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Abstract
A rhabdovirus was isolated from perch (Perca fluviatilis) harvested from lake Årungen in the
South-Eastern part of Norway. The fish were placed in indoor tanks for reproduction studies. A
few days after the introduction, fish showed swimming disturbancies and lethargy, and a low
mortality was observed during a period of several months. No gross or histopathological changes
were observed. The virus was isolated from moribund fish in BF-2 cells. An extensive cytopathic
effect (CPE) was observed, and examination of infected cell cultures by electron microscopy
demonstrated virus particles with a morphology consistent with that of rhabdoviruses. The vi-
ral genome consists of RNA as shown by using specific metabolic inhibitors. The virus was
further characterized by immunofluorescence (IF) and a plaque neutralization test using a panel
of different antisera against several fish rhabdoviruses. The virus was stained in IF with rabbit
antisera against perch rhabdovirus, pike rhabdovirus and lake trout rhabdovirus and neutral-
ised by anti perch rhabdovirus indicating that the Norwegian perch virus is closely related to
these viruses belonging to the Vesiculovirus genus of the family Rhabdoviridae. This is the first
time a rhabdovirus has been detected in perch in Norway, and it indicates that viruses belonging
to this group might be more widespread in nature than previously assumed.

Introduction
Amongst pathogenic fish viruses, the family
Rhabdoviridae is one of the most important
groups of viruses affecting both farmed and
feral fish. More than 11 different fish
rhabdoviruses from both freshwater and ma-
rine species have so far been described
(Jørgensen et al., 1993).

A rhabdovirus pathogenic for perch (Perca

fluviatilis) was first reported from France in
1980 (Dorson et al., 1984). The virus was iso-
lated from individuals exhibiting loss of equi-
librium and swimming disturbancies. Sero-
logical studies showed that this virus was not

related to other fish rhabdoviruses such as vi-
ral haemorrhagic septicaemia virus (VHSV)
and infectious hematopoietic necrosis virus
(IHNV) (Dorson et al., 1984). Isolation of perch
rhabdovirus has also been reported from Ire-
land (J. McArdle, pers. comm.) and from Ger-
many (S. Bergmann, pers. comm). A similar,
previously undescribed rhabdovirus in pike
(Esox lucius) (DK-5533) sharing antigenic
properties with perch rhabdovirus was re-
ported from Denmark in 1993 (Jørgensen et

al., 1993). This virus was strongly pathogenic
to pike fry, but not to rainbow trout fry
(Oncorhynchus mykiss).
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Rhabdoviruses with similarities to those iso-
lated from perch and pike have been isolated
from trout. A rhabdovirus was isolated from
European lake trout (Salmo trutta lacustris),
(903/87) in Finland in 1987 (Koski et al., 1992;
Bjørklund et al., 1994). By comparison of this
virus to 11 previously reported rhabdoviruses
from fish, the lake trout rhabdovirus was
closely related to the Danish isolates of perch
rhabdovirus and the pike rhabdovirus
(Jørgensen et al., 1993). Later, a similar virus
(9695586) has been reported from sea trout
(Salmo trutta) caught in the Skerries of Stock-
holm, Sweden (A. Hellström, pers. comm.)
and from farmed brown trout (Salmo trutta)
(K154/95) in Finland (H. Tapiovara, pers.
comm.)

In this report, we describe the isolation and
partial characterisation of a rhabdovirus from
perch obtained from a small lake in the South
Eastern part of Norway. This is the first time
a rhabdovirus has been demonstrated in a
freshwater fish species not hitherto used for
aquaculture in Norway.

Materials and Methods
Fish
Perch (0+, mean weight 7,5g ± 1,2 g (SD)) were
captured from the littoral zones of lake
Årungen using fish pots during September-
October 1997. Lake Årungen is an eutrophic
lake located in the South Eastern part of Nor-
way with connection to seawater. During the
last three decades, the lake has received do-
mestic wastewater and agricultural run-off
(Eie & Borgstrøm, 1981).  The fish fauna con-
sists of perch, roach (Rutilus rutilus), pike (Esox

lucius) and eel (Anguilla anguilla) (Eie &
Borgstrøm, 1981). Trout and Atlantic salmon

(Salmo salar) also migrate into the lake via its
seawater connection (R. Borgstrøm, pers.
comm.).

Perch were caught for growth and reproduc-
tion studies at the Agricultural University of
Norway. Five hundred fry were transferred
to a 400 l tank for acclimatisation (11–12 ºC)
and treatment with formaldehyde for removal
of ectoparasites. The fish were fed once every
second day with commercial feed (Nor Aqua
FK Marin Start and FK Marin). In November
1997 240 fish were used in a growth experi-
ment (three tanks with 80 individuals in each
tank). During this experiment, lasting for ap-
proximately 2 months, the temperature was
17-18 ºC. Thereafter, the fish were tagged and
kept at the same temperature (17-18 ºC). At
age 1+ (autumn 1998), 150-tagged perch
(mean weight 104.4g ± 34.5g SD) were used
in an experiment to investigate the effect of a
shortened seasonal cycle on sexual reproduc-
tion (Jentoft et al. 2000). The fish were exposed
for two months to decreasing temperature
(from 14 to 8 ºC) and decreasing day length
(from 11 to 6h) followed by two months with
increasing temperature (from 8 to 15 ºC) and
increasing day length (from 6 to 15h). Since
some mortality was observed after introduc-
ing the fish into the laboratory (see below),
moribund fish were submitted to the National
Veterinary Institute in Oslo for examination
in December 1997, January 1998 (age 0+), and
in November and December 1998 (age 1+).

Pathology and bacteriology
On arrival, the fish were killed by cutting the
spinal cord and then examined for internal
and external lesions. Fresh gill and skin
scrapings were examined directly by phase
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contrast microscopy. For bacteriology, kidney
swabs were streaked out onto blood agar
plates which were incubated at 22 oC for a
minimum of seven days. For histology, tissue
samples from brain, gill, heart, liver and kid-
ney were fixed in 10% formalin. The fixed
samples were processed and embedded in
paraffin wax according to standard proce-
dures. Sections (4-6 µm) were stained with
haemalum and eosin and examined by light
microscopy.

Virological examinations
Kidney and liver from suspected fish were
pooled and stored in transport medium (Ea-
gle’s minimal essential medium, EMEM, pH
7.6, supplemented with 10 % new-born bo-
vine serum and100 µg/ml gentamicin) for 4
h before homogenisation following routine
procedures. After centrifugation (4000 x g, 15
min) of the homogenate (10%, w/v), aliquots
of each supernatant were incubated with an
appropriate dilution of rabbit antisera against
infectious pancreatic necrosis virus (IPNV)
with neutralisation activities against both se-
rotype Sp and Ab for 1 h at 15 ºC. Thereafter,
both non-treated supernatant and
supernatant treated with anti- IPNV serum
from each sample were inoculated onto 24-48
h cultures of cell lines  (BF-2 (bluegill fry) and
EPC (epithelioma papulosum cyprini)). Cells
were grown in EMEM supplemented with 4
mM L-glutamine, 50 mg/ml gentamicin, 16.4
mM Tris-buffer and 10% foetal bovine serum
(FBS) in 24-well tissue culture plates. Cultures
were examined for cytopathic effect (CPE)
following one week incubation at 15 ºC be-
fore the supernatants were passed to fresh
cultures of the respective cell type. After an-
other one week of incubation, the cell cultures

were again examined for CPE. Supernatants
from cultures exhibiting CPE were collected
for identification and characterisation of vi-
rus.

Incubation with metabolic inhibitor
BF-2 cells were inoculated with supernatants
from cultures exhibiting CPE and with the fish
iridovirus epizootic haematopoietic necrosis
virus (EHNV) (a kind gift from Dr. P. de
Kinkelin, INRA, France), respectively. One
hour post-infection, the DNA synthesis inhibi-
tor 5-bromo-2-deoxyuridine (BrdU, Sigma B-
9285, 50 mg/ml final concentration) was
added to the cultures. Non-infected cultures
served as controls. The cultures were exam-
ined daily for CPE.

Electron microscopy
Electron microscopy was carried out on BF-2
monolayers grown in 24-well tissue culture
plates. The cells were inoculated with
supernatants from CPE-positive cultures. At
48 h post inoculation, cell culture medium was
removed and monolayers were fixed in glu-
taraldehyde (3% in 0.1 M sodium cacodylate
buffer, pH 7.4), postfixed in 2% osmium
tetroxide, dehydrated through graded
ethanols and embedded in Lx-112 embedding
medium (Ladd Research Industries, Inc.). Ul-
trathin sections cut in parallel with the mon-
olayer were contrasted in uranyl acetate and
lead citrate, and examined in a Philips elec-
tron microscope EM 208S at an accelerating
voltage of 60 kV.

Immunofluorescence
The supernatants from cultures exhibiting
CPE were examined by an indirect immun-
ofluorescence test (IFT) using a panel of rab-
bit antisera against 11 different rhabdoviruses
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as primary antibodies as described by
Jørgensen et al. (1993).  In the panel were rab-
bit antisera  against VHSV, IHNV, perch
rhabdovirus, pike rhabdovirus, and lake trout
rhabdovirus. Briefly, cover glass (9 x 22 mm)
cultures of EPC cells were infected with the
virus isolates from perch. The cultures were
incubated at 15°C for 24 h. Cover slips were
rinsed twice in cell culture medium without
serum, fixed in 80% cold acetone for 15 min,
air dried, and stored at -20°C until used. Rab-
bit antisera in appropriate dilutions from the
anti rhabdovirus panel were applied as pri-
mary antibody layer and the cover glasses
were incubated in a humid chamber for 30
min at 37°C. Following 3 rinses, staining was
performed for 30 min at 37°C using FITC con-
jugated swine anti-rabbit Ig at a dilution of
1:100. The rinses were repeated before mount-
ing in a 9:1 glycerol-PBS mixture (pH 8.0).
Examination was performed using an
epifluorescence microscope supplied with 200
W mercury lamp and fluorescence objectives
(40X and 50X).

Plaque neutralization test (50% PNT).
The Norwegian perch virus isolates were ex-
amined in 50% PNT using rabbit antisera
against perch rhabdovirus (the reference
strain, Dorson et al ., 1984), lake trout
rhabdovirus (903/87), and pike rhabdovirus
(DK-5533). The test was performed as de-
scribed by Olesen et al. (1999). Briefly, 8 suc-
cessive 2-fold dilutions of antisera  (1:20 to
1:2560), were mixed in round bottomed, 96-
well dilution plates with equal volumes of a
virus suspension that contained approxi-
mately 40 plaque forming units (PFU) per in-
oculum. Each antibody-virus mixture was
incubated over night at 15°C. Each dilution
was inoculated (two replicate wells, 10 µl /

well) onto monolayer cultures of BF-2 cells in
96-well tissue culture plates. After adsorption
for 1 h at 15°C the cell cultures were overlaid
with medium containing 0.5% methyl cellu-
lose and incubated for 5 d at 15°C followed
by fixation and staining with crystal violet
(0.5%). The PNT titer was expressed as the
reciprocal value of the highest antibody dilu-
tion causing a 50% reduction of the average
number of plaques when compared to cul-
tures inoculated with normal rabbit serum
and virus. Negative control rabbit serum was
included on each 96-well plate. The neutral-
ising antisera against perch rhabdovirus (F27
and F28) were recently produced by subcuta-
neous and intraperitoneal injection of rabbits
as described in Olesen et al. (1999). The rabbit
antisera against lake trout rhabdovirus and
pike rhabdovirus were produced as described
in Björklund et al. (1994) and Jørgensen et al.

(1993)

Results
Mortality
Shortly after the transfer of the perch fry to
the laboratory tanks, a low and persistent
mortality was observed. The fish showed a
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Fig. 1.  Cumulative mortality (%) during the growth
experiment (data from 3 tanks containing 80
individuals each are included).
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disorganised swimming pattern and signs of
loss of equilibrium prior to death. During the
growth experiment, starting in November
1997, the mortality declined after the three
first weeks of the experiment (Fig. 1). After
this experiment no mortality was registrated
(the temperature was 18 ºC) until November
1998, when the 1+ perch were exposed to
changing water temperature during the repro-
duction studies (Fig. 2). The clinical signs and
mortality observed were the same as for the
one-year younger fish.  However, no mortal-
ity was observed when the temperature was
low and stable (8 ºC), from 17/12/98 to 14/
01/99.

Pathology and bacteriology
No external or internal lesions were detected
at autopsy of totally 13 diseased and 13 clini-
cally healthy perch collected during the first
disease outbreak (December 1997 to January
1998) No parasites were detected in skin
scrapings from the 6 fish examined. Histologi-
cal examinations of 6 diseased and 4 clinically
healthy fish showed no lesions or parasites.
No growth of bacteria was observed after ex-
amination of 5 diseased and 1 healthy fish.

In November and December 1998, a total of 5

perch sampled at four different time-points
were examined. All individuals were mori-
bund and showed abnormal swimming be-
haviour, including sideways swimming. At
autopsy, four fish showed superficial
haemorrhagic lesions on the tip of the upper
and lower jaw, probably due to physical in-
jury. Histological examination of gills from all
individuals showed a moderate number of
Ichthyobodo sp.-like organisms at the epithe-
lial surface as well as a moderate number of
rodlet cells in the filament epithelium. The
other tissue sections did not show obvious his-
topathological changes. Bacteriological ex-
aminations also gave negative results.

Virus isolation
One week after inoculation with tissue
homogenates from fish sampled in December
1997 and January 1998, CPE were observed
in cultures of BF-2 cells. CPE appeared both
in cultures inoculated with non-treated and
anti-IPNV-treated tissue homogenates. No
CPE were observed in EPC cell cultures. The
supernatants from all inoculated cultures
were passaged to fresh cultures of BF-2 and
EPC cells, respectively, to ensure that the ob-
served CPE was not due to non-specific cyto-
toxic effect of the tissue inoculate. Again, CPE
could only be detected in wells with BF-2 cells
after one week. A further neutralization of
virus supernatants with antiserum against
IPNV did not inhibit CPE. The virus isolates
from the two samplings from the first disease
outbreak were designated 483/9/97 and 40/
9/98, respectively. These isolates  were fur-
ther examined in parallel.

Virus causing CPE in BF-2 cell cultures were
also isolated from 3 out of 4 perch sampled in
November and December 1998.
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Fig. 2.  Cumulative mortality (%) during the
reproduction experiment (n=150).
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Nucleic acid identification
The presence of BrdU did not inhibit devel-
opment of CPE in BF-2 cell cultures inoculated
with the perch isolates 483/9/97 or 40/9/98,
while CPE was clearly inhibited by BrdU in
cultures inoculated with EHNV, which is a
DNA virus. Thus, it was suggested that the
genome of the isolated virus consisted of
RNA.

Electron microscopy
In infected BF-2 cells, budding of several bul-
let-shaped electron dense particles from the
plasma membrane and apparently also from
internal membranes could be observed (Fig.
3).  The viral particles measured approxi-
mately 140 nm in length and 80 nm in diam-
eter. No particles were observed in non-in-
fected cells.

Immunofluorescence
Neither VHSV nor IHNV were detected us-
ing IF. However, fine granular material in the
cytoplasm of EPC cells infected with the vi-
rus from perch was intensively stained in IF
applying rabbit antisera against lake trout
rhabdovirus, perch rhabdovirus and pike
rhabdovirus. The immunofluorescence results
with the perch isolates and the above mentioned
3  rhabdoviruses and their corresponding an-
tisera are shown in Table 1. The most intense
staining was observed with rabbit antiserum
against lake trout rhabdovirus (Fig. 4).

Virus isolated from perch samples in Novem-
ber and December 1998 also reacted with an-
tiserum against perch rhabdovirus (DK F28)
in IFT.

Fig. 3. Electron micrographs of infected cell cultures. A. Budding of viral particles from cell membranes
(magnification x 50 000). B. Higher magnification showing transverse striations of the virions (arrow)
(magnification x 100 000).
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50% PNT
The virus isolates from perch were neutral-
ised at high titres by rabbit anti perch
rhabdovirus. The lake trout rhabdovirus, the
pike rhabdovirus and the perch rhabdovirus
were also neutralised by these antisera (Table
2). Lower titres (40-640) were observed with
the antisera against pike rhabdovirus and lake
trout rhabdovirus using both homologous vi-
ruses and the perch virus isolates (results not
shown).

Discussion
This report confirms the first detection of a
rhabdovirus infection in perch in Norway. The
isolated virus exhibited an extensive CPE in

BF-2 cell cultures, and by the means of meta-
bolic inhibitors it was shown that the genome
consisted of RNA. Morphologically, the iso-
lated virus showed similarities with members
of the family Rhabdoviridae. Using a panel of
different antisera against several fish
rhabdoviruses in IFT and PNT, the virus was
identified as a rhabdovirus with similarities
to rhabdoviruses isolated from lake trout, pike
and perch in other European countries. These
viruses are classified as belonging to the
Vesiculovirus genus of the family
Rhabdoviridae (Jørgensen et al., 1993; Björklund
et al., 1994).

Perch rhabdovirus has been associated with
severe mortalities in free living perch both in
Ireland and France (Dorson et al., 1984, J.
McArdle, pers. comm.), while the isolations
of related rhabdoviruses from other fish spe-
cies in Denmark and Sweden were not asso-
ciated with diseases and mortalities. In Fin-
land, the isolation of lake trout rhabdovirus
has been associated with low mortality in
brown trout. Experimental infection of pike
fry with the pike rhabdovirus induced signifi-
cant mortalities (Jørgensen et al., 1993). A low
mortality was observed among perch kept in
the laboratory in the present study during

)tsoh(etalosI tuortekalitnatibbaR
78/309surivodbahr

ekipitnatibbaR
3355-KDsurivodbahr

hcrepitnatibbaR
surivodbahr

)hcrep(79/9/384 +++ ++ ++

)hcrep(89/9/04 +++ ++ ++

)tuortekal(78/309 +++ + +

)ekip(3355-KD 0 +++ +++

)hcrep(niartsecnerefeR + +++ +++

Table 1.   Immunofluorescence results with isolates from Norwegian perch and two other fish rhabdoviruses
using homologous and heterologous antisera. 0 = no reaction, + = weak, ++ = moderate, +++ = strong
reaction

Fig. 4. Immunoflourescence micrograph illustrating
the staining of perch rhabdovirus 483/9/97 infected
EPC cell with rabbit anti lake trout rhabdovirus
antiserum as the primary antibody. X 880.
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periods with increasing/decreasing
temeratures, and the virus was isolated from
diseased fish. However, no pathological
changes that seemed related to the swimming
disturbances were detected in fish from the
first disease outbreak (autumn 1997). Al-
though some changes were observed in mori-
bund fish from the second disease outbreak
(autumn 1998), it is not clear whether these
changes were related to the viral infection. The
pathogenicity of the Norwegian perch
rhabdovirus should be confirmed in transmis-
sion experiments including studies of the im-
portance of temperature for virus replication.
Preliminary studies have shown that the Nor-
wegian isolates are not pathogenic for rain-
bow trout fingerlings by immersion or intra-
peritoneal injection under experimental con-
ditions at 10°C (N.J. Olesen, unpublished re-
sults). Similarly, Jørgensen et al. (1993) found
that the pike rhabdovirus was not pathogenic
to rainbow trout. Further  experiments should
be carried out to see if the Norwegian isolates
are pathogenic to other important species in
Norwegian aquaculture such as Atlantic
salmon and Atlantic halibut (Hippoglossus

hippoglossus).

The recently produced and previously unpub-
lished rabbit antisera against the reference
strain of perch rhabdovirus (Dorson et al.,
1984) showed strong neutralisation of the pike
rhabdovirus, the lake trout rhabdovirus and
the perch rhabdoviruses, indicating that these
isolates might be more related than previously
anticipated (Björklund et al., 1994). The iso-
lates form a group within the vesiculoviruses,
and  are serologically clearly distinguisible
from the group formed by spring viremia of
carp virus (SVCV) (Fijan et al., 1971), pike fry
rhabdovirus (PFR) (de Kinkelin et al., 1973)
and tench rhabdovirus (P. Dixon, pers comm).
Genetic sequence analysis should be con-
ducted in order to clarify the taxonomic rela-
tionships.

The reservoir of the Norwegian perch
rhabdovirus has not been clarified. The wa-
ter supply to the laboratory tanks was a mix-
ture of ground water and tapped water which
originated from lake Gjersjøen. This lake has
no connection to lake Årungen. Thus, there is
a possibility that the perch were contaminated
by the tap water supply to the laboratory, but
that is not likely to have occurred. However,
the other fish species habitating Lake

)tsoh(etalosI
surivodbahrhcrepitnA

72FmurestibbaR 82FmurestibbaR

)hcrep(79/9/384 0215 0215

)hcrep(89/9/04 0215 0215

)tuortekal(78/309 0821 046

)ekip(3355-KD 0215 0652

)hcrep(niartsecnerefeR 0215 0215

Table 2.  Results of 50% plaque neutralisation test with isolate from Norwegian perch and three other fish
rhabdoviruses using  rabbit antisera against perch rhabdovirus .
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Årungen have not been examined for the pres-
ence of rhabdovirus. Since Lake Årungen has
connection with sea water, migrating fish may
contribute to the reservoir of fish viruses in
the lake.
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