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Abstract
Infectious salmon anemia (ISA) control efforts strive for early diagnosis and removal of virus-
infected cages, prior to large-scale dissemination of the virus.  However, the prevalence of disease
in cages of farmed Atlantic salmon affected by ISA virus (ISAV) is difficult to estimate without
sampling extensive numbers of fish.  We conducted a preliminary investigation of apparent
virus prevalence and associated mortality rates on two Atlantic salmon (Salmo salar L.) farms
infected with a North American strain (NB/ME-2000) of ISAV in 2003/2004.  We provide initial
evidence that cage mortality rates may be sensitive field predictors of ISAV prevalence, even at
very early stages of the disease.

*Corresponding author’s email: Lori.L.Gustafson@aphis.usda.gov

Introduction
Infectious salmon anemia (ISA) is an
Orthomyxovirus (Mjaaland et al., 1997;
Krossoy et al., 1999) causing anemia and
varying degrees of morbidity and mortality
(Byrne et al., 1998; Thorud & Djupvik, 1988)
in farmed Atlantic salmon stocks.  Initially
discovered in Norway in 1984 (Thorud &
Djupvik, 1988), ISA was later documented,
among other regions, in New Brunswick
Canada in 1996 (Mullins et al., 1998; Lovely
et al., 1999; Bouchard et al., 1999), and the east
coast of the United States in 2001 (Bouchard
et al., 2001).  At least two genetically
distinguishable viral strains have been
detected in Maine by RT-PCR, although only
one (NB/ME-2000) has been associated with

clinical disease or isolated through tissue
culture (Cook-Versloot et al., 2004; Giray et
al, Report of a non-North American Strain of
Infectious Salmon Anemia Virus (ISAV) in the
United States; in prep.).

Active surveillance for infectious salmon
anemia virus (ISAV) is mandatory in Maine
and New Brunswick (USDA APHIS
Veterinary Services et al., 2002, New
Brunswick Department of Fisheries and
Aquaculture, 2004), with monthly (or more
frequent) screening of moribund salmon from
each farm using an ISAV-specific reverse-
transcriptase polymerase chain reaction (RT-
PCR) assay and indirect fluorescent antibody
testing (IFAT) (USDA APHIS Veterinary
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Services et al., 2002).  The extent of
dissemination of virus to fish in neighbouring
cages and/or sites appears to be inversely
related to the speed of removal of infected
cages (Gustafson et al., in press), as well as to
husbandry and fallowing protocols,
proximity to infected sites and processing
effluents, and general biosecurity practices
(Vagsholm et al., 1994; Jarp & Karlsen, 1997;
Hammell and Dohoo, 1999; Gustafson et al.,
2005; McClure et al., in press).  Active
surveillance aims to detect, and subsequently
remove, ISA-affected cages early in the
disease process, prior to large-scale
dissemination of virus in the water column
via mucus, blood and excretory products from
infected fish (USDA APHIS Veterinary
Services et al., 2002; NB Department of
Fisheries and Aquaculture 2004).

Confirmation of ISAV infection on farms is
based upon agreement among multiple
diagnostic tests on multiple fish (USDA
APHIS Veterinary Services et al., 2002).
However, diagnostic tests, including RT-PCR,
IFAT and tissue culture, exhibit a range of
sensitivities and specificities (Opitz et al.,
2000; McClure et al., 2003; Snow et al., 2003)
and additional surveillance visits and/or tests
required for reconciliation of equivocal results
can delay confirmation.  Additionally, field
differentiation of prevalence rates (McClure
et al., 2004) and early stages of disease
progression can be difficult.  Pathological and
clinical signs of ISA are non-specific in the
early stages; and only fish swimming near the
surface, or those retrieved by dip-net or diver,
are visible to attending managers and health
professionals.  Accordingly, a subtle un-
attributed rise in mortality rates may be one

of the initial indications of early clinical
progression of an emerging disease like ISA.

Mortality rates on healthy salmon farms are
typically low and steady (generally less than
0.01% per day), depending on stage of the
production cycle, environmental stressors,
nutrition, and many other factors.  Persistent
mortality greater than 0.05% per day has been
used as a threshold for mandatory cage
depopulation at ISA-affected farms (NB
Department of Fisheries and Aquaculture,
1998; Royal Society of Edinburgh, 2002),
though recent US/NB efforts towards earlier
diagnosis have replaced this relatively late-
stage criterion with a stronger emphasis on
laboratory tests (USDA APHIS Veterinary
Services et al., 2002; NB Department of
Fisheries and Aquaculture, 2004).  Laboratory
studies of ISA describe a biphasic and/or
exponential increase in virus prevalence with
peaks from 2 to 8 weeks after cohabitant
exposure (Totland et al., 1996; Mikalsen et al.,
2001).  However, few field-based studies of
local prevalence rates are currently available
(McClure et al., 2004) and potential predictive
relationships with more readily available and
less-invasive proxy variables, such as
mortality rates, have not been fully explored.

We conducted a preliminary investigation of
the utility of mortality rates for the
identification of early ISA disease progression
in the field.   We sampled ten Atlantic salmon
cages from two Maine farms infected with the
NB/ME-2000 strain of ISAV during 2003/2004,
and present and compare resulting prevalence
and mortality data.
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Materials and methods
Site history
Cobscook Bay, along the northeastern-most
coastline of Maine, is the center of Atlantic
salmon farming in the US.  In December 2001,
in response to reports of widespread infection
in Cobscook Bay, the USDA established ISAV
as a reportable exotic pathogen and instituted
an ISA Program to coordinate a containment,
biosecurity and surveillance response.
Together with the salmon industry and
Maine’s Department of Marine Resources, in
a move to eliminate clinical ISA from the
region, the Program effected the depopulation
of all US sites in Cobscook and
Passamaquoddy Bays.  Following eradication
of infected stocks, cleaning and disinfection
of equipment, a nearly 4 month-long fallow,
and the implementation of strict biosecurity
protocols, single year class zoning and an
active surveillance system, a select number of
farms were re-stocked with smolts in the
spring of 2002.  Despite widespread infection
and clinical disease in neighboring New
Brunswick, the 2002 year-class fish in
Cobscook Bay remained ISA disease-free for
over 12 months.

In June 2003, fish in one cage at each of two
neighbouring salmon farms in Cobscook Bay
were diagnosed with clinical ISA.  Both cages
were depopulated within 2 weeks of
diagnosis and ISA surveillance was increased
from monthly to weekly on remaining cages
through the following summer/fall.  The
disease eventually spread to other cages at
each of the two affected sites.  Our sample set
consists of a convenience sample of 10 of the
cages (5 from each site) that were either
designated ISA-infected or suspected of ISA-

infection during the 2002-year class
production cycle.

No concomitant diseases of significance were
noted or suspected by attending veterinarians
during the period of study.   Surveillance tests
target ISAV.  However, under the ISA Program
alone, the monthly-minimum veterinary site
inspections from seawater stocking to harvest,
corresponding review of mortality records
and examination of mortalities and moribund
fish for internal and external gross pathology,
and the broad-spectrum sensitivity of tissue
culture techniques to known salmonid
viruses, increase the likelihood of detection
of concomitant diseases.  If gross pathology,
mortality trends or other observations
suggested an emerging disease, suitable
samples were collected for further diagnostic
work-up including, as needed, histo-
pathology, bacteriology, virology, etc.  Disease
prevention programs were also in place at the
time of study for other select salmonid
pathogens, including sea lice (Lepeophtheirus
salmonis) control under an FDA-INAD for
SLICETM (Schering-Plough, Union, New
Jersey), and routine vaccination against
Aeromonas salmonicida , Vibrio serotypes
anguillarum, ordalii and salmonicida, and ISAV
(Aqua Health Forte V1, Aqua Health Ltd.,
Charlottetown, PEI).  As a result, attending
veterinarians were confident in their level of
knowledge of disease issues on the farms and
confident in attributing mortality in the study
cages to Infectious Salmon Anemia.

Cage designation
Cages were designated ISAV infected if
surveillance activities detected 2 fish positive
by 2 different diagnostic tests (IFAT, RT-PCR,
or cell culture).  Cages were considered suspect
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for ISAV infection if less laboratory test-based
evidence (e.g. 1 fish positive or suspect by any
one test) existed on a known ISAV-infected
site.  As early removal was often practiced
electively at lower thresholds by industry to
minimize the spread of ISAV, suspect cages
were sometimes harvested before
confirmatory laboratory tests became
available.  Nine of the cages chosen for this
study produced one or more positive RT-
PCRs during surveillance testing.  The
remaining cage produced a suspect (2+) IFAT
result, but no RT-PCR positives.

Mortality data collection
We calculated mortality rates for the week
prior to the beginning of harvest at each cage.
Weekly mortality rates were based on the
week’s total number of fish collected on
mortality dives, divided by the estimated total
number of fish in the cage at the beginning of
the same week and multiplied by 100.  Daily
averages were determined by dividing
weekly rates by 7.  Moribund fish collected
weekly from each cage for surveillance were
included in the mortality figures.

Harvest sample collection
We sampled an average of 75 (range 72-76)
fish from each of the 10 selected cages at
harvest.  Sample selection during harvest is
not conducive to a true random sampling
format.  Therefore, we minimized selection
bias by ‘blindly’ selecting fish, as needed, from
the processing chute.  Fish were stunned
(concussion and/or CO2 and ice) prior to
sampling.  Each fish was bled and returned
to the processing table before the next fish was
selected.  We did not control for potential
variation between prevalence rates of fish
seined early versus late in the harvest process,

nor did we attempt to control for differences
in weather or other environmental conditions
at the time of harvest.  Harvest dates of study
cages spanned from June 2003 through
January 2004.

Approximately 50-100 µl of blood, collected
from the caudal vein of each fish, was placed
in a microcentrifuge tube (Fisher Scientific,
Pittsburgh, PA) with 1.0 cc of RNA-later®
(Ambion, Austin, TX).  Samples were packed
on ice and shipped by overnight delivery to a
USDA-approved diagnostic laboratory for
RT-PCR testing using 1D/2 primers for
segment 8 (USDA APHIS Veterinary Services
et al. 2002).

Apparent ISAV prevalence was estimated as
the percentage of samples that were RT-PCR
positive out of the total number of fish
collected from a given cage at harvest.  RT-
PCR, as an assay with excellent diagnostic
specificity (99.8%) and very good diagnostic
sensitivity (approximately 90%) (internal
laboratory-specific data), should provide a
good, though perhaps slightly low, estimate
of apparent ISAV prevalence.

Surveillance sample collection
Moribund or very recently deceased fish,
collected by dip-net or diver, are typically
targeted for the ISA surveillance program.
Surveillance results, from the period
commencing with initial positive test results
and ending at harvest for each cage, are
presented for comparison to harvest samples.
However, the standard sampling protocol for
RT-PCR testing of surveillance samples is
based on mid-kidney tissue (rather than
blood) submissions.  Surveillance samples
were processed and shipped by overnight
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mail on the same day as collection.  An
approximately 25 mg section of mid-kidney
tissue was collected from each fish and placed
in a microcentrifuge tube (Fisher Scientific,
Pittsburgh, PA) with 1.0 cc RNA-later®
(Ambion, Austin, TX).  Kidney samples were
tested by RT-PCR in the same laboratory,
using the same protocol, as described for the
blood samples.

Data analysis
We used regression analysis (Steel et al., 1997)
to evaluate the relationship between the
percentage of RT-PCR positive fish collected
at harvest and the corresponding mortality
rate in each cage recorded during the previous
week.  Population size of each cage was taken
into account for estimation of 95% confidence
intervals around prevalence estimates
(h t t p : / / w w w. q u e s t a r e s e a r c h . c o m /
calc_conf_int_ani.php).

Results
The ten selected cages varied substantially in
both RT-PCR prevalence at harvest and in
mortality rates the week prior.  RT-PCR
positive rates from cages sampled at harvest
ranged from 0 to 93% (mean = 17.0, standard
deviation = 27.65) (Table 1).  RT-PCR+ rates of
moribund fish collected for surveillance
during the period each cage was considered
suspect are also shown (Table 1).  However,
kidney samples, rather than blood samples,
were submitted for RT-PCR analysis of
surveillance fish, so rates may not be directly
comparable.

Percent mortality (reported as a daily average)
ranged from 0.002 to 0.375 (mean = 0.062,
standard deviation = 0.1135) for cages the
week prior to harvest.  Calculated mortality
rates for the week prior to harvest were
strongly predictive (regression R2 = 95.8,

Table 1.  Numbers of fish tested, and corresponding RT-PCR+ rates, for harvest and surveillance sample
sets.  The harvest cohorts approximate random samples of the fish (regardless of apparent health status)
populations.  Surveillance activities, in contrast, targeted only moribund fish.  The harvest rates are based
on blood submissions.  The surveillance numbers, in contrast, are based on kidney submissions.

CI = Confidense interval

egac-etiS hsiftsevraH#
delpmas

surivtnerappa(+RCP%
tsevrahfo)ecnelaverp

selpmas

tnerappafoIC%59
taecnelaverpsuriv

tsevrah

/+RCP#
ecnallievrus#

delpmashsif

1-A 57 00.0 )1.1,0( 21/0

2-A 57 76.6 )2.21,0.1( 3/1

3-A 57 00.8 )0.41,8.1( 5/3

4-A 57 33.1 )0.4,0( 9/6

5-A 67 74.41 )2.22,4.6( 6/6

1-B 47 42.39 )9.89,5.78( 4/4

2-B 57 00.21 )5.91,7.4( 71/5

3-B 27 06.32 )3.33,8.31( 6/4

4-B 57 33.5 )6.01,3.0( 6/2

5-B 57 33.5 )6.01,3.0( 11/4
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Y = 2.15+ 238.52X, p = 0.000) of the percentage
of RT-PCR positive fish sampled at harvest
from a given cage (Figure 1).

Discussion
Mortality rates were strongly predictive of
apparent ISAV prevalence estimates in this
study.  Even slight escalations in mortality
signified substantial corresponding increases
in positive RT-PCR prevalence.  For every 0.01
unit increase in mortality rate, apparent
prevalence increased 2.4 units:  0.01%
mortality corresponded to approximately
4.5% prevalence, while 0.02% mortality
corresponded to approximately 6.9%
prevalence.  At the 0.05% mortality per cage
per day cut-off (previously used as a
threshold for depopulation), we would
statistically expect an apparent prevalence of
approximately 14% in the cage.

The slope and strength of the relationship
between mortality and apparent virus
prevalence reported here may not apply
directly to other scenarios.  ISA can vary
between strains and outbreaks (Krossoy et al.,
2001).   As with other Orthomyxoviridae,
factors like genetic reassortment, recom-
bination and deletion are all potential avenues
for structural and functional variation
(Devold et al., 2001; Mjaaland et al., 2002).
Furthermore, farms with losses due to
concurrent diseases, environmental stressors
or predation would need to discount baseline
mortality prior to interpretation.  However,
the statistically significant relationship
between mortality rates and infection
prevalence demonstrated in this study
suggests that a predictive pattern exists.  Our
findings support the belief that mortality can,
and should, be used within a given outbreak
as indication of relative risk.  Remediation and
depopulation efforts often focus on cages with
high mortality first.  This study suggests that
even slight escalations in mortality should
substantially raise the level of concern and,
ideally, speed of response.

Targeting moribund fish for surveillance
testing should offer a detection advantage for
viral diseases with clinical presentations.  Our
data fall in line with this theory, with much
higher rates of positive RT-PCRs among
moribund cohorts.  However, the different
target tissues tested (blood for the harvest fish,
and kidney tissue for the surveillance fish)
prevent a rigorous comparison of the two
groups.

Maine and New Brunswick aim to achieve
removal of infected cages prior to a significant
escalation in prevalence of infected (and

Figure 1.  This figure shows the relationship
between mortality the week prior to harvest and
the percentage of RT-PCR + Atlantic salmon
sampled at harvest.  Percent daily mortality is
calculated as total weekly mortality divided by the
number (inventory) of fish at the beginning of the
week, divided by 7 days, times 100.  Percent RT-
PCR positive is calculated as number of RT-PCR
positive fish out of the total number of fish sampled
at harvest, times 100.  Each data point represents a
different cage.
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presumably virus-shedding) fish.  This paper
presents initial evidence to suggest that
mortality rates can be early and accurate
predictors of ISAV prevalence in the field.
Collaborative use of all available evidence,
including laboratory tests, clinical signs, gross
pathology and mortality patterns, can speed
and strengthen diagnoses, thereby improving
disease management strategies and response.
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