame was demonstrated by intraperitoneal
injection (Gorie et al. 1985a).

In this report we describe the characteristics and
pathogenicity of this new virus, named Rhabdovirus
olivaceus or hirame rhabdovirus (HRV).
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MATERIALS AND METHODS

Viruses. Five isolates of HRV were used for virologi-
cal and serological studies. The HRV-8401H isolate
originated from diseased hirame and the HRV-A
8401H isolate was cultured from moribund ayu fry at
Hyogo Prefecture in March 1984 (Gorie et al. 1985a, b).
The HRV-8501H, 8501K and 8501Y isolates were
obtained from diseased hirame in Hyogo Prefecture in
February, Kagawa Prefecture in March, and Hokkaido
in April 1985, respectively. The fish rhabdoviruses,
SVCV, PFRV, EVA and EVX, and IHNV (strains [HNV-
H, ChAb, HV-1) were used as reference viruses. Two of
the IHNV strains (ChAb and HV-1) were stock viruses
in our laboratory. The IHNV-H, SVCV, EVA and EVX
were provided by Dr. B. J. Hill, Fish Diseases Labora-
tory, Ministry of Agriculture, Fisheries and Food, U. K.,
and PFRV was provided by Dr. P. de Kinkelin, Institut
National de la Research Agronomique, France. Stock
strains of infectious pancreatic necrosis virus (IPNV,
serotype VR-299, Ab, and Sp) and Oncorhynchus
masou virus (OMV, 00-7812) were also used as refer-
ence viruses.

Cell lines. The rainbow trout gonad cell line (RTG-2:
Wolf & Quimby 1962) was used for primary isolation
and for routine propagation of the virus. The cell lines
of fathead minnow (FHM: Gravell & Malsburger 1965),
epithelioma papilosum cyprini (EPC: Tomasec & Fijan
1971), blue gill fry (BF-2: Wolf & Quimby 1966), steel-
head trout embryo (STE-137: Lannan et al. 1984),
yamabe kidney (YNK: Watanabe et al. 1978), brown
bullhead (BB: Wolf & Quimby 1966), channel catfish
ovary (CCO: Bowser & Plumb 1980), eel kidney (EK-1:
Chen et al. 1982), chinook salmon embryo (CHSE-214:
Lannan et al. 1984), chum salmon heart (CHH-1: Lan-
nan et al. 1984), kokanee salmon ovary (KO-6: Lannan
et al. 1984) and hirame fin (HF-1: Yoshimizu & Kimura
unpubl.) were used for virus susceptibility tests. All
cells were grown in Eagle's minimum essential
medium prepared with Earle's salts (MEM; Gibco,
Grand Island, New York, USA) and supplemented with
10 % fetal bovine serum (FBS; Flow Laboratories,
McLean, Virginia, USA) and antibiotics (100 I. U.
penicillin ml™'; 100 ug streptomycin ml™). Except
where noted, cells and virus were incubated at 15 °C.

Antisera. Antiserum aginst IHNV (HV-1) was pro-
vided by the Ministry of Agriculture and Fisheries,
Japan, and antisera against IHNV-H, SVCV, EVA and
EVX were provided by Dr. B. J. Hill (50 % plaque
neutralization titers of these sera were 13 000, 30 000,
600 000 and 680 000, respectively). Anti-PFRV and
polyvalent anti-VHSV sera were provided by Dr. P. de
Kinkelin (50 % plaque neutralization titers were 4000
and greater than 6400, respectively). Anti-VHSV
serum was also provided by Dr. W. Ahne, Institut fur

Zoologie und Hydrobiologie, Universitat Munchen, F.
R. Germany (log 10 NI = 3.0 at 1:100). Anti-IPNV (VR
299, Ab, and Sp) and anti-OMYV sera were prepared in
this laboratory (50 % neutralization titers were 42 000,
3500, 14 000, and 80 respectively).

Virus assay. The concentrations of infectious virus in
characterization and neutralization studies were mea-
sured by TCIDsg assay using RTG-2 cells incubated at
15°C for 7 d. The titer was determined using 96-well
microplates (Flow Laboratories) and the endpoints
were calculated by the method of Reed & Muench
(1938).

Ether sensitivity. One ml of diethyl ether was added
to 4 ml of clarified supernatant from an infected cell
culture. This mixture and a control tube containing
Hanks' balanced salt solution {(BBS) in place of the
ether were allowed to stand at 4 °C for 18 h. The ether
was then removed using nitrogen gas and the virus in
the agueous phase and the BBS control was titrated.

Resistance to 5-iododeoxyuridine (IUdR). Monolayer
cultures of RTG-2 cells were exposed to 107 M IUdR
(test cultures) or to BSS (control cultures). The test and
control cultures were infected with virus, incubated at
15 °C for 10 d, and the virus was then titrated.

Stability to pH 3. Stability of HRV to pH 3 was tested
by incubating a suspension of virus in MEM adjusted
to this pH. Controls consisted of the virus suspended in
MEM at pH 7.2. After 3 h incubation at 15 °C, the virus
was titrated.

Hemagglutination with human Type O erythrocytes.
The potential of HRV to hemagglutinate human Type
O erythrocytes (0.5 % suspension) at pH 7.2 and 20 °C
was assessed using a standard microassay procedure
commonly employed in mammalian virology (Hsiung
1982).

Heat inactivation. The virus suspension was distri-
buted in 0.5 ml aliquots into Kahn tubes which were
placed in a 50 or 60 °C water bath. At specified times
thereafter samples were removed, rapidly cooled, and
the remaining infectious virus was titrated.

Serological characterization tests. Neutralization of
viral infectivity by antisera against HRV, IHNV, IPNV,
VHSV, SVCV, EVA, EVX, PFRV, and OMV was tested
by making serial 10-fold dilutions in BSS of the super-
natant from HRV-infected or reference virus-infected
cultures and reacting 0.2 ml of each dilution with
0.2 ml of normal rabbit serum (1:100 in BSS) or rabbit
antisera (HRV; IHNV; IPNV [VR-299, Ab, Sp]; SVCV;
EVA and EVX, 1:100; [HNV [HV-1], 1:90; PFRV, 1:80;
and OMV, 1:20). After incubation for 60 min at 15 °C,
replicate portions (0.1 ml) of each mixture were
removed and assayed in FHM cells for detectable CPE.

The serological relations between HRV and the
reference rhabdoviruses were determined by cross-
neutralization tests using rabbit antisera. Antisera
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were diluted with BSS at pH 7.2 in either 2 or 3-fold
steps. Each virus was harvested and diluted with BSS
to give approximately 100 TCIDs, 0.05 ml™'. Aliquots
(0.05 ml) of the virus suspension were reacted with 0.05
ml of each antiserum dilution at 15 °C for 1 h following
which a 0.1 ml volume of FHM cells (2.0 X 10% cells 0.1
ml~!) was added to each reaction mixture. The result-
ing cultures were incubated at 15 °C for 10 d and then
observed for CPE. Neutralizing antibody titers were
expressed as the reciprocal of the highest dilution of
antiserum protecting 50 % of the inoculated cell cul-
tures.

Cell Iine susceptibility and virus replication. Mono-
layer cultures of FHM, EPC, BF-2, STE-137, RTG-2,
HF-1, CCO, YNK, EK-1, CHSE-214, CHH-1, and KO-6
cells were prepared in 96-well plates. Stock cultures of
HRV and IHNV (ChAb) were diluted 107! to 107% in
BSS and 0.05 ml of each dilution was inoculated into 4
wells of each cell line and the virus titers determined.
The cell lines mentioned were also tested for their
ability to support HRV growth. Cells were seeded in 25
cm? flasks (Falcon) at a concentration of 1.0 x 10°
flask™! in MEM with 10 % FBS (MEM-10) and incu-
bated for 3 d. The cultures were then inoculated with
HRYV at a multiplicity of infection (MOI) of 0.1, and 0.1
ml of culture medium was removed from each flask at
Day 1, 3, 7, and 10, and the virus titer determined.

The optimum temperature for virus replication was
determined using RTG-2 and EPC cells. Monolayer
cultures of these cell lines were prepared in 25 cm?
flasks and infected with virus (HRV, ITHNV, IPNV) at
MOI = 1. After 2 h adsorption, cells were washed with
BSS and then MEM-10 was added. The cultures were
incubated at 5, 10, 15, 20, and 25°C. At 1,4, 8, and 11 d
post-infection, the titer in each flask was determined.

Stability of HRV in seawater. The stability of HRV in
seawater was compared with its stability in cell culture
medium. One ml of harvested virus was added to 9
volumes of autoclaved seawater or to 9 ml of MEM-10.
Both mixtures were held at 15 °C and the virus titers

were determined after 2, 5, 7, 10, 20, 30, 60, 96 and
152 d.

Electron microscopy. Ultrathin sections of RTG-2
cells infected with HRV were prepared for examina-
tion by electron microscopy. Monolayer cell cultures
were infected with HRV (MOI = 0.1). After 24 h incu-
bation at 15 °C, cells were scraped from the flasks and
fixed with 3 % glutaraldehyde in 0.1 M sodium
cacodylate buffer, pH 7.4 for 1 h. Cells were washed
with 0.1 M sodium cacodylate buffer by centrifugation
{167 xg for 10 min) and then post-fixed with 1 % OsO,
in 0.2 M sodium cacodylate buffer for 30 min. Pelleted
cells were embedded in epoxy resin, sectioned, and
stained with 2 % uranyl acetate. The size of the virus
particles was measured by comparison with polysty-
rene latex beads measuring 0.23 pm in diameter (Oken
Shoji Co., Tokyo).

Virus purification and antiserum preparation. Con-
centration of HRV-8401H was achieved by polyethy-
lene glycol precipitation followed by centrifugation at
100 000 xg for 1 h through 0.25 % sucrose percol
(Pharmacia Fine Chemicals). The virus band was
removed and washed by centrifugation (100 000 Xg
for 1 h) in phosphate buffered saline (PBS; pH 7.2). The
pelleted virus was then resuspended in TNE buffer (0.2
M tris, 0.15 M NaCl, 0.001 M Na,EDTA, pH 7.2) and
dialyzed overnight against TNE bulffer.

A New Zealand white rabbit was injected intraven-
ously with purified virus both intramuscularly and
subcutaneously with an emulsion of purified virus and
Freund's incomplete adjuvant (1:1). The intramuscular
and subcutaneous injections were carried out on Day
30, 50 and 60 after primary inoculation. The rabbit was
bled 10 d after the last injection. Serum was collected,
sterilized by membrane filtration, inactivated at 56 °C
for 30 min and stored at —80 °C until used.

Pathogenicity of HRV. The pathogenicity of the virus
was tested in specific-pathogen-free chum salmon,
masu salmon, coho salmon, rainbow trout and ayu.
Rainbow trout (8 g), and masu salmon (6 g) were

Table 1. Biochemical and biophysical characterization of HRV

Characteristics

Control

Ether treatment, 5°C, 18 h

pH 3.0, 3h

50 °C, 2 min

60 °C, 1 min

IUdR, 50 pg ml™'"

Hemagglutination of human O type erythrocytes®

* See text

Log TCIDs, ml™!

HRV 8401H HRV A-8401H
6.05 6.05
<1.80 <1.80
4.05 4.30
<0.80 <0.80
<0.80 <0.80
6.05 6.30
Negative Negative
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injected intramuscularly with 0.1 ml of MEM contain-
ing 10*? TCIDs, ml™? of virus. Groups of 10 fish each
were injected with virus. Two groups received only
MEM. All were held in 20 [ aquaria at 12 to 13 °C for 21
d and observed daily for mortality. Fifty chum and coho
salmon, 30 masu salmon and 15 ayu, weighing approx-
imately 0.2, 0.5, 0.2 and 0.5 g, respectively, were
infected by the immersion method using 10%° TCIDs,
ml~!. Fish were exposed to the virus at 10 °C for 60 min
and then held for 21 d in 31 aquaria at 12 to 14 °C (or at
16 to 17 °C in the case of the ayu). After 21 d of
observation, samples of 5 fish from each challenged
group were assayed for virus. Samples consisted of fish
that had died during the observation period and fish
that had survived. The fish were homogenized in BSS
(1:10 w/v) using a stomacher. The homogenates were
filtered through a 0.45 pm pore diameter filter and the
virus titers determined.

RESULTS
Biochemical and biophysical characterization

Biochemical and biophysical characteristics of the
HRV-8401H and HRV-A-8401H isolates are sum-
marized in Table 1. Ether treatment markedly reduced
infectivity of the viruses. The BSS-treated control had a
titer of 10%% TCIDs, ml~* while the ether-treated sus-
pension gave a titer less than 10"® TCIDs, ml™'. This
sensitivity to ether is evidence that the virus has an
essential lipid-containing envelope.

The deoxyuridine analogue IUdR was not effective
in blocking viral replication. Control cultures and
IUdR treated cultures had similar titers (10%% TCIDs,

ml™!). The lack of inhibition by halogenated pyrimi-
dines is evidence that the virus possesses an RNA
genome.

Both isolates were inactivated by exposure to pH 3.0.
No hemagglutination by HRV was observed with
human O type erythrocytes.

Electron microscopy

Virus particles in HRV-infected RTG-2 cells were
bullet-shaped (Fig. 1). Measurements on 30 particles
revealed them to be between 180 and 200 nm long and
80 nm in diameter. These morphological and biophysi-
cal features are characteristic of viruses of the Rhab-
doviridae.

Serological characterization

The 5 isolates of HRV used were obtained from 2
host species at 3 different locations over a 2 yr period.
All were neutralized with anti-HRV 8401H rabbit
serum. No neutralization of HRV infectivity by antisera
against [HNV, IPNV, OMV, VHSV, SVCV, PFRV, EVA
or EVX was observed. The infectivity of each control
virus used was reduced over 100-fold by the homolo-
gous antiserum.

Cross-neutralization tests indicated that HRV was
clearly distinguishable from the 5 reference rhabdo-
viruses (Table 2). The HRV was neutralized with
homologous antiserum at a titer of 160 but was not
neutralized with the heterologous antisera tested.
Anti-IHNV, SVCV, EVA and EVX rabbit sera were
also highly specific. Cross reactions were not observed
except between EVA and EVX.

Table 2. Cross-neutralization tests with HRV, IHNV, VHSV, SVCV, EVA, EVX and PFRV

Virus Virus titer Anti-sera (NDsy)!
Log HRV IHNV VHSV SVCv PFRV EVA EVX
TCID;, 8401H HV-12 H3 K* A’ H K K H H
well™!
HRV 8401H 1.75 160 <17 <42 <42 <42 <42 <42 <17 < 42 <42
[HNV HV-1 2.00 <17 90 ND ND ND ND ND ND ND ND
IHNV H 1.75 <17 ND 141 <42 <42 <42 <42 <17 <42 <42
SVCV H 2.00 <17 ND <42 <42 <42 141 ND <17 <42 <42
EVA H 1.55 <17 ND <42 <42 ND <42 <42 ND =281 =281
PFRV K 2.25 <17 ND <42 ND ND ND ND 2112 ND ND

' ND;, = 50 % neutralization titers

? Provided by Ministry of Agriculture and Fisheries

* Provided by Dr. B. J. Hill

¢ Provided by Dr P. de Kinkelin; antiserum against VHSV was polyvalent
® Provided by Dr. W. Ahne

ND: not determined
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Fig. 1. Electron micrograph of an ultrathin section showing large numbers of bullet-shaped virus particles in rainbow trout gonad
(RTG-2) cells infected with HRV. Stained with 2 % uranyl acetate (Bar = 200 nm)

Cell line susceptibility and virus replication Table 3. Comparison of cell line susceptibility to HRV and
[HNV infection

The HRV was originally isolated using RTG-2 cells.
Of the 12 other fish cell lines also evaluated for HRV Cell lines HRV-8401H [HNV ChAb
susceptibility, the EPC, FHM, BF-2, YNK, STE-137, BB, CPE' Titer? CPE Titer
EK-1, CCO, and HF-1 lines were susceptible to HRV
infection. The EPC and FHM cell lines showed the gggz i ggg : égg
greatest sensitivity, while no CPE developed in CHH- FHM 4 6:80 + 580
1, CHSE-214 and KO-6 cells (Table 3). The last 3 cell BF-2 + 5.55 + 4.55
lines were susceptible to IHNV, but the HF-1, BB, EK-1 YNK + 6.30 + 4.55
and CCO cells were not. STE-137 + 5.05 * 4.80

As judged by virus yield (Fig. 2), the FHM and RTG- CHSE-214 - <2.80 + 5.55
2 cells were the most efficient at replicating HRV. An CHH-1 * =3.05 * 6.30
incubation time of 3 to 5 d was required to observe CPE Ko-6 a <2.80 * 4.80
in EPC, HF-1, STE-137, and BF-2 cells; and the virus HE-1 + 580 - <280
yields were 10%% TCIDs, ml~! or greater. No CPE Eil I ggg B zggg
developed in CHSE-214, CHH-1, or KO-6 cells even cCco + 4.55 - <280
after 10 d incubation at 15 °C. o ! Cytopathic effects

The temperature range for viral replication was 2 Log TCIDs, ml™’
determined to be 5 to 20 °C; no replication occurred at
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Fig. 2. Replication of HRV in selected fish cell lines incubated
at 15 °C, MOI = 0.1
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Fig. 3. Effect of temperature on replication of HRV in RTG-2
cells. (a) 5°C; (@) 10 °C; (O) 15 °C; (@) 20 °C
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Fig. 4. Effect of temperature on replication of HRV in EPC
cells. (O) 15 °C; (@) 20 °C; (O) 25 °C

25 °C (Fig. 3 & 4). The RTG-2 cell line was used for
those experiments performed at 5 to 20 °C and the EPC
cells, which tolerate higher temperatures, were used
for tests at 15 to 25 °C. The extent of CPE correlated
with the virus titer produced over the range of 5 to 20
°C. At 10 °C, viral replication was slower and CPE less
extensive than at 15 or 20 °C.

Stability of HRV in seawater

Virus was suspended in seawater or MEM at an
initial concentration of 10%% TCID;, ml~!. The loss of

infectivity of HRV in seawater appeared to follow first-
order kinetics for the first 5 d but at least 10**° TCIDs,
ml~! remained after 96 d. Stability was slightly less in
the seawater than in MEM.

Pathogenicity

Table 4 gives the results of the pathogenicity tests.
Of the 2 species of salmonids challenged with HRV by
injection, only 1 (rainbow trout) proved susceptible. In
addition, none of the 3 species of salmonids and ayu
challenged with HRV by the immersion method
developed signs of disease even though 1 of them (the
ayu) was known to be suspectible to the virus under
hatchery conditions.

Virus isolations were carried out on 5 dead or surviv-
ing fish from each virus-challenged and control group.
Virus was recovered from 5 individual rainbow trout
(all mortalities); from 1 of 2 dead masu salmon fry and
from 1 of 3 surviving masu salmon fry; and from 3 of 5
surviving coho salmon fry (Table 5). Signs of disease
were only observed in rainbow trout. All the isolates
were neutralized by anti-HRV serum.

Virus titers in tissues of infected rainbow trout were
determined for kidney and spleen pools, liver and
pancreas pools, heart, intestine, swimbladder and
muscle. The virus was recovered from all tissues
examined. Kidney and spleen pools had the highest
titers (i.e. 10°% to 10%% TCIDs, ml™!, Table 6).

DISCUSSION

The virus described here, provisionally termed
hirame rhabdovirus (HRV) was isolated from cultured
hirame and seawater-cultured ayu fry. The virus
appears to be a new pathogen of marine fish. No
evidence of a similar agent is noted among recent
listings of fish viruses by Pilcher & Fryer (1980), Wolf &
Mann (1980), Agius (1982), Johnson (1984) or Wolf
{1984).

The HRV replicated in several fish cell lines at 5 to
20 °C. It was sensitive to pH 3, diethyl ether, and heat
(50 °C for 2 min), but replication was not inhibited by
IUdR. The virion was bullet-shaped and measured 80
nm X 180 to 200 nm. These morphological and bio-
physical features are characteristic of viruses belong-
ing to the family Rhabdoviridae. Several other rhabdo-
viruses, including IHNV, VHSV, SVCV, PFRV, EVA
and EVX are well-known fish pathogens. Another
virus, swimbladder inflammation (SBI) virus, proved to
be morphologically and serologically identical to
SVCV (Bachmann & Ahne 1973, 1974). The HRV was
not neutralized with the antisera against IHNV, VHSV,
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Table 4. Comparison of mortality in rainbow trout, masu salmon, coho salmon, chum salmon and ayu artificially infected with

HRV
Fish species Method Experiment Number of fish Cumulative
of Employed Died mortality %
infection )
Days after exposure
3 6 9 12 21
Rainbow trout P! Test 10 0 1 2 3 0 60
(B.W. 3.0 g) Control 10 0 1 0 0 0 10
Masu salmon 1P Test 10 0 0 0 0 0 0
(B.W. 6.0 g) Control 10 0 0 0 0 1 10
Coho salmon IS? Test 50 0 0 0 0 0 0
(B.W. 0.5 g) Control 50 0 0 0 0 0 0
Chum salmon IS Test 50 1 3 1 0 0 10
(B.W. 0.2 g) Control 50 1 1 0 0 1 6
Masu salmon IS Test 30 2 0 0 0 0 7
(BW. 0.2 g) Control 30 0 0 0 0 0 0
Ayu IS Test 15 0 0 0 0 0 0
(B.W. 0.5 g) Control 15 0 0 0 0 0 0
' Intraperitoneal injection: challenge dose, 1.0 x 10* TCIDy, fish ™
? Immersion method: challenge dose, 1.0 x 10° TCIDs, ml™!, 60 min at 10 °C

Table 5. Virus isolation from rainbow trout, masu salmon, coho salmon, chum salmon and ayu exposed to HRV

! Intraperitoneal injection
2 Immersion method
*Log TCIDso ml™!

ND: not determined

Fish species Method of infection Experiment Virus Neutralization

[solation Titer® test’

Rainbow trout P! Test 5/5 =3.80 Yes
Control 0/5 ND

Masu salmon 1P Test 1/5 =3.80 Yes
Control 0/5 ND

Coho salmon INE Test 3/5 =3.80 Yes
Control 0/5 ND
Chum salmon IS Test 0/5 ND
Control 0/5 ND

Masu salmon IS Test 2/5 =3.80 Yes
Control 0/5 ND
Ayu IS Test 0/5 ND
Control 0/5 ND

4 With anti-HRV 8401H rabbit serum (1:100) vs 100 TCID;, well ™!

SVCV, PFRV, EVA or EVX. Cross-neutralization tests
indicated that HRV was clearly distinguishable from
these reference rhabdoviruses.

The HRV showed IHNV-like CPE, progressing even-
tually to cytolysis, in cultured FHM, EPC, BF-2, RTG-2,
STE-137, HF-1, BB, YNK, CCO, and EK-1 cells. How-
ever, the CHSE-214, CHH-1 and KO-6 cell lines, which
were all derived from salmonid fish and have a similar

epitheloid morphology, were refractory to HRV. This
pattern of cell susceptibility was clearly different from
that of IHNV and VHSV. Although little information
is available, the HRV also appears to be readily dis-
tinguishable, on the basis of the susceptibility of vari-
ous cell lines, from the rhabdovirus of cod ulcus syn-
drome (Jensen et al. 1979) and from a recently
described crab rhabdovirus (Johnson 1984).
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Table 6. Virus titers in kidney, spleen, liver, pancreas and
swim bladder of HRV-infected rainbow trout

Specimen Organ Titer®
Log TCIDs, g!
I Kidney + spleen 6.05
Liver + pancreas 4.30
Heart 3.55
Intestine 5.80
11 Kidney + spleen 6.80
Liver + pancreas 4.05
Swimbladder 5.80
Muscle 4.80
* RTG-2 cells used for assay

Although most rhabdoviruses isolated from non-sal-
monid fishes (for example SVCV, PFRV, EVA and
EVX, the virus isolated from grass carp {Ahne 1975]
and the virus from a North American cichlid [Mals-
berger & Lautenslager 1980]) replicate at 25 °C or
above, HRV did not replicate at 25 °C. A comparison
between HRV and Rhabdovirus salmonis (Osadchaya
& Nakonechnaya 1981) could not be made because of
the limited information available.

The pathogenicity of HRV for hirame was observed
following intraperitoneal injection into 100 to 250 g
fish (Gorie et al. 1986). The cumulative mortality was
20 %, but mortality was not observed at 16 °C or above.
The mortalities of hirame in natural outbreaks in
Hyogo were 25 % (1984) and 7.2 % (1985). For Kagawa
Prefecture the mortality was 3.3 % but for Hokkaido it
was greater than 90 %. The size of fish affected ranged
from 100 to 700 g. The high mortality rate among
naturally infected hirame observed in Hokkaido may
have been due to the low rearing temperatures in the
winter (2 to 5 °C). We are now investigating the ultra-
structure of tissues from naturally HRV-infected
hirame and will publish the results in the near future.

Experimentally, HRV was lethal for rainbow trout,
the cumulative mortality being 60 %. The signs of HRV
infection in rainbow trout were similar to those caused
by the salmonid virus, VHSV, because hemorrhaging
in muscles was commonly seen. Interestingly, Castric
& de Kinkelin (1984) have reported that VHSV is also
pathogenic for sea bass and turbot. The gross signs and
histopathological data reported for these 2 marine
species were similar to those observed in HRV-
infected hirame.

Chum, coho and masu salmon fry and ayu fry experi-
enced low or no mortalities when exposed to HRV by
an immersion method. It may therefore be that these
species are resistant to the virus, or that, in the case of
the ayu, the experimental temperatures were too high
to favor the virus. However, HRV was isolated from

some of the dead and surviving fish exposed to virus. If
the experiment had been extended, higher mortalities
might therefore have been observed.

From the evidence obtained thus far, HRV is a new
pathogenic virus of fish. This virus is now considered
to be an important pathogen of cultured hirame and
salmonids in Japan. We propose the name Rhab-
dovirus olivaceus n.sp., for this new rhabdovirus
because it was first isolated from diseased hirame
(Japanese flounder) Paralichthys olivaceus.
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