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Abstract
Juvenile chinook (Oncorhynchus tshawytscha), chum (O. keta), coho (O.
kisutch), pink (O. gorbuscha), and sockeye salmon (O. nerka) from the West
Coast of Vancouver Island, Southeast Alaska, and the Bering Sea were surveyed
between August 2002 and April 2003 for infectious salmon anaemia virus (ISAV).
Spawning sockeye from the Cultus Lake and Kokanee from Lois Lake, BC
population was also sampled. Pooled or individual tissues were tested by RTPCR, nucleotide sequencing and virus isolation. ISAV segment 8 was amplified
from 34 of 121 (28%) chinook and 15 of 88 (17%) pink salmon caught off the
west Coast Vancouver Island and southeast Alaska. ISAV segment 8 was also
amplified from all 64 spawning sockeye and one cultured Atlantic salmon. The
220bp RT-PCR products were 94% to 98% homologous with Canadian ISAV
isolates and 92% to 93% with European ISAV isolates. A product of 377 bp was
obtained with Segment 7 ORF1 products were obtained in 5 chinook fish and the
nucleotide sequence corresponded to ISAV segment 7 ORF2 products and was
95.7% identical to NBISA01 control isolate (Canadian isolate) and 99.7 % identity
to an ISAV isolate 810/9/99 from Norway. ISAV segments 2, 6 and full opening
frame for segment 8 were not amplified nor was ISAV isolated onto SHK or
CHSE and ASK-2 cells. These results lead us to conclude that an asymptomatic
form of ISA occurs among some species of wild Pacific salmon in the north
Pacific.
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Introduction
Viruses are important pathogens in marine-farmed fish however their
importance as pathogens in wild stocks and the roles played by wild fish as
reservoirs of infections are poorly understood. Infectious salmon anemia (ISA) is
a severe disease of marine farmed Atlantic salmon, Salmo salar caused by an
Orthomyxovirus-like virus, (Mjaaland et al., 1997) The disease is characterized
by severe anemia, leucopenia, ascites and hemorrhagic liver necrosis and kidney
necrosis. The disease has affected marine farmed Atlantic salmon in Norway
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since 1984 (Thorud and Djupvik, 1988). More recently the disease has been
diagnosed in marine farmed Atlantic salmon in Eeastern Canada (New
Brunswick and Nova Scotia), Scotland, eastern USA (Maine), and the Faroe
Islands (1998, Mullin et al., Ritchie et al., 2001, 1998, Rogers et al., 1998,
Bouchard et al., 2001, Anonymous 2000). ISAV was isolated from farmed coho
salmon in Chile (Kibenge et al., 2001). The virus has also been found in health
farmed rainbow trout (Anon 2002). Although, Oncorhynchus species have not
been shown to be affected by the natural disease and experimental infection,
virus was recovered from chum, coho and steelhead trout after inoculation with a
very high virus concentration of 107 TCID50 (Rolland and Winton, 2003). Also
experimental infection with high concentration (TCID50 over 107 /200µl) of
selected ISAV isolates caused mortality in rainbow trout (Oncorhynchus mykiss)
(McWilliams et al., 2003, Kibenge unpublished data) indicating that some of
Oncorhynchus species could be affected by ISAV and also serve as reservoirs of
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the virus. Natural and experimentally infected sea trout (Salmo trutta) and brown
trout (Salmo trutto) become asymptomatic ISAV carriers and transmit the virus to
Atlantic salmon by cohabitation (Raynard et al., 2001, Nylund and Jakobosen,
1995; Nylund et al., 1995; Nylund et al., 1997). Also ISA virus was isolated from
asymptomatic wild Atlantic salmon (Olivier G, 2002, Raynard et al., 2001) Arctic
char (Salvelinus alpinus) (Snow et al., 2001), pollock (Pollachius virens) from ISA
infected cages and cod (MacLean et al., 2002). Thus wild marine fish stock may
act as the virus reservoir and transmit the virus to farmed Atlantic salmon.
Nylund et al., (2003) hypothesized that wild salmonids species are the source of
benign ISAV isolates which become virulent after mutation either in the wild or in
the farmed Atlantic salmon after transmission based on the analysis of the highly
polymorphic region (HPR) of ISAV haemagglutinin gene. (Nylund et at., 2003).
The Northwest Pacific coast of Canada and the United States are the only
regions where marine Atlantic salmon farming is practised that are still free of
ISA disease. Because routine screening for the virus has been mostly done by
virus isolation on cell culture, there is a possibility that low levels of virus in fish
tissues or presence of non-pathogenic virus strains could go undetected.
Although there is increased pathogen surveillance studies they are directed to
culture fin fish. Therefore for this study, molecular biology technique of reverse
transcription-polymerase chain reaction (RT-PCR) was added to diagnostic
methods for investigation of ISAV in wild pacific salmon species. In this study five
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Pacific salmon species were examined for the presence of infectious salmon
anemia (ISAV) virus.

Materials and methods
Fish, tissue collection and storage.
Juvenile chinook (Oncorhynchus tshawytscha), chum (O. keta), coho (O.
kisutch), pink (O. gorbuscha), and sockeye salmon (O. nerka) from the West
Coast of Vancouver Island, Southeast Alaska, and the Bering Sea were surveyed
between August 2002 and April 2003 for infectious salmon anaemia virus (ISAV).
Spawning sockeye from the Cultus Lake and Kokanee salmon from the Lois
Lake were also sampled (Table 1). Organ tissues (head kidney, heart, spleen
and liver) were harvested from partially thawed high sea pacific salmon and from
freshly sacrificed sockeye, Kokanee and Atlantic salmon from Cultus Lake, Lois
Lake and PBS respectively. Two of the 8 Atlantic salmon sampled had been on
salt water for a while the remaining 6 were only exposed to salt water for 2 weeks
for the purpose of fungal treatment. Location and the weights of fish are shown in
Table .1 in the results section. The samples were stored and -80C°individually or
pooled until they were analyzed for virus by RT-PCR and cell culture.

Cells and Virus propagation.
Chinook salmon embryonic cells (CHSE-214) cells were grown in 24 or 48 well
plates using Eagle’s minimum essential medium supplemented with 10% fetal
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bovine serum (FBS), 2mM L-glutamine (Invitrogen Life Technologies) while
salmon head kidney (SHK-1) and Atlantic salmon kidney (ASK-2) cells
monolayers were grown using Leibowitz’s L-15 medium (Dannevig et al., 1997)
The tissues were macerated and homogenised in presence of HBSS
supplemented with 10% antibiotic/mycotic solution. The homogenate was then
clarified by centrifugation at 3000 rpm for 15 minutes was inoculate on cell
monolayer and incubated for 1hr at 15 °C to allow virus adsorption. After which
MEM or L-15 supplemented with 4% FBS, 1% antibiotic/mycotic solution
(Invitrogen Life Technologies) and HEPES (Sigma) was added to the wells.
Wells of uninfected cells were left as negative controls and the plates were
returned to the 15°C incubator. The cell monolayers were checked for
development of CPE using inverted microscope. Normally ISAV causes CPE in
CHSE-214 cells by 15 days while it may take up to 21 days for CPE to develop in
SHK-1 cells.
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RNA extraction and reverse transcription-polymerase chain reaction (RTPCR).
Samples of kidney, liver, spleen and heart were harvested from individual fish
and were either stored and analysed separately or pooled. The tissues were
then macerated in presence of Hank’s balanced salt solution (HBSS) with 10%
antibiotic solution. Total RNA was extracted from 300 µl of tissue homogenate or
cell culture lysate in case of the control IHNV and VHSV using the Trizol LS
Reagent (Invitrogen, Canada) following the manufacturer’s protocol. The RNA
pellet was dissolved in 50 µl RNase free dionized water. The one step reverse
transcription-polymerase chain reaction (RT-PCR) was performed using 1 µl (1
µg-2 µg) of RNA in a 25 µl volume reaction using one step RT-PCR kit (Qiagen).
RT-PCR was performed in PTC-200DNA engine Peltier thermal cycler (MJ
Research Inc.) Cycling conditions for all viruses consisted of once cycle of cDNA
synthesis at 50°C for 30 minutes followed by 15 minutes at 95°C to activate the
Hot Star Taq DNA polymerase and inactivate the reverse transcriptase. This was
followed by 40 cycles, each consisting of denaturation at 95 °C for 30s, annealing
at 61 °C for 45s in case of for ISAV and extension at 72 °C for 90s with final
extension at 72 °C for 10 minutes. The primer sequence used in the RT-PCR
for ISAV amplification of 220 bp fragment of segment 8 of the virus (Devold et al.,
2000, Kibenge et al., 2001), and the nucleotide sequence for both the sense
(342-363 nt) and antisense (532-552 nt) are (5’GAA GAG TCA GGA TGC CAA
GAC G 3’, 5’GAA GTC GAT GAT TCG CAG CGA 3’) respectively. The samples
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sent to AVC were also analyzed with segment 7 ORF1 and segment 7OR2
primers. The two opening frames share the reverse primer and the primer
nucleotide sequence and were designed using ISAV Accession # AF328627
(Ritchie et al., 2002). Here are the sequences for both sense and the antisense
primers are: ISAV SEG7 (ORF1) FOR (23 mer from 1-23nt) 5'-ATG GAT TTC
ACC AAA GTG TAT GG-3' , and ISAV SEG7 (ORF1) REV (23 mer from 881-903) 5'TCACATTCTGAAGTGAAGTCCAG-3' and for the segment 7 ORF2 the sense primer
is (82 mer from 1-63/590-608 nt) 5'-ATG GAT TTC ACC AAA GTG TAT GGT GTG
CTG GTT GAC CAA CTA AAA CTT CAC GGA AAA GAC AAG GTG GCT TCT
TTC CTG TCG G-3'. The PCR products were resolved by electrophoresis on
1.5% agarose gel with 0.01 mg ethidium bromide and visualized using the
imaging system ( ). In samples that had a PCR product of 220 bp, amplification
of the other ISAV gene segments (2, 6 and ORF1 and 2 for segment 8 proteins)
was attempted. In the beginning of the study we included ISAV positive control
to make sure that the reactions were working properly. We obtained positive
RNA control from Atlantic Veterinary College (AVC) Virology Research laboratory
(Charlottetown, PEI).
Cloning, sequencing and sequence analysis
The RT-PCR products were purified from the agarose gel using either Roche or
Qiagen PCR purification kit and then cloned into pCR®II vector using a TOPO
TA cloning kit (Invitrogen Life Technologies) in preparation for sequencing.
Clones were screened for inserts by PCR and then positive ones were
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sequenced using big dye terminator sequencing kit (Applied Biosystems). The
nucleotide sequences were trimmed and assembled using the Sequencer
program (Gene Codes Corporation, Ann Arbor, MI) Nucleotide sequence
pairwise

comparison

was

performed

using

the

BLAST

program

and

Multialignment with the known segment 8 nucleotide sequences was carried out
using multiple sequence alignment program (Corpet, 1988).

Results
Virus Isolation: No virus was isolated from any sample using SHK-1, CHSE-214
and ASK-2 cell lines.
RT-PCR and sequence analysis:
A 220 base-pair product was produced in the ISAV segment 8 RT-PCR assay of
116 of 520 (22.3%) samples.

Table 1 shows the source and number fish

samples tested with ISAV segment 8 primer.

The number in the brackets

denotes fish that had the expected PCR product of 220 bp. Alt least 2 clones for
each PCR product was sequenced.
Control ISAV NBISA01.
The RT-PCR product (220bp) was clone and sequenced and nucleotide
sequence of our product (193 bp) was 99% identical to the original sequence of
the same isolate in the GenBank.
Chinook: Of 121 samples analyzed with segment 8 primers, 31 had a 220 bp
PCR product. The AVC Virology lab identified an additional 3 positive samples
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bringing the positive to 34(28%). DNA sequence from two samples was not that
of ISAV (Table 2). Those that were sent to AVC that turned out positive were also
tested with segment 7 primers and all positive products were sequenced. The
Pacific salmon DNA inserts had an identity of 94% identity with NBISA01 +ve
while among there was a homology ranging between 97% to 100%. All the
samples that showed a positive product with segment 8 primers were analyzed
with other ISAV genes (segment 2(PB1), segment 6 (HA) segment 7 both open
reading frames and segment both open reading frames 1 and 2). The ones we
tried here were all negative but from AVC virology lab samples (Table 2) had
PCR product of 377 bp. This product corresponded with ISAV segment 7 ORF2
products and had an identity of 99.7% and 95.8% with ISAV isolates 810/9/99
Comment [J3]: Please tidy up. You are
talking about segment 7 then 8 then 7 again.
Include the AVC analysis after describing
what we found here.

from Norway and NBISA01 from New Brunswick, respectively.

Pink: Out of 89 fish and all the tissues organs were pooled, 15 (17%) were RTPCR positive with ISAV segment 8 primers. DNA sequence of 213 bp from one
fish was had 97% identity to NBISA01 and most other North American Isolates
and 92 % identity to European Isolates.

Atlantic salmon (salt water): RNA extracted from the heart of one fish was
positive with segment 8 primer and PCR product of 211bp had 98% identity to
most Canadian ISAV isolates including NBISA01 isolate in the 202 bp that were
overlapping and 93% identical to European isolates in 197 nucleotides.
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Sockeye: Although all Cultus lake sockeye samples had correct size PCR
product, most of the products could not be clone, however fish # 7890C product
was successfully cloned and sequenced and all three clones had a product of
241 bp.

The nucleotide sequence of these inserts had identity to ISAV only in

the primer sequence.
However when all DNA inserts were aligned, using hierarchial clustering of
nucleotides sequence (Corpet, 1988), they fell into three groups, with the inserts
from Atlantic salmon, one from chinook (sample HS 2002 38 IVI02-124-019P),
pink and the control NBISAV01 in one group,

the other chinook samples

((HS200238-ISEA124-005L and (HS200238-IVI07-124-001h) fell into another
group and the sockeye inserts had their own group although this group is close to
the second group with the chinook samples.
Chum and coho salmon samples were all negative. ISAV segments 2 (PB1), 6
(HA) and full opening frame for segment 8 (NS1 and NS2) were not amplified nor
was ISAV isolated onto SHK or CHSE cells. The expected RT-PCR products with
the other ISAV genes used were obtained but they were obtained
Segment 7 ORF1 and ORF2.
Five samples (Table 2) from Chinook salmon had PCR product of approximately
400bp with segment 7 ORF1 primers, while the positive control NBISA01 had an
insert of 903 bp corresponding to segment 7 ORF1. These products were cloned
and sequenced, the sequence obtained (377bp) corresponded with that of
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segment 7ORF2

nucleotide sequence. All chinook salmon samples the DNA

inserts were 99.7% identical and corresponded to the ISAV Segment 7 ORF2
product. They had a 95.8% identity with the NBISA01 +ve control, and 99.7%
identity with ISAV strain 810/9/99 from Norway. Segment 7 products were not
amplified in any other fish samples.
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Table 1: Pacific salmon species analyzes for the presence of ISAV segment 8 primers
Salmon
Species
(weight)

Location and number of samples examined (positive by RT-PCR with segment 8 primers)

PBS
Chinook
(200-350g )
Chum (150250g)
Coho
(100-200g)
Pink
(150-250g)
Sockeye
(100g-200g)
Kokaneea
Atlantic (100150g) SW
Atlantic (1820g) FW

LL

ISEA
37 (10)

IVI
40(22)

VI
8 (1)

5(0)

14(0)

QCS
9(3)

EP

DE

17(0)

52 (0)

FI

BA
22(0)

CL

TI

30(0)

16 (0)

20 (0)
24(4)
19(0)

19 (4)

40(6)
20 (0)

2 (1)

3(0)
64(64)

50(0)
2 (1)
7(0)

PBS=Pacific Biological Station, LL=Lois Lake, ISEA=Inside East Alaska, IVI= Inside Vancouver Island (inlets), VI+ Along
the coast line of Vancouver Island, EP= Estavan point, DE- Dixon Entrance, FI= Forrester Island, TI= Triangle Island, BA
=Broughton area, CL=Cultus Lake
a
Weight unknown.
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Table 3: High Sea Chinook, pink and cultured Atlantic salmon and Adult sockeye samples
checked for ISAV using RT-PCR, with segment 8 and 7 primers and sequenced.
Sample

Segment 8 primers (F5/R5)

Segment 7 ORF1 primers

HS 2002 38 IVI02-124-019P*

+ ve (~220bp)

- ve

HS200238 IVI08-124-004L*

+ ve (~220bp)

+ ve (~400bp)

HS200238 IVI08-124-003L*

weak + ve (~220bp)

-ve

HS200238 IVI17-124-20P*

+ ve (200pb)

Not done

HS200238 ISEA06-124-007P*

+ ve (~220bp)

+ ve (~400bp)

HS200238 ISEA02-124-009H*

- ve

+ ve (~400bp)

HS200238ISEA23-124-005L*

Chinook

+ ve (~220bp)

+ ve (~400bp)

HS200238V101-124-002H

$

+ve (200bp)

-ve

HS200238IVI07-124-001H

$

+ve (200bp)

-ve

+ve

-ve

+ve

-ve

Pink
HS200304 EP04-108-001P

$

Cultus Lake Sockeye
$

7890C P (tag #)

Atlantic Salmon 1H

$

NBISA01 +ve control

+ve
+ ve (~220bp)

-ve
$

+ ve (903bp) *

HS=high sea, 200238: year and # of boat run, IVI08=the area and 124 is a code for chinook and 108 is
for pink and the last # is fish as they were caught. For example HS200238 IVI02 124-19 means that
chinook salmon was caught in year 2002 on the 38 run, Inside Vancouver Island (inlets) and was
numbered 19.
-ve denotes no PCR product seen; + ve denotes PCR product (size in base pairs) seen.
* denotes samples that were sent to AVC Virology Research laboratory and sequenced by ACGT
$
laboratory, Products sequenced (6) here at PBS in Genetics lab:
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Discussion.
Infectious salmon anaemia or ISA virus has not been detected in Pacific North west
coast of Canada or USA. In this investigation we were able to detect ISAV segment 8
and segment 7 PCR products in juvenile chinook, pink, spawning sockeye and culture
Atlantic salmon using RT-PCR. Sequence analysis of some of the product reveal a
homology of 94-99% and 92-93% to the North American and European ISAV isolates,
respectively. The fact that segment 8 and segment 7ORF2 sequences amplified in
some samples were not 100% identical to the control NBISAV01 rules out
contamination during sample processing. These results are not unique since Raynard
et al. (2001) also reported detection of ISAV by RT-PCR in wild fish in Scotland without
isolating the virus by cell culture even though they were able to amplify the full segment
8 and 2. Thus our results may imply that wild pacific salmon species have a nonpathogenic ISAV isolate or just non-infective particle of ISAV. It has been speculated
from analysis of ISAV haemagglutinin gene that the wild salmon may harbour a non
pathogenic ISAV isolate with no mutation in this gene and that after this ISAV isolate
mutates by deletions it becomes pathogenic to Atlantic salmon (Nylund et al., 2003).
Thus pacific salmon species could harbour non pathogenic ISAV that has not yet
experienced any mutations thus is unable to infect cultured Atlantic salmon in the area.
The fact that were able to amplify ISAV segment 8 sequences in salt water cultured
Atlantic salmon which did not have ISA symptoms may attest to that fact and could also
indicate that ISAV nucleotide are present in the sea water.
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In experimental infection of Oncorhynchus species, steelhead trout, (O. mykiss),
chum (O.keta), chinook (O. tshawytscha) and coho (O. kitsutch), virus was recovered
13-15 d p.i only in fish that were given a very high dose although no disease was
produced in any of these fish while the same viral doses cause mortality in Atlantic
salmon show that the virus might be able to survive in these Pacific salmon species,
therefore could act as carriers of ISAV (Rolland and Winton, 2003).

In natural

environment, the viral titre may be very low thus making it un detectable. We were not
able to detect any nucleotide sequences in chum and coho in this study. Other
diagnostic methods such as IFAT and should be used along with RT-PCR (Snow et al.,
2003).
From these results, failure to isolate ISAV on cell culture combined with failure to
amplify other genes of ISAV from juvenile pacific salmon species leads to the
conclusion that there is anon-pathological ISAV isolate in the Pacific North west coast.
In future use fresh material and in vivo experiments and use of serological methods may
provide a different perspective.
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