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ABSTRACT: A rhabdoviral disease occurred in farmed populations of market sized Japanese floun-
der (hirame) Paralichthys olivaceus in the Seto Inland Sea of Japan in 1996. The causative agent was
identified as viral hemorrhagic septicemia virus (VHSV) based on morphological, immunological,
and genetic analyses. Diseased fish that were artificially injected with a representative virus isolate
showed the same pathological signs and high mortality as observed in the natural outbreak. This is
the first report of an outbreak of VHSV infection in cultured fish in Japan. Clinical signs of diseased
fish included dark body coloration, an expanded abdomen due to ascites, congested liver, spleno-
megaly, and a swollen kidney. Myocardial necrosis was most prominent and accompanied by inflam-
matory reactions. Necrotic lesions also occurred in the liver, spleen and hematopoietic tissue, and
were accompanied by circulatory disturbances due to cardiac failure. Hemorrhagic lesions did not
always appear in the lateral musculature. Transmission electron microscopy revealed many rhab-
dovirus particles and associated inclusion bodies containing nucleocapsids in the necrotized
myocardium. The histopathological findings indicated that the necrotizing myocarditis could be con-
sidered a pathognomonic sign of VHSV infection in Japanese flounder.
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INTRODUCTION

Viral hemorrhagic septicemia (VHS) has been a seri-
ous disease of farmed rainbow trout Oncorhynchus
mykiss primarily in European countries. The causative
agent, viral hemorrhagic septicemia virus (VHSV), has
also been reported from other salmonid fishes in Euro-
pean countries since 1965 (Rasmussen 1965, Jergensen
1980, Smail 1999) and North America since 1988
(Brunson et al. 1989, Winton et al. 1989, Amos et al.
1998). Outbreaks of VHSV infection has been reported

*E-mail: kagawafdl@pop06.odn.ne.jp

© Inter-Research 2001

in sea-farmed rainbow trout in France and Denmark
(Castric & de Kinkelin 1980, Horlyck et al. 1984), and
sea-farmed turbot Scophthalmus maximus in Germany
and Scotland (Schlotfeldt et al. 1991, Ross et al. 1994).
In addition, since the early 1990s, VHSV has been
increasingly detected in a wide range of wild marine
species with or without disease in Europe and North
America (Meyers & Winton 1995, Mortensen et al.
1999, Smail 1999). Also, the existence of an epizootic
due to VHSV in marine environments has been de-
monstrated in Pacific herring Clupea pallasi and turbot
(Kocan et al. 1997, Snow & Smail 1999). In 1999, VHSV
was first isolated from wild Japanese flounder (hirame)
Paralichthys olivaceus caught in the Wakasa Bay of
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Japan during a survey on the distribution of fish
viruses in wild marine fishes (Takano et al. 2000).

Clinical signs and histopathological features of
VHSYV infection in some freshwater and marine fishes
resemble those in rainbow trout. A common feature is
the widespread hemorrhaging in the external and
internal organs, although the severity of hemorrhaging
varies among fish species. Rainbow trout displays most
severe hemorrhagic lesions in the lateral musculature
(Yasutake & Rasmussen 1968, Yasutake 1970, 1975,
Horlyck et al. 1984, Smail & Munro 1989). Hemor-
rhagic lesions are also evident in pike Esox lucius
(Meier & Jorgensen 1980), sea bass Dicentrarchus
labrax (Castric & de Kinkelin 1984) and turbot (Ross et
al. 1994), but are less obvious in Pacific herring (Kocan
et al. 1997). Histopathologically, necrotic changes are
observed in various visceral organs incluging the liver,
spleen, hematopoietic tissue and pancreatic acini in
many fish species except Pacific cod Gadus macro-
cephalus, which displays only dermal lesions (Meyers
et al. 1992).

VHSV is a member of the family Rhabdoviridae,
genus Novirhabdovirus, to which infectious hemato-
poietic necrosis virus (IHNV) and hirame rhabdovirus
(HIRRV) belong (Walker et al. 2000). HIRRV, the
causative agent of the HIRRV disease (HIRRVD), was
widely distributed in farmed hirame and other marine
fishes in Japan (Kimura & Yoshimizu 1991, Nishizawa
et al. 1991). HIRRV caused mass mortalities in farmed
hirame in Japan during the 1980s (Kimura et al. 1986,
1989). The diseased fish usually displayed severe
hemorrhage in the lateral musculature and in visceral
organs accompanied by markedly necrotic lesions of
the spleen and the hematopoietic tissue, which are
very similar to those observed in the VHSV infections
mentioned above.

During winter to spring of 1996, a rhabdoviral dis-
ease broke out in cultured hirame in the Inland Sea of
Japan. Because the diseased hirame showed clinical
signs a little different from those of HIRRVD, and
results of serological and molecular biological tests
of the rhabdovirus revealed differences to HIRRV, we
previously thought that the virus was a new type of
HIRRV. Recently, we were able to identify the virus as
VHSYV, which could not be considered identical with
the isolate of VHSV from wild hirame reported by
Takano et al. (2000). In the present paper, we report
the isolation and identification of VHSV from cultured
diseased hirame that had experienced mass mortality
in 1996. We also induced experimental infections with
a representative isolate of VHSV to determine its
pathogenicity for hirame and describe the histological
and ultrastructural pathologies for both naturally and
experimentally infected fish. This is the first report of an
outbreak of VHSV infection in cultured fish in Japan.

MATERIALS AND METHODS

Examinations of diseased hirame. Eleven diseased
fish (295 to 575 g) that were moribund or had just died
were collected from 2 farming areas in the Seto Inland
Sea of Japan during April 1996. After external and
internal observations, the gills and body surface were
examined microscopically for the presence of parasites
and bacteria. Pieces of the brain, kidney and liver were
cultured for bacteria on brain heart infusion agar
plates (Nissui, Japan) supplemented with 2.0% NaCl
and incubated at 25°C for 7 d. In addition, viral culture
of the spleen tissues was done by first homogenizing
with 9 volumes of Hanks' balanced salt solution (Hanks'
BSS; Nissui) followed by centrifugation at 1770 x g for
15 min at 4°C. The supernatant was diluted 5 times
with Hanks' BSS and filtered through a 450 nm mem-
brane filter. The filtrate was inoculated onto 6 fish cell
lines: CHSE-214 (chinook salmon embryo: Lannan et
al. 1984), RTG-2 (rainbow trout gonad: Wolf & Quimby
1962), EPC (epithelioma papilosum cyprini: Tomasec &
Fijan 1971), FHM (fathead minnow: Gravell & Mals-
burger 1965), BF-2 (blue gill fry: Wolf et al. 1966) and
RSBK-2 (red sea bream kidney: Kusuda & Kawarasaki
1993). The inoculated cells were incubated at 10 or
20°C, and examined for the appearance of cytopathic
effect (CPE).

Virus characterization. The RSBK-2 cells were
markedly susceptible to VHSV isolates and were used
to clone a representative isolate, KRRV-9601, by apply-
ing the end point dilution method 3 times. Virus strains
of IHNV (ChAb strain), HIRRV (8401-H strain: Kimura
et al. 1986) and VHSV (Obama #25: Takano et al. 2000)
were used as reference novirhabdoviruses and propa-
gated in RSBK-2 cells. Rabbit antisera against IHNV
(ChAb), HIRRV (8401 H: Kimura et al. 1986) and VHSV
(DK-F59: Olesen & Lorenzen 1999) were used in cross
neutralization tests and for the analysis of viral struc-
tural proteins. Antisera against IHNV (ChAb) and
VHSV (DK-F59) were kindly provided by Dr
Yoshimizu (Hokkaido University) and Dr Olesen (Dan-
ish Veterinary Laboratory), respectively. Cell lines of
CHSE-214, RTG-2, EPC, FHM, and BF-2 were tested
for virus susceptibility. All cells were grown in Eagle's
minimum essential medium (MEM, Nissui) supple-
mented with 10 % fetal bovine serum (MEM 10) for cell
growth and with 2% serum (MEM 2) for viral replica-
tion at 20°C. Virus titer was measured by 50 % tissue
culture infectious dose (TCIDjy) using a 96-well
microplate (Falcon, USA) seeded with RSBK 2 cells
after a 14 d incubation. The end points were calculated
using the Behrens Kaber's method.

In the test for cell susceptibility, the KRRV-9601 iso-
late was serially diluted from 10° to 107° with 50 pl of
MEM 2. Each dilution was inoculated into 4 wells of a
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96-well microplate having a monolayer of one of the
above 6 cell lines. Inoculated cells were examined for
CPE.

Optimun growth temperatures for the isolate KRRV
9601 were determined using 1 cm? culture tubes
(Nunc, Denmark) containing RSBK 2 cells that had
been inoculated with the virus at a multiplicity of infec-
tion (MOI) of 0.01 TCIDs, cell'!. The cultures were
incubated at 5, 10, 15, 20, 25, 30 and 35°C. At 0.25, 0.5,
1, 2, 3, 5 and 7 d post inoculation, the virus titers in
each culture tube were eventually determined.

In cross neutralization tests, IHNV (ChAb), HIRRV
(8401-H), VHSV (Obama #25) and the isolate KRRV-
9601 were exposed to antisera against IHNV (ChAb),
HIRRV (8401-H) and VHSV (DK-F59). Briefly, 2-fold
serial dilutions of each antiserum were mixed with an
equal volume of virus solution containing approxi-
mately 10%° TCIDs, 50 pl™! and incubated at room
temperature for 1 h. Aliquots of each mixture (100 pl
well'!) were transferred to 2 wells of a 96-well
microplate with FHM cell monolayers. The maximum
dilution of antiserum to neutralize each virus was cal-
culated after 14 d incubation at 20°C.

Analysis of viral structural proteins for [HNV (ChAb),
HIRRV (8401-H), VHSV (Obama #25) and the isolate
KRRV-9601 was done by first purifying the viruses
from the virus-cultivated medium by centrifugation
through a discontinuous gradient composed of 50, 35
and 20 % (W/W) sucrose in ST buffer (20 mM Tris-HCI,
pH 74, 100 mM NaCl). Viral structural proteins were
analyzed by SDS-PAGE using 10% polyacrylamide
gel electrophoresis under the reducing conditions of
Laemmli (1970) and stained with silver nitrate. Proteins
separated by SDS-PAGE were electroblotted onto
nitrocellulose membrane by the procedure of Towbin
et al. (1979) for immunostaining with antisera against
IHNV (ChAb), HIRRV (8401-H) and VHSV (DK-F59),
and then were visualized with an alkaline phosphatase
conjugate substrate kit (Bio-Rad, USA) according to
the manufacturer's instructions.

Polymerase chain reaction (PCR) amplification with
2 different primer sets, VG1-VD3 (Miller et al. 1998)
and VM1sense-VM1lanti (Takano et al. 2000) targeting
VHSV G and M1 genes of VHSV, was done by extract-
ing RNAs of the isolate KRRV-9601 from virus-cultured
medium using an RNA extraction kit (Isogen-LS,
Nippon Gene, Japan) according to the manufacturer's
instructions. Reverse transcription and amplification
reactions of the RT-PCR were performed under the
same condition described by Takano et al. (2000), and
the amplified products were analyzed by 1.5%
agarose-TAE (40 mM Tris-acetate, pH 72 and 1 mM
EDTA) gel electrophoresis.

Experimental infection. The pathogenicity of the
isolate KRRV-9601 was examined using 3 sizes of

hirame averaging 14, 124 and 1059 g in body weight
(small, medium and large fish groups, respectively).
Experimental fish that had never experienced the pre-
sent disease were obtained from the Kagawa Prefec-
tural Sea Farming Center. Ten fish of each size group
were injected intraperitoneally with 10>%TCID5, fish™*
of the isolate KRRV-9601. Controls for each corre-
sponding fish group were injected similarly with virus
free MEM. After injection, the small, medium and
large fish groups were reared in 30, 100 and 2000 1
aquaria containing seawater at 10 + 1°C for 15, 24 and
60 d, respectively. Clinical signs of disease and mortal-
ity were recorded daily. Moribund, dead and surviving
fish were processed for histopathology, transmission
electron microscopy (TEM), and for virus reisolation
from pooled material of heart and spleen using RSBK-
2 cells.

Histopathology and TEM. The tissues including the
heart, liver, spleen, kidney, gonad, brain, digestive
tracts, gills, and lateral musculatures of both naturally
and experimentally infected fish were fixed in 10%
phosphate buffered formalin for histopathology. Fixed
materials were embedded in paraffin wax and sec-
tioned at 3 to 4 pm. Tissue sections were stained with
Mayer's hematoxylin and eosin (H&E), and Azan
stains. Immunohistochemical staining was also done
on tissue sections using an antiserum against KRRV-
9601 isolate and a VECTASTAIN Elite ABC kit (Vector,
USA) according to the manufacturer's instructions. The
remaining tissues pieces were fixed for TEM in a mix-
ture of 2.5% glutaraldehyde and 2% paraformalde-
hyde in phosphate buffer (pH 7.4) at 4°C. Fixed
materials were rinsed 3 times in buffer and then they
were post fixed in 2% osmium tetroxide, dehydrated
through a graded ethanol series, and embedded in
Epon epoxy resin. Virus infected RSBK-2 cells in a
25 cm? culture flask (Falcon) were harvested and cen-
trifuged at 200 x g for 10 min. The resulting pellet was
fixed and processed for TEM. Ultrathin sections were
stained with uranyl acetate and lead citrate, and
observed at 80 kV with a JEM-1200EX transmission
electron microscope.

RESULTS
Outbreaks and gross findings of diseased fish

The flounder mortality occurred during the middle
of March to May when water temperatures were be-
tween 8 and 15°C. The cumulative mortality reached
about 50 to 70% in 2 farming areas. Individual dis-
eased fish usually showed a dark body coloration, an
expanded abdomen due to ascites, pale gill coloration,
and internally, clear ascitic fluid in the peritoneal and
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Fig. 1. Paralichthys olivaceus. A naturally diseased fish displays pale coloration
of gills, accumulation of ascitic fluid, a congested liver (1), splenomegaly (s) and
swollen kidney (k). Scale bar =1 cm

pericardial cavities, a congested liver, splenomegaly,
swollen kidney and occasional hemorrhage in the
lateral musculature (Fig. 1). Although a few trichodina-
like ciliates were observed on the gills of all fish exam-
ined, no bacteria were isolated from the brain, kidney
or liver.

Virus characterization

The susceptibilities of 6 different cell lines to the
isolate KRRV-9601 are shown in Table 1. The highest
virus titer was observed in RSBK-2 cells followed
by FHM and BF-2 cells. RTG-2 and CHSE-214 cells
showed lower susceptibilities, and the least susceptible
was the EPC cell line. CPE for virus infected RSBK-2
cells consisted of round cells after 3 d incubation at
20°C and after 5 d incubation at 10°C. TEM of infected

Table 1. Susceptibility of various cell lines to the new isolate

(VHSV)

Cell line LogoTCIDs, ml~18
RSBK-2 8.80

FHM 8.05

BF-2 7.55

CHSE-214 4.55

RTG-2 3.80

EPC 1.80

aVirus titer was calculated after incubation at 20°C for 14 d

RSBK-2 cells demonstrated many virus
particles budding from the cell mem-
brane. Bullet, cone or bacilliform-
shaped virions were present in extra-
cellular or intracellular spaces. The
virion possessed an envelope around
a cross-striated nucleocapsid. The en-
veloped virions were 180 to 293 nm in
length and 60 to 86 nm in diameter
(Fig. 2A). These morphological fea-
tures were typical of the family Rhab-
doviridae. The infected cell cytoplasm
also contained inclusion bodies com-
posed of a granular substance, and
often contained electron-dense nucle-
ocapsid like structures, 160 to 620 nm
in length, and 60 to 75 nm in diameter
(Fig. 2B), which resembled those re-
ported in RTG-2 cells infected with
Danish strain F1 of VHSV from rain-
bow trout (Zwillenberg et al. 1965, de
kinkelin & Scherrer 1970).

Replication of the isolate KRRV-9601
in RSBK-2 cells at 7 selected tempera-
tures is shown in Fig. 3. The temperature range for
virus replication was determined to have been be-
tween 5 and 20°C. Virus replication was most rapid at
20°C, but the maximum virus titer (10%8 TCID5, ml™!)
was obtained at 15°C. No evidence of virus replication
occurred at above 25°C.

Results of viral neutralization tests are shown in
Table 2. The KRRV-9601 isolate was efficiently neu-
tralized with anti-VHSV (DK-F59) serum, but not with
antiserum against IHNV or HIRRV. The isolate KRRV-
9601 was also positive for the indirect fluorescent anti-

Table 2. Cross neutralization of infectious hematopoietic

necrosis virus (IHNV), hirame rhabdovirus (HIRRV) viral he-

morrhagic septicemia virus (VHSV) and the newly isolated

rhabdovirus KRRV-9601 with antisera against IHNV, HIRRV
and VHSV

Virus Virus Neutralization titer of antiserum”

titer® Anti-IHNV Anti-HIRRV Anti-VHSV®

THNV 2.0 80 <20 <20
HIRRV 2.5 <20 320 <20
New isolate

(KRRV-9601) 2.8 <20 <20 320
VHSV

(Obama #25) 3.0 <20 <20 160

aLog;TCIDs, well ™

PRieciprocal of maximum dilution of antiserum to neu-
tralize 2.0 log;oTCIDs, of virus

“Antiserum against VHSV (DK-F59)
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Fig. 2. Electron micrographs of RSBK-2 cells infected with VHSV. (A) Many virions with bullet, cone, or bacilliform shapes appear

in extrecellular and intrecellular spaces. Budding is prominent in the cytoplasmic membranes. Inclusion bodies (i) are formed in

the infected cells. (B) Higher magnification of an intracytoplasmic inclusion body with granular substance (large arrow) and
nucleocapsid-like structures (arrowheads). Scale bars = 500 nm

body technique (IFAT) using the anti-VHSV (DK-F59)
serum, but not with anti-ITHNV or HIRRV serum (data
not shown).

Results of SDS-PAGE and Western blot analyses of
viral structural proteins are shown in Fig. 4. Virus par-
ticles of the isolate KRRV-9601 were composed of 5
structural proteins, and its SDS-PAGE pattern was
more similar to that of VHSV Obama #25 than those of
[HNV and HIRRV. However, slight differences were
observed in the relative mobility of the G, M1 and M2
proteins between VHSV Obama #25 and the isolate
KRRV-9601. In the Western blot analyses (Fig. 4),
antisera against IHNV and HIRRV showed extensive
cross-reactions with IHNV and HIRRV but almost no
cross-reaction with the isolates KRRV-9601 and VHSV
Obama #25. Conversely, anti-VHSV (DK-F59) serum
showed cross-reaction of the G, N, M1 and M2 proteins
of the isolate KRRV-9601 and VHSV Obama #25, but
not with those of IHNV or HIRRV.

In the PCR amplification with the VG1 and VD3
primer sets, a PCR product approximately 700 bases
long was amplified from the genome of the isolate

LogTCIDs,/ml

=]

0 1 2 3 4 5 6 7
Days after inoculation

Fig. 3. Replication of the new isolate (VHSV) in the RSBK-2

cell line that was inoculated with the virus at a multiplicity

of infection (MOQI) of 0.01 TCIDs, cell’! and was incubated

at 7 selected temperatures. Data below detection limit
(<108 TCIDs, ml™!) are indicated by arrows
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KRRV-9601 and VHSV Obama #25; however, no PCR
product was observed from HIRRV or IHNV genomes.
In the case of the primer set targeting the VHSV M1
protein gene, an approximately 660-base-long PCR
product was observed in both isolates KRRV-9601 and
VHSV Obama #25. The size of each PCR product was
consistent with that of target regions for each primer
set (data not shown).

Experimental infection

Cumulative mortalities of artificially infected fish are
shown in Fig. 5. The cumulative mortality of the small
and medium groups reached 100 % within 15 and 24 d
respectively, while 60 % mortality occurred in the large
group. The external and internal signs of moribund or
dead fish were generally similar to those of naturally
diseased fish except for some large fish that showed
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Fig. 5. Paralichthys olivaceus. Cumulative mortality of small

(14 g), medium (124 g) and large (1059 g) hirame that were

injected intraperitoneally with 10°% TCIDs, fish™ of the new

isolate (VHSV) at 10°C. No mortality occurred in control
groups of fish (not shown)

1 23 4 12 34

Fig. 4. SDS-PAGE and West-
ern blot analysis of structural
proteins of IHNV, HIRRV,
VHSYV and the newly isola-
ted rhabdovirus KRRV-9601.
- G @4 SDS-PAGE, (B 'to D)
Western blotting with (B)
antiserum against IHNV,
N () anti-HIRRV serum, (D)
anti-VHSV serum (DK-F59).
Lane M: molecular weight
—-— M1 marker lane 1: THNV, lane 2:
HIRRV, lane 3: the rhab-
M2 dovirus KRRV-9601, lane 4:
VHSV. G, N, M1 and M2 are
glycoprotein, nucleoprotein,
matrix protein 1 and matrix
(D) protein 2, respectively

hemorrhage in the lateral musculature and/or the liver.
The virus was reisolated from all infected moribund
and dead fish. In contrast, the control fish did not die
during the experiment and tested virus-negative.

Histopathological and electron microscopic features
of naturally and experimentally diseased fish

The most prominent pathological changes were ob-
served in the heart tissues of both naturally and ex-
perimentally diseased fish. Many muscle fibers in the
inner layer of the myocardium were necrotized show-
ing karyorrhexis, karyopyknosis and lytic myofibrils
accompanied by infiltration of many inflammatory
cells (Fig. 6A). In the narrow outer layer of the
myocardium, muscle fibers were extensively necro-
tized and followed by fibrin deposition (Fig. 6B,C).
Immunohistochemical staining distinctly displayed
positive reactions demonstrating the presence of virus
antigens in necrotic muscle fibers (see Fig. 8A). Fur-
thermore, the epicardium was edematously dissoci-
ated and infiltrated by many inflammatory cells.

Many necrotic foci were present in the hematopoietic
tissue accompanied by edema and dilation of sinusoids,
while the renal tubular epithelia were edematously
separated (Fig. 6D). The necrotic foci often exhibited
fibrin deposition and slight hemorrhage (Fig. 7A).
Renal epithelial cells often contained hyaline droplets.
Splenic tissues were usually edematous and congested
having necrotic foci and fibrin deposition or slight hem-
orrhage in the pulp (Fig. 7B). Sheathed arteries were
also necrotized and accompanied by fibrin deposition.
These necrotic foci in the splenic tissues displayed re-
actions in immunohistochemical staining as well as in
those of the hematopoietic tissues. Congestion of he-
patic blood vessels and sinusoids were present in the
livers of naturally diseased fish, while hepatocytes
appeared unaffected. In contrast, the livers from ex-
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Fig. 6. Paralichthys olivaceus in natural outbreak. (A) The myocardium of the ventricle displays extensive necrosis. Necrotized

muscle fibers with karyopyknosis and karyorrhexis are partially liquefied. H&E. Scale bar = 50 nm. (B) The epicardium (e) of the

ventricle is edematous and infiltrated with many infammatory cells. The outerlayer of the necrotic myocardium (m) shows fibrin

deposition. H&E. Scale bar = 50 pm. (C) Azan stain illustrates fibrin (f) in the outerlayer of the necrotic myocardium. Azan. Scale

bar = 100 nm. (D) The hematopoietic tissue is focally necrotiized(n) with minor hemorrhage in the kidney. Most of renal epithelia
are edematously separated from basal lamina. H&E. Scale bar = 50 pm
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Fig. 7. Paralichthys olivaceus in experimental infection. (A) The hematopoietic tissue shows focal necrosis (n) with fibrin deposi-

tion (arrows) and minor hemorrhage in the kidney. Renal epithelia are edematously separated from basal lamina. H&E. Scale

bar = 50 pm. (B) The spleen displays focal necrosis with slight hemorrhage in the pulps (large arrow), fibrin deposition in the

sheathed arteries (small arrow), and venous sinuses dilatation. Azan. Scale bar = 100 pm. (C) Many hepatocytes are necrotized

with karyopyknosis (arrows) and fragmented. Fragmented cells are replaced by vacuoles containing cellular debris (arrow-

heads). H&E. Scale bar = 50 pm. (D) Hepatopancreas is edematous and pancreatic acinar cells show atrophy or necrosis. H&E.
Scale bar = 100 pm
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perimentally diseased fish contained large numbers of
necrotized hepatocytes that were replaced by vacuolar
spaces (Fig. 7C). Necrotized hepatocytes and fragments
were positive in immunohistochemical staining while
vacuoles derived from fat droplets were negative. Fur-
thermore, the intrahepatic acinar cells of the pancreas
were also necrotic and atrophic from compression by
accumulation of fibrin like materials around the acini
(Fig. 7D). The intestines and gonads occasionally dis-
played congested blood vessels. Hemorrhagic foci be-
tween muscle fibers were present in the lateral muscu-
lature of some artificially infected large fish. Gills and
brain showed no obvious histopathological changes.

TEM of infected cardiac muscle showed many virus
particles in extracellular or intracellular spaces, and
inclusion bodies composed of granular and fibrous
material accompanied by many nucleocapsids within
myofibrils (Fig. 8B,C). The virions were bullet-, cone-
or bacilliform-shaped and enveloped with a cross-
striated nucleocapsid. The enveloped virions were 180
to 505 nm in length and 60 to 82 nm in diameter. In
these necrotized muscle cells, myofibrils were frag-
mented and deposited by fibrin, and mitochondria
were degenerated. TEM of necrotized cells of the
hematopoietic tissue and spleen also displayed virions
among the fragmented organella (Fig. 8D).

DISCUSSION

The causative virus, KRRV-9601 isolate, that caused
mass mortality of cultured hirame in Japan during
1996, morphologically showed enveloped and bullet
shaped virions (180 to 293 x 60 to 86 nm) in the extra-
cellular or intracellular spaces of infected cells. The
virion was composed of 5 structural proteins (L, G, N,
M1 and M2 proteins) showing a typical SDS-PAGE
pattern of novirabdoviruses. The causative agent was
completely neutralyzed by anti-VHSV (DF-59) serum
but not by antiserum against IHNV or HIRRV. In the
Western blot analyses, structure proteins of KRRV-
9601 were also cross-reacted with anti-VHSV (DF-59)
serum but not with antiserum against IHNV or HIRRV.
Additionaly, the KRRV-9601 showed positive reactions
in PCR amplification with specific primers to VHSV
and in the IFAT with anti-VHSV serum. Based on these
results, the causative virus, KRRV-9601, is identified as
VHSV. The experimental infection using KRRV-9601
resulted in the same disease states with reisolation of
the virus. These results indicate that VHSV was the
causative agent of the natural epizootic. Thus, this is a
first report of an outbreak of VHSV infection in cul-
tured fish in Japan. As mentioned earlier, the first
reported American type of VHSV (Obama #25 isolate)
was isolated from the wild populations of hirame

caught in Wakasa Bay, Japan, in 1999 (Takano et al.
2000). However, KRRV-9601 could not be considered
identical with Obama #25 because slight differences
were observed in the relative mobility of the G, M1
and M2 proteins between these 2 VHSV isolates.
Based on the phylogenetic analysis of nucleotide
sequences of G protein gene, VHSV isolates were
clusted into three geno-groups; American type, Scot-
land type and traditional Europian type (Benmansour
et al. 1997, Stone et al. 1997). Although the Obama #25
isolate is closely related to the American type, genetic
relatedness between KRRV-9601 and Obama #25 iso-
lates is not clear in the present results.

BF-2 is the most susceptible cell line for VHSV isola-
tion (Olesen & Jorgensen 1992) while CHSE-214, EPC,
FHM, PG and RTG-2 are also useful (Wolf 1988). In the
present study, it was revealed that a marine fish cell
line, RSBK-2, was also markedly susceptible to VHSV
as well as FHM and BF-2 while EPC cell line showed a
lower susceptibility against KRRV-9601; thus, RSBK-2
is a very useful cell line for isolating VHSV from
marine fish species. On the other hand, natural out-
breaks of VHSV infection in farmed marine species
such as turbot have occurred in Scotland at 13 to 14°C
and in Germany at around 15°C (Schlotfeldt et al.
1991, Ross et al. 1994) Additionaly, de Kinkelin &
Scherrer (1970) reported that the range of VHSV repli-
cation in FHM cells extends from 4 to about 20°C, but
peak yields are reached at 10 to 14°C. In the present
study, the same dependencies on temperature were
observed in natural occurrences of VHSV infection in
cultured hirame, and in the replication of KRRV-9601
in RSBK-2 cells. Thus, lower water temperature is one
of the predisposing factors on the pathogenicity of
KRRV-9601 against hirame.

In Japan, farmed hirame experienced mass mortali-
ties during the 1980s due to HIRRVD (Kimura et al.
1986, 1989), although this disease has not been preva-
lent in recent years. The diseased fish infected with
HIRRV usually displayed severe hemorrhage in the
lateral musculature and in visceral organs including
gonads, pale gill coloration, and abdominal distention
due to ascites. In contrast, the present disease caused
by VHSV showed similar pathological signs; however,
hemorrhagic signs were rare in any organs. Moreover,
edematous and congestive signs were prominent, and
clear ascitic fluid also accumulated in the pericardial
cavity as well as peritoneal cavity.

The results of the experimental infections using the
present isolate indicated that VHSV is apparently
pathogenic to hirame and its pathogenicity decreases
with increases in the body weight of the host fish;
however, mortality still occurs even in large fish
weighing about 1000 g. In many cases of natural out-
breaks, market-size groups experienced mass mor-
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Fig. 8. Paralichthys olivaceus in experimental infection. (A) Necrotized muscle fibers of the myocardium markedly show positive
reactions of virus antigens by immunohistochemical staining. Scale bar = 100 pm. (B) Electron micrograph of the necrotized car-
diac muscle cells shows many virions with bullet, cone, or bacilliform shapes outside of the cell. n: nucleus. Scale bar = 500 nm.
(C) High magnification view of an inclusion body in the sarcoplasm of necrotized cardiac muscle cell. Inclusion body consists
of granular substance and many nucleocapsid-like structures (arrows). Scale bar = 200 nm. (D) Electron micrograph of the
necrotized splenocytes. Many virions appear among degenerated organella of the fragmented cell. Scale bar = 500 nm.
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talities. From these observations, VHSV appears to be
a threat to hirame.

Histopathological changes due to VHSV infection
have been reported in rainbow trout (Yasutake & Ras-
mussen 1968, Yasutake 1970, 1975, Horlyck et al. 1984,
Smail & Munro 1989), pike (Meier & Jorgensen 1980),
sea bass (Castric & de Kinkelin 1984), Pacific cod
(Meyers et al. 1992), turbot (Ross et al. 1994) and
Pacific herring (Kocan et al 1997 Marty et al. 1998).
Each of these species except Pacific cod showed
the same histopathological signs, including necrotic
changes in the liver, spleen, hematopoietic tissue and
pancreatic acini. Pacific cod displayed only dermal
lesions. In turbot, necrotic lesions were also found in
the heart. Hemorrhagic lesions in the lateral muscula-
ture, as indicated by the name of the disease (VHYS),
were most severe in rainbow trout, which was first
species in which VHS was described. VHS of rainbow
trout caused intermuscular and intrahepatic hemor-
rhages due to damage of capillary and sinusoid
endothelia that were infected with VHSV (de Kinkelin
et al. 1979, Evensen et al. 1994). The severity of hem-
orrhaging varied among fish species and appeared to
depend on the susceptibility of capillary endothelial
cells to VHSV. Hemorrhagic lesions were also evident
in pike, sea bass and turbot whereas hemorrhagic
changes were less obvious in Pacific herring as well as
in hirame in the present study. Among other rhab-
doviruses, HIRRV markedly infects capillary endothe-
lial cells, resulting in severe hemorrhage within the
lateral musculature as well as various visceral organs
(Isshiki, Nagano & Miyazaki unpubl. data). Spring
viremia of carp (SVC) virus has produced similar
lesions (Smail & Munro 1989) and dermatitis of eel
(DE) rhabdovirus has caused hemorrhage in the der-
mis of Japanese eels Anguilla japonica (Kobayashi &
Miyazaki 1996). Conversely, IHNV has appeared less
infective to capillary endothelial cells of salmonid
fishes because hemorrhage has not always occurred
(Yasutake & Amend 1972).

The diseased hirame in the present study displayed
histopathological lesions that were very similar to
many of those described in the above fishes. In the
diseased hirame, TEM observations also confirmed the
association of VHSV virions with necrotic cells in the
spleen and hematopoietic tissue, and necrotic myo-
cardium. Although lesions of the heart were examined
in diseased turbot and Pacific herring, they were not
examined in diseased rainbow trout, pike or Pacific
cod in the previous studies. In the present study, dis-
eased hirame had severe necrotic lesions in the
myocardium that were similar to those observed in
turbot. TEM also revealed the formation of inclusion
bodies in necrotic cells of the myocardium. The feature
of inclusion bodies is the same as those found in

infected RSBK-2 cells and RTG-2 cells (Zwillenberg et
al. 1965, de Kinkelin & Scherrer 1970). Thus, the for-
mation of inclusion bodies in the infected cells is dis-
tinctive in VHSV of the genus Novirhabdovirus. Dis-
eased hirame displayed marked congestion in visceral
organs such as the hepato pancreas, spleen and
hematopoietic tissue. The congestion likely resulted
from cardiac failure due to myocardium necrosis.
Pacific herring has showed myocardial mineralization
significantly associated with VHSV (Marty et al. 1998),
which appears to be due to calsium deposition in
necrotized myocardium. Although cardiac lesions were
not histopathologically observed, congestive changes
were present in diseased rainbow trout (Yasutake &
Rasmussen 1968), which also strongly suggested the
presence of cardiac lesions. Myocardiac necrosis ac-
companied by inflammatory reactions was considered
to be the main pathological change that induced sys-
temic circulatory disturbances and led to death. Thus,
necrotizing myocarditis could be considered a pathog-
nomonic sign of VHSV infection in hirame. Based
on histopathological findings, we would like to term
VHSV infection of hirame ‘VHS-viral Necrotizing
Myocarditis of Hirame'.
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