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The infectious salmon anaemia virus (ISAV) is the causative agent of 
the infectious Salmon Anaemia (ISA), a disease listed by the World 
Organisation for Animal Health (OIE) that has caused important eco-
nomic losses to the Atlantic salmon (Salmo salar) aquaculture indus-
try in the Northern Hemisphere and Chile (reviewed in OIE, 2021). In 
Canada, ISAV is endemic to the Atlantic coast and has caused severe 
disease outbreaks in the late 1990s, costing millions of CAD$ in fish 
loss over the next decade (Martin, 2007). Important changes in man-
agement practices were implemented, resulting in a decrease of the 
number and severity of outbreaks (Chang et al., 2014; Martin, 2007). 
To this day, the virus is still regularly detected and under close sur-
veillance by provincial regulators and industry (CFIA, 2021).

ISAV is a virus that consists of eight RNA segments (Mjaaland 
et al., 1997), and variants can be grouped into two genetic 
clades: the European (EU) and the North American (NA) (Gagne 
& LeBlanc, 2018; Krossoy et al., 2001). Both NA and EU variants 
are regularly reported in Atlantic Canada (Gagne & LeBlanc, 2018). 
Not all variants cause disease, and two markers of virulence have 

been identified on segment 5 (S5) and 6 (S6), encoding two surface 
proteins: fusion and hemagglutinin esterase, respectively (Kibenge 
et al., 2007; Markussen et al., 2008; Rimstad & Markussen, 2020). 
On S6, a deletion in the highly polymorphic region (HPR) is consid-
ered to be a prerequisite of virulence. HPRΔ variants (deleted) can 
cause disease whereas HPR0 variants (no deletion) are not known to 
cause disease (Cook- Versloot et al., 2004; Cunningham et al., 2002). 
With the exception of an artificial recombinant HPR0 variant 
(Cardenas et al., 2020), only HPRΔ variants are known to grow in cell 
culture (Aamelfot et al., 2016; OIE, 2021) and evidence suggests that 
HPRΔ originate from HPR0 variants, suggesting that transient vari-
ants with some but not all virulence markers may exist (Christiansen 
et al., 2017; Gagne & LeBlanc, 2018). On S5, a prerequisite of viru-
lence seems to be a Q266→L266 substitution or Q266 with an inser-
tion close to the putative cleavage site (Devold, 2006; Markussen 
et al., 2008). Association of these markers to virulent variants of ISAV 
has been supported over the years (Cárdenas et al., 2019; LeBlanc 
et al., 2018). This is the first report of the successful isolation in cell 
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Abstract
ISAV is the causative agent of the infectious salmon anaemia (ISA), a disease listed 
by the OIE that has caused important economic losses to the Atlantic salmon (Salmo 
salar) industry. ISAV variants are identified as pathogenic or non- pathogenic based 
on the presence or absence of a deletion in the highly polymorphic region (HPR) of 
segment 6 (S6). HPRΔ variants (pathogenic) are the only forms of the virus known to 
grow in cell culture. This is the first report of a HPR0 variant isolated in cell culture. 
The isolate is, however, atypical as it shows a marker of virulent variants on another 
segment (S5), which has never been reported for any other HPR0 variants. The sig-
nificance of this finding remains unclear until more in- depth work is carried out but 
does challenge current knowledge.
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culture, supported with data, of a natural HPR0 variant, as defined 
by current genotyping, but is also the first report of a natural ISAV 
variant possessing a S6 typical of non- virulent variants (no dele-
tion in the HPR) and a S5 typical of virulent variants (Q266 with an 
insertion).

In late 2020, ISAV is detected by RT- PCR in Atlantic salmon 
from a marine site in Atlantic Canada, through routine surveil-
lance. The laboratory at Research Productivity Council (RPC), New 
Brunswick (N.B.), Canada, also detected ISAV by real- time RT- PCR 
(RT- qPCR) in Atlantic salmon follow- up samples. Genotyping iden-
tified a NA HPR0 sequence and isolation in cell culture was suc-
cessful. The Canadian Food Inspection Agency (CFIA) submitted 

additional gill samples from the same apparently healthy popula-
tion for testing at the National Aquatic Animal Health Laboratory 
in Winnipeg (NAAHLS- FWI), Manitoba, Canada. Five detected 
samples were genotyped, verifying the initial laboratory report 
from RPC. The national reference laboratory for ISAV in Moncton 
(NAAHLS- GFC), N.B., Canada, received infected tissues collected 
in 2020 and preserved at −80°C to corroborate isolation of this 
variant in cell culture.

Sample provided included a pool of gill, heart, kidney, spleen and 
pyloric caeca sampled from 5 adult Atlantic salmon. A homogenate 
of a subsample of tissues was used to inoculate ASK and SHK- 1 cells 
(see Supplemental File S1 for details). After 21 days post- inoculation 

TA B L E  1   Primers and probes used for real- time RT- PCR and partial sequencing analysis

ISAV segment Analysis Primer/Probe name Sequence 5’-  3’

Segment 8 * RT- qPCR ISAV- S8−404F TGGGCAATGGTGTATGGTATGA

ISAV- S8−583R (RA3) GAAGTCGATGAACTGCAGCGA

ISAV- S8−491P FAM- CAG GAT GCA GAT GTA TGC- MGB

Segment 6 Sequencing ISAV- S6−321F
ISAV- S6−1130R

GGACCTGTACCTGGGAGCAT
ACAGAGCAATCCCAAAACCTGC

Segment 5 Sequencing ISAV S5−1F
ISAV- S5−311F
ISAV- S5−1476R

AGTTAAAGATGGCTTTTCTAACAATT
ATGGAGAACTGTGCAGTGAA
TGGCTATTTATACAATTAATAATGCAT

*(Caraguel et al., 2012).

F I G U R E  1   Cytopathic effects (CPE) 
on ASK and SHK- 1 cell lines inoculated 
with the isolated HPR0- like variant 
(CA/NS/2021- 31/2020) at different time 
points in days post- infection (dpi). Images 
taken at 100X (optical microscope). 
A close- up at 200x is given for SHK- 1 cells 
at 8 dpi to show vacuoles (black arrow)
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(dpi), cytopathic effects (CPE) were observed, and some wells dis-
played cytotoxicity. Cell lysates were filtered and used to inoculate 
new preparations of cells. CPE were observed after 6 and 11 days, 
for ASK and SHK- 1 cells, respectively, verifying the presence of a 
filterable replicating agent. The lysate was collected, filtered and im-
mediately frozen at −80°C. Inoculum (0 dpi) and cell lysates at 21 dpi 
were also used to support viral growth by RT- qPCR and to complete 
partial sequencing of S5 and S6. Partial sequencing of S5 was also 
done on samples received at NAAHLS- FWI and RPC. Primers and 
probes used for RT- qPCR and for sequencing are given in Table 1. 
Protocols used for the virology assay, RT- qPCR and sequencing are 
available in Supplemental File S1.

For both cell lines, CPE were as previously described for HPR- 
deleted variants, that is rounding of cells and detachment of the 
monolayer observed for ASK cells (Devold et al., 2000) while vac-
uoles were visible on SHK- 1 cells (Dannevig et al., 1995) (Figure 1). 
At 14 dpi, the ASK monolayer was completely destroyed and some 
SHK- 1 cells were still attached (Figure 1). RT- qPCR results sup-
ported viral growth with an increase in RNA copies at 21 compared 
with 0 dpi of approximately 4.4 and 4.5 logs for ASK and SHK- 1, 
respectively. Partial sequencing of S6 by NAAHLS- GFC confirmed 
results from RPC and NAAHLS- FWI, that is a NA HPR0 variant, with 
100% identity between sequences obtained. An alignment of HPR0 
sequences identified in Atlantic Canada since 2012 is presented in 

Figure 2. Within NA HPR0 sequences, more than 85% present a 
LEAQ motif, a typical signature of NA variants and 100% identity for 
the 113 aa available between them. The HPR0 variant reported here, 
CA/NS/2021- 31/2020 (NCBI: OK166559), was the most divergent 
with a PEAQ motif and 7/113 substitutions in total. In comparison 
with S6, a limited number of S5 sequences are available for NA vari-
ants. The alignment of available amino acids sequences is presented 
in Figure 3. All sequences showed the expected marker, that is Q266 
for the HPR0 variants, with no insertion, and L266 or an insertion in 
proximity of Q266 for the HPRΔ variants. The isolate from this case 
study showed the expected Q266 but also a two amino acids (NF) 
insertion (NCBI: OK166560). At the nucleotide level, the 500- bp S5 
sequence is similar at 99.8% to an HPRΔ isolate previously found 
in Atlantic Canada in 2012 (CA/NS/G0008/2012), which translates 
into a 1 aa substitution for the 166 aa sequence examined.

The significance of this finding remains unclear until more 
in- depth work is completed. This challenges the current assump-
tion that ISAV with no deletion in the HPR of S6 cannot grow in 
cell culture. To our knowledge, it is also the first report of a HPR0 
variant with an insertion in S5. The possibility of a mixed infection 
was considered but judged unlikely; identical S5 and S6 sequences 
were repeatedly obtained independently by different laboratories, 
with clean sequences (i.e. no double peaks or unsatisfying portions). 
Recent work from Cárdenas and colleagues presented sequencing 

F I G U R E  2   ISAV S6 partial amino acid sequences of the HPR0- like under study (#29) and other HPR0 variants identified in Atlantic 
Canada between 2012 and 2021. All NA HPR0 sequences available were included (n = 27 independent cases). A EU HPR0 sequences (#1) 
were added as a point of comparison to NA variants. Amino acids motif used to distinguish NA from EU variants are boxed (VALH and 
LEAQ/LETQ/PEAQ for EU and NA variants, respectively). Accessions numbers of corresponding nucleic acid sequence, when available, are 
indicated between brackets

F I G U R E  3   ISAV S5 partial amino acid sequences of the HPR0- like under study (#6) and other available variants in Atlantic Canada. 
Variant #1 is from a EU HPR0 variant. Variant #4 is from a NA HPR0 variant detected in a hatchery in New Brunswick in 2013. Isolates #2, 
#3 and #5 are from NA HPRΔ variants isolated in 2012 from disease outbreaks in open net pens in Newfoundland (#3) and Nova Scotia (#2 
and #5). Accessions numbers of corresponding nucleic acid sequence, when available, are indicated between brackets
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results for both segments 5 and 6 of 299 ISAV variants (Cárdenas 
et al., 2019). All HPR0 variants showed a Q266 with no insertion. 
Almost 98% of HPRΔ isolates presented either a L266 or a Q266 with 
insertion, but 2.3% had a Q266 with no insertion, suggesting that 
transition from a non- virulent HPR0 to deleted HPR and virulence 
may require modifications of S6 prior or concomitantly to the mod-
ification in S5. Results presented here support alternative scenarios 
and that modification in S5 may be the only requirement to allow 
replication in cells; however, substitutions in S6 found in this unique 
isolate or in other un- sequenced regions of the genome may contrib-
ute to the growth in cells. Characterization using controlled in vivo 
challenge will be necessary to determine whether this isolate can 
cause disease in Atlantic salmon.

Phylogenetic studies to determine how this variant relates to 
other known variants will require more S5 sequences, especially for 
the NA clade. Genotyping through surveillance and diagnostic activ-
ities in Canada focusses on S6. Partial sequencing of S5 is in progress 
on archived diagnostic samples available from 2009 to present. This 
work will allow phylogenetic studies based on both segments and 
may help determine how this novel HPR0 variant evolved or if tran-
sient variants with some but not both S5 and S6 virulence markers 
can be identified. Full sequencing will be done for selected variants, 
based on results. Until a nomenclature system can be revised to in-
clude both S5 and S6 information, isolate CA/NS/2021- 31/2020 will 
be identified as a HPR0- like variant.
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