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Background
• Salmon farming activities started by mid-80’s.

• Clean waters, fish meal & oil very cheap, easy permits, and low 
labor costs.

• After 15 years the industry become the most important animal 
production system, and the 2nd largest in the world. 

• But an epidemic can wipe out everything…
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Location of hatcheries



Locations of marine farms and management areas
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27 organisms reported from farmed salmon in 

Chile

Aeromonas salmonicida

Chryseobacterium sp.

Flavobacterium columnare and psychrophilum

Pseudomonas fluorescens and spp.

Renibacterium salmoninarum (BKD)

Vibrio anguillarum, ordalli and spp.

Exophiala sp.
Saprolegnia sp.

Infectious pancreatic 

necrosis virus (IPNV)

Piscine reovirus (PRV)

Dinoflagellates

Diatoms

Source: Passive and Surveillance Reports in 2015, Sernapesca

Caligus
rogercreseyii

Infectious salmon 
anemia virus 

(ISAV)

Shared

Piscirickettsia
salmonis

Piscirickettsia salmonis
• Highly endemic bacterium

• 50-90% of infectious mortality 

• USD 700 million yearly cost

• Reason for large amount of 
antibiotics

Sealice (caligus rogercreseyi)
• Worldwide ectoparasite

• Risk factor and vector

• USD 300 million yearly cost

• Reason for large amount of 
antiparasite bath treatments



• RNA virus; family Orthomyxoviridae
• World Animal Health Organization notifiable disease
• Atlantic salmon (Salmo salar) in marine sites (grow out).

Infectious salmon anemia virus (ISAV)



Global emergence of ISAV
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The index case (?)

• June 2007, two cages in a farm at the core of the 
industry at the 10th region, reported unexplained 
mortalities ~ 60% in 1 mo. 

• Clinical signs associated with pale gills, hemorrhages in 
eyes, and exophthalmia.

• Internal signs included gut congestion, pale liver, 
petechiae of pyloric caeca, etc.
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Clinical signs
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ISAV in ChileEpidemic curves
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First case in Chile
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Index case
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June 2007 Dec. 2009
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10th region - 75% prevalence
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June 2007 Dec. 2009

11th region - 54% prevalence
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Reproduction number at farm level
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Identification of ‘Super-spreaders’



The role of movements
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Official data (2005-2011)
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Movements by salmon species
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Fish movements vs ISA epidemic



time difference (days) since shipment from an ISAV infected farm
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Potential spread due to fish movements
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6 salmon farms (red) shipped out 11 
times live fish to 7 farms (black) during 
the ISAV epidemic

If shipments were truly infectious, 
about 7/239 (~3%) infections could be 
due to live fish movements  
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ISAV within-farm spread
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Indicator Mean Median Min-Max 

Number of index cages 1.4 1 - 

Outbreak duration (weeks) 30.4 26 11-64 

% cages infected 57.4 55 17-89 

Time to 2nd infected cage (days) 51.3 23 3-186 

 Mardones et al 2013 Dis Aquat Organ. 106:7-16



Economic, social & environmental consequences 
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Early Detection of EADs
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McLaws & Riddle, 2007 Can Vet J 48:1051-62



Disease Awareness
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Hadorn and Stark, 2008 Vet. Res. 39:57
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EPIDEMIC SIZE

Control, Methods 
and Effectiveness

Veterinary 
Infrastructure

Unrestricted 
Animal 

Movement

Time from Infection to 
Detection

Awareness

Education Time since previous 
outbreak

Livestock demographics 
(density, type, husbandry)

Species 
Affected

Viral Strain

Level of Viral 
Shedding



Lessons learned

• Early detection and reporting of cases

• Quickly spread to neighboring farms but “with help” of anthropogenic 
activities.

• Depopulation delay was crucial (4 times longer than the ISAV Scottish 
epidemic). How about subsidies?

• Identification of super-spreaders for risk-based monitoring and 
surveillance

• Evaluate restrictions of fish movements

• Within-farm spread provide clues about the infectious nature of ISAV 
and importance of quick depopulation of infected cages/farms.
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Dispersal routes of the ISA virus between countries

Mardones et al 2018 (internal review) used Bayesian stochastic search variable selection (BSSVS) to fit 

phylogeographic models to the FP gene (A) and HE gene (B) sequence dataset, and inferred geographic 

connections (transmission routes) using Bayes factors (BF). 



ISAV spatiotemporal spread

• from 1860 to 2014 for FP gene (A) 
• from 1840 to 2014 for HE gene (B)

Global maximum clade credibility (MCC) phylogenies of 
FP and HE gene of ISA virus annotated with spatial 
discrete traits shown at intervals of years onwards. 



Estimation of the probability of freedom from ISAV in 
farmed Coho salmon in Chile using scenario tree modeling

Alba A, Monti G, Ibarra R, Tello A,  Lara M, Montecinos K, Gallardo A, Sergeant E, Perez AM, Mardones FO*.
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Median Se ALL = 0.98 (0.81 – 1)PFree = 0.953 (0.953-0.953)
SeP = 0.99 (0.84 – 1)
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