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Abstract
In the present report, data on the first diagnosis of SVC in Moscow Province are presented. SVC
virus was isolated twice during two consecutive years from carp in a fish farm situated northwest
of Moscow. Reverse transcriptase – semi-nested polymerase chain reaction (RT-snPCR) was more
sensitive in virus detection in clinical fish tissue samples compared with the conventional cell
culture isolation method. The origin of the virus remains unclear but based on the RFLP-analysis
the isolates were found to have a unique restriction site profile, which shared features of both
typical Russian and European groups of SVCV isolates.

Introduction
The syndrome called “infectious dropsy of
carp” (IDC, synonyms: “krasnoukha”,
rubella) had been known in the former USSR
since early 1930ies. It is believed that the
disease was for the first time introduced with
broodstock carp, Cyprinus carpio (L.),
imported from Germany in 1930 and than
spread throughout European part of the
country with fish movements (Dogiel et al.,
1939). At the time the idea of bacterial
aetiology of IDC proposed by W. Schäperclaus
(1930) prevailed in Western Europe. In USSR,
G. Epstein, M. Peshkov (1951) and G.
Goncharov (1953, 1965) suggested the viral
nature of the disease while Shcherbina (1939)
admitted that both a virus and bacteria may
be involved.

Tets and Yakovleva (1962) in Leningrad failed
in virus isolation from fish with ulcerative
form of IDC in primary cultures of minced
carp heart. In 1964 Osadchaya in Ukraine and
Tomasec et al. in Yugoslavia reported on
isolation of cytopathogenic agents from
acutely diseased carp in primary carp kidney
cell cultures. Few years afterwards, Fijan et
al. (1971) isolated the viral causative agent
from the acute form of IDC and suggested the
name spring viraemia of carp (SVC) for the
condition. Fijan (1972) stated that IDC was a
disease complex embracing at least two
aetiologically distinct diseases – SVC
(formerly the acute form of IDC) and carp
erythrodermatitis (formerly the chronic form
of IDC). In 1972 N. Roudikov reported on the
virus isolation from acutely diseased fish and
fulfilled the Rivers’ postulates for the first time
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for this disease in the former USSR. Later on
SVC was found to be widely spread in West
European and South European parts of the
country where it caused as high as 30-57%
mortality in common carp. Altogether, many
dozens of viral isolations were done from carp
of various age (from early fingerlings to
spawners) both in Ukraine (Osadchaya, 1977)
and Russia (Roudikov, 1975, 1980; Nadtochey
& Roudikov, 1975, Shchelkunov &
Shchelkunova 1989, 1990) and then in
Byelorussia (Mamysh et al., 1981; Skurat et
al., 1984), Moldova (Shchelkunov et al., 1984),
Lithuania (Roudikov et al., 1986) and Georgia
(Shchelkunov & Shchelkunova, unpublished).

Initially, viral isolates from the former USSR
were compared to each other in serum
neutralization test (Roudikov, 1988) and then
serologically (Way et al., 1998) and
phylogenetically (Stone et al., 2003) with
European strains and shown to belong to the
SVC virus group.

Due to economic crisis in national aqua-
culture, there have been no SVC outbreaks in
Russia for almost a decade. The current
recovery of the industry brings back many
disease problems. Here we report on the first
isolation of SVC virus in Moscow Province,
which has previously been considered free of
this infection.

Materials and methods
Virus isolation
Kidney, liver and spleen were pooled
individually from 11 acutely diseased carp
while gill opercula soft tissue, gill and spleen
from 60 fish with chronic form of disease were
collected in pools of five fish. The tissue
samples were processed for virological
examinations following the recommended

protocol (OIE, 2003).  Epithelioma papulosum
cyprini (EPC) cell line (Fijan et al., 1983) was
used for virus isolation. Inoculated cultures
were incubated at 21.5oC and monitored daily
for cytopathic effect (CPE).

Serum neutralization test
To identify isolated cytopathogenic agents,
the serum neutralization test was performed
using hyperimmune rabbit serum to SVC
virus strain M2 (Shchelkunov et al., 1984) at
working dilution of 1 : 40. Normal rabbit
serum at the same dilution and homologous
viral strain M2 were used in the test as
negative and positive controls, respectively.
Each diluted serum was combined with serial
10-fold dilutions of an agent to be identified.
The reaction mixtures were incubated at
21.5oC for 1 h and then inoculated onto 96-
well microplates simultaneously with seeding
EPC cells. The microplates were incubated at
21.5oC, monitored for 12-15 days until
cytopathic effect was complete and the
neutralization index (NI) was calculated using
the formula:  NI = virus titre in presence of
normal serum: virus titre in presence of
hyperimmune serum. Virus titration was
done according to the method of Reed &
Muench (1938).

Reverse transcriptase – semi-nested
polymerase chain reaction (RT-snPCR)
In parallel to virus isolation in cell culture,
the homogenates of clinical tissue samples
from fish with chronic form of SVC were
processed for virus detection in RT-snPCR
using primers designed to the viral N-gene
(Shchelkunov et al., 2005). The primers were
selected on the basis of complete genomic
nucleotide sequence of the SVCV “Fijan”
reference strain (Ahne et al., 2002; GenBank
accession no. U18101). About 5 mg of each
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homogenate were mixed with 415 µl of 6M
guanidinium thiocyanate (GTC) buffer
(6M GTC, 1% N-lauroylsarcosine sodium
salt, 1% beta-mercaptoethanol, 10 mM
EDTA, 50 mM tris-HCl, pH 7.6) and stored
frozen at -18o…-40oC until used. Total RNA
was extracted by using acid guanidinium
thiocyanate-phenol-chloroform extraction
method (Chomczynski & Sacchi, 1987) with
our modifications.  In brief, the tissue sample
frozen in the denaturing 6M GTC buffer in
1.5 ml Eppendorf plastic tube was thawed and
lysed for about half an hour at room
temperature. Then 32 µl of 3M sodium acetate,
pH 5.0 and 0.32 ml phenol : chloroform :
isoamyl alcohol (25:25:1) was added. The tube
was thoroughly shaken for 30 sec, cooled on
ice for 15 min and centrifuged at 14000g for 5
min. The aqueous phase was collected and
added equal volume of cold isopropanol. The
tube content was mixed vigorously by
inversion and placed at -40oC for 30 min. RNA
was precipitated by centrifuged at 14000g for
5 min and dissolved in 50 µl of 6M GTC buffer.
After addition of 50 µl of cold isopropanol
and shaking, the tube was again placed at
-40oC for 30 min and centrifuged at 14000g
for 5 min. Precipitated RNA was dissolved in
20 µl double distilled water, then 2 µl of 3M
sodium acetate, pH 5.0 and 55 µl of ethanol
were added. The tube was shaken and placed
at -40oC for 30 min. After centrifugation at
14000g for 5 min, precipitated RNA was
briefly rinsed in 1 ml ethanol, air dried,
dissolved in 15 µl of double distilled water
and stored frozen (-70oC) until used for
reverse transcription.

For cDNA synthesis the sense N3 primer 5'-
AGTCTAGATTGTAGCCTGTGTGGACA

(positions 573-593 on N-gene) was used. The
pair of sense N3 and antisense N5 primer
(5’-CCCAAGCTTGCATTTGAGATCGAC,
positions on N-gene 969-990) were used in the
first round PCR while primers N3 and N4
(5'- ATAGATCTCGTCAGGCTGTCTTGC,
positions on N-gene 940-960) were used in the
semi-nested PCR. The RT-snPCR was
performed as described (Shchelkunov et al.,
2005) with the exception that the cDNA
volume used in the first round PCR was
reduced to 1 µl.  The calculated sizes of the
amplicons to be produced in the first and
second rounds of the reaction were 418 and
388 base pairs (bp), respectively. The
amplified products were electrophoresed in
a 2% (w/v) agarose gel or 4% (w/v) poly-
acrylamide gel, stained for 5 min with
ethidium bromide (3µg/ml), visualized by UV
irradiation and the images processed using a
common computer graphic editor. HaeIII-
digest of the pQPR’ plasmid DNA (Petrov et
al., 1981) was used as molecular marker.

Fish infectivity tests
The fish for the tests were obtained from a
fish farm known to be free of viral infections.
Before each test, the fish were maintained at
low water temperature (7-9oC) for a few
months. In the first test, nine yearling carp
(mean body weight 40 g) were intra-
peritoneally injected with about 107.5 TCID50

of virus per fish and held without feeding in
a 90-liter aquarium with flow-through water
at temperature of 13-15oC. The virus at 7th in
vitro passage was used for injection. The
second test was performed using essentially
the same protocol with the exception that ten
fish with mean body weight of 24 g were
injected with 108.35 TCID50 of virus at 2nd in
vitro passage.
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Results
Virus isolation and serological identification
In May 2003, a heavy epizootic occurred
among broodstock, 1+ and 2+ common carp
on a big carp fish farm A situated in the
northwestern area of Moscow Province. The
outbreak seemed to be triggered by abrupt
diurnal water temperature fluctuations within
13oC to 20°C. Affected fish displayed pale
gills, lepidorthosis, exophthalmia, inflamed
and protruded anus and skin ulcers. From
pooled liver, spleen and kidney sampled from
one mature female a cytopathogenic agent
(named LK/03 / Lot 1) was isolated and
serologically identified as SVC virus.
Neutralization index of 104.25 was obtained for
the new isolate while NI for homologous M2
virus strain was 104.5.

In June 2004, thirty 2+ fish and thirty 1+ fish
from that same fish farm displaying signs of

a chronic haemorrhagic disease were sampled
for virological examination. A cytopathogenic
agent (named KL/0604) was isolated  from one
fish tissue sample (sample # 1 from 2+ fish)
out of the total of 12 five fish pooled tissue
samples examined. Neutralization index of
104.5 was obtained.

Virus detection in tissue samples of farm
fish with chronic disease by RT-snPCR
PCR products equivalent to the predicted
sizes for SVC virus were produced in both
rounds of PCR. In the first round, the N3-N5
product of 418 bp was revealed in 4 out of 12
tested RNA samples. In the second round,
specific products were found in almost all the
12 samples tested (Figure 1). Specificity of 388
bp PCR product of a representative sample
#6 was demonstrated by its cleavage with RsaI
restriction endonuclease following the
manufacturer’s protocol  (Sibenzyme, Russia)

Figure 1.   Virus specific PCR-products revealed after first (A) and second (B) rounds of semi-nested PCR in
clinical samples collected in June 2004 from carp with chronic form of SVC in the fish farm A. M: molecular
marker. Products were resolved in 2% (w/v) agarose gel  (A) or 4% (w/v) PAGE (B). Numbers represent
individual 5 fish pooled tissue samples.
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into two fragments of predicted sizes of 172
and 216 bp (Data not shown). (Shchelkunov
et al., 2005).

Pathogenicity of the isolates to carp
Eight of nine fish injected with the isolate LK/
03 displayed typical signs of acute SVC. Six
fish of them died. Nine of 10 fish injected with
the isolate KL/0604 showed similar signs of
disease and all the diseased fish died.  The
virus was re-isolated in high titres from
freshly dead fish. The clear tendency of a more
acute disease course and higher cumulative
mortality observed for the isolate KL/0604
might be connected with lower in vitro
passage number, higher titre of the injected
virus and two months younger fish used.

Discussion
The case described here is the first find of
spring viraemia of carp virus in Moscow
Province.

The literature on the use of PCR technique for
SVC virus detection in field fish samples is
scarce. There are only publications by
Oreshkova et al., (1999) and Koutna et al.,
(2003) who tested glycoprotein gene primers
based RT-PCR and nested PCR, respectively,
on a limited number of field samples. More
studies are needed to determine comparative
detection efficiency of the techniques and its
applicability for routine diagnostic work.

In the present study, RT-snPCR based on
primers to the viral N-gene was found to be
superior in sensitivity to cell culture isolation
method of virus detection in chronically
infected fish. Four clinical samples of fish
tissues in first round and even more in second
round turned out virus-positive compared
with one sample only (#1) obtained with use

of the traditional technique. Interestingly, that
no visible virus-specific product was revealed
in the latter sample after the first PCR round
and only a slight predicted size product could
be seen after the second round. We believe
that the cause for that were tissue inhibitors
of PCR which might be present at a rather high
level in the sample #1. On the other hand, it
may be speculated that the failure in virus
isolation from PCR-positive samples might be
caused by an abortive course of the infection
in fish with chronic disease resulting in
reduced production of infectious virus, which
was probably below the detection limit of the
cell culture isolation method. Presence of PCR
inhibitors in fish tissues is a well-known fact,
which we observed also in carp with acute
SVC (Shchelkunov et al., 2005). To avoid it,
optimization of PCR technique is needed.

In addition, in spring of 2003 more than 80%
mortality was registered on the farm in 8-day-
old fry. Unfortunately, the diseased fish were
not sampled. High mortality re-occurred next
spring. However, the fry (90 fish with average
body weight of about 100 mg) were sampled
for virological examination too late after the
outbreak (1st of July). The sampled fish looked
healthy, and despite water temperature had
been still within the permissive range for SVC
(17-20oC), no virus was isolated in EPC cells
from 9 ten-fish pooled samples prepared.
Meanwhile, carp fry and fingerlings are
known to be highly susceptible to SVC virus
at 17-23oC under experimental conditions
(Fijan et al., 1984; Hattenberger-Baudouy et
al., 1987; Shchelkunov & Shchelkunova,
unpublished) and Osadchaya et al., (1982)
succeeded in isolation of SVC virus from 10-
15 g carp fingerlings during summer disease
outbreaks in three fish farms. Also Jeremic et
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al. (2004) reported on SVCV isolation from
farm carp larvae. Due to epizootiological
restrictions, natural SVC in very young carp
is seemingly a rare event and to our
knowledge, the latter two reports is the only
published information available. In contrast
to salmonids, carp spawn at comparatively
high water temperature (18-22oC), which is
considered prohibitive for SVC virus
replication in immunophysiologically normal
fish older than one year (Fijan, 1988). So, direct
virus transmission to progeny fry from
parents or from other age groups of fish seems
unlikely. We believe that if a virus was really
involved in early fry mortality on fish farm
A, the fish might be infected horizontally by
the virus present in water or in bottom
sediments due to use of the wrong practice of
its transient stocking for rapid grow up
purposes in shallow overwintering ponds
from which older fish were transferred to
summer grow out ponds not long before.

The origin of SVC virus in fish farm A is
unknown. According to official information,
the last fish introduction in the farm was done
about 10 year ago when carp larvae of a
Czechoslovak strain were delivered from a
neighbouring fish farm B.  Interestingly, based
on the restriction fragment length
polymorphism analysis done on the viral N-
gene with a set of five restriction
endonucleases, the isolates LK/03 and KL/
0604 were found to have a unique restriction
site profile, which shares features of both
typical Russian and European restriction
groups of SVCV isolates (Shchelkunov et al.,
2005). Occasional virological examinations of
60 fish samples from farm B, done within the
last few years, have yielded negative results.
However, in spring of 2004 two of 12 five-fish

pooled tissue samples, which were collected
there from clinically healthy carp yearlings
were found to be virus-positive in RT-snPCR,
while no virus was isolated from that same
samples in EPC cells. RFLP-analysis done on
those PCR products showed that they
belonged to an SVC virus strain from the
typical Russian restriction group (Data not
shown). These data suggest that at least two
distinct strains of SVC virus circulate in the
Moscow Province.

Chronology of SVC virus isolations in Russia
suggests that there has been a trend during
the last decade of virus spreading from its
traditional natural area to more northern
territories, namely, to fish farms in
Ekatherinburg Province, Tver Province and
now in Moscow Province. In our opinion, the
principal cause for that are fish movements.
Fish movements are considered the main way
communicable diseases spread in aquaculture
today (OIE, 2002). On the territory of the
former USSR and present Russia several areas
of SVCV-infection are known to exist to date.
Most of them coincide with the earlier
established areas of infectious dropsy of carp
(Figure 2). On the other hand, the areas of
SVCV-infection geographically overlap areas
in eastern part of Europe, which have been
naturally inhabited by carp, Cyprinus carpio
(L.). This raises a question of whether the core/
typical USSR/Russian strains are original or
originated from those introduced in the
country. Limited data in support of their
originality obtained on a few isolates included
in the analysis were provided by Stone et al.
(2003) and Liu et al. (2004). To get a
comprehensive answer, profound phylo-
genetic study is needed. SVCV isolates from
South-East Asia and China (Liu et al., 2004)



Bull. Eur. Ass. Fish Pathol., 25(5) 2005,  209

should also be included in the study bearing
in mind that the extensive federal project of
wide introduction, acclimatization and
domestication in the USSR of herbivorous
cyprinids from the Russian Far East and China
was going on from mid 1950 through mid
1960.

Carp culture is now an actively growing
industry in Moscow Province. The central
position of the Province, the revival of Russian
aquaculture, weakened veterinary controls on
fish movements, and peculiarities of the local
watersheds can contribute to the spread of
SVCV into other regions. The current situation
on spread of communicable fish diseases
within Russia requires that more effective
control measures on fish movements should
be urgently developed and enforced in the
national aquaculture instead of formal ones
which are in use today.
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