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I NTRODUCTION

Viral haemorrhagic septicaemia viruses (VHSVs)
are a group of novirhabdoviruses that has been iso-
lated from a wide range of wild and farmed fish spe-
cies in Europe, North America and Japan living in
both marine and freshwater (review by Skall et al.
2005, Elsayed et al. 2006, Lumsden et al. 2007, Dale
et al. 2009, Bain et al. 2010, Gadd et al. 2010, 2011,
Kim & Faisal 2010, Emmenegger et al. 2013, Ito &
Olesen 2013, OIE 2017). VHSV is a negative-
stranded RNA virus of which isolates cluster into 4

different genotypes (I−IV), with several subtypes in
genotypes I (Ia−Ie) and IV (IVa−IVd) (Snow et al.
1999, Einer-Jensen et al. 2005, Elsayed et al. 2006,
Ammayappan & Vakharia 2009, Pierce & Stepien
2012, Cuenca et al. 2017). The genotypes are gener-
ally more tied to geographical region than to target
species (Snow et al. 1999, Nishizawa et al. 2002,
Thiery et al. 2002, Einer-Jensen et al. 2004).

According to phylogenetic studies, VHSV has its
ancestors in the marine environment, from where it
has adapted to be a serious disease agent for farmed
rainbow trout Oncorhynchus mykiss (Einer-Jensen et
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al. 2004). The ‘change in host range’ has probably
happened several times since the first reports of clin-
ical outbreaks of viral haemorrhagic septicaemia
(VHS) originating from the 1950s (Einer-Jensen et al.
2004). These historical leaps over the species barriers
are likely, at least in large part, attributed to human
activities in connection with fish farming procedures
and virus adaptation to new hosts. Wild marine fish,
mainly herring Clupea harengus, were intensively
used as minced fresh feed for freshwater farmed
rainbow trout in Europe in the 1950s (Meyers & Win-
ton 1995, Dixon 1999, Einer-Jensen et al. 2004). The
use of fresh marine fish as a source of feed decreased
throughout Europe when several wild marine fish
species, including herring, were identified as carriers
of VHSV and it was found that VHSV could be
spread by the oral route (Stone et al. 1997, Snow et al.
1999, Mortensen et al. 1999). VHSV types patho-
genic to rainbow trout have been isolated from mar-
ine wild fish in Europe on some occasions, but no
mass mortality or clinical signs of VHS have been
reported in these wild fish species (Skall et al. 2005).
In contrast, in North America, mortalities due to
infections with VHSV have been reported on several
occasions in wild fish (Marty et al. 1998, Meyers et al.
1999, Elsayed et al. 2006, Gagné et al. 2007, Groocock
et al. 2007, Lumsden et al. 2007, Ammayappan &
Vakharia 2009).

In Finland, VHS has been reported in 3 separate
fish farming locations on the south and southwest
coasts during 2000−2012 (Raja-Halli et al. 2006). VHS
was first isolated in 2000 on the southwest coast of
Finland in the Province of Åland and a few weeks
later on the south coast. VHSV was isolated at a third
location also on the west coast in 2003 and again in
2008 (Raja-Halli et al. 2006, Finnish Food Safety
Authority 2010). Mortalities in these disease out-
breaks have varied from negligible up to 50% on
some occasions. VHS in fish farms in 2 of these areas
has been successfully eradicated, but the area where
VHS was first recorded in the Province of Åland is
still classified as VHS-positive. A common source of
the outbreaks in Finnish fish farms is suspected as all
of the VHSV isolates were genotype Id and, accord-
ing to sequencing results, almost identical (Raja-
Halli et al. 2006). The source of the first VHS out-
break in Finland is still unknown, but wild fish,
mainly herring, are considered to be the most likely
source of infection since VHSV genotype Id (here-
after VHSV Id) is genetically close to isolates from
wild fish and early Danish isolates from farmed rain-
bow trout (Skall et al. 2004). Further evidence sup-
porting herring as a likely source is the fact that wild

herring had previously been used as minced fresh
feed in some fish farms in this area (Raja-Halli et al.
2006).

Wild salmonid brood fish, Baltic herring Clupea
harengus membras and lamprey Lampetra fluviatilis
have been screened for VHSV in the same parts of
the Baltic Sea where these VHSV-positive Finnish
fish farms are located, but VHSV Id has not been iso-
lated from wild fish. Nonetheless, Baltic herring and
lamprey were found to be carriers of VHSV genotype
II (Gadd et al. 2010, 2011). The highest prevalence of
VHSV II, 50 of 479 pools (10.4%), was recorded in
herring originating from the Archipelago Sea south-
west of Finland (Gadd et al. 2011). However, VHS
has never been recorded in farmed fish in this area
even though intensive fish farming has been per-
formed for decades and minced wild herring was
previously used as fresh feed. According to the infec-
tion trials, the pathogenicity of the isolated VHSV II
strains to rainbow trout was negligible (Gadd et al.
2011).

The aim of the present study was to survey whether
wild fish living in close proximity to the net pens in
VHSV-positive fish farms could be carriers of this
virus. Additionally, the aim was to study under field
conditions whether VHSV Id can be naturally trans-
mitted to perch Perca fluviatilis, roach Rutilus rutilus
and whitefish Coregonus lavaretus from clinically
diseased farmed rainbow trout in a VHSV-positive
fish farm.

MATERIALS AND METHODS

Collection of wild fish for virus examination

Wild fish were caught in the immediate vicinity of
2 VHSV-positive food fish farms that were farming
rainbow trout in the brackish sea area in the Baltic
Sea; fish were caught beside, between and under the
net pens. The farms are situated in the Province of
Åland, in a VHS restriction zone that was established
in 2001 after VHSV was detected in several farms
(Raja-Halli et al. 2006). The fish were caught with 2
specially designed nets with 4 different mesh sizes
(10, 20, 30 and 40 mm) on 12 different occasions:
once in autumn 2005, 6 times in spring 2006, 3 times
in autumn 2006, once in spring 2007 and once in
autumn 2008. The nets were set in the water in the
vicinity of the net pens in the evening and kept in
place overnight before they were pulled up from the
water and emptied of fish. Species caught and the
number of different species tested are presented in
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Table 1. Rainbow trout in both farms in the restriction
zone tested VHSV-positive on several occasions
before the sampling, and on 2 occasions in spring
2006 the sampling was performed during a clinical
VHS outbreak on the nearby fish farm. All caught
wild fish were tested, unless over 100 fish per species
were caught, in which case only 100 fish of those spe-
cies were collected non-randomly for testing. Tissue
samples from the anterior kidney, spleen, brain and

heart were taken and samples from a maximum of 5
fish were pooled together. Fish species that rapidly
decompose due to high fat content, such as herring
and sprat, were sampled immediately after capture,
and the rest of the fish were iced and transported to
the laboratory for further sampling. All tissue sam-
ples were obtained and appropriately preserved
within 1 d of capture. The water temperature ranged
from 2°C to 13°C during the sampling.
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Fish species Number of fish sampled Results for laboratory examinations Prevalence (%)
Autumn Spring Total Percent- Virus qRT-PCR PS qRT- NS Ob- Median 

age isolation PCR qRT-PCR served estimate
(95% CI)

Perch 300 213 513 31.36 Negative Negative nd nd 0 0.04 (0−0.49)
Perca fluviatilis

Bleak 70 329 399 24.39 Negative Negative nd nd 0 0.06 (0−0.63)
Alburnus alburnus

Roach 168 97 265 16.20 Negative Negative nd nd 0 0.09 (0−0.94)
Rutilus rutilus

Three-spined stickleback 2 151 153 9.35 Negative Negative nd nd 0 0.15 (0−1.63)
Gasterosteus aculeatus

Ruffe 0 87 87 5.32 Negative Negativea Negative Negativea 0 0.26 (0−2.84)
Gymnocephalus cernuus

Herring 30 46 76 4.65 Negative Negativeb Negative Negative 0 0.30 (0−3.27)
Clupea harengus membras

White bream 30 36 66 4.03 Negative Negative nd nd 0 0.75 (0−3.72)
Abramis bjoerkna

Smelt 0 32 32 1.96 Negative Negative nd nd 0 1.51 (0−7.49)
Osmerus eperlanus

Rudd 4 16 20 1.22 Negative Negative nd nd 0 1.12 (0−11.66)
Scardinius erythrophthalmus

Rainbow trout 1 6 7 0.43 Negative Negativec Negative Negative 0 3.09 (0−29.24)
Oncorhynchus mykiss

Fourhorn sculpin 2 4 6 0.37 Negative Negatived nd nd 0 3.57 (0−33.04)
Triglopsis quadricornis

Flounder 1 4 5 0.31 Negative Negative nd nd 0 4.23 (0−37.94)
Platichthys flesus

Sea trout 0 2 2 0.12 Negative Negative nd nd 0 9.55 (0−66.68)
Salmo trutta

Straight-nosed pipefish 2 0 2 0.12 Negative Negative nd nd 0 9.55 (0−66.68)
Nerophis ophidion

Eelpout 0 1 1 0.06 Negative Negative nd nd 0 16.3 (0−85.33)
Zoarces viviparus

Ide 1 0 1 0.06 Negative Negative nd nd 0 16.3 (0−85.33)
Leuciscus idus

Pike 0 1 1 0.06 Negative Negative nd nd 0 16.3 (0−85.33)
Esox lucius

Total 611 1025 1636 100.00

a−dOrgan suspensions (pools) that gave a weak signal with qRT-PCR threshold cycle (Ct) >36: a1 out of 17 pools, b1 out of 20 pools, 
c1 out of 7 pools and d1 out of 4 pools

Table 1. Laboratory results for surveillance of viral haemorrhagic septicaemia virus (VHSV) for 17 wild fish species in the vicinity of 2 VHSV-
positive fish farms in the viral haemorrhagic septicaemia restriction zone of the Province of Åland, in the Baltic Sea, during 2005−2008. 

qRT-PCR: real-time reverse transcription PCR; PS: positive strand; NS: negative strand; nd: not determined; CI: confidence interval
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Infection trial in field conditions

Altogether, 500 wild perch Perca fluviatilis and
roach Rutilus rutilus were caught with a bow net on
the southwest coast of Finland, outside the VHS re -
striction zone. To determine whether the wild-caught
fish were free of VHSV, control samples of 100 fish of
each species were non-randomly collected with a dip
net for virus testing. Of each species, 150 live fish
were transported in 1500 l aerated transport tanks to
a VHSV-positive fish farm in the VHS re striction
zone in the Province of Åland. Additionally, 150
whitefish from a fish farm in the VHS-free continen-
tal zone in Finland were transported in the same way
to the same farm. Control samples of 40 whitefish
were collected non-randomly with a dip net for virus
testing before transport. The fish were placed in 9
small net cages, with 50 fish in each cage and 3 cages
per species. The test cages were placed beside the
sea cages where clinical VHS had been confirmed in
rainbow trout 1 wk earlier. Fifty fish of each species

functioned as control groups in similar cages but at
another fish farm in the sea area outside the VHS
restriction zone. The fish were inspected every day
and 10 fish per cage were collected for sampling on
Days 10, 14, 21 and 35 after the transfer (Table 2).
Fish with any signs of disease or that were in poor
condition were first selected for sampling; otherwise,
fish were picked non-randomly with a dip net for
sampling. The rainbow trout at the farms were also
tested for VHSV on Days 0, 10 and 14. After Day 14,
the rainbow trout in the farm were moved to a nearby
summer farming site and only the test cages were left
on the farm.

All fish that were collected for testing for the pres-
ence of VHSV were transported on ice to the labora-
tory and sampled the next day. Tissue samples from
the brain, spleen, heart and anterior kidney of 5 fish
from the same cage were pooled together (2 pools
per cage). Samples from the gills and skin were also
collected from these fish and pooled in 2 separate tis-
sue pools per cage. The control cages at the control
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Day of Temp. Method Number of VHSV-positive organ, gill and skin pools/number of pools tested
samp- (°C) Perch Roach Whitefish Farmed Controls (perch, 
ling Organs Gills Skin Organs Gills Skin Organs Gills Skin rainbow roach and whitefish)

trout − combined resultsa

Organs Organs Gills Skin

0 4 Virus isolation 0/20 nd nd 0/20 nd nd 0/8 0/3 0/3 8b/8 0/9 nd nd
qRT-PCR 0/20 nd nd 0/20 nd nd 0/8 0/3 0/3 8/8 0/9 nd nd

PS qRT-PCR nd nd nd nd nd nd nd nd nd 8/8 nd nd nd
NS qRT-PCR nd nd nd nd nd nd nd nd nd nd nd nd nd

10 6 Virus isolation 0/6 0/3 0/3 0/6 0c/3 0/3 0/6 0/3 0/3 4/4 0/12 0/12 0/12
qRT-PCR 0/6 0/3 0/3 0/6 1d/3 0/3 1/6 1/3 1/3 4/4 0/12 0/12 0/12

PS qRT-PCR nd nd nd nd 0/6 nd 0/6 0/6 0/6 4/4 nd nd nd
NS qRT-PCR nd nd nd nd 0/6 nd nd nd nd 4/4 nd nd nd

14 7 Virus isolation 0/6 0/3 0/3 0/6 0/3 0/3 1b/6 1b/3 1b/3 4/4 0/12 0/12 0/12
qRT-PCR 0/6 0/3 0/3 0/6 0/3 0/3 1/6 1/3 1/3 4/4 0/12 0/12 0/12

PS qRT-PCR nd nd nd nd nd nd 1/6 1/3 1/3 4/4 nd nd nd
NS qRT-PCR nd nd nd nd nd nd 1/6 1/3 1/3 4/4 nd nd nd

21 9 Virus isolation 0/6 0/3 0/3 0c/6 0c/3 0c/3 0/6 0/3 0/3 nd 0/12 0/12 0/12
qRT-PCR 0/6 0c/3 0/3 0/6 0/3 0/3 0/6 0/3 0/3 nd 0/12 0/12 0/12

PS qRT-PCR nd nd nd nd nd nd 0/6 0/3 0/3 nd nd nd nd
NS qRT-PCR nd nd nd nd nd nd 0/6 0/3 0/3 nd nd nd nd

35 11 Virus isolation 0/6 0/3 0/3 0c/6 0c/3 0c/3 0/6 0c/3 0/3 nd 0/12 0/12 0/12
qRT-PCR 0/6 0/3 0/3 0/6 0/3 0/3 0/6 0/3 0/3 nd 0/12 0/12 0/12

PS qRT-PCR nd nd nd nd nd nd nd nd nd nd nd nd nd
NS qRT-PCR nd nd nd nd nd nd nd nd nd nd nd nd nd

aThree pools per fish species: 1 pool of organs from 5 fish, and 1 pool of gills and 1 pool of skin collected from 10 fish
bIsolates that were sequenced: Fi08.50RT, Fi08.22WF, Fi08.23RT, Fi08.24RT (see Table 4)
cA sprivivirus was isolated from all fish species, mostly in roach
dSamples gave a weak VHSV signal with qRT-PCR threshold cycle (Ct) >36. VHSV-positive (Ct < 36) pools are highlighted in bold

Table 2. Results from the infection trial performed to reveal whether wild perch, roach and farmed whitefish could be infected by viral haem-
orrhagic septicaemia virus (VHSV) in field conditions at a VHSV-positive fish farm in the viral haemorrhagic septicaemia restriction zone of
the Province of Åland in the Baltic Sea. qRT-PCR: real-time reverse transcription PCR; PS: positive strand; NS: negative strand; nd: not deter-

mined. VHSV-positive pools are highlighted in bold
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farm were inspected and sampled likewise. The sam-
pling regime is presented in Table 2.

Virus isolation

Tissue samples of the brain, spleen, heart and ante-
rior kidney from wild fish and fish from the infection
trial were examined for the presence of VHSV ac -
cording to EU Commission Decision 2001/183/EEC
(EC 2001) (see Tables 1 & 2). Organ samples from a
maximum of 5 fish were pooled in 9 volumes of cell
culture medium (Eagle’s minimum essential medium,
Gibco, and 10% fetal bovine serum, pH 7.4) contain-
ing penicillin and streptomycin. Gill and skin samples
were examined separately in pools consisting of 10
fish. All samples were homogenized and centri fuged
(15 min at 4000 × g, 4°C), and each organ pool was
treated separately to avoid contamination be tween
samples. The supernatant was collected for immediate
inoculation into 24-well tissue culture plates (Nunc)
with monolayer cell cultures of bluegill fry (BF-2) fi-
broblasts and epithelioma papulosum cyprinid (EPC)
epithelial cells (Olesen & Jørgensen 1992). The sam-
ples were inoculated in BF-2 and EPC cells no later
than 24 h post euthanasia. All samples were incubated
in 2 passages for a total of at least 14 d. Isolated virus
strains were confirmed to be VHSV with a commercial
ELISA kit according to the manufacturer’s instructions
(TestLine) and some isolates of VHSV were confirmed
with additional sequencing.

Real-time RT-PCR for examining the presence of
VHSV from tissue suspensions

One microlitre of the same tissue suspension that
was used for virus isolation was frozen in −80°C to be
later tested with a real-time reverse transcription
polymerase chain reaction (qRT-PCR) (later called
diagnostic qRT-PCR). RNA extraction was carried out
using an RNeasy Mini Kit (Qiagen), and qRT-PCR
was performed with a QuantiTect Probe RT-PCR Kit
(Qiagen) according to the manufacturer’s instruc-
tions. The final concentrations of the primers and
probe were 300 and 100 nM, respectively. The re -
verse transcription reaction profile was 30 min at
50°C and 15 min at 95°C; followed by 50 cycles of 15 s
at 95°C and 1 min at 60°C.

The primers and the probe (Med Probe) for the
diagnostic qRT-PCR were manufactured according
to the VHSV N gene sequence from GenBank acces-
sion number D00687 after Chico et al. (2006). The

probe was 5’-end labelled with FAM and 3’-end
labelled with TAMRA (Table 3). We used a threshold
cycle (C t) cut-off value of 36 as estimated in our ear-
lier study (Vennerström et al. 2017).

Strand-specific qRT-PCR

As sampling was performed in an environment
assumed to be highly contaminated by VHSV, a new
qRT-PCR method (hereafter, strand-specific qRT-
PCR) was developed to test for negative and positive
stranded VHSV products formed during VHSV repli-
cation. This method could be used to rule out possi-
ble environmental virus contamination and to test
whether the virus was actively replicating in the
tested fish tissues. This strand-specific qRT-PCR
method is based on a method previously described
by Purcell et al. (2006). Controls for the strand-
 specific method were created with in vitro transcrip-
tion from cloned VHSV N gene amplicons. Primers
and probes used are presented in Table 3.

Cloning of PCR product for in vitro transcription

To create a template for positive and negative con-
trol RNA, an 810 bp amplicon from VHSV N gene
PCR was inserted into a pSC-A plasmid and trans-
fected into StrataClone SoloPack competent cells
(StrataClone™ PCR Cloning Kit, Stratagene) accord-
ing to the manufacturer’s instructions. The resulting
plasmids were purified with a QIAprep Spin Mini -
prep Kit (Qiagen) and verified by restriction diges-
tion and sequencing with the universal T3 and T7
primers. Sequencing was performed by the Institute
of Biotechnology, University of Helsinki, Finland.

In vitro transcription

The control RNA for strand-specific qRT-PCR was
prepared in 2 separate in vitro transcription reactions
to produce both positive and negative strand RNA.
Based on sequencing, the orientation of the insert
could be determined, and linearization of the plas-
mid was performed with BamHI (Fermentas) or
HindIII (Fermentas) for positive- or negative-strand
RNA transcription, respectively.

In vitro transcription of linearized plasmids was per-
formed with a MAXIscript T7/T3 Transcription Kit
(Ambion, Applied Biosystems) according to the man-
ufacturer’s instructions. Both positive- and  negative-
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strand RNA concentrations were adjusted
to 200 ng µl−1, and the RNA was aliquoted
and stored at −70°C.

Positive- and negative-strand
qRT-PCR/cDNA synthesis and

reverse transcription

For the detection of positive-stranded
RNA, we isolated 0.5−2 µg of total RNA
from fish organ pools using an RNeasy Mini
Kit. Reverse transcription was performed
according to Purcell et al. (2006) and Chico
et al. (2006). Tagged antisense primer (re -
verse) was used to synthesize positive-
strand-based cDNA and tagged sense
primer (forward) to synthesize negative-
strand-based cDNA. The VHS tagged and
sequence-specific PCR primers (Med
Probe) are listed in Table 3.

Sequencing of isolated VHSV strains

To determine the genotype of the VHSV
strains, the complete sequence of the glyco-
protein (G) gene of 3 rainbow trout and 3
whitefish VHSV isolates (Table 4) were am-
plified in 4 separate RT-PCR re actions per
isolate and the amplicons were se quenced
with primers used in the PCRs. RT-PCR am-
plifications were performed as described in
Raja-Halli et al. (2006). Primer sequences
(Table 3) targeting VHSV G, matrix (M) and
non-structural (NV) gene regions were
based on the published gen ome of VHSV
strain Fi13 (GenBank accession number
Y18263.1; Schutze et al. 1999).

Sequencing reactions were performed
using BigDye v.3.1 chemistry (Applied Bio-
systems) and the reactions were run on an
ABI 3100-Avant genetic ana lyser. For each
sample, the individual PCR sequences
were edited and assembled into contigs
using Lasergene SeqMan Pro version 8.0.2
(DNASTAR). The assembled sequences
were aligned with G gene sequences of
selected Finnish and other VHSV isolates
belonging to genotypes I−IV (Table 4)
using ClustalX (Thompson et al. 1997) and
the phylo genetic analysis was performed
with MEGA 4.1 software (Tamura et al.
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2007). The percentage identities between paired
nucleotide sequences were calculated with Megalign
(DNASTAR).

Statistical analysis

The 95% confidence intervals for observed propor-
tions were calculated with the EpiTools calculators
(Sergeant 2016) using Jeffrey’s method (Brown et al.
2001). The median prevalence estimate (%) was cal-
culated using R (R Core Team 2016).

RESULTS

Virus detection from wild fish

A total of 1636 wild fish, representing 17 different
fish species, were caught and sampled (Table 1). All
samples tested negative by virus isolation but 4 sam-
ples gave a weak signal with qRT-PCR (Ct > 36).
These samples were negative for VHSV positive-
stranded RNA products, indicating that virus replica-
tion had not occurred in the tested fish at the time of
sampling. Although no infected fish were detected,
chance may have contributed to this non-detection,
especially in those species with only few fish caught,
as can be seen from the 95% confidence intervals
that provide estimates of true prevalence ranges,
assuming a perfect test (Table 1). The median preva-
lence estimates show that the true prevalence would
be closer to zero than the upper confidence limit.

Infection trial in field conditions

A clinical outbreak of VHS was diagnosed in the
rainbow trout on the farm 5 wk before the trial
started, and mortalities due to VHSV occurred as
long as the diseased rainbow trout population was
present in the farm. All rainbow trout in the farm
were moved to a nearby summer farming site 14 d
after the infection trial started, and only the test
cages were left on the farm. Whitefish were the only
species in the infection trial infected by VHSV. The
infection was detected in only 1 of the 3 parallel
groups of whitefish, from samples collected on
Days 10 and 14. The virus was not isolated on Day 10,
but qRT-PCR gave weak positive signals in all tissue
samples from this group. On Day 14, VHSV was de -
tected from all tissues tested with all 4 methods used
(Table 2). The positive result of the strand-specific
qRT-PCR method proved that VHSV replicated in
whitefish and was not a contamination from the en -
vironment. Additionally, a sprivivirus was isolated
from all fish species in this infection trial (Table 2).
Spriviviruses grow in the same cell cultures as those
used for VHSV isolation and were confirmed by
sequencing (Holopainen et al. 2017).

The control groups outside the VHS restriction
area were all negative for VHSV and sprivivirus.

Sequencing of isolated VHS viruses

The G gene of VHSV from the farmed rainbow
trout and the whitefish from the infection trial was
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VHSV isolate            Host                               Location and year of isolation         Genotype GenBank accession number

Fi08.50RT                  Rainbow trout               Finland 2008, present study                   Id MF176925
Fi06.59RT                  Rainbow trout               Finland 2006, present study                   Id MF176926
Fi06.108RT                Rainbow trout               Finland 2006, present study                   Id MF176927
Fi08.22WF                 Whitefish                       Finland 2008, present study                   Id MF176928
Fi08.23WF                 Whitefish                       Finland 2008, present study                   Id MF176929
Fi08.24WF                 Whitefish                       Finland 2008, present study                   Id MF176930
FiA02a.01                  Rainbow trout               Finland 2001                                            Id AM086358
Fi19.04                       Rainbow trout               Finland 2004                                            Id AM086383
Hededam                  Rainbow trout               Denmark 1972                                          I Z93412
Fi13 F1                       Rainbow trout               Germany 1998                                          I Y18263
DK 1p52                    Sprat                              Baltic Sea 1996                                        II AY546576
DK 1p53                    Herring                         Baltic Sea 1996                                        II AY546577
FR L59X                    Eel                                 France 1987                                             III AY546618
DK 4p168                  Herring                         Skagerrak 1997                                       III AY546582
US Makah                 Coho salmon                 Washington, USA, 1988                         IV U28747
JP KRRV9822            Japanese flounder        Japan 2000                                              IV AB179621

Table 4. Sequenced viral haemorrhagic septicaemia virus (VHSV) isolates from the present study and reference VHSV 
isolates used in the sequence comparisons
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sequenced and compared with G gene sequences of
some Finnish and other VHSV isolates belonging to
genotypes I−IV (Table 4, Fig. S1 in supplement at
www. int-res. com/ articles/ suppl/ d131 p187 _ supp. pdf).
Pairwise sequence comparisons showed that the
rainbow trout and whitefish isolates of the present
study (GenBank accession numbers MF176925−
MF176930) were most closely related to the Finnish
rainbow trout genotype Id isolates from the Province
of Åland isolated during the years 2001 and 2004
(Raja-Halli et al. 2006). The nucleotide identity be -
tween these isolates was 99.4−99.9%. The G gene
sequence identity between VHSV isolates from rain-
bow trout and whitefish of the infection trial and
VHSV isolates belonging to genotypes III and IV
were approximately 91% and 86%, respectively. The
3 whitefish isolates from the infection trial and the
rainbow trout Fi08.50RT originating from the same
farm and year (2008) as the whitefish isolates were
100% identical to each other. These results indicate
that whitefish in the infection trial were infected with
the same VHS virus that was present in the farmed
rainbow trout on the farm where the infection trial
was performed.

DISCUSSION

Wild fish are not a likely source for the reappearing
VHS outbreaks in the Finnish brackish-water fish
farms. Although wild fish have been reported to be
carriers of several different VHSV genotypes in the
North Sea and the Baltic Sea (Skall et al. 2005), there
are no reports indicating that VHSV Id in wild fish is
connected with the clinical disease in farmed fish.
The number of different fish species in close vicinity
of the fish farms in the present study was high, but
the number of individuals of each fish species varied
from only a few individuals for species such as pike
or sea trout to thousands for species such as perch,
roach or three-spined sticklebacks. In our study, the
observed prevalence of VHSV was zero in 17 differ-
ent tested wild fish species that were screened dur-
ing several years in the vicinity of 2 infected fish
farms. The results indicated that if the screening
missed the infection in these species caught in quite
high numbers (see Table 1), the prevalence would
have been no more than 4% (the upper limit of the
95% confidence limit is lower than that). The sample
size was low for defining the possible prevalence
range of some species and the results are inconclu-
sive. The fish species that were caught in small num-
bers are species for which presence on the farm or in

the vicinity was apparently low, and they comprise
less than 5% of all fish analysed. The low numbers of
these species on the fish farm are likely representa-
tive of the actual numbers present, as fish farms are
not the normal habitat for these species. Organ pools
from fish species caught in low numbers contained
organs from fewer individuals than those from spe-
cies caught in high numbers, reducing the possible
effect of virus dilution.

There are several facts that support our result of
the minor role of wild fish in VHSV transmission. The
farms where the wild fish were caught experienced
several outbreaks of VHS in their fish during the
study. If the wild fish had a major role, one would
expect to find clear positive signals with qRT-PCR
from the tested wild fish as VHSV was present in the
environment on several of the sampling occasions. In
Finland, there have been 2 other VHS restriction areas,
in similar farms producing rainbow trout, where the
viruses were successfully eradicated at the first
attempt. These areas have the same kind of wild fish
populations as the farms in the study area in the
Province of Åland. It is possible that some of the tested
fish species could be transient carriers of the virus
and therefore were not caught using the screening
method. More studies on the prevalence of VHS in
wild fish are needed, as all fishing methods have spe-
cies and size selectivities that may bias the results.

Two wild fish species, roach and perch, which are
among the most common species living in the vicinity
of brackish-water fish farms, were also exposed to a
natural VHSV infection under stressful conditions in
small cages, but no VHSV was isolated from these
fish. On the contrary, farmed whitefish kept in the
same conditions as roach and perch were infected by
VHSV Id. The virus was detected for a short period,
but no mortalities were recorded. It is possible that
whitefish are transient carriers of VHSV as the virus
was not detected in the whitefish groups after the in -
fected rainbow trout were moved away from the
farm. According to the Finnish authorities, VHSV has
only been isolated once from farmed whitefish in the
VHS restriction area (P. Vennerström unpubl. data).

A sprivivirus was isolated from all tested fish spe-
cies in the infection trial, but it was not associated
with mortalities. The skin of the fish infected with
sprivivirus turned reddish in colour as a result of con-
gestion in the skin, but internal pathology was not
detected in these fish. These findings were not stud-
ied further in this trial. Sprivivirus has occasionally
been isolated from farmed sea trout in the study area
in connection with bacterial fish diseases during the
summertime, when water temperatures are greater

194

http://www.int-res.com/articles/suppl/d131p187_supp.pdf


Vennerström et al.: Wild fish are negligible VHSV transmitters in Finland

than 15°C (R. Holopainen, pers. comm.). Sprivivirus
seems to be an endemic virus in the study area and it
is not clear whether this virus could be a predispos-
ing factor of the VHSV outbreaks or influence on
screening of VHSV. Spriviviruses have not been re -
ported from the other 2 successfully eradicated
restriction zones of VHS.

Whitefish could be a potential source of the recur-
ring VHS outbreaks in the VHS restriction area, as
they were either farmed in the same farms as rain-
bow trout or have close contact with these farms.
Whitefish are brought as juveniles to the farms and
are farmed for 1 to 2 yr in the brackish-water fish
farms. Whitefish is a native species of the Baltic Sea,
where VHSV is endemic. Rainbow trout, on the other
hand, is not a native species and may therefore be
more susceptible to VHSV infection than native
Baltic fish species. This is supported by the fact that
mortality caused by VHSV Id in Finnish whitefish has
never been reported, although whitefish are also
screened repeatedly for VHSV according to regula-
tions. In our study, no wild whitefish were caught
during the wild fish screening, but according to our
infection trial with farmed juvenile whitefish, we
found that they were infected by VHSV and that
replication of the virus occurred for a short time
period in their organs. It seems that whitefish are not
sensitive to VHSV Id infections and that they may
clear out the virus infection without developing
notable clinical signs. This result is also supported by
the fact that no mortalities caused by VHSV in
farmed white fish have been reported during more
than 10 yr of disease monitoring of farmed whitefish
in the VHSV-infected fish farms. Since whitefish may
be infected by VHSV Id and the virus can replicate
in this fish species, whitefish kept close to VHSV-
 positive rainbow trout populations may give the virus
an opportunity to jump to whitefish and survive
longer in the area. It also gives the virus the opportu-
nity to adapt and become more virulent to whitefish,
and perhaps even to other native species in the Baltic
Sea. Danish scientists have reported that European
whitefish are susceptible to infection with some rain-
bow-trout-adapted VHSV types (Skall et al. 2004).
However, VHSV was not detected in wild-caught
whitefish in a river system close to VHS-positive fish
farms (Skall et al. 2004).

On the west coast of Sweden, VHSV was isolated
from herring caught close to rainbow trout farms. On
these farms, VHSV genotype Ib had caused several
outbreaks on the farms, although the farms had been
repeatedly emptied of fish, including removal and
disinfection of all farming equipment. The herring

isolates were almost identical to the genotype that
was causing VHS in the farmed rainbow trout. It was
assumed that the herring on their spawning migra-
tion brought the infection repeatedly to the farm and
eventually made rainbow trout farming in that area
impossible (Nordblom & Norell 2000, Jansson & Ven-
nerström 2014). Another example of wild fish being
the source of VHS outbreaks is from Norway, where
VHSV genotype III was isolated from 4 sea-reared
rainbow trout farms in Storfjorden in 2007 (Dale et al.
2009). Although VHSV III had earlier been isolated
from several wild marine fish species and infection
trials had proven rainbow trout not to be sensitive to
genotype III strains, mortality was recorded in these
outbreaks. Sequence analyses of the isolated VHSV
III strain in Norway revealed it to be unique. Accord-
ing to infection trials, rainbow trout was reported to
be susceptible to this new genotype III strain (Dale et
al. 2009). The source of the infection is not clear, but
these VHSV-positive farms had close connections to
cod Gadus morhua and saithe Pollachius virens farm-
ing, where raw processed fish of marine origin are
used for feed. Containers of dead farmed rainbow
trout, cod and saithe from other sites were stored
close to the primary infected site (Dale et al. 2009).

CONCLUSIONS

According to our study, wild fish living freely in the
fish farming area do not seem to threaten the farmed
fish with respect to VHSV Id infection in Finland.
Farmed whitefish as a native species was a likely
source of the recurring VHS outbreaks in Finnish
brackish-water food fish farms, as they were infected
but cleared out the infection. Wild fish may function
as carriers between closely situated farms. There-
fore, it is important to perform stamping out of in -
fected fish farms and decrease the infection pressure
and adaptation possibilities in other fish species.
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