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INTRODUCTION

Infectious salmon anaemia (ISA) is a viral disease of
marine Atlantic salmon Salmo salar first recognised in
Norway (Thorud & Djupvik 1988, Evensen et al. 1991).
The disease is characterised by severe anaemia, leu-
copenia, ascites and haemorrhagic liver necrosis
(Thorud & Djupvik 1988, Evensen et al. 1991). ISA has,
to date, been confined to salmon in marine farms or
hatcheries using seawater without disinfection with
the exception of one report of ISA in first feeding fry at
a Norwegian hatchery which did not use seawater
(Nylund et al. 1999). In Norway, the aetiological agent
was identified as an orthomyxovirus-like enveloped
virus (Hovland et al. 1994, Nylund et al. 1996) with an
RNA genome consisting of 8 segments (Mjaaland et al.
1997). Krossøy et al. (1999) proposed that ISAV be clas-

sified in the family Orthomyxoviridae in a new genus,
Aquaorthomyxovirus. Recently, this virus has been
identified as the causative agent of ISA in Canada
(Mullins et al. 1998, Bouchard et al. 1999, Lovely et al.
1999), and Scotland (Bricknell et al. 1998, Rodger et al.
1998, Stagg et al. 1999, Turnbull 1999). Segments 2
and 8 of the ISAV genome have been characterised,
and significant differences in the nucleotide and amino
acid sequences from North America, Norway and Scot-
land have been found (Blake et al. 1999, Cunningham
& Snow 2000, Inglis et al. 2000). The Scottish isolates
are more closely related to Norwegian than the Cana-
dian strains (Cunningham & Snow 2000, Inglis et al.
2000).

The occurrence of ISA in Scottish farmed salmon has
raised concerns about the prevalence of ISAV in the
wider aquatic environment and in particular the poten-
tial role of wild fish in the epidemiology of this disease.
There are no previous reports of wild sea trout or
brown trout acting as carriers of ISAV although there
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is experimental evidence that brown
trout and sea trout have the potential
to act as carriers of ISAV (Nylund &
Jakobsen 1995, Nylund et al. 1995). In
these experiments, clinical disease was
not observed in the brown trout or sea
trout, but there was a transitory drop in
haematocrit and ISAV was transmitted
from salmon to trout and from trout to
salmon via the water route during co-
habitation. Nylund & Jakobsen (1995)
demonstrated that ISAV could survive
for 7 mo after challenge of sea trout
and that sea trout may act as long-term
carriers of the virus.

While there is good evidence that
salmonid fish are capable of acting as
carriers of ISAV, there is no evidence of
non-salmonid fish species acting as
potential vectors. Hjeltnes (unpubl.,
referred to by Nylund & Jakobsen
1995) investigated the susceptibility of
wrasse Ctenolabrus rupestris and Cen-
trolabrus exoletus and turbot Scoph-
thalmus maximus to ISAV but failed to
demonstrate evidence of infection or
carrier status in laboratory challenge.

Shortly after the diagnosis of the first occurrence of
ISA in Scottish farmed salmon in 1998 (Rodger et al.
1998) a survey of wild fish in Scottish waters for evi-
dence of ISA disease and ISAV was established. This
paper reports the results of that survey to determine
whether wild fish were affected by, or were carrying,
ISAV and to compare nucleotide sequences of ISAV
within wild fish populations and with the isolates from
farmed salmon connected with the outbreak in Scot-
land.

MATERIALS AND METHODS

Wild fish survey. The survey was carried out
during the period May 1998 to December 1999. Adult
salmon were caught by bag net or were provided
following holding in freshwater and stripping at wild
fish hatcheries. Salmon parr and juvenile brown trout
were obtained by electrofishing riverine habitats.
Sea trout were fished from the estuaries of rivers and
in the sea and were mostly caught by gill netting or
by rod and line. Non-salmonid fish were caught by
demersal trawl. Table 1 shows the numbers of fish of
each species tested. Fish were examined for gross
clinical signs of ISA (Stagg et al. 1999).

Tissue sampling for virology. Non-salmonid fish
species: Samples of heart, kidney, liver and spleen

were placed into serum free media for ISAV isolation
(Dannevig et al. 1995) and transported to the labora-
tory chilled on ice. Samples from up to 5 fish were
pooled for virus testing. Some tissues were frozen as
pools from 10 fish in liquid nitrogen.

Salmonid species: Adult salmon and sea trout were
sampled individually while salmon parr and juvenile
sea trout were sampled as pools of 5 fish by the same
method as the non-salmonid species and transported
chilled on ice.

Tissue sampling for RT-PCR. A piece of kidney was
placed in RNA later™ (Ambion Inc, Austin, TX, USA).
Samples from fish were tested either individually or
pooled (5 fish to a pool) as described for tissue sam-
pling for virology.

Virus culture. Sample tissues were screened for
ISAV by culture on salmon head kidney cells (Dan-
nevig et al. 1995) using 2 passes. Virus isolations were
confirmed as being ISAV by immunofluorescence
using the monoclonal antibody 3H6F8 (Falk et al. 1998)
and RT-PCR (Mjaaland et al. 1997).

RT-PCR. RNA was extracted using TriZol (Life Tech-
nologies, Paisley, UK) according to the manufacturer’s
instructions. ISAV was diagnosed in samples by ampli-
fication of a 155 bp fragment of segment 8 of the virus,
as described by Mjaaland et al. (1997).

For 6 geographical locations where ISAV was diag-
nosed, an 878 bp portion of segment 8 was amplified

94

Table 1. Species and number of fish tested

Species Common name No. tested

Scyliorhinus canicula Lesser spotted dog fish 4
Raja clavata Thornback ray 35
Clupea harengus Herring 1530
Sprattus sprattus Sprat 1760
Ciliata mustela 5 bearded rockling 21
Melanogrammus aeglefinus Haddock 2660
Merlangius merlangus Whiting 1520
Trisopterus esmarki Norway pout 2290
Trisopterus minutus Poor cod 79
Merluccius merluccius Hake 86
Lophius piscatorius Angler (monk) 1
Pleuronectes platessa Plaice 48
Solea solea Sole 30
Zeus faber Dory (John dory) 1
Eutrigla gurnardus Grey gurnard 18
Aspitrigula cuculus Red gurnard 30
Myoxocephalus scorpius Short-spined sea scorpion 2
Agonus cataphractus Hook-nose pogge; armed bullhead 1
Callionymus lyra Dragonet 6
Pomatoschistus microps Common goby 2
Lepidorhombus whiffiagonis Megrim 25
Zeugopterus punctatus Topknot 1
Hippoglossoides platessoides Long rough dab 21
Limanda limanda Common dab 20
Micromesistius poutassou Blue whiting 40
Salmo salar Atlantic salmon 4230
Salmo trutta Brown trout and sea trout 3370
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directly from kidney cDNA or from cultured virus,
using the method described by Cunningham & Snow
(2000). Segment 2 was amplified in 2 overlapping frag-
ments using 2 primer sets as described by Cunning-
ham & Snow (2000). An additional 10 cycles were
added to the RT-PCR method described by Cunning-
ham & Snow (2000), to increase the possibility of
detecting low levels of virus from wild fish.

Cloning. Segment 8 and the 2 fragments of segment
2 were cloned using the pGemT easy vector system
(Promega, Southampton, UK) following manufacturers
instructions. When cloning was used, 3 clones were
sequenced from each sample.

Nucleotide sequencing. DNA was prepared for se-
quencing and analyses as described by Cunningham &
Snow (2000). Reactions were carried out using dRho-
damine™ or Bigdye™ terminator fluorescent dyes and
electrophoresis on an ABI 377 (Perkin Elmer, Warring-
ton, UK). A minimum of 4 sequencing reactions was
performed for each sample.

The sequences determined in this study were com-
pared with sequences of segment 8 (AJ242016) and
segment 2 (AJ242808) from an isolate of
ISAV (390/98) which originated from a clin-
ical outbreak of ISA on a salmon farm in
Loch Nevis on the west coast of Scotland.
Nucleotide sequence analysis of segments
2 and 8 of all isolates of ISAV made from
clinical outbreaks in Scotland are identical
to 390/98 (Cunningham & Snow 2000).

Modelling the RT-PCR results. ISAV RT-
PCR results appear to be concentrated at
certain sites and absent, even from large
samples, taken at other sites. We use a
simple model to obtain detailed under-
standing of the distribution of ISAV in order
to estimate exactly how widespread the
virus is. Analysis of the distribution of RT-
PCR-positive results is complicated because
the sample sizes vary substantially (from
1 to 60 fish). The distribution has, therefore,
been modelled by looking at levels of in-
fection that give the observed prevalence
among samples and the correct mean num-
ber of RT-PCR-positive samples.

Three models were applied, 2 assumed
random distribution of ISAV between fish,
regardless of their source, the third as-
sumed a non-random distribution in which
ISAV is present in some samples at a high
frequency but absent from others. The 2
versions of the random model were fitted
first to obtain the correct prevalence,
i.e. number of samples containing at least
1 ISAV-positive fish and second to obtain

the correct proportion of infected fish across all the
samples.

Because sample sizes were variable, it was neces-
sary to apply the models using the sample sizes
obtained. The probability of 1 or more RT-PCR-
positive fish being present in a sample was determined
(1 – e(1 – pF )), a fraction (1 – e[1 – p (F – 1)]) of this had at least
2 positive samples and so on. Here F is the number of
fish in the sample and p is the probability per fish that
1 fish in the sample will be RT-PCR-positive. Values
for these parameters that apply under the 3 sets of
assumptions discussed are presented in ‘Results’.

RESULTS

ISAV diagnostic tests

The geographical locations where fish were sampled
are shown in Fig. 1. The number of fish tested and the
number of positive results for each ISA diagnostic test
are shown in Table 2. The locations where fish were
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Fig. 1. Map of Scotland showing the locations where fish were sampled 
during the survey
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sampled which gave positive results are shown in
Fig. 2. None of the fish showed gross pathology associ-
ated with ISA and appeared normal. All 1447 non-
salmonid fish tested ISAV-negative by RT-PCR and
virus culture. ISA virus was isolated from 5 out of 10
sea trout tested from Laxo Voe, Shetland. Tissues from
these fish tested negative by RT-PCR. One sea trout

from the estuary of the River Snizort and 4
out of 8 sea trout tested from the River Inverie
at Loch Nevis were positive by RT-PCR. The
juvenile brown trout were negative for ISAV
isolation, but brown trout from 3 locations
(5 out of 17 pools tested at the 3 locations)
tested positive by ISA RT-PCR. All adult
salmon and salmon parr tested negative for
ISAV isolation. However, parr sampled from 2
locations (4 out of the 11 pools tested at these
2 locations) and 9 out of 30 adult salmon from
the River Blackwater tested positive by RT-
PCR (see Fig. 2 for location).

Modelling the distribution of ISA RT-PCR results

The distribution of positive RT-PCR results among
salmonid fish is spatially non-random. Brown trout and
salmon (adult and parr) show a pattern of occasionally
large numbers of positive samples against a back-
ground of very low numbers. The best description of

the data was obtained by applying a
model in which 13% of the fish are
RT-PCR positives in 32% of the sam-
ples with 0% in the remaining samples
(Fig. 3).

We first assumed a random distribu-
tion of ISAV, i.e. all fish from all the
samples are equally likely to be ISAV-
positive. If we assumed 1.55% of the
fish are RT-PCR-positive, then we ob-
tained the observed ISAV prevalence,
i.e. 8 of 58 samples, but only 11 fish
were RT-PCR-positive, which is far too
few. If we assumed 3.87% of the fish are
RT-PCR-positive, then we obtained the
observed number of positive fish 27.7,
which is the value estimated from the 24
observed positive pools, but prevalence
at 15 samples is then too high. Neither
matched the full range of observations
well, with standard errors of 1.6 and
1.12 respectively, this discrepancy be-
tween fitting to the number of samples
that are RT-PCR-positive and fitting to
the number of RT-PCR-positive fish
indicates uneven distribution of ISA
RT-PCR among samples.

Therefore, the model applied has a
simple uneven distribution in which
only a fraction of the environments from
which the samples were taken contain
ISA. A value of 32% of samples in which
13.08% of the fish are RT-PCR-positive
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Table 2. Results of the ISA diagnostic tests

Fish group tested No. of fish Results of ISA Results of ISA
tested RT-PCR virus isolation

Non-salmonids 1447 All negative All negative

Adult salmon 212 9 fish positive All negative

Salmon parr 211 5 out of 44 pools All negative
tested positive

Brown trout 134 5 out of 29 pools All negative
tested positive

Sea trout 203 5 fish positivea 5 fish positivea

aRT-PCR and virus isolation positives were not made from the same fish

Fig. 2. Map of Scotland showing the locations of fish from which ISA virus isola-
tions were made or which provided positive (+ve) results with the ISA RT-PCR test
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in this 32% was fitted. This gave 30.3 fish with 8
RT-PCR-positive samples, which are both close to the
observations. And overall the curve fits the observa-
tions well, resulting in a standard error of 0.34.

RT-PCR-positive fish were only recovered from
13.8% of the samples while the model suggests 32% of
sampled sites are positive, indicating that approxi-
mately half the areas predicted to be RT-PCR-positive
and that were sampled were not diagnosed RT-PCR-
positive. This discrepancy is because sample size was
often too small to ensure detection; for example, RT-
PCR-positive results were obtained in only 4% of the
25 samples that consisted of 1 to 5 fish ISA. Samples of
over 17 fish were required to give a 90% chance of
detecting RT-PCR-positive area and 22 fish to give a
95% chance of detection, given that 13% of the fish
were RT-PCR-positive in the ISAV containing areas.
These required sample sizes can only be determined
after the fact and will not necessarily apply in other
circumstances.

Sequence analysis

Sequence analysis of segments 8 and 2 of ISAV iso-
lates of sea trout from Laxo Voe revealed 100%
sequence homology with isolate 390/98. Analysis of
segment 8 of ISAV obtained from kidney of sea trout
from the River Snizort, salmon parr from Rivers
Easaidh and Orin, adult salmon from River Blackwater
and brown trout from Rogie Burn revealed 100%
homology with ISAV isolate 390/98. Sequence analysis
of brown trout from the River Easaidh revealed 2

nucleotide differences in segment 8 compared to iso-
late 390/98. Since differences were observed for seg-
ment 8, segment 2 was sequenced with a further
7 nucleotide differences observed.

Putative protein sequences were predicted from seg-
ment 8 and segment 2 of ISAV from brown trout from
the River Easaidh. Amino acid sequence predicted
from segment 8 differed from the predicted sequence
of 390/98 at 2 positions. Neither change in amino
acid represented a change of amino acid character
(Table 3). The predicted amino acid sequence of seg-
ment 2 differed from 390/98 at 5 positions (Table 3).
One of these changes, from aspartic acid in the farmed
isolate to methionine in the wild brown trout sample,
resulted in a change of character of amino acid from
acidic to hydrophobic.

DISCUSSION

This paper reports the first isolation of ISAV in wild
fish from Scotland with the isolation of ISAV from sea
trout in Shetland. The sea trout from which isolations
were made appeared to be in normal health. This
would be consistent with experimental findings that
brown trout and sea trout show no clinical signs of dis-
ease when challenged with ISAV (Nylund & Jakobsen
1995, Nylund et al. 1995). The sea trout at Laxo Voe
carrying ISAV were caught in seawater at the end of
June 1999 and had spent time at sea. Sea trout have
been shown experimentally to be capable of acting as
long-term carriers and to be potential vectors of ISAV
(Nylund & Jakobsen 1995). Sea trout can move up to
126 km in the Scottish marine environment and return
to freshwater to spawn (Gibson & Ezzi 1990). There-
fore, sea trout infected with ISAV could play a role in
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Fig. 3. Observed and modelled distributions of RT-PCR-positive
fish. Results are the number of samples that contain the given
number of RT-PCR-positive fish or greater. Three models
are 1.55% fish RT-PCR-positive, 3.87% RT-PCR-positive and
13.08% RT-PCR-positive but only of 36% of the samples. A
datum of 14.5 samples that contain at least 1 RT-PCR-positive
fish under the 3.87% infection model has been excluded from
the figure. The standard errors of the models with respect to
the observations have been calculated over the range of 
≥1 to ≥11 RT-PCR positives. The SE values are 1.12, 1.6 and
0.32 samples for the 3 models (3.87, 1.55 and 13% of 32%)

Table 3. The amino acid differences between the Scottish
farmed isolate (390/98) and brown trout from the River Ea-
saidh (1322-2/99), predicted from the nucleotide sequences of
segments 2 and 8 of ISAV. All changes were conservative
except at position 259 where the amino acid changed from 

acidic to hydrophobic in character

Amino acid change (390/98 → 1322-2/99) Position

Segment 2
Leucine → Isoleucine 69
Leucine → Tryptophan 258
Aspartic acid → Methionine 259
Isoleucine → Tryptophan 628
Valine → Methionine 649

Segment 8
Arginine → Lysine 92
Methionine → Isoleucine 118

No. RT-PCR positive 
(Equal or greater)

Observations

PCR = 1.55%

PCR = 3.87%

PCR = 13% of 
32%

N
o.
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f s
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the transmission of ISA in Scotland. The nucleotide
sequences of segments 2 and 8 from these sea trout iso-
lates were identical to isolate 390/98 made from the
farm outbreak at Loch Nevis. The origin of the ISAV
found in the sea trout is not known although there are
several possibilities. It is possible that the wild fish
were infected from stocks of farmed salmon. Laxo Voe
is 84 and 98 km from the nearest 2 salmon farms
affected by ISA. Another possibility is that there is a
source of ISAV in wild fish.

In addition to virus isolations from sea trout, positive
results from ISA RT-PCR and isolations of at least 1
segment of the ISAV genome were made from At-
lantic salmon, brown trout and sea trout from several
locations. The successful amplification and subsequent
analysis of sequence data from segments 2 and 8,
made from fish tissues, make it very likely that ISAV
is the source of the positive RT-PCR findings.

The ability to amplify, by RT-PCR, segments 2 and 8
from fish while not being able to make virus isolations
has several possible explanations. It is considered that
contamination of the RT-PCR samples is unlikely be-
cause RNA was extracted from each sample separately
and in isolation with reproducible results. In addition,
the nucleotide substitutions in segments 2 and 8 from
the River Easaidh brown trout sample do not match
sequences from any strains worked on in our labora-
tory, providing good evidence that contamination did
not occur for this sample. An alternative explanation
for the absence of virus isolations is the difference in
sensitivity between the techniques. RT-PCR has gener-
ally proven to be the most sensitive technique to detect
ISAV when compared to cell culture and IFAT (Devold
et al. 2000, Optiz et al. 2000). However, Kibenge et al.
(2000) have reported that cell culture was more sensi-
tive than RT-PCR. Another possible explanation is that
ISAV could be causing low level infection so that the
samples taken for cell culture did not contain a suffi-
cient quantity of virus for successful isolations. This
theory is supported by the RT-PCR results obtained in
this study. Although a standard, optimal concentration
of RNA was used in reverse transcription, low yields of
viral DNA were obtained following amplification by
RT-PCR, which may indicate a low level infection.
Devold et al. (2000) also found that cell culture was not
sensitive enough to be used for isolation and diagnosis
of ISAV in carrier trout. Further possible explanations
are that virus may have been neutralised by anti-
bodies, which would influence the ratio of infective
and non-infective particles, or that there are avirulent
forms of ISAV.

ISAV isolations were made from 5 separate sea trout
that provided negative results by RT-PCR. Sea trout
are known to be long-term carriers of ISAV (Nylund &
Jacobsen 1995); however, the distribution of virus in

the organs of carrier trout is not known. It is possible
that ISAV is not distributed through all organs in
carrier trout and that the quantity of virus may vary
between tissues. Interestingly, Devold et al. (2000)
reported that ISAV was not detected from kidney of
carrier sea trout by cell culture until 135 d post chal-
lenge, and only after inoculation with prednisoloneac-
etate to stimulate the production of a high number of
viral particles (Devold et al. 2000). The virus isolations
attempted in this study used a homogenate of heart,
kidney, liver and spleen, which may explain why a
successful isolation was possible in this case. Devold
et al. (2000), however, did report the detection of ISAV
by an alternative RT-PCR method to that used in this
study, from kidney of experimentally infected carrier
sea trout. The signals detected by electrophoresis were
of significantly lower intensity than those observed in
ISA-diseased salmon (Devold et al. 2000), which might
suggest a very low level of virus present in the kidney
of the carrier sea trout. It is possible that the RT-PCR
technique used in this study was not sensitive enough
to detect ISAV in the kidney of the carrier trout. In-
deed, there does appear to be variation in the sensitiv-
ity of the different RT-PCR methods used to detect
ISAV and in whether or not cell culture is more sensi-
tive than RT-PCR (Devold et al. 2000, Kibenge et al.
2000, Optiz et al. 2000). Clearly, an experimental study
to determine the distribution of ISAV in the tissues of
long-term carrier trout could be performed. Such a
study will provide important information on which
organs and techniques prove the most reliable in
detecting ISAV in carrier fish.

Genetic analysis of segments 2 and 8 of ISAV from
sea trout revealed identical or close homology with the
Scottish farmed isolate (390/98) of ISAV. The degree of
homology between the wild and farmed samples is
not surprising, given the close genetic relationship be-
tween Scottish farmed and Norwegian farmed isolates.
Scottish segments 2 and 8 (AJ242016 and AJ242808)
are between 97 and 99% similar to the Norwegian
segments (AJ012285 and AJ002475) (Cunningham &
Snow 2000). In our study, variation was found between
ISAV from freshwater brown trout and the Scottish
farmed isolate (390/98). Although this result was ob-
tained from 1 sample, the RT-PCR was repeated and at
least 4 sequencing reactions were performed on each
RT-PCR product. The chromatograms were examined
carefully to ensure the differences were not ambigu-
ous. Therefore, it was concluded that the differences
observed were genuine. Although the nucleotide dif-
ferences were minor, they did result in 5 amino acid
substitutions in segment 2 and 2 substitutions in seg-
ment 8. Previous studies comparing segments 2 and
8 from Scotland, Norway and Canada have revealed
similar nucleotide and amino acid changes (Cunning-
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ham & Snow 2000, Inglis et al. 2000). Since, the se-
quences of segments 2 and 8 from ISAV in all the farms
involved in the epizootic in Scotland were identical
(Inglis et al. 2000), the nucleotide substitutions in the
brown trout sample from the River Easaidh demon-
strate that it is unlikely that this virus originated from
the epizootic. The genetic information available from
segments 2 and 8 does not provide information on the
virulence of this strain. Recent studies have reported
the characterisation of 2 further segments, encoding
the nucleoprotein (Snow & Cunningham 2001) and the
hemagglutinin (Rimstad et al. 2001). The analysis of
the hemagglutinin gene of ISAV from wild fish would
be particularly interesting because it contains a vari-
able region that may be very useful for epidemiologi-
cal and phylogenetic analyses (Rimstad et al. 2001).
Such analysis may also provide evidence as to whether
or not wild fish can carry avirulent strains of ISAV.

Some of the RT-PCR findings in this study were
made from freshwater locations with no direct con-
nection with the west coast of Scotland, Shetland
and Orkney, where the marine salmon farms affected
by ISA were located (R. Stagg pers. comm.). Thus
ISAV may be distributed more widely than originally
thought, in areas distant to marine salmon farms and in
more than 1 strain. The adult salmon that tested posi-
tive by RT-PCR at 1 location had been held as brood-
stock and had spent several months in freshwater
before testing. Whether these adult salmon had
become infected before or after entry to the river is
unknown. Tagging studies show that Scottish and Nor-
wegian fish share feeding grounds around The Faroes
(Anonymous 1986), and a portion of Scottish fish also
share feeding grounds around Greenland with fish
from Canada and the USA (Moller Jensen 1980). The
proximity and extent of contact of fish within shoals is
not known, but it is possible that mixing of stocks could
contribute to the transmission of ISAV which may be
present in oceanic Atlantic salmon. Cross infection of
salmon in the high seas could enable ISAV to be trans-
mitted widely. Atlantic salmon that escaped from farms
can also be considered as a source of ISAV since there
are many reports of these straying from aquaculture
sites into the Scottish stocks of wild salmon (Webb et
al. 1993, Youngson et al. 1997). ISAV was isolated from
1 escaped salmon caught along the Scottish west coast
in 1999 (authors’ unpubl. data). The number of escapes
during 1999 is not known, but for the first 9 mo of 2000
it is estimated that 400 000 (0.5%) fish escaped from
marine salmon farms in Scotland (Fisheries Research
Services unpubl. data).

This study provides evidence that ISAV was present
in wild juvenile Atlantic salmon and brown trout in
freshwater. There is only one report of ISA occurring in
freshwater where links to seawater seem an unlikely

source of virus (Nylund et al. 1999) with an outbreak of
ISA in first feeding Atlantic salmon fry at a Norwegian
hatchery. The source of the virus was not known, but it
was argued that ISA virus could have entered the
hatchery through an unknown route rather than verti-
cal transmission especially as there is evidence that
eggs were disinfected. The only connection between
the Norwegian hatchery and seawater was the eggs
from brood fish although Melville & Griffiths (1999)
suggest the absence of a vertical transmission route for
ISAV infection. The significance of the RT-PCR find-
ings in freshwater fish in the present study and
whether infection causing clinical disease could
develop is not known. There have been no reports of
wild salmon showing signs of disease. However, while
sick fish are easy to identify and retrieve among
farmed salmon, it would probably be difficult to find
sick wild salmon for reasons discussed by McVicar
(1997). It is likely that, in addition to the presence of
the virus, specific environmental or host conditions are
required in order for clinical disease to develop. It is
also possible that the RT-PCR findings could be pro-
duced from an avirulent strain of ISAV that does not
cause mortality.

This study shows that ISAV was present in wild pop-
ulations of salmonid fish in Scotland during the period
May 1998 to December 1999, although their origin and
pathogenicity is unclear. Modelling the distribution of
RT-PCR results indicates that ISAV was distributed
non-randomly and concentrated at hot spots and that
all of the positive RT-PCR results were obtained from
only 32% of the samples. About half of the samples
that would be expected to be RT-PCR-positive were
not diagnosed because sample sizes were too small. If
the detection level by RT-PCR is less than 100%, then
the estimate provided by the model, of 13% of the fish
from 32% of the samples being positive for virus, will
be an underestimate. The period of the study is too
short to indicate whether ISAV infections will be main-
tained in wild fish populations or whether prevalence
of ISAV in wild and farmed fish is linked. The isolation
and sequencing of further segments of ISAV, and a
more extensive survey of wild salmonids for ISAV
within Scotland, are currently being undertaken. This
will help assess the level to which ISAV is present in
wild fish, the degree of genetic variation between tem-
porally and geographically distinct populations and
whether ISA is endemic.
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