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Abstract
The recent finding of infectious salmon anemia (ISA) in Eastern North America, first in New
Brunswick and more recently in the State of Maine, has been cause for alarm over potential
impacts on cultured and wild stocks although there is a lack of scientific information in support
of this claim. On the West Coast, scientific evidence indicates that several diseases were affecting
wild fish populations well before a significant aquaculture industry existed. In Atlantic Canada,
our recent results of wild fish surveys tend to confirm the widely held belief that most fish
diseases originate in wild populations. Viral hemorrhagic septicemia virus (VHSV), the North
American genotype, was recently isolated from a wild fish kill of mummichogs (Fundulus
heteroclitus) in New Brunswick, this is the first isolation of VHSV in Eastern North America. A
strain of Nodavirus, the causative agent of viral encephalopathy and retinopathy, was isolated
for the first time in 1999 from cultured juvenile Atlantic cod (Gadus morhua) in Eastern Canada.
Soon afterwards, another strain of nodavirus was isolated from a wild-caught winter flounder,
Pseudopleuronectes americanus, in the Bay of Fundy. Because of the significant economic impor-
tance of ISA for the Atlantic salmon aquaculture industry, thousands of wild salmonids and
non-salmonids have been sampled for the presence of ISAv. The ISA virus (but not the disease)
was only found in a few Atlantic salmon escapees, the virus was also detected by molecular
biology (RT-PCR) in some wild salmonids. The history, cause, potential impact of diseases on
wild fish stocks will be discussed from an East Coast perspective.

Introduction
The potential impact of diseases on either wild
or cultured fish remains an important issue
for aquaculturists and for managers whose
role is the conservation and protection of pub-
lic resource fisheries. Currently, a contentious
issue is the question whether cultured fish are
a source of diseases that could affect wild
populations. On the other hand,
aquaculturists are concerned about the con-
verse situation, are wild fish transferring dis-
eases to cultured animals?

Fish disease research has evolved rapidly in
the last ten years in response to the need of a

growing aquaculture industry worldwide.
The economic importance of fish diseases for
farmed fish has resulted in our enhanced un-
derstanding of diseases in cultured fish com-
pared to our limited knowledge of diseases
in wild fish (reviewed by McVicar, 1997 and
Hedrick, 1998).

Wild fish in their natural environment are
likely to be predated if weakened by a dis-
ease condition resulting in the loss of valu-
able data because proper samples to define
the disease condition are not readily available
(Kent and Fournie, 1993; McVicar et al. 1993;
McVicar, 1997). In addition to sampling diffi-
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culties, there are additional factors which limit
our ability to study effectively diseases in wild
fish (reviewed by McVicar, 1997). For these
reasons, there has been a lack of effort in docu-
menting diseases in wild fish. Furthermore,
in instances where documentation is avail-
able, there was limited attempt to understand
the “why” and “how” a specific disease can
impact wild fish populations (Hedrick, 1998).
The occurrence of diseases in wild fish has
resulted, in some cases, in massive mortalities
being reported (see Table 1). However, de-
pending on the characteristic of the pathogen
(is the pathogen highly virulent?) or the dis-
ease (is the disease chronic in nature?) there
are likely several additional diseases or dis-
ease agents which are still unreported.

The potential impact of disease transfers be-
tween wild and cultured fish, or vice versa,
remains a significant area of research with
numerous reviews published over the years
(Hastein and Lindstad, 1991; Brackett, 1991;
McVicar et al. 1993; McVicar, 1997; Hedrick,
1998; Reno, 1998). The following paper will
attempt to review the current state of our
knowledge on this issue with a particularly
emphasis on the situation in the Atlantic Prov-
inces of Canada.

How are diseases transferred?
Diseases are the result of complex interactions
of multiple variables pertaining to the host,
the pathogen and the environment. It is of
utmost importance to realize that the mere
presence of a pathogen in a fish is not neces-
sarily indicative of a disease condition. Even
if fish are infected, it is clear that in order for
a disease to spread from either a cultured fish
to a wild fish or vice versa, certain strict crite-
ria must be fulfilled, they include:

1. the source fish must contain the pathogen
2. the pathogen must remain present
3. the water must contain a susceptible host
4. the pathogen must remain viable suffi-
ciently long in the environment
5. the pathogen must be exposed to a
susceptible host by a route that allows
infection
6. the pathogen must be in biologically
significant numbers to initiate infection in
the host
7. the infection must spread to other hosts
which in turn must infect a population

The above criteria clearly show that the pres-
ence of an infectious agent in a host should
not be automatically correlated with poten-
tial disease transfers. Until all of the above
criteria are met, there will not be the intro-
duction and spread of a disease agent into a
new population.

As to the mechanism by which diseases could
be spread from wild to cultured fish or vice
versa, in either fresh or salt water, the first one
would be through migration of wild fish near
or close to an infected fish farm or cage where
a disease transfer could occur. The second
mechanism would be through the spread of
an existing infection in a cultured population
via escaped fish. Either scenario is possible
but all the steps required to successfully trans-
mit or spread a disease still have to be ful-
filled in their entirety.

Current status of our knowledge
Diseases are an integral part of the existence
of all animals including cultured and wild fish
and we must recognize that diseases occur in
natural populations, more important patho-
gens can be present in a host in the absence of
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diseases. Several factors including nutritional,
genetic of the host, environmental and infec-
tious agents can cause diseases. The equation
Pathogen+Host+Environment=Disease, first
proposed by Snieszko (1974), has been exten-
sively used to illustrate the relationship be-
tween host, pathogen and its environment, all
these factors must be investigated when at-
tempting to understand a disease condition.
Although this fundamental equation remains
valid, recent studies indicate it may represent
a less than accurate definition of diseases, it
is too simple and does not take into account
several additional contributing factors (re-
viewed by Smith 1997 and Hedrick 1998).

New advances in our wild fish diseases
knowledge-base come from an increased
number of surveys targeting specifically wild
fish residing in fresh-, brackish and salt wa-
ter in an attempt to determine their disease
status (McVicar et al., 1993; Meyers and

Winton, 1995; Dixon et al. 1997; Kent et al.,
1998: Raynard, 2000). The increased use and
adaptation of mathematical models to study
the spread of diseases in wild fish population
should help our quest to elucidate the rela-
tionship between diseases in wild fish versus
diseases in cultured fish (Reno, 1998). Finally,
our decision-making process is increasingly
based on proper risk assessment methodolo-
gies, although improvements in the process
are still needed (MacDiarmid, 2001)

Diseases impacting wild fish in Atlantic
Provinces
Until recently the East Coast of North America
was considered free of all notifiable diseases
listed in the OIE Manual including the viral
diseases viral heamorrhagic septicaemia
(VHS), infectious haematopoietic necrosis
(IHN), and Oncorhynchus masou virus disease
(OMV) (OIE, 2001). In the Atlantic Provinces,
bacterial kidney disease (Renibacterium

Table 1. Pathogens of concern that have impacted wild fish.
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salmoninarum), furunculosis (Aeromonas

salmonicida), Hitra disease (Vibrio salmonicida)
and sea lice (Lepeophtheirus salmonis) infesta-
tion have been the most significant diseases
affecting the aquaculture industry. However,
since 1996, infectious salmon anaemia (ISA)
has been the most important disease of con-
cern for our Atlantic salmon industry (Mullins
et al., 1998). In wild Atlantic salmon, two spe-
cific disease agents are known to be present
in some regions of the Atlantic Provinces
namely A. salmonicida (Olivier, 1992) and R.

salmoninarum (Paterson et al., 1979).
Mortalities due to furunculosis have occurred
sporadically in watershed where the disease
is endemic but it is difficult to establish what
impact if any the disease has had on the wild
populations of these rivers. However, fisher-
ies biologist believe that Atlantic salmon
stocks have not been severely impacted (DFO,
2001). Over the years BKD and furunculosis
have affected some fish farms in certain re-
gions of Atlantic Canada. As these two dis-
eases had been identified as endemic in wild
populations prior to the development of any
aquaculture activity, their spread from wild
to cultured fish is indicated.

ISA has severely affected the New Brunswick
Atlantic salmon industry since its first appear-
ance in 1996. Extensive testing of wild
salmonids and non-salmonid fish for the pres-
ence of ISA has yielded only a few positive
results by RT-PCR (Olivier, unpublished re-
sults). Results obtained in Atlantic Canada are
supported by others obtained in Scotland
where the ISA virus was isolated from a few
Atlantic salmon “escapees” and that a limited
number of wild salmonids have tested posi-
tive by RT-PCR in fresh and sea water

(Raynard this conference). The potential im-
pact of ISA on wild salmonids is perceived to
be significant but there is no evidence from
Norway (where the disease was first recog-
nized in 1984), Scotland nor from Atlantic
Canada that ISA is impacting wild Atlantic
salmon populations. Monitoring of wild
populations is continuing in order to deter-
mine if the virus is endemic in some yet un-
recognized wild population(s).

In May 2000, we received samples of a fish
kill in a small New Brunswick river. The spe-
cies affected were three-spined stickelbacks,
Gasterostus aculeatus, and mummichogs, Fun-

dulus heteroclitus. Tissue pools were screened
for viral agents using the cyprinid cell line
epithelioma papillosum cyprini (EPC) and
two salmonid cell lines: salmonid head kid-
ney (SHK) and chinook salmon embryo
(CHSE). Viral cultures were incubated at 15C.
CPE was noted in the EPC cell line between 8
and 15 days after incubation. The agent caus-
ing CPE in the EPC cell line was identified as
viral haemorrhagic septiceamia virus (VHSV),
further characterization indicates that the
strain is the non pathogenic North American
strain of VHS, details of the viral characteri-
zation will be presented elsewhere
(MacKinnon, unpublished results).

In Atlantic Canada, marine finfish
aquaculture is being actively developed and
shows great potential. Mortalities due to a
nodavirus infection have been confirmed only
recently, the first case involved juvenile cod,
Gadus morhua, being reared in an experimen-
tal station in Nova Scotia, Canada (Johnson
et al., 2001). The virus was isolated in cell cul-
ture (SSN-1) and confirmed by RT-PCR. Dur-
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ing a wild flatfish survey conducted in
Passamaquoddy Bay in South West New
Brunswick a viral culture of nodavirus was
obtained from 1/320 winter flounder,
Pseudopleuronectes americanus, tested by cell
culture using the SSN-1 cell line (A.-M.
MacKinnon, Pers. Comm.). The latter results
indicate that a marine reservoir of the virus is
very likely in Eastern North America support-
ing the evidence that nodaviruses are endemic
in most parts of the world.

Conlusions
There can be no doubt that in rare instances
infectious agents can have an impact on fish
populations, although the magnitude of the
impact of most diseases on wild stocks is dif-
ficult to quantify adequately. These events are
rare and could be cyclic. Although disease
interaction between wild and cultured fish do
occur (Brackett, 1991; McVicar, 1997) there is
no documented evidence to substantiate the
hypothesis that wild Atlantic salmon
populations are declining in the Atlantic Prov-
inces as a result of the spread of diseases origi-
nating from farmed fish. However, we must
acknowledge that there are major dangers
when new pathogens are introduced into a
previously naïve fish population, as was
clearly evident with the occurrence of
Gyrodactylus salaris in Norway, but regulations
nationally and internationally are formulated
to reduce the risk of this happening.

This report does not attempt to elucidate how
pathogens move into a population but it is
likely that most fish pathogens were probably
present in wild fish prior to the development
of aquaculture industry. The aquaculture en-
vironment is responsible for conditions that

may be more conducive to disease develop-
ment in a crowded environment. The trans-
mission of disease from wild fish to cultured
fish and vice versa has occurred and will con-
tinue to do so but the impact of these trans-
fers on either wild or cultured fish cannot be
easily quantified. Data exists to support both
avenues, the major problem is that
aquaculturists and wild fish protection advo-
cates see the route of transmission as one way
only.

There is a need to investigate the situation.
This will allow us not to cast blame but effec-
tively make sound decisions acceptable to
both parties. Increased knowledge in fish dis-
eases will eventually benefit all concerned and
we must continue to apply risk assessment
methods that will enable parties to make bet-
ter-informed decisions.

Recommendations
There is an urgent need for increased surveil-
lance of wild fish to detect significant disease
problems at an early stage in their develop-
ment. Disease surveillance should include all
species of marine species in view of recent
data indicating that marine non-salmonids
can be reservoirs of several fish pathogens.
In addition, improved diagnostic methods are
urgently needed in order to increase our de-
tection of several fish pathogens, the increased
use of highly sensitive molecular tools for dis-
ease surveillance should be encouraged but
we need to properly validate these new tools.

There must be comprehensive “national”
health programs based on OIE standards,
these should be supported by industry codes
of practices. These measures will benefit all
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by reducing the incidence of diseases at the
farm level (economically significant for the
farmer) and reducing the risk of disease trans-
fer from cultured to wild fish.

Both parties, aquaculturists and fisheries
managers need to better communicate and
cooperate in order to minimize the risk asso-
ciated with fish diseases at the farm level or
in wild fish. Maybe it is time to change our
basic philosophy on diseases, and maybe as
stated by Coutant (1998), we should investi-
gate how to keep fish healthy and not neces-
sarily focus so much on why fish are sick!
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