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Modeling infectious disease risk in Canadian Atlantic salmon
aquaculture with a particular focus on Infectious salmon anemia

Atlantic salmon (AS) is the most extensively farmed marine finfish in
Canada. High stocking densities in net-pen systems facilitate pathogen
transmission within and between sites, causing mortality, impaired growth,
and economic losses. Although pathogens spread through live fish
transfers, the transmission risk associated with fish transfers has not been
evaluated using network analysis in Canadian AS aquaculture. The first
chapter of this thesis applied network analysis to model Atlantic salmon
movements on Canada’s west coast. The British Columbian AS transfer
network is structured around a small number of highly connected facilities,
allowing surveillance efforts to focus on key hubs. Targeted removal of
about 20% of the most connected facilities from pathogen transfer network
through movement restrictions, vaccination, or fallowing could reduce
potential outbreak size by approximately 75%. As most of these hubs were
freshwater hatcheries, maintaining strong hatchery biosecurity is critical to
preventing pathogen spread to marine grow-out sites. On the eastern coast
of Canada, infectious salmon anemia virus (ISAV) is the most concerning
viral pathogen affecting AS, and the subsequent chapters of this thesis
focus on ISAV and the disease it causes. Two systematic reviews
synthesized global evidence on ISAV transmission dynamics and risk
factors for ISAV and ISA. A similar finding of reduced risk of ISAV or ISA
was observed as the distance between susceptible and infected marine
sites increased. This evidence was also supported by a Cox proportional
hazards analysis of longitudinal data collected from AS farms in eastern
Canada and Maine, USA, which demonstrated that proximity to an infected
neighboring production cycle was a significant risk factor for earlier
detection of HPR-deleted ISAV. It also reported 25 distinct HPR-deleted
ISAV genotypes, with HPR4 being the most prevalent in marine-raised AS.
This thesis advances the understanding of the contact structure of Canadian
AS aquaculture through live fish transfer, as well as the risk of pathogen
transmission, particularly ISAV transmission on the East Coast.
Furthermore, this thesis highlights the importance of collective effort by
industry, researchers, regulators, and personnel working in this sector, as
well as transparent, timely data sharing, for sustainable salmon
aquaculture.
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