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INTRODUCTION

Since July 1996, the salmon aquaculture industry 

of New Brunswick, Canada, has been struggling with

infectious salmon anemia (ISA) (Byrne et al. 1998,

Mullins et al. 1998). The pathological findings in At-

lantic salmon Salmo salar L. with ISA include severe

anemia, leucopenia, ascites, and haemorrhagic liver

necrosis (Evensen et al. 1991). Because of a distinctly

different manifestation of the disease in the early stages

in the Bay of Fundy, in New Brunswick, the disease was

initially termed haemorrhagic kidney syndrome (HKS)

(Byrne et al. 1998). While much work was reported on

the isolation and pathogenicity of ISA virus from out-

breaks of ISA in New Brunswick (Mullins et al. 1998,

Bouchard et al. 1999, Jones et al. 1999, Lovely et al.

1999), the presence of a novel togavirus-like virus that

was commonly isolated from affected fish during the

original ISA outbreaks and its possible role in the dis-

ease remained obscure. The present study was primar-

ily designed to clarify the role of ISA virus and the toga-

virus-like virus in ISA outbreaks in farmed Atlantic

salmon on the East coast of Canada. We describe here

the analysis of a clinical sample (designated HKS-36)
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from 1 of the original outbreaks of ISA that had a dual

viral infection demonstrated by cytopathic effects (CPE)

of a togavirus-like virus on the CHSE-214 cell line and

CPE of ISA virus on the SHK-1 cell line. In addition, be-

cause the RT-PCR method presented the only confirma-

tory diagnostic method with which to differentiate be-

tween togavirus-like virus CPE and ISA virus CPE in

CHSE-214 cells, it was essential to establish the sensi-

tivity of RT-PCR for ISA virus in fish tissues. Thus in this

report, a 1 tube, 1-step procedure RT-PCR, and RNA

dot-blot hybridization are compared to virus isolation

for detection of ISA virus in fish tissues.

MATERIALS AND METHODS

Virus isolates and virus culture. ISA virus isolate

‘Site A 98’, togavirus-like virus isolate U14785(#6), and

virus sample HKS-36 containing a mixture of ISA virus

and togavirus-like virus used in this study were ob-

tained from clinical outbreaks of ISA in farmed At-

lantic salmon in the Bay of Fundy, New Brunswick,

and the presence of viable virus was checked by ino-

culation of both salmon head kidney (SHK-1) cell line

(Dannevig et al. 1995) and Chinook salmon embryo

(CHSE-214) cell line (Fryer et al. 1965). The cell cul-

ture harvests were also tested by RT-PCR for presence

of ISA virus and togavirus-like virus nucleic acids.

Virus propagation and infectivity titrations were per-

formed as previously described (Kibenge et al. 2000).

For virus isolation from tissues, the cell monolayers

in 24-well tissue culture plates were inoculated with

100 µl well–1 of tissue homogenates diluted 1:50 in

serum-free medium and filtered through 0.45 µm

syringe filters prior to use. Samples from fish inocu-

lated either with ISA virus ‘Site A 98’ or HKS-36

viruses grown in CHSE-214 cells were inoculated on

CHSE-214 cells. Samples from fish inoculated with

HKS-36 viruses grown in SHK-1 cells were inoculated

on SHK-1 cells. Cultures that were difficult to read or

that were negative by CPE were passaged on fresh

monolayers and/or were confirmed by RT-PCR.

RT-PCR. Viral RNA was extracted from 250 µl vol-

umes of either tissue homogenates or cell culture

lysates using TRIZOL LS reagent (Canadian Lite

Technologies) following the manufacturer’s protocol.

The RT-PCR primers and conditions used to detect

ISA virus by RT-PCR were as previously described

(Kibenge et al. 2000). Molecular studies are currently

underway to more specifically classify the togavirus-

like virus isolates. However, the limited genetic se-

quence data obtained from a togavirus-like virus cDNA

clone M107 were used to design specific RT-PCR

primers which would yield a 330 bp product. The RT-

PCR cycling conditions consisted of 1 cycle of cDNA

synthesis and predenaturation at 55°C for 30 min and

94°C for 2 min, followed by 40 cycles each consisting of

denaturation at 94°C for 15 s, annealing at 65°C for

30 s, and extension at 72°C for 1 min, with a final

extension at 72°C for 10 min using the Titan™ One

Tube RT-PCR System kit (Roche Molecular Biochemi-

cals) in a PTC-200 DNA Engine Peltier thermal cycler

(MJ Research, Inc., Watertown, Massachusetts, USA).

RNA dot-blot hybridization. RNA dot-blot hybrid-

ization followed standard procedures (Kibenge 1992).

Total RNA was processed from homogenized fish tis-

sues using the TRIZOL method as described above.

The radiolabeled DNA probe was prepared using the

ISA virus RT-PCR product purified from low-melting

agarose gels (Sambrook et al. 1989). The DNA probe

was radiolabeled using the Random Priming System

(Canadian Life Technologies) and 50 µCi of [α-32P]de-

oxycytidine triphosphate (sp act approx.3000 Ci mmol–1)

according to manufacturer’s instructions.

Experimental infection of fish. The Atlantic salmon

used in this study were Saint John River Atlantic sal-

mon parr obtained from AquaBounty Farms, Prince

Edward Island, Canada, with no record of ISA virus or

togavirus-like virus isolation. The experimental proce-

dures used in this study were performed in accordance

with the guidelines of the Canadian Council on Animal

Care (Olfert et al. 1993). A total of 405 fish were ran-

domly assigned to treatment groups and tanks. The

tanks were fibreglass-reinforced plastic tanks of 110 l

capacity. Daily water temperature was maintained at

10.0 ± 1.0°C throughout the study. Fish belonging to

each group were individually removed from the study

tank and anaesthetised by immersion in an aerated

solution of tricaine methane sulphonate (MS-222)

(100 mg l–1). Each fish was challenged by intra-

peritoneal inoculation (0.25 ml) and by oral gavage

(0.25 ml). Control fish received freshly prepared cell

culture maintainance medium. Infected fish, each re-

ceived 103.5 TCID50/0.5 ml of virus inoculum. There

were 113 fish in the uninfected control tank. All virus-

inoculated tanks contained 75 fish each except for the

tank with togavirus-like virus isolate U14785 (#6), which

contained 67 fish. Fish were observed daily for mor-

tality, abnormal behaviour, and external lesions. Mori-

bund fish were euthanised prior to post-mortem exami-

nation. All mortalities were necropsied and the kidney

and liver tissues were collected for virus detection.

RESULTS

Fig. 1 shows the RT-PCR result of the virus prepara-

tions used to inoculate the experimental fish. The ISA

virus isolate ‘Site A 98’ (Fig. 1, lanes 7 and 8) which

produced CPE typical for ISA virus in both SHK-1 and
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CHSE-214 cell lines (Kibenge et al. 2000) was free of

contamination with togavirus-like virus (Fig. 1, lanes 1

and 2). The togavirus-like virus isolate U14785(#6)

shown to be free of contamination with ISA virus

(Fig. 1, lanes 11 and 12) produced CPE in CHSE-214

cells but was non-cytopathic in SHK-1 cells as evi-

denced by the positive RT-PCR results (Fig. 1, lanes 5

and 6, respectively). The togavirus-like virus CPE in

CHSE-214 cells developed slowly, appearing any-

where from 8 to 28 d post inoculation (DPI) and con-

sisted of numerous highly refractile syncytia and

rounded individual cells. Virus sample HKS-36, like

ISAV isolate ‘Site A 98’, produced CPE in both the

SHK-1 and CHSE-214 cell lines. However, the CPE in

the SHK-1 cell line was similar to that produced by ISA

virus isolate ‘Site A 98’ whereas the CPE in the CHSE-

214 cell line was similar to that produced by togavirus-

like virus isolate U14785(#6). The HKS-36 CPE in the

respective cell lines did not change with up to 4 serial

passages (P4). Examination of these passages by RT-

PCR showed the presence of both ISAV and togavirus-

like virus nucleic acids in both SHK-1 and CHSE-214

passaged preparations. In Fig. 1, it can be clearly seen

that HKS-36 passaged in CHSE-214 cells contained a

mixture of togavirus-like virus (Fig. 1, lane 3) and ISA

virus (Fig. 1, lane 9). Since the virus titers used to

determine the inoculum dose were based on end-point

CPE, the 103.5 TCID50/0.5 ml of the HKS-36 prepara-

tion in SHK-1 cells refers to ISA virus titer whereas that

in CHSE-214 cells refers to togavirus-like virus titer.

No sign of sickness and no mortality were observed

in the control fish. In the group inoculated with toga-

virus-like virus isolate U14785(#6), only 1 mortality

was observed 18 DPI, which was a result of trauma

rather than virus infection. Within the remaining

infected tanks, those fish which became moribund or

were removed as mortalities appeared to deteriorate

suddenly, becoming lethargic and unresponsive to

stimuli and dying within 24 h of the initial observation.

Mortality started at 12 DPI (15 DPI for the group inocu-

lated with HKS-36 grown in CHSE-214 cells), peaked

between 14 to 18 DPI, and stopped at 28 DPI.

The cumulative daily mortality for all experimental

groups is shown in Fig. 2. Overall, inoculation with

103.5 TCID50/0.5 ml virus resulted in 58.7% mortality

with ‘Site A 98’, 64% mortality with HKS-36 grown in

SHK-1 cells, and 61.3% mortality with HKS-36 grown

in CHSE-214 cells. Gross lessions characteristic of ISA

(Thorud & Djupvik 1988, Evensen et al. 1991, Speil-

berg et al. 1995, Totland et al. 1996) were observed in

all moribund fish and mortalities neropsied. These ISA

lesions mimicked gross pathology lesions that have

been observed in Atlantic salmon retrieved from ISA-

infected cage sites in the Bay of Fundy (Mullins et al.

1998, O’Halloran et al. 1999).

Table 1 summarizes the results of virus detection by

virus isolation, RT-PCR, and RNA dot-blot hybridiza-

tion in kidney and liver tissues from fish that died at 12

to 15, 17, and 21 DPI representing the beginning, mid-
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Fig. 1. Agarose gel electrophoresis of RT-PCR products from

CHSE-214 and SHK-1 cells infected with ISAV and/or to-

gavirus-like virus. Lane M contains 1 kb plus DNA ladder

(Canadian Life Technologies); lanes 1 to 6 are RT-PCR prod-

ucts with togavirus-like virus-specific primer pair M107F1/R1

and target RNA from ‘Site A 98’ virus-infected CHSE-214

cells, ‘Site A 98’ virus-infected SHK-1 cells, HKS-36 virus-

infected CHSE-214 cells, HKS-36 virus-infected SHK-1 cells,

U14785(#6) virus-infected CHSE-214 cells, and U14785(#6)

virus infected SHK-1 cells, respectively; lanes 7 to 12 are

RT-PCR products with ISAV-specific primer pair FA-3/RA-3 

and target RNA as listed for lanes 1 to 6

Fig. 2. Percent cumulative mortality of Atlantic salmon in

freshwater after intraperitoneal and oral inoculation (total

dose 103.5 TCID50) with different ISAV isolates. (J) HKS-36

virus grown in SHK-1 cells; (N) HKS-36 virus grown in CHSE-

214 cells; (D) ‘Site A 98’ virus grown in CHSE-214 cells
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dle, and end of the mortality period, respectively. ISA

virus was re-isolated from kidney and liver tissues of

all dead or moribund fish tested. In contrast, no

togavirus-like virus was recovered in CHSE-214 cell

monolayers inoculated with samples from fish inocu-

lated with HKS-36 virus grown in CHSE-214 cells. A

comparison of virus isolation, 1-step procedure RT-

PCR and RNA dot-blot hybridization for detection of

ISA virus showed virus isolation to be the most sensi-

tive method, displaying 100% sensitivity. Direct ISAV

RT-PCR on tissues performed particularly poorly on

liver tissues. Overall RT-PCR had a sensitivity of 78%

(45/58 fish). However, when considering kidney and

liver tissues separately, the sensitivity dropped to 66%

(38/58 kidneys) and 28% (16/58 livers) for kidney and

liver tissues, respectively. RNA dot-blot hybridization

was the least sensitive of the 3 methods with an overall

sensitivity of only 29%, and as with RT-PCR, fewer

positives were detected among liver tissues (10%) than

with the kidney (20%) tissues.

DISCUSSION

The togavirus-like virus has been suspected to play a

role in the aetiology of ISA in the Bay of Fundy because

the virus was isolated from fish with the characteristic

HKS lesions from several sites in the early stages of the

outbreak. In addition, preliminary transmission studies

using infected CHSE-214 cell cultures showing toga-

virus-like virus CPE resulted in high mortalities in adult

Atlantic salmon, with gross lesions consistent with

classical ISA. Moreover, others have reported difficul-

ties of reproducing all of the gross and microscopic

lesions of ISA (Jones et al. 1999, Lovely et al. 1999).

The experimental reproduction of ISA mortality and

gross pathology with the CPE-positive CHSE-214 pre-

paration containing togavirus-like virus and in which

the ISA virus presence could be demonstrated by RT-

PCR, and the lack of any clinical disease in fish inocu-

lated with CPE-positive CHSE-214 preparations con-

taining only togavirus-like virus in the present study,

conclusively demonstrate the lack of virulence of the

togavirus-like virus and confirm that the original ISA

outbreaks in New Brunswick were solely caused by

ISA virus.

The best method for detecting ISA virus in both kid-

ney and liver of experimentally infected fish was virus

isolation followed by RT-PCR, which was more reliable

in the kidney. The lower sensitivity of RT-PCR com-

pared to virus culture in the present study is most

likely due to the smaller fraction of the sample used in

RT-PCR compared to virus isolation. These results are

in agreement with those of Rimstad et al. (1999), who

used a 2 tube, 2-step RT-PCR in a time course study to

demonstrate that wide tissue dissemination of the virus

occurred after 13 DPI. The poor sensitivity of RT-PCR

in liver tissues in the present study was not due to

absence of virus since all samples were positive by

virus isolation. The low sensitivity of RT-PCR in the

liver tissues could have been due to higher levels of

degradation of RNA extracted from this tissue. It was

observed that even those samples which were strongly

positive if RT-PCR was carried out immediately after

dissolving RNA in distilled deionized water would

either give a weak RT-PCR product or no product at all

if the RT-PCR was repeated on the same sample a day

later compared to only a change in the intensity of the
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Table 1. Comparison of 3 different methods used to detect presence of virus (no. fish positive/total tested) in kidney (Kid.) and

liver (Liv.) tissues of Atlantic salmon that died following experimental inoculation with different virus preparations. DPI: days post 

inoculation, ND: not done

Virus DPI RT-PCR RNA dot-blot Virus isolation

preparations
Kid. Liv. Total

hybridization CHSE-214 cellsa SHK-1 cellsa

Kid. Liv. Total Kid. Liv. Total Kid. Liv. Total

‘Site A 98’ 12–13 3/6 0/6 3/6 0/6 0/6 0/6 6/6 6/6 6/6 ND ND ND

15 5/8 2/8 5/8 3/8 0/8 3/8 8/8 8/8 8/8 ND ND ND

17 3/5 1/5 4/5 0/5 0/5 0/5 5/5 5/5 5/5 ND ND ND

21 2/3 0/3 2/3 0/3 0/3 0/3 3/3 3/3 3/3 ND ND ND

HKS-36 12–13 8/8 3/8 8/8 5/8 2/8 6/8 ND ND ND 8/8 8/8 8/8

(SHK-1) 14 8/10 1/10 9/10 4/10 0/10 4/10 ND ND ND 10/10 10/10 10/10

17 1/6 3/6 3/6 0/6 3/6 3/6 ND ND ND 4/6 6/6 6/6

20 1/1 0/1 1/1 0/1 0/1 0/1 ND ND ND 1/1 1/1 1/1

HKS-36 17 4/7 4/7 6/7 0/7 0/7 0/7 0/7 0/7 0/7 7/7 7/7 7/7

(CHSE-214) 21 3/4 2/4 4/4 0/4 1/4 1/4 0/4 0/4 0/4 4/4 4/4 4/4

aInoculated cells showing positive CPE were further confirmed by RT-PCR



Kibenge et al.: ISA virus and togavirus-like virus in Atlantic salmon

RT-PCR product in kidney samples. The difference

could be that there is more RNase activity in liver tis-

sues compared to the kidney (Jayanthi & Van Tuyle

1992). RNA dot-blot hybridization was not very sensi-

tive as it picked up very few positive samples both in

the kidney and liver, and this could be due to the low

levels of viral RNA present in the small samples used.

But because the results of RT-PCR and RNA dot-blot

hybridization are influenced by the type of sample,

primers, and probes used, further studies are needed

for the comparison of the detection methods.
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