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Abstract
When analysing seawater samples for ISAV by RT-PCR, a non-specific PCR product
approximately the size expected for ISAV was obtained. DNA sequence analysis and southern
hybridisation established it was not ISAV. A confirmatory test should be used with RT-PCR for
ISAV detection in environmental samples to avoid misinterpretation of results.

The emergence of infectious salmon anaemia
(ISA) in many countries throughout the world
(Thorud & Djupvik, 1988; Mullins et al., 1998;
Rodger et al., 1998; Anonymous, 2000;
Kibenge et al., 2001) has lead to an interest in
the prevalence and persistence of the
causative agent of this disease, infectious
salmon anaemia virus (ISAV), in the aquatic
environment. The study of ISAV in the aquatic
environment requires the development and
validation of reliable methods to concentrate
seawater, extract RNA and detect presence of
the virus. RT-PCR has proven very useful in
diagnosing sub-clinical infections in Atlantic
salmon, Salmo salar (Mjaaland et al., 1997;
Optiz et al., 2000; Mikalsen et al., 2001; Snow
et al., 2003) and other fish species (Devold et
al., 2000). It is now regarded as the most
sensitive and reliable technique for the
detection of ISAV in fish tissues (Optiz et al.,
2000; Devold et al., 2000; Mikalsen et al., 2001;
Snow et al., 2003) and is used, in conjunction

with other diagnostic methods, in the routine
diagnosis of ISA. To date, however, there is
only one published report of a RT-PCR
method to detect ISAV in seawater. Løvdal
and Enger, (2002) report the use of a nested
RT-PCR to detect virus from a salmon holding
site containing ISA-infected fish and the well
boat transporting fish from these sites.

We report a rapid and efficient method for
the concentration of ISAV from seawater that
has resulted in the detection of virus in 500
ml of seawater taken from a site containing
ISA-infected fish. We have also used this
method to analyse seawater from ISA-free
sites and have observed the production of a
non-specific PCR product of approximately
155bp, the same size as the expected PCR
product from ISAV (Mjaaland et al., 1997). We
discuss the implications of our findings and
possible solutions to confirm the presence of
ISAV in environmental samples.
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The ISA status of the marine Atlantic salmon
farms in the Faroe Islands that were studied
was made by the official service of the
competent authority in the Faroes. Surface
water samples were collected from cages at
an ISA-infected site (C), and from two sites
that were ISA-free (A and B) (Figure 1).
Triplicate 500 ml samples were kept cool on
ice and frozen at -20oC on arrival at the
laboratory. A regenerated cellulose membrane
(Millipore) with a 30 000 molecular weight cut
off was used to concentrate 500 ml of water to
2 ml using an Amicon ultrafiltration cell
according to the manufacturer’s instructions.
RNA was extracted from 560 μl aliquots of the
concentrate using QIAamp viral RNA kit
(Qiagen) according to manufacturer ’s
instructions. RT-PCR was performed on 2μg
RNA using the method described by Mjaaland

et al., (1997). PCR products were visualised
after electrophoresis on 2 % agarose TAE gel
containing 0.5 mgml-1 ethidium bromide.
Southern hybridisation was performed when
PCR products were obtained (from sites A
and C), with appropriate positive and
negative controls, according to the method
of McBeath et al., (2000). For sequence
analysis, PCR products of 155 bp were
purified using GenecleanIII (Anachem) and
cloned using the pGEMT easy vector kit
(Promega) according to manufacturer ’s
instructions. Recombinant plasmid was
purified from overnight culture using Wizard
minipreps (Promega). Sequence reactions
using the same primers as PCR were
performed with BigDye ready reaction mix
(Applied Biosystems) and electrophoresis on
ABI377 automated DNA sequencer (Applied
Biosystems). Analysis of resulting sequences
was carried out using Sequencher software
(Gene Codes Corporation).

Figure 1. Sampling locations on Faroe Islands.
Site A (■), Site B (•), Site C (▲).

Figure 2. Southern blot using ISA oligo probe of
sample from site A and site C. M = Dig VI labelled
marker, 1 = sample from site A, 2 = extraction
negative control, 3 = sample from site C, 4 = RT
negative control, 5 = PCR negative control, 6 = ISA
positive control.
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A PCR product was obtained from seawater
taken at site C, which contained clinically
infected fish, and confirmed as ISAV by
sequence analysis (data not shown) and
southern blot (Figure 2). One of the two sites
that did not contain ISA–infected fish (site A)
generated a PCR product of approximately
155 bp and southern hybridisation of this
sample indicated the PCR product was not
from ISAV (Figure 2). The DNA sequence of
the non-specific PCR product from site A was
compared with sequences deposited in
GenBank (NCBI) using a BLAST (Basic Local
Alignment Search Tool) search. It was found
to be most similar (100 % similarity over a
41bp region) to the centric marine diatom

Odontella sinesis (data not shown).

The water concentration method described in
this paper is capable of detecting ISAV from
small volumes of seawater when clinically
infected fish were present on site. This is
advantageous in the field when it is
impractical to transport large volumes of
seawater from remote sites. In this study, the
crucial step of extracting viral RNA has
proven very reliable and reproducible using
QIAamp viral RNA kit (Qiagen). This
particular method was recently found to be a
very sensitive, efficient and robust method of
extraction in a comparison of four methods
to extract viral RNA from water (Burgener et
al., 2003). For RT-PCR, we used the OIE
approved method (OIE, 2000) that involves
the amplification of a 155bp region of segment
8 of ISAV (Mjaaland et al., 1997). The
amplification of a non-specific product
following RT-PCR from a seawater sample is
of concern since it could lead to
misinterpretation of the distribution of ISAV

in the aquatic environment. This problem has
also been reported in the detection of human
enteroviruses from seawater and other
environmental samples including shellfish
(Tsai et al., 1993). A possible reason for the
non-specific amplification in this study is false
priming, where the primers have annealed to
non-target DNA. Altering PCR conditions, in
particular increasing the annealing
temperature, may decrease the possibility of
false priming, indeed this has been effective
in preventing false priming in the detection
of hepatitis A virus (HAV) in shellfish
(Goswami et al., 1993). In the only other study
reporting detection of ISAV in seawater,
Løvdal and Enger, (2002) used a nested PCR
to detect ISAV in concentrated seawater. The
use of this method provides an additional
level of specificity and increases amplification
efficiency by minimising non-specific primer
annealing (Haqqi et al., 1988). This type of
PCR may be more suited to analysis of
environmental samples; however, there is an
increased risk of contamination due to the
extreme sensitivity of the method (Newton

and Graham, 1997).

Altering PCR conditions or using nested PCR
can still lead to misinterpretation if the size
of the product is the only criteria used for
detection. Sequence analysis of a PCR product
is the ultimate confirmatory technique and is
essential for studies where new
methodologies are being applied. However,
it is not ideal for the routine processing of
large numbers of environmental samples
because it is both laborious and expensive. In
the future, real-time PCR is likely to improve
the analysis of viruses in environmental
samples because it is possible to detect,
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quantify and identify viruses in a one step
reaction (Donaldson et al., 2002). Recently
real-time PCR has been developed for
detection of ISAV (Munir and Kibenge, 2004)
however it has yet to become widely used,
probably because it is a more expensive
method requiring specialist equipment
compared with standard RT-PCR.

 The simplest method to confirm the presence
of ISAV in RT-PCR is digestion of the 155bp
PCR product with the restriction enzyme
MBO1 (Roche), however the resulting
restriction fragments are very small (75bp)
and difficult to visualise on agarose gels. A
method that overcomes these problems is
southern hybridisation. PCR products are
transferred and fixed to a membrane and
targeted with a labelled, virus-specific probe.
The probe, under appropriate conditions, only
hybridises with viral products and therefore
validates the PCR result. This technique has
been widely used to confirm enterovirus
detection in environmental samples (Tsai et
al., 1993) and bacterial pathogens of fish
(Hiney et al., 1992). Southern hybridisation
has been developed for ISAV (McBeath et al.,
2000) and has proven useful in this study to
determine whether PCR products from
seawater are ISAV-specific.

To conclude, RT-PCR offers a rapid and
sensitive method for the detection of ISAV in
seawater; however, the technique should be
applied with care. We would recommend that
a secondary test, in particular southern
hybridisation, be used to confirm RT-PCR
result from seawater and other environmental
samples including shellfish and sediments.
This approach will avoid misinterpretation of

results from the aquatic environment and
enable an accurate assessment of the
prevalence and persistence of ISAV in the
aquatic environment to be established.
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