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Abstract
The reovirus described in this study was demonstrated by infection trials to be an „orphan“
virus not known to cause a disease. No mortality or other discernible signs of a disease could be
initiated, but viral infections were established at a high rate in golden ide (up to 100%) and to a
lower degree in carp (up to 40%). Virus replication could not be induced in rainbow trout. In
vitro investigations revealed a considerable enhancement of infectivity when the foetal bovine
serum in the virus growth medium was replaced with trypsin. Temperatures between 15°C and
20°C proved to be optimal for virus replication. Besides growth in EPC and FHM cells the virus
replicated in CHSE and BF-2 cells and to a very low degree in RTG-2 cells.

Introduction
During a survey program on fish diseases a
virus was isolated from epithelioma
papulosum bearing golden ide Leuciscus idus

melanotus (Steinhagen et al., 1992). On the ba-
sis of morphological features, and of possess-
ing a genome containing 11 dsRNA segments
distributed as three large, three medium and
five small segments, the isolate was proposed
to be a member of the genus aquareovirus,
designated as golden ide reovirus - GIRV
(Neukirch et al., 1999). The virus differs from
other aquareoviruses by the absence of form-
ing syncytia in cell cultures tested and by an
increased sensitivity against chloroform treat-
ment when medium supplemented with
trypsin is used for virus growth. Application
of trypsin can further enhance retarded GIRV
propagation in EPC (epithelioma papulosum
cyprini) and FHM (Fathead minnow) cells
(Neukirch and Kruse, 1993).

In this study the effect of temperature on vi-
rus growth and storage is described and more

details are given concerning the influence of
trypsin and cell cultures on virus replication.
Furthermore, the susceptibility of golden ide,
carp and rainbow trout to GIRV were investi-
gated.

Materials and Methods
Cell cultures
EPC cell line was used for routine virus propa-
gation and quantification of virus infectivity.
Chinook salmon embryo (CHSE-214; Lannan
et al., 1984), bluegill fry (BF-2; Wolf and
Quimby, 1966) and rainbow trout gonad
(RTG-2; Wolf and Quimby, 1962) cell lines
were tested for their ability to support repli-
cation of GIRV. The cells were grown at 20°C
(CHSE and RTG) or at 25°C (BF-2 and EPC)
as monolayer cultures using minimal essen-
tial medium with Earle´s salts (EMEM) sup-
plemented with 10% foetal bovine serum
(EMEM10) and antibiotics (100 IU ml-1 peni-
cillin, 100 µg ml-1 streptomycin).
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Virus propagation and assays
Virus propagation and assays were carried out
in EPC cells as described elsewhere (Neukirch
et al., 1999). Dulbecco’s modification of EMEM
(EDulb) with 5% foetal bovine serum (EDulb5

) was used. The ability of GIRV to replicate
and to produce cytopathic effects (CPE) in fish
cell lines was examined by repeated transfers
of the virus in BF-2, CHSE-214 and RTG-2
cells. Infectivity assays of all cell passages
were carried out in EPC cells. The effect of
trypsin on the increase of virus yield was ex-
amined with EDulb supplemented with
varius amounts of trypsin (0, 1, 10, 20, and 40
µg, Sigma; type XIII, TPCK treated, 12200
BAEE units mg-1) per ml medium (EDulb/T0-
EDulb/T40).

Influence of temperature
The influence of temperature on virus growth
was investigated at 4°C, 10°C, 15°C, 20°C,
27°C and 33°C. Confluent 25cm2-flasks of EPC
cells were inoculated with 1 ml virus suspen-
sion (infectivity titre: 104,75 CID50 ml-1) each.
After an adsorption period of two hours at
10°C the cell cultures were carefully washed
with PBS and 7 ml of EDulb5 added to the
flasks. Two infected cell cultures were incu-
bated at each of the selected temperatures. At
defined intervals 0.2 ml aliquots were re-
moved from each cell culture for infectivity
assay.

The influence of storage temperature on GIRV
grown in Edulb5 was determined by quanti-
fication of infectivity of virus stored at –80°C,
-20°C, 4°C, 15°C, 20°C, 27°C, and 37°C for dif-
ferent intervals.

Infection trials
Golden ide, carp and rainbow trout were ob-
tained from a commercial fish farm. During a
two weeks-acclimatization period the fish
were tested for absence of virus by virological
methods. The susceptibility of golden ide and
carp (5-6 cm in size) to GIRV was investigated
following experimental infections. Each fish
of a group of 10 golden ide and 10 carp were
infected intra-peritoneally (i.p) with 0.1 ml of
GIRV (infectivity titre:105.2 CID50 ml-1) and 10
golden ide and 10 carp of a second group were
exposed to the same virus suspension by
scarification of their skin. In both groups 5
golden ide and 5 carps were held separately
as control fish and treated in the same man-
ner using cell culture medium. The fish were
kept at 16°C - 18°C for 180 days and surviv-
ing golden ide and carp were then examined
for the presence of virus.

In a second experiment 40 golden ide (6-8 cm)
and 20 carp (7-8 cm) were i.p. infected with
0.15 ml of GIRV (titre: 105.5 CCID50 ml-1) and
kept at temperatures between 10°C and 16°C.
As control fish 10 golden ide and 5 carp were
included. At 5 weeks post infection (p.i.), 10
golden ide and 10 carp were sacrificed for vi-
rus examination. The remaining fish were
killed 10 weeks p.i. and investigated for the
presence of virus.

A possible carrier function of rainbow trout
was examined in a similar manner. GIRV (0.3
ml; titre: 105.5 CCID50 ml-1) was injected i.p. into
12 rainbow trout (10-12 cm in size). The fish
(including 5 control fish treated with tissue
culture medium) were maintained at tempera-
tures between 8°C and 12°C during a 6
months experimental period. Blood samples
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from each fish collected 10 and 16 weeks p.i.
and internal organs collected after termina-
tion of the trial were investigated for infec-
tious virus.

Results
Influence of temperature
GIRV replicated at 10°C, 15°C, 20°C and 27°C
but not at 4°C and 33°C (Fig.1). At 15°C and

20°C virus growth reached peak concentra-
tions within 12-15 days and 8-12 days respec-
tively. At 10°C virus replication was retarded
reaching maximum infectivity more than 34
days p.i. At all three temperatures the maxi-
mum virus infectivity were nearly equivalent
with titres between 5 and 5.5 log10 CCID50 ml-1.
At 27°C virus multiplication was strongly re-
duced and only low infectivity titres of about
3.5 log10 CCID50 ml-1 were obtained.

Fig.1: Influence of different temperatures on virus replication. Solid and dotted line each represents the
infectivity course in one infected EPC cell monolayer. Inocula: 104.75CCID50. Arrows: Infectivity could not be
demonstrated (33°C)
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Results concerning the influence of tempera-
ture on GIRV storage are demonstrated in
Table 1. Virus stored at -80°C or -20°C proved
to be stable during the investigation period
of 95 days. A quick decline of infectivity ti-
tres could be observed at 37°C with a total loss
of infectivity within 28 days. A storage tem-
perature of 27°C reduced the infectivity of
GIRV to a small yield of 0.5 log10 after 95 days.
At 15°C and 20°C titre reductions were about
2-3 log10 and at 4°C only a slight decrease of
infectivity became manifest within the obser-
vation period of 95 days.

Influence of trypsin
The replication of GIRV was investigated as a
function of trypsin supplemented at different
times p.i. (table 2). The highest infectivity in
this experiment of about 7.5 log10 CCID50 ml-1

was obtained when the original medium was
replaced with medium containing trypsin at
day 3 and 6 p.i. Medium exchange after 3 days
p.i. resulted in an increased virus infectivity
of nearly 5 log10 steps for supernatant and 3
log10 for cell associated virus, compared to
virus growth in medium supplemented with
foetal bovine serum. A similar effect was
achieved after medium replacement at day 6 p.i.

Table 2: Replication of GIRV in EPC cells as a function of trypsin (10µg ml-1) supplemented at different times
(inocula: 103CCID50). 

1Medium exchange connected with trypsin supplement. 2Medium used for exchange.
3Supernatant. 4Cell associated virus. 5Infectivity titres in log10 CCID50 ml-1 as average values of two samples.
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72+ OC 52.4 0.4 57.3 5.3 0.3 5.2 5.0
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Table 1: Infectivity of GIRV (log10CCID50ml-1) after storage at different temperatures. Initial titer: 105.0CCID50ml-1.
1nd: not done. 2neg:no virus infectivity detected.
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The optimal trypsin concentration was found
to be 10 µg ml-1 inducing infectivity titres of
108.15 CCID50 ml-1 (Fig.2). Higher concentra-
tions of 20 and 40 µg ml-1 did not result in
higher infectivity yields and 1 µg ml-1 caused
infectivity titres similar to those without
trypsin supplement.

Replication in different cell lines
GIRV replicated in BF-2 and CHSE-214 cell
lines producing distinct CPE. The infectivity
titres (4.5 log10 CCID50 ml-1 in BF-2 and 5.0 log10

CCID50 ml-1 in CHSE cell lines) were similar
to those achieved in EPC cells. In RTG-2 cell
culture a weak CPE combined with low in-
fectivity (2.0 log10 CCID50 ml-1) was observed
in the first passage which decreased in the
following passages (0.5 log10 CCID50 ml-1 in
the 3rd passage). However, the yield of infec-
tivity in RTG-2 cells could be enhanced when
EDulb5 was replaced with EDulb/T10 (4.5 log10

CCID50 ml-1 in the 3rd passage).

Infection trials
In the infected fish of the three experiments
specific mortality or disorders of their behav-
iour were not observed and dissections
showed no tissue alterations. The scarification
procedure did not induce virus infections in
golden ide or carp, and six months after i.p.
injection the virus could be isolated only from
golden ide (10/10) but not from carp (0/10).
Five weeks p.i. (2nd experiment) in both
golden ide (10/10) and carp (4/10) virus mul-
tiplication was demonstrated. 25 of 30 golden
ide and 2 of 7 carp exhibited virus replication
10 weeks p.i. showing no alteration of inter-
nal organs. Three carp died, but virus could
not be isolated and discernible signs of a dis-
ease had not been developed. In rainbow trout
virus infection could not be established. All
blood and tissue samples collected 10 and 16
weeks p.i. and after termination of the experi-
ment 6 months p.i. were virus negative. Con-
trol fish in all experiments were found to be
virus negative.

Discussion
During the last few years an increasing
number of reoviruses have been isolated from
fish and shellfish in different areas and envi-
ronments (Ahne and Kölbl, 1987;
Scharschmidt,1992; Varner and Lewis, 1991;
Winton,1989). While several members are “or-
phan” viruses, the family includes some im-
portant pathogens (Winton,1989).

The reovirus described in this study has now
been shown by infection studies to fail to pro-
duce pathological symptoms in golden ide,
carp and rainbow trout, even when the virus
was injected into the fish avoiding the natu-
ral defence mechanisms of skin and mucosa.

Fig.2: Replication of GIRV in EPC cells (inocula:
103.9CCID50) using medium with different amounts
of trypsin. Three days after inoculation the original
medium was replaced with medium containing 0,
1, 10, 20, and 40 µg ml-1 trypsin. Seven days after
medium replacement the virus was harvested.
Infectivity titres represent the average values of two
samples: Shaded bars represent supernatant before
medium replacement (3 days p.i.): Empty bars
represent supernatant of virus harvested (10 days
p.i.). Vctr: Virus control with EDulb5
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No mortality or discernible signs of a disease
could be initiated by scarification or i.p. in-
jection, but virus infections were established
at a high rate in golden ide and to a lower
degree in carp. In rainbow trout virus repli-
cation could not be demonstrated.

The infection trials can only give some re-
stricted data of the susceptibility due to the
limited number of individuals from only three
species held under very specific and unnatu-
ral conditions. Furthermore, the virus used for
the experiments had undergone 8 cell culture
passages and the number of passages may
influence the pathogenicity of GIRV. On the
other hand, the lack of symptoms after infec-
tion with GIRV is in accordance with the de-
scribed low pathogenicity of other
aquareoviruses in their host species (Ahne
and Kölbl, 1987; Hedrick et al., 1989; Winton,
1989). Nevertheless, a clinically inapparent
infection with GIRV may enhance the suscep-
tibility of fish to other pathogens especially
in the case when latent infected fishes are used
as test fish for the determination of the effect
of substances in water, waste water or sludge.
Futhermore, it seems to be clear that golden
ide can carry the virus for long periods of time
without any discernible signs (demonstrated
for half a year). Such infected fish may present
a risk for transmission of GIRV to other virus
free fish populations, perhaps resulting in a
more severe state of disease.

In vitro GIRV replicated at 10°, 15° and 20°C
but infectivity titers never exceeded amounts
higher than 5 or 5.5 log10 CCID50 ml-1. Similar
low infectivity titers of a reovirus from carp
were also mentioned by Jiang et al.(1991).

Lerner et al. (1963), Spendlove and Schaffer
(1965), Spendlove et al. (1970) and Joklik (1972)
found that treatment of various reovirus
strains with proteolytic enzymes markedly
increased their infectivity. The results pre-
sented in this paper confirm a strong enhance-
ment of cell culture infectivity by trypsin sup-
plemented to the virus growth medium. The
effect of trypsin did not only increase yield of
GIRV and cause better adaption of the virus
to other cell cultures but resulted also in an
evident shortened incubation time. Infectiv-
ity titers of virus grown in EDulb5 increased
somewhat with prolonged incubation (up to
4 weeks) but did not reach titers obtained
within 8 to 10 days with medium containing
trypsin.

It should be mentioned that virus growth
medium supplemented with 10µg ml-1 trypsin
caused retiform alterations within some hours
in non-infected control cell cultures and one
day later the cell monolayers were destroyed.
However, infected rounded and detached
cells continued producing infectious virus
indicating that after trypsin supplementation
and detachment the cells were still alive.
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