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Abstract
The efficacy of current diagnostic methods in detecting infectious salmon anaemia (ISA) or ISA
virus (ISAV) in experimentally infected Atlantic salmon was investigated. The fish were adapted
to saltwater for 6 months and weighed between 400- 600 g. Experimental infection was by either
intraperitoneal injection with 103TCID50 ISAV or by cohabitation. Seven fish were inoculated
again 52 days later with 106TCID50 ISAV. The total observation period was 80 days. The diagnos-
tic methods used were clinical signs of disease, gross pathological and histological observations,
indirect fluorescent antibody test (IFAT), virus isolation on salmon head kidney (SHK-1) and
chinook salmon embryo (CHSE-214) cells, and reverse transcriptase polymerase chain reaction
(RT-PCR). None of the 37 ISAV infected fish developed any overt clinical signs or pathological
lesions typical of ISA. ISAV was isolated from 8 of 22 intraperitoneally infected fish, and from
one fish infected by cohabitation. The parallel use of both cell lines was more sensitive than the
use of either SHK-1 or CHSE 214 cells alone. RT-PCR detected the ISAV genomic sequence in 19
of 22 injected fish and 3 of 14 fish exposed by cohabitation. ISAV was detected by RT-PCR and
virus isolation 42 days after exposure by cohabitation. Weak IFAT reactions were seen in 3 fish.
ISAV was isolated from all fish with positive IFAT, and RT-PCR results were positive from all
fish positive by either IFAT or virus isolation.

Introduction
Infectious salmon anaemia (ISA) is an emerg-
ing disease of farmed Atlantic salmon (Salmo

salar). ISA, first diagnosed in Norway in 1984
(Thorud and Djubvik, 1988), has since been
diagnosed in New Brunswick and Nova
Scotia, Canada (Byrne et al. 1998, Mullins et

al. 1998; Bouchard at al. 1999) and Scotland
(Rodger et al., 1998). The disease in Canada
was initially described as haemorrhagic kid-
ney syndrome (HKS) by Byrne et al. (1998) and
has since been confirmed as ISA by Mullins et

al. (1998) , Bouchard et al. (1999) and Blake et

al. (1999).

ISA is caused by an orthomyxovirus
(Hoveland et al. 1994; Dannevig et al., 1995,
Falk et al., 1997; Bouchard et al. 1999). The dis-
ease is characterized by lethargy of affected
fish; anaemia; ocular, skin and internal haem-
orrhages; ascites; dark , haemorrhage and
necrotic livers; haemorrhagic kidneys in some
cases; and variable mortality ranging from
<5% to 100 per cent (Rimstad et al. 1999). The
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incubation period in experimentally infected
freshwater fish appears to be 15 to 20 days
(Speilberg et al. 1995; Rimstad et al. 1999).
Current diagnostic methods of ISA include
epidemiological and clinical observations
(Jarp and Karlsen, 1997), gross and histopa-
thology (Evensen et al. 1991; Falk et al., 1995;
Speilberg et al., 1995; Byrne et al. 1998), virus
isolation in salmon head kidney (SHK-1) cells,
(Dannevig et al., 1995) and chinook salmon
embryo (CHSE-214) cells (Bouchard et al.
1999) ; indirect fluorescent antibody test
(IFAT); and reverse transcriptase polymerase
chain reaction (Mjaaland et al., 1997; Bouchard
et al., 1999; Blake et al, 1999; Rimstad et al.
1999). The early detection of infectious salmon
anaemia virus (ISAV) is critical to the imple-
mentation of effective control and preventa-
tive measures and to a better understanding
of its epizootiology.

Although desirable, it is not always possible
to employ all diagnostic methods concur-
rently. Industry-wide surveillance, as recom-
mended in New Brunswick, Canada, and
Maine is costly ; and available funds force
limitations on the diagnostic methods that can
be applied. While surveillance programs aim
to provide a first-line defense by detecting
ISAV infection before a full-blown disease
outbreak occurs, a primary ISA diagnosis
should ideally include epizootiological, clini-
cal and pathological observations in combi-
nation with confirmatory ISAV tests.

Several studies have been conducted to inves-
tigate the pathogenesis of ISAV in naturally
infected fish in marine waters (Koren and
Nylund, 1997) in experimentally infected fish
during fresh water stages (Olsen et al., 1992;
Dannevig et al., 1993; Hoveland et al., 1994;

Jones et al. 1999; Rimstad et al., 1999); and in
smolts in brackish water (Hjeltnes et al. 1992;
Dannewig et al., 1994; Nylund et al.,1994;
Speilberg et al. 1995). This pilot study was in-
tended to compare the efficiency of various
diagnostic methods in detecting ISA or ISAV
in experimentally infected Atlantic salmon
that had been well acclimatized to salt water.

Material and Methods
Virus
ISAV, isolate CBCC P6, 10-21-98, was obtained
from Micro Technologies, Inc., Richmond, ME.
The virus was isolated originally from Atlan-
tic salmon in New Brunswick, Canada. The
supernatant fluid from the sixth passage of
the ISAV virus grown in CHSE 214 cells was
used (titer of 107TCID50 / ml). The virus was
stored at -70oC and maintained the titer of
107TCID50 / ml until the end of the experi-
ment.

Fish
Sixty two Atlantic salmon, St. John-Landcatch
hybrids, 1998 smolt year class , were obtained
from Island Aquaculture of Swan’s Island,
ME., from their Toothaker Island Site. The fish
had been vaccinated against bacterial patho-
gens in the hatchery with Biojec 1900
(Alpharma, Bellevue, WA). The Toothaker site
is about 100 miles from the nearest ISAV in-
fected site in New Brunswick, Canada. ISAV
has never been detected or suspected to be
present on this site . The fish, weighing be-
tween 400 and 600 g, were acclimatized to
marine water in netpens for 4 months prior
to their transfer to a recirculation and isola-
tion facility at the University of Maine in Oc-
tober 1998. The fish were held for another 2
months before the beginning of the trial. Ini-
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tially 14 fish were lost due to dermatitis. No
fish were lost during the 6 weeks preceding
the challenge trial. All fish were identified
with numbered and colour-coded Floy tags.

Housing of the Fish
The fish were kept in three separate 1.8 cubic
meter recirculation systems, marked I, II, and
III , under the following environmental con-
ditions: dissolved oxygen > 7.5 ppm, total
ammonia < 0. 2 ppm, nitrite <0.8 ppm (usu-
ally below 0.2 ppm), temperature 9-11oC, sa-
linity 31-33 ppt, pH 7.5 -8.0. The fish were held
in 0.47 cubic meter circular tanks with water
flow rate of 23 liters per minute and an inter-
nal standpipe. A mechanical and biological
filtration system and a 25-watt ultraviolet
light were in the waterline of each system. The
fish were fed daily a commercial salmon diet,
pellet size of 5 mm, at a rate of about 0.5 % of
the body weight.

About 5% of the water was changed weekly.
All wastewater was treated with 500 ppm so-
dium hypochlorite for twenty four hours be-
fore neutralization with sodium thiosulfate
and release. All drains in the isolation room
were closed to prevent accidental escape of
waste water. All solid waste was disposed of
by incineration. Personnel traffic was re-
stricted and all persons servicing the facility
wore disposable protective clothing. Water
testing equipment, nets and cleaning equip-
ment were individually assigned to each tank
system in order to prevent cross contamina-
tion between systems.

Experimental infection
Fourteen fish (treatment group A) were ini-
tially not infected with ISAV but were sham
inoculated with PBS. Another seventeen fish

(treatment group B) were sham inoculated
with 0.5 ml PBS and were exposed to ISAV by
cohabitation with treatment group C. Seven-
teen fish (treatment group C) were infected
with 103TCID50 / 0.5 ml ISAV given
intraperitoneally on day 0. The virus was di-
luted in phosphate buffered saline pH 7.2. All
fish were anesthetized with 100 mg/litre
tricaine methane sulfonate (MS 222) prior to
inoculation. All 14 non-exposed fish were kept
in tank system I. Nine fish each from treat-
ment groups B and C were placed into tank II
and 8 fish each from treatment groups B and
C into tank III.

As none of the fish exhibited clear clinical or
pathological signs of ISA 42 days after the ini-
tial challenge, it was decided to re-infect some
of the remaining fish with a higher virus dose
on day 52. Seven fish (three from treatment
group A, three from treatment group B and
one from treatment group C) were inoculated
intraperitoneally with 106TCID50 / 0.5 ml.
These fish were all re-grouped in one tank.
Two fish each from treatment groups B and C
were not re-infected and were kept in a sepa-
rate tank for observation. Two fish from treat-
ment group A, which had only been sham
inoculated, were kept for observation in a
third tank (Table 1).

Sample collection and testing
Fish were observed daily for clinical signs of
disease and water quality measurements were
conducted daily. The total observation period
from the first challenge to the termination of
this study was 80 days. Two fish from treat-
ment group A were sampled on day 0. There-
after, fish from each group were sampled on
days 10, 20, 32, 42 and 80 after the initial in-
fection. All fish were euthanized with MS 222
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(100 mg/ liter), and examined for gross patho-
logical lesions. The following samples were
taken from each fish:

Blood samples collected in 3ml heparinized
vacutainers for packed cell volume (PCV)
determination (up to 42 days).

Gill, liver, pyloric cecae and posterior kidney
tissue for histology were placed into buffered
formalin.

Gill, pyloric cecae, spleen, mid- kidney and
anterior-kidney tissues for virus isolation
were pooled in a Whirl-Pak bag and placed
on ice.

Mid and head kidney samples for reverse
transcriptase-polymerase chain reaction (RT-
PCR) were placed into in 1 ml Eppendorf
tubes on dry ice.

Impression smears were made on one glass
slide from mid-kidney, epidermis, gill, liver,
spleen and buffy coat slides from each fish for
indirect fluorescent antibody test (IFAT).

All sample collection was done aseptically
and sterile instruments were used for each
fish. Instruments were wiped off, dipped in
70% ethyl alcohol and flamed after each or-
gan.

Haematocrit (PCV)
Blood in heparinized vacutainer tubes was
carefully agitated and heparinized haemat-
ocrit capillary tubes were filled and centri-
fuged for 5 minutes in a haematocrit centri-
fuge.

Histology
Tissue sections (5µm) were stained by haema-
toxylin-eosin stain and evaluated for HKS or

ISA according to the criteria described by
Byrne et al, (1998), Evensen et al. (1991) or
Speilberg et al. (1995).

Virus isolation
Tissue pools were homogenized and diluted
1:10(w/v) in PBS pH 7.2. These tissue
homogenates were then diluted to a final
1:100(v/v) dilution in cell culture growth
medium and filtered through a 0.45 µm filter.
Two cell lines were used for virus isolation
assays: Chinook salmon embryo-214 (CHSE-
214) and Salmon Head Kidney-1(SHK-
1)(Dannevig et al.1997). Cells were grown in
24-well cell culture plates. The culture me-
dium was removed and two wells of each cell
line were inoculated with 0.1 ml of filtered tis-
sue homogenates. The inoculated plates were
incubated at 15oC for 1hr for virus adsorption,
after which 1ml of appropriate culture me-
dium was added to each well. Cell culture
plates were incubated at 15oC and monitored
for 30 days for the presence of any
cytopathogic effect (CPE).

Indirect fluorescent antibody test
Tissue impression slides were fixed in acetone
for 5 minutes. Slides were blocked using 200
µl of 5% non-fat dry milk in PBS pH 7.2,
coverslipped and incubated for 30 minutes.
The blocking solution was tapped off and 100
µl of a 1:100 PBS dilution of primary antibody
(anti-ISAV mAb, obtained from K. Falk, Nor-
way) was added, coverslipped, and incubated
at room temperature for 60 minutes. The pri-
mary antibody was then tapped off, the slides
were dipped 1X in PBS with 0.1% Tween 20
(PBS-20) and soaked for 6 minutes in PBS-20.
100 µl of a 1:100 dilution in PBS of a second-
ary tetramethylrhodamine isothiocyanate
(TRITC) - labeled goat anti-mouse antibody
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was added, the slides were coverslipped, and
incubated at room temperature for 60 min-
utes. The rinse step was repeated and the
slides were let dry. Slides were read at 1000x
magnification with a wide green filter on the
fluorescent microscope. Approximately 50
fields per imprint were examined.

The following interpretation guidelines were
established for reading the slides:

+: sparse distribution of fluorescent grains or
specks

++: more obvious distribution of grains (>10
per field) e.g.: around cell membrane

+++: obvious distribution of grains e.g.: bro-
ken lines around cell membranes

++++: broad fluorescence, no question that
fish is highly infected; high confidence that
tissue culture will yield virus .

Reverse transcriptase-nested polymerase
chain reaction (RT-nPCR): RNA extraction
100 mg samples of salmon kidney tissue were
added to 200 µl of TriReagent (Sigma, T9424)
in a 1.5 ml Eppendorf tube and homogenized
with a Scienceware Micro Centrifuge Sample
Pestle (Fisher, 05-559-26). The cell debris was
removed by centrifugation at 2000 rpm for 4
min at 4oC. Supernatants were transferred to
a new tube containing 800 µl TriReagent,
mixed and allowed to stand for 10 min. The
procedure for RNA extraction was followed
as described in the TriReagent manual. After
drying the sample, the RNA was dissolved in
50 µl nuclease-free water and stored at 70oC.

RT-PCR Reaction
The RT-PCR protocol used was that previ-
ously described by Blake et al (1999) using the
following primers. The first set of primers in
the mRNA sense was:

Forward 5’GGCTATCTACCATGAACGAATC3'

Reverse 5’GAAGTCGATGATCTGCAGCGA3'

Five µl of the first PCR reaction mix was am-
plified using the following nested primers:

Forward 5’GAAGAGTCAGGATGCCAAGACG3'

Reverse 5’TAGGGGCATACATCTGCATC3'

Ten microlitres of the RT-nPCR reaction mix
was analyzed on a 2% agarose gel in a rapid
agarose gel electrophoresis (RAGE) appara-
tus (Cascade Biologics, Inc) for 15 min and
positive bands recorded on a ChemiImager
4400 Low Light Imaging System. A standard
DNA ladder on the gel confirmed that the
amplified fragment was the predicted size for
ISAV.

Results
The results have been summarized in Table 1.

Clinical and pathological observations:
The fish were somewhat stressed due to fluc-
tuating nitrite levels. Feed intake was about
0.5% of the body weight throughout the trial.
However, with the exception of fish 34, none
of the fish showed any overt clinical signs
throughout the 80 observation period. Fish 34,
which had been infected intraperitoneally,
was anorectic from day 28, with rough scales
observed.
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Table 1. Summary of diagnostic test results from the ISAV challenge study. (1)Gross pathology and
(2)Histopathology: - none; ± non-specific; + mild lesions suggestive of ISA. (3)IFAT (Indirect immuno fluorescent
antibody test): -negative; +questionable; ++weak positive; (G)gills; (L)liver; (S)spleen; (K)kidney. (4) Virus
isolation: (a)CHSE cells (b) SHK1 cells. (5) RT-PCR from kidney tissue. (6) Fish were infected or reinfected with
106TCID50 at day 52.

IPsyaD
detset

tnemtaerT
puorG

hsiF
rebmuN

ssorG
.htaP 1

tseT
.htapotsiH 2 %VCP TAFI 3 suriV

noitalosI 4
eussiT
RCP-TR 5

0 A 1 - - 33 - - -
2 - - 84 - - -

01 A 3 - - 14 - - -
4 - - 63 - - -

B 5 - - 24 - - -
6 - - 93 - - -
7 - - 93 - - -
8 - - 15 - - -

C 9 - - 24 - +a +
01 - - 16 S,K++ + ba +
11 - - 74 S,K++ +b +
21 - - 05 - - +

02 A 31 - - 94 - - -
41 - - 45 - - -

B 51 - - 63 - - -
61 - - 54 - - -
71 - - 34 - - -
81 - - 24 - - -

C 91 - - 64 - - -
02 + ± 24 L,G++ + ba +
12 + ± 43 - +b +
22 TN TN hsifoN TN TN TN

23 A 32 - - 15 - - -
42 - - 54 - - -

B 52 ± ± 84 - - -
62 ± ± 05 - - -

C 72 ± ± 02 - - +
82 ± ± 92 - +b +
92 - ± 44 - +b +
03 - ± 44 - +b +

24 A 13 - - 44 - - -
B 23 ± + 03 K,L+ + ba +

33 - + 25 - - +
C 43 + - 44 - - +

53 - - 05 - - -
08 A 63 -- - TN - - -

73 - - TN - - -
C 83 ± - TN - - +

93 ± - TN - - +
B 04 - ± TN - - +

14 - ± TN - - -
08 A6 24 - ± TN - - +
82 34 - ± TN - - +

44 - ± TN - - +
C6 54 - ± TN - - +
B6 64 - ± TN - - -

74 - ± TN - - +
84 ± ± TN - - +

latoT
evitisoP 1 2 3 9 22
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Several fish had some petechial hemorrhaging
in the abdominal skin or lower sclera of the
eye. Pale gills were not apparent in any of the
fish. Internal lesions included some petechial
hemorrhaging on the liver and the fat tissue
between the pyloric cecae. These lesions were
rated questionable (±). Some kidneys had con-
gested blood vessels at the tissue margins.

The histological lesions were, when present
at all, inconclusive (±). These lesions included
congested gill capillaries and hemorrhaging
or congestion in the liver. Only fish 32 and
33, both exposed by cohabitation, showed
some moderate degeneration and necrosis of
the renal tubular epithelium at day 42.

Virus isolation:
ISAV was isolated from 8 fish infected by
i.p.injection with 103TCID50 and from one fish
exposed by cohabitation on day 42. ISAV was
not isolated from any fish injected with
106TCID50. ISAV was isolated in SHK-1 cells
from 8 fish and on CHSE-214 cells from 4 fish.
ISAV was isolated on both SHK-1 and CHSE-
214 cells from 3 fish, on CHSE cells only from
one fish and on SHK 1 cells only from 5 fish.

Indirect fluorescent Antibody Test (IFAT):
Three intraperitoneally infected fish were weak
positive by IFAT. Spleen and kidney samples
were positive in two fish 10 days and gill and
liver tissue in one fish 20 days after infection.
The liver and kidney from one fish exposed by
cohabitation gave a weak (+) reaction 42 days
after exposure. All other tissue samples from
these fish, and all tissue samples from all other
fish, were negative by IFAT.

Reverse transcriptase- polymerase chain
reaction (RT-PCR):
A total of 22 infected fish gave a positive RT-
PCR reaction. Of 22 fish infected by injection
19 were positive. Of 14 fish exposed by co-
habitation, three were positive. Fish exposed
by cohabitation were positive for the first time
42 days after exposure. All control fish were
negative by nested RT-PCR.

Haematocrit values
Most haematocrit values were above what
would be considered the normal physiologi-
cal range of 28-35%. Only fish 27, infected
intraperitoneally, showed anaemia with a hae-
matocrit value of 20% forty two days after
infection. The mean haematocrit values of the
controls, intraperitoneally infected fish and
fish exposed by cohabitation were 46.3±6.8,
42.5±10.2 and 43.1±6.6 respectively.

Correlation between the different tests:
No fish showed typical clinical signs or
pathological lesions associated with ISA.
Three fish were positive by IFAT analysis;
nine fish were positive by virus isolation;
and 22 fish were positive by RT-PCR. All
IFAT positive samples were also positive by
virus isolation and RT-PCR, although the
reverse was not necessarily true. All fish
positive by virus isolation were also posi-
tive by RT-PCR. However, 18 fish found
negative by IFAT were positive by RT-PCR;
13 fish negative by virology were positive
by RT-PCR; and 10 fish negative by both
IFAT and virology were positive by RT-PCR.
All control fish were negative by all tests.



Bull. Eur. Ass. Fish Pathol., 20(1) 2000,  19

Discussion
No overt clinical ISA was induced in this ex-
periment in either intraperitoneally inocu-
lated or by cohabitation exposed fish during
an observation period of 42 days. Even an in-
fectious dose of 106TCID50 per fish re-admin-
istered to previously infected and to a few
naïve fish could not produce disease during
an observation period of an additional 28
days. The reasons for this failure to induce
disease are open to speculation. It can be ar-
gued that ISA is more readily and rapidly re-
produced in younger, smaller fresh water or
early smolt stages of Atlantic salmon. All pre-
viously reported experimental infection stud-
ies were conducted in earlier life stages and
smaller fish (Speilberg et al., 1995; Rimstad et

al., 1999). The fish in our study weighed on
average 500 grams. Speilberg et al. (1995) re-
ported that the first gross and histological
(ISA) lesions were visible 18 days after infec-
tion , and the haematocrit started to drop af-
ter day 14. By day 25 those fish were showing
typical gross and light microscopic lesions. In
contrast, in our experiment only one fish
showed a low haematocrit value indicative of
anaemia 42 days after intraperitoneal infec-
tion. It is questionable whether the fish were
still in the incubation period due to the ab-
sence of convincing pathological lesions as
well as the declining success rate of virus iso-
lation over the course of the study.

Fish can develop an immunity if naturally or
experimentally exposed to ISAV (Falk and
Dannevig, 1995, Jones et al., 1999). It is highly
unlikely that the fish used in this study had
been naturally exposed to ISAV prior to the
transfer to the experimental isolation unit.

ISAV has not been isolated from any marine
or freshwater site in Maine and was not iso-
lated from the uninfected control fish used for
this experiment. On the other hand, the ab-
sence of ISA in re-re-infected fish #45 through
#48 may be explained by possible immuniza-
tion as a result of the first exposure.

It might be suggested that the fish used in our
study had a greater genetic resistance to ISA.
The fish used in this study were a hybrid be-
tween the St. John and Landcatch strains of
Atlantic salmon. At the present time, it not
known whether this or any other strain of
Atlantic salmon are more resistant to ISA than
other commercial strains. Little is known
about genetically-mediated resistance to ISAV
in general. Nylund et al. (1998) has suggested
that wild salmon in Norway are likely more
resistant to ISA than farmed salmon. In addi-
tion, other salmonid species such as Rainbow
trout (Oncorhynchus mykiss) and sea run
brown trout (Salmo trutta) can be experimen-
tally infected with ISAV but appear to be re-
sistant to the disease as no clinical signs sug-
gestive of ISA have been observed (Nylund
et al., 1997, Rolland and Nylund, 1998a).

The virus used in our study was originally
isolated from diseased fish in New Brunswick,
Canada. The virus had been passaged six
times in CHSE-214 cells. This may have re-
sulted in a loss of its pathogenicity. However,
Dannevig et al. (1995) reported an increase in
pathogenicity of the virus in the second tis-
sue culture passage in SHK-1 cells compared
to the first passage. However, it is unclear
whether this increase was due to an increase
of the virus titer or a change of the virulence
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of the virus. Most previously reported infec-
tion studies used either tissue homogenate
(Dannevig et al., 1993; Speilberg et al, 1995),
blood (Hjeltnes et al. 1992), ascites fluid
(Nylund et al., 1997) or leukocytes (Dannevig
and Falk, 1994) from naturally infected fish
or tissue homogenate from experimentally
infected fish (Rimstad et al., 1999).

Minor petechial haemorrhages were noted in
the liver and fat tissue surrounding the py-
loric cecae. These lesions were probably not
due to ISA, as no other lesions described for
ISA were observed. While the reasons for the
absence of typical gross and histological ISA
lesions can be debated, this study provides
some useful comparative information on the
efficacy of the various test methods used to
detect ISAV in subclinically infected fish. The
nested RT-PCR method of kidney tissues was
the most sensitive method with 22 positive
results and correlated well with virus isola-
tion and IFAT to the extent that all fish posi-
tive by IFAT or virus isolation were corre-
spondingly positive by RT-PCR. IFAT was the
least sensitive as well as the most subjective
method to detect ISAV infection in subclini-
cally infected fish with only 4 positive results.
Virus isolation was an intermediately sensi-
tive technique for ISAV detection, with 9 posi-
tive results recorded. SHK-1 cells appeared to
be more sensitive for virus isolation than
CHSE-214 cells. However, the parallel use of
both cell lines was more sensitive in detect-
ing ISAV than either cell line alone. SHK-1
cells have been described by Dannevig et al.
(1995) as supporting the replication of ISAV ,
and this cell line is now most widely used for
ISAV isolation. Bouchard et al. (1999) has also
had good success in isolating ISAV in CHSE-

214 cells; the virus used in our study was
propagated in these cells.

Three fish (nos. 19, 35 and 46) had been
intraperitoneally infected with ISAV but
tested negative by all methods. It remains an
unanswered question whether these fish
aborted the infection or whether ISAV was
present at a level below the sensitivity of all
methods, including the RT-PCR.

The selection of test strategies will depend on
a variety of factors including the objectives
of a study, test sensitivity, cost and turn-
around time of a test and objectivity of test
interpretation. From the results of our study
it may be concluded that the combination of
virus isolation techniques and nested RT-PCR
are the most effective methods for detecting
subclinical ISAV infection in marine Atlantic
salmon. However, for the primary diagnosis
of ISA in salmonids, epidemiological, gross
and histopathological observations, supple-
mented by IFAT, virus isolation and/or RT-
PCR testing, are needed.
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