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Biomarkers = monitoring molecular level changes
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Early warning to health problems 

Early indication that 
corrective/preventative 
treatments are working



Biomarkers are an emerging focus in aquaculture due to 
molecular “omics” that allow researchers to map 

ALL molecular changes at the same time

Biomarker Discovery



Endogenous biomarkers are a tool for monitoring 
how fish manage various stressors and disease

• Multi-factorial inflammation (chronic stress + water quality + nutrition)

• Opportunistic secondary infection related to poor health and 
welfare

• Presence of pathogens doesn´t always equal symptomatic disease



Focus on validating experimental immune biomarkers

Biomarkers identified by RNA sequencing 
following experimental infection

Operational welfare indicators

Better understand the factors that influence health and welfare



Gene Expression of proinflammatory cytokines il6 and tnfa
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Emerging aquaculture: Immune response biomarkers in blue mussel



Future goals for biomarker research at Fiskaaling

Non-lethal


