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Abstract
During an investigation on the distribution of fish viruses in wild marine fishes, a rhabdovirus
was isolated from wild Japanese flounder (Paralichthys olivaceus) caught in Obama coastal area
of the Wakasa Bay, Japan in 1999. The isolated rhabdovirus was neutralized by an antiserum
against viral haemorrhagic septicaemia virus (VHSV) but not by antisera against infectious hae-
matopoietic necrosis virus (IHNV) or hirame rhabdovirus (HIRRV). The newly isolated
rhabdovirus was composed of five structural proteins with estimated molecular weights of L:
>140, G: 61.6, N: 43.1, M1: 28.4 and M2: 24.0 kDa. In the Western blot analysis, the anti-VHSV
serum strongly reacted with G, N, M1 and M2 proteins of the new viral isolates. In the PCR tests
with primers for the G and M1 protein genes of VHSV, amplified products having the same size
with each target region were amplified from the rhabdoviral genome. Based on these results, the
rhabdovirus isolated from wild Japanese flounder was identified as VHSV. This is the first re-
port on the isolation of VHSV in Asian countries.

Introduction
Viral haemorrhagic septicaemia (VHS) is the
most serious viral disease of farmed rainbow
trout (Oncorhynchus mykiss) in continental
European countries. The causative agent of
VHS is classified in the genus Novirhabdovirus,
that includes infectious haematopoietic necro-
sis virus (IHNV) and hirame rhabdovirus
(HIRRV) (Walker & Kongsuwan, 1999; Walker
et al., 2001), of the family Rhabdoviridae. VHSV
has a widespread distribution in a variety of
wild freshwater fishes, and recently found to
be prevalent in marine environment (Smail,
1999; Mørtensen et al., 1999). The first isola-
tion of marine VHSV was from Atlantic cod
(Gadus morhua) in 1979 (Jensen et al., 1979;
Vestergård-Jørgensen & Olesen, 1987), and

outbreaks were subsequently reported in sea-
farmed rainbow trout in France (Castric & de
Kinkelin, 1980) and turbot (Scophthalmus

maximus) in Germany and Scotland
(Schlotfeldt et al., 1991; Ross et al., 1994). VHSV
has also been isolated from several wild ma-
rine fishes, such as cod, herring (Clupea

harengus) and other species (Mørtensen et al.,
1999). The first American VHSV strains were
isolated from returning chinook salmon (O.

tshawytscha) and coho salmon (O. kisutch) in
Western North America in 1988 (Brunson et

al., 1989; Winton et al., 1989). Additionally,
VHSV has been isolated from Pacific cod (G.

macrocephalus), Pacific herring (C. harengus

pallasi) and other marine fishes (Meyers et al.,
1992, 1994, 1999). However, VHS virus has not
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yet been found in Eastern Asian countries al-
though HIRRV was reported in Japanese
flounder (Paralichthys olivaceus) in Japan
(Nishizawa et al., 1991).

This report describes the isolation of
rhabdovirus, which was identified as VHSV,
during an investigation on the distribution of
fish pathogenic viruses in wild Japanese
flounder (Takano et al., unpublished).

Materials and Methods
Viral isolation
A total of one hundred and thirteen wild Japa-
nese flounders weighing between 0.5 to 1.0
kg were examined in the present study. The
flounders were caught off the coast of seven
coastal areas in Japan. The viral isolation was
conducted by inoculating filtered (0.45µm
membrane filter) homogenates of the brain
and head kidney tissues diluted with 9 vol-
umes of Hanks’ balanced salt solution (HBSS)
onto the established fish cell lines, CHSE-214,
RTG-2, EPC and SSN-1 (striped snakehead,
Frerichs et al., 1996). Cell lines were main-
tained in Leibovitz L-15 (Gibco)(for SSN-1) or
Eagle’s MEM (for others) supplemented with
10% (V/V) fetal bovine serum, 150 IU/ml
penicillin G and 50µg/ml kanamycin sulfate.
Inoculated cells were incubated at 20°C for
14 days in order to observe cytopathic effect
(CPE). The supernatant of the suspect wells
showing CPE were passaged onto the same
cell line and incubated again at 20°C for 14
days.

Viruses and Antisera
The viral strains of IHNV ChAb and HIRRV
8401-H were used as reference
novirhabdoviruses. Monoclonal antibody
(MAb) against VHSV N protein and rabbit

antisera against IHNV, HIRRV and VHSV
were used in the present study. The antisera
against IHNV were kindly provided from Dr.
M. Yoshimizu (Hokkaido University) and Dr.
H. Fukuda (Tokyo University of Fisheries).
The anti-VHSV serum (DK-F59; Olesen &
Lorenzen, 1999) and the MAb (IP5B11;
Lorenzen et al., 1988) were from Dr. N.J.
Olesen (Danish Veterinary Laboratory).

Viral neutralization test
Cross-neutralization tests among IHNV,
HIRRV and the new isolates (Obama #25 and
#26) were performed with antisera against
IHNV, HIRRV and VHSV. Briefly, two-fold se-
rial dilutions of each antiserum were mixed
with an equal volume of viral suspension (ti-
tre approximately 2.0 TCID50 /50 µl) and in-
cubated at room temperature for 1 h. Aliquots
of each mixture (100 µl/well) were transferred
to 2 wells of microtiter plates seeded with
FHM cells. The maximum dilution of antise-
rum to neutralize the virus was calculated
after 14 day incubation at 20°C.

Viral purification and analysis of viral
structure proteins
IHNV, HIRRV and the Obama #25 strain were
purified from fluid of the cell cultures by cen-
trifugation through a discontinuous gradient
composed of 50%, 35% and 20% (W/W) su-
crose in ST buffer (20 mM Tris-HCl, pH 7.4,
100 mM NaCl). Viral structural proteins were
analyzed by SDS-PAGE using 10% polyacry-
lamide gel electrophoresis under the reduc-
ing conditions of Laemmli (1970) and stained
with silver nitrate. Separated proteins by SDS-
PAGE were electroblotted onto nitrocellulose
membrane by the procedure of Towbin et al.
(1979) for immunostaining with antisera
against IHNV, HIRRV and VHSV. Blotted pro-
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teins were visualized with an alkaline phos-
phatase conjugate substrate kit (Bio-Rad) ac-
cording to manufacture’s instructions.

PCR amplification
Viral RNAs were extracted from cell culture
supernatants using RNA extraction kit
(Isogen-LS, Nippon Gene) according to manu-
facturer’s instructions, and were submitted to
RT-PCR amplification with two different PCR
primer sets. The first primer set, VG1 (5’-
ATGGAATGGAACACTTTTTTC-3’) and VD3
(5’-TGTGATCATGGGTCCTGGTG-3’), were
for amplification of a 697 base region of the
VHSV G protein gene (Miller et al.,1998). An-
other primer set, VM1sense (5’-
CACATGRCTGATATTGAGATGAG-3’) and
VM1anti (5’-CTTGTCCAMSTCCGCCTTG-3’)
targeting a 663 base region of VHSV M1 pro-
tein gene, were designed based on nucleotide
sequences of VHSV 07-71 and Makah strains
(accession numbers U02624 and U02630). For
reverse transcription, extracted viral RNA was
pre-heated at 90°C for 5 min and then incu-
bated at 42°C for 30 min in 10 µl of PCR buffer
(10 mM Tris-HCl, pH 8.3, 50 mM KCl) con-
taining 25 U of M-MLV reverse transcriptase
(USB), 1.0µM of sense primer, 1 mM of dNTP

and 5 mM of MgCl2. After incubation at 99°C
for 10 min, DNA was amplified in 50µl of PCR
buffer containing 0.2µM of each primer, 1.25
U of Taq DNA polymerase (PerkinElmer),
0.2mM of dNTP and 2 mM of MgCl2 using a
thermal cycler (Astec PC-800) programmed
for 1 cycle at 72°C for 10 min and 95°C for 2
min, then 30 cycles at 95°C for 1 min, 52°C for
1 min, 72°C for 1 min, and finally held at 72°C
for 5 min. The amplified products were
analyzed by 1.5% agarose-TAE (40mM Tris-
acetate, pH 7.2 and 1mM EDTA) gel electro-
phoresis.

Results and Discussion
Viral isolation and neutralization test
Although aquabirnaviruses were isolated
from 41% of the collected fish samples
(Takano et al., unpublished), a different type
of CPE from that observed with
aquabirnavirus was observed in EPC and
SSN-1 cells inoculated with brain and head
kidney homogenates from two fish samples
obtained at Obama, Wakasa Bay in Decem-
ber 1999. These cells showed CPE typical of
that observed in other fish rhabdoviruses (Fig.
1), and these samples were not neutralized by

Fig. 1. Cytopathic effect (CPE) of EPC cells infected with the rhabdovirus Obama strain from wild Japanese
flounder Paralichthys olivaceus showing diffuse retraction and rounded refractile cells. (A) monolayer of
normal EPC cells and (B) EPC cells with CPE induced by the rhabdovirus Obama #25.
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polyclonal antibodies against
aquabirnaviruses such as IPNVs (VR299, Ab
and Sp) or yellowtail ascites virus (YAV)(data
not shown). Results of the viral neutralization
test are shown in Table 1. The Obama #25 and
#26, the new isolates from flounders, were
efficiently neutralized by the anti-VHSV se-
rum but not by antisera against IHNV or
HIRRV. Also, the Obama strains were con-
firmed to be positive by IFAT with the anti-
VHSV serum and the MAb (IP5B11), but not
by anti-IHNV or HIRRV sera (data not
shown).

Comparison of viral structural proteins
The purified virions of Obama strain (#25)
were confirmed to be bullet-shaped by nega-
tively stained electronmicroscopy (data not
shown). Results of SDS-PAGE and Western
blot analyses of viral structural proteins are
shown in Fig. 2. The Obama strain was com-
posed of five structural proteins with esti-
mated molecular weights of L: >140, G: 61.6,
N: 43.1, M1: 28.4 and M2: 24.0 kDa. The pat-
tern of structural proteins of Obama strain
was similar to that of IHNV and HIRRV but
differences were observed in the relative mo-
bility of the G, N, M1 and M2 proteins among

them. The G protein of Obama strain was
larger than HIRRV and the N protein was lo-
cated between those of IHNV and HIRRV
while the M1 protein was slightly smaller than
IHNV and HIRRV. The Obama strain M2 pro-
tein was slightly bigger than HIRRV M2 pro-
tein. In the Western blot analyses (Fig. 2-B to
E), antisera against IHNV and HIRRV showed
extensive cross-reactions with IHNV and
HIRRV but almost no cross-reaction with
Obama strain. Conversely, anti-VHSV serum
showed cross-reaction with G, N, M1 and M2
proteins of Obama strain but not with those
of IHNV or HIRRV. The MAb against VHSV
N protein strongly reacted with N protein of
the Obama strain but no cross-reaction with
that of IHNV or HIRRV were observed.

PCR amplification
In the PCR amplification with the VG1 and
VD3 primer set (Fig. 3-A), a PCR product ap-
proximately 700 bases long was amplified
from the genome of the 2 Obama strains. No
PCR product was observed using IHNV or
HIRRV nucleic acid as target. In the case of
the primer set targeting the VHSV M1 pro-
tein gene, a product of approximately 660
bases was observed in Obama strains, but not

Table 1. Cross neutralization of infectious haematopoietic necrosis virus (IHNV), hirame rhabdovirus (HIRRV)
and the rhabdovirus Obama strains (#25 and #26) with antisera against IHNV, HIRRV and VHSV. *1:
Maximum dilution of antiserum to neutralize 2.0 TCID50 of virus.

*aresitnAfoertiTnoitazilartueN 1

suriV ertiTlariV
DICT( 05 )llew/ VNHI-itnA VNHI-itnA VRRIH-itnA VSHV-itnA

VNHI 0.2 08 061 02< 02<

VRRIH 5.2 02< 02< 023 02<

52#amabO 8.2 02< 02< 02< 061

62#amabO 0.3 02< 02< 02< 061
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from IHNV or HIRRV (Fig. 3-B). The size of
each PCR product was consistent with that of
target regions for each primer set.

In conclusion, newly isolated rhabdoviruses,
Obama #25 and #26, from wild Japanese
flounder have been identified as VHSV based
on serological, genetical and structural pro-
tein analyses. Thus, the Japanese flounder

should be included in the list of natural host
species of VHSV. The Japanese VHSV strains
were isolated from two wild Japanese floun-
ders, one of which (661g) was apparently
healthy while the other (1,006g) was anaemic
(hematocrit value: 16.5%). The detection rate
of VHSV was 1.8% (2 out of 113 samples).
Around the North Sea and Baltic Sea, the de-
tection rate of VHSV from wild fish species

Fig. 2. SDS-PAGE and Western blot analyses of structural proteins of IHNV, HIRRV and the rhabdovirus
Obama #25. (A) SDS-PAGE, (B) Western blotting with antiserum against IHNV, (C) with anti-HIRRV serum,
(D) with anti-VHSV serum, (E) with MAb against VHSV N protein. Lane M: molecular weight marker,
lane1: IHNV, lane 2: HIRRV and lane 3: the rhabdovirus Obama #25.

Fig. 3. Agarose gel electrophoresis of PCR products from genomes of IHNV, HIRRV and the rhabdovirus
Obama strains. (A) Amplified with PCR primers, VG1 and VD3, for a 697 base region of the VHSV G protein
gene, (B) with PCR primers, VM1sense and VM1anti, for a 663 base region of the VHSV M1 protein gene.
Lane M: molecular size marker, lane 1: IHNV, lane 2: HIRRV, lane 3: the rhabdovirus Obama #25 and lane 4:
the Obama #26.
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was 3.4% (Mortensen et al., 1999), and also
VHSV was isolated from wild Pacific herring
in Prince William Sound, Alaska, USA at the
rate of 4.7% (Marty et al., 1998). Stone et al.

(1997) suggested that all marine fish species
are potential carriers of the VHSV. Therefore,
it is not surprising that VHSV was isolated
from wild Japanese flounder in Japanese coast
area even though no VHSV has been detected
from salmonid fishes in Japan. The present
finding may support a marine origin of VHSV.
Recently, VHS has been occurring in Japanese
flounder cultured in the Inland-Sea of Japan
(Isshiki et al., unpublished data).

VHSV strains have been phylogenetically
separated into three different genotypes based
on sequence variation of the glycoprotein
gene: genotype I for continental European
strains, genotype II for British isles strains and
genotype III for North American strains
(Benmansour et al., 1997; Stone et al., 1997).
As a preliminary test we cloned and
sequenced the PCR product of the M1 pro-
tein gene of our strain (Obama #25). Obama
#25 strain showed 98.9% sequence homology
with American strains, and 85.2-85.7% with
European strains (data not shown).
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