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i Executive summary 

The ICES Working Group on Pathology and Disease of Marine Organisms (WGPDMO) agenda 
included several topics related to diseases and pathology in wild and farmed fish and shellfish. 
The group produced a report on new disease trends in wild and farmed fish and shellfish in the 
ICES area based on national reports from fifteen member countries. Notable reports for wild fish 
included a decreased prevalence of M74/thiamine deficiency in eggs from salmon hatcheries in 
Sweden, a continued increase in hyperpigmentation in dab in North Sea areas of the United 
Kingdom, and the observation that piscine orthoreovirus subtype 3 (PRV-3) has now been rec-
orded in wild salmonids from both freshwater and marine environments in northern Europe. 
Reports for farmed fish included the first confirmed clinical field case of salmonid alphavirus 
(SAV-1 genotype) with pathology consistent with pancreas disease in freshwater Atlantic salmon 
in Scotland, the first case of furunculosis in Canada associated with Aeromonas bestiarum, re-
ported in farmed Atlantic salmon in British Columbia, and the detection of Cyclopterus lumpus 
virus (CLuV) in numerous disease outbreaks in cleaner lumpfish in Norway. The health of lump-
fish and other cleaner fish used in salmonid aquaculture and the broader biosecurity and eco-
logical implications of cleaner fish use are intensifying concerns that will be the focus of a new 
Term of Reference added for Years 2 and 3 of the present cycle. 

Notable reports for shellfish included the first observation of an OsHV-1 microvariant in the USA 
and in the Western Hemisphere more generally, in aquacultured Pacific oysters in California; the 
detection of OsHV-1 µVar in association with high mortality in a new area in Ireland; the first 
detection of Marteilia cochillia in cockles in the United Kingdom, in a Wales estuary; and the first 
detection of Marteilia refringens on the island of Ireland, in blue mussels in Northern Ireland.  

Work on additional documents included syntheses on the role of Vibrio pathogens contributing 
to mortalities in shellfish aquaculture as well as seafood-associated disease risks in humans, on 
the contemporary status of oyster pathogen Bonamia ostreae, on complex gill disease in salmon, 
and on emerging health issues affecting wild salmonids of the Baltic region. The present status 
of the Fish Disease Index and plans for its continued development were also discussed, as were 
plans for the Workshop on Emerging Mollusc Pathogens (WKEMOP) scheduled in June 2019.  

Two new ICES Identification Leaflets for Diseases and Parasites of Fish and Shellfish were pub-
lished, and five new leaflets are planned for completion in 2019.  
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ii Expert group information 

Expert group name Working Group on Pathology and Diseases of Marine Organisms (WGPDMO) 

Expert group cycle Multi annual fixed term 
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Reporting year in cycle 1/3 

Chair(s) Ryan Carnegie, United States 

Meeting venue(s) and dates 5-9 February 2019, Copenhagen, Denmark (21 participants) 
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1 Terms of Reference 

ToR a) Summarize new and emerging disease trends in wild and cultured fish, molluscs and 
crustaceans based on national reports. 

ToR b) Deliver leaflets on pathology and diseases of marine organisms. 

ToR c) Synthesize information on the spread and impact of Bonamia ostreae in flat oysters in the 
ICES area. 

ToR d) Summarise the role of Vibrio pathogens contributing to mortalities in shellfish aquacul-
ture and to seafood-associated disease risks in humans. 

ToR e) Synthesize perspective on complex gill disease (CGD) in salmon and identify strategies 
for mitigation. 

ToR f) Integrate perspective on emerging health issues affecting wild salmon populations of Bal-
tic member countries. 

ToR g) Identify strategies to prevent further spread of ostreid herpesvirus OsHV-1 within the 
ICES region and mitigate impacts where it occurs. 

ToR h) Complete assessment and refine application of the Fish Disease Index (FDI). 

ToR i) Provide expert knowledge and management advice on fish and shellfish diseases, if re-
quested, and related data to the ICES Data Centre. 
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2 Summary of Work Plan 

ToR a) New disease conditions and trends in diseases of wild and cultured marine organisms 
will be reviewed. This is an annual, ongoing ToR for WGPDMO and will provide information 
for ToRs b-i. 
 
ToR b) A number of ICES publications currently in preparation will be reviewed by WGPDMO. 
This is an ongoing, annual ToR. 

ToR c) Bonamia ostreae is a major pathogen of European flat oysters that has expanded its range 
in recent years. The present distribution, recent trends in parasite prevalence and infection in-
tensity, and the effectiveness of contemporary management strategies will be summarized. Rel-
evant observations on the related species Bonamia exitiosa, recently documented in oysters from 
some ICES member countries, will also be provided. 

ToR d) Vibrio bacteria have long been associated with larval production problems in shellfish 
hatcheries, and the potential impacts of vibriosis in sub-market and market-sized Pacific oysters 
in European production areas have become an important emerging concern. Likewise, concern 
about Vibrio risks to human consumers has also grown. This ToR will synthesize the current 
knowledge on Vibrio highlight critical gaps in our understanding of these species. 

ToR e) Complex gill disease (CGD) is an emergent, economically important health issue that 
limits productivity in salmon aquaculture. CGD is believed to result from a complex interaction 
of environmental, host and infectious factors. The performance and survival of affected fish is 
influenced by the severity of the gill lesions. Environmental factors associated with CGD include 
exposure to harmful algae, jellyfish, low dissolved oxygen and elevated water temperatures. Rel-
evant infectious agents include Atlantic salmon paramyxovirus, salmonid gill poxvirus, Candi-
datus Piscichlamydia salmonis and the microsporidian Desmozoon lepeophtherii. This ToR will de-
scribe the causes and consequences of CGD in salmon aquaculture in ICES member countries 
and identify mitigation strategies in the context of climate change. 

ToR f) National reporting in recent years has revealed an array of disease concerns in Baltic 
salmon populations, with elevated mortality being widely reported. Determining similarities 
and differences in patterns of disease and mortality and gaining insight into potential aetiologi-
cal factors is urgently needed for effective management of salmon health in the region. This ToR 
will involve coordination among representatives of member countries around the Baltic to con-
solidate information concerning Baltic salmon health problems and identify strategies for better 
understanding and mitigating them. 

ToR g) The emergence of ‘microvar’ variants of the ostreid herpesvirus OsHV-1, which have 
caused significant Pacific oyster mortality in Europe, New Zealand and Australia, is the most 
significant mollusc disease development in decades. Preventing further spread of these patho-
gens and mitigating damage in affected areas are twin challenges of OsHV-1 management today. 
This ToR will aim to identify strategies to prevent OsHV-1 microvariant dispersal to North 
American member countries, presently free of the microvars, and to maintain commercial pro-
duction should an epizootic emerge. It will also more broadly consider the OsHV-1 microvar 
emergence as a case study in response to emerging viral and bacterial pathogens, to identify 
general strategies for future responses and potential pitfalls with regard to their application. 

ToR h) Results of assessment of the FDI will be reviewed, and data harmonisation and quality 
assurance will be addressed as refined guidelines are produced for FDI application. 

ToR i) This is an annual ToR in compliance with a requests from the ICES Data Centre. 
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3 List of Outcomes and Achievements of the WG in 
this delivery period 

• Published an annual summary of new and emerging disease trends in wild and cultured 
fish and shellfish in the ICES area, the most comprehensive synopsis of marine disease 
trends for any region  

• Published two new leaflets on pathology and diseases of marine organisms, on Piscirick-
ettsiosis and Tenacibaculum maritimum 

• Co-organised a session at the ICES Annual Science Conference in Hamburg on Working 
Toward an Ecosystem Approach for North Atlantic Marine Aquaculture with the Work-
ing Group on Application of Genetics in Fisheries and Aquaculture (WGAGFA) and 
Working Group on Social and Economic Dimensions of Aquaculture (WGSEDA) 

• Organised the Workshop on Emerging Mollusc Pathogens, with attendees from ICES 
member countries, Australia and New Zealand, and the OIE 
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4 Progress report on ToRs and workplan 

4.1 Summarise new and emerging disease trends in wild 
and cultured fish, molluscs and crustacenas based on 
national reports (ToR a) 

The update in the following sections is based on national reports for 2018 submitted by Can-
ada, Denmark, England & Wales, Finland, France, Ireland, Latvia, the Netherlands, Norway, 
Poland, Portugal, Scotland, Spain, Sweden and the USA. It documents significant observations 
and highlights the major trends in newly emerging diseases and in those identified as being 
important in previous years. 

4.1.1 Farmed Fish 

Viruses 

Piscine Orthoreovirus (PRV) – In western Canada, the virus was first detected at 13 of 13 Atlan-
tic salmon farms between 100 and 200 days post seawater entry, independent of location or time 
of stocking. In Norway, eight cases of PRV-1-related heart and skeletal muscle inflammation 
(HSMI) were reported from freshwater smolt farms in addition to a typically large number of 
cases from marine sites. In Scotland, a case of HSMI was reported in marine-farmed Atlantic 
salmon. In Scotland, PRV-3 was detected by qPCR at several freshwater rainbow trout farms, 
however the significance of this finding in relation to disease has yet to be determined. In Den-
mark in late 2017, PRV-3 was detected in the absence of other pathogens at two rainbow trout 
farms in connection with mortalities. In 2018, 36 of 60 Danish farms (60%) tested positive for 
PRV-3. The virus was detected or suspected at 100% of 16 recirculating aquaculture system (RAS) 
farms and in 20 of 38 (53%) traditional farms. Clinical disease was only seen on RAS farms.  

Salmon Alphavirus (SAV) – In Scotland, increased mortality of Atlantic salmon parr (10 - 16 g) 
was reported at a hatchery. This is the first confirmed report of SAV with pathology consistent 
with pancreas disease in freshwater Atlantic salmon.  

Cyclopterus lumpus virus (CLuV) – In Norway, the flavivirus was first identified in cleaner 
lumpfish in 2015. Outbreaks can result in mortality rates of 50%. Outbreaks in 2018 resulted in 
75 detections.  

Bacteria 

Yersinia ruckeri – In Norway, 21 cases were diagnosed, four in salmon smolt farms, 16 in sea-
farmed salmon, and one in Arctic char. This reflects a decreasing trend in reports in recent years. 
In 2015, 34 cases were detected. 

Aeromonas spp. – The first case of furunculosis in Canada associated with Aeromonas bestiarum 
was reported in farmed Atlantic salmon in British Columbia.  

Moritella spp. – In western Canada, four Atlantic salmon farms required treatment for winter 
ulcer.  

Pasteurella skyensis - In Scotland, mortality levels in marine Atlantic salmon due to the bacte-
rium were not as severe as reported in 2017.  

Tenacibaculum spp. - In western Canada, 27 Atlantic salmon farms required treatment for Te-
nacibaculum-associated bacterial stomatitis. In Norway, this pathogen has been associated with 
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fin rot in lumpfish; the bacterium was identified in this fish species in 18 farms in 2018. In Ireland, 
this bacterium and Pseudomonas anguilliseptica have been reported in cleaner fish in marine cages.  

Vibrio spp. - In Norway, V. anguillarum is managed through vaccination, however serovar O1 
has been diagnosed in two populations of rainbow trout in 2016, one in seawater, and one a 
freshwater farm where seawater was added. Serovar O1 was diagnosed in Atlantic salmon in 
freshwater in 2017 (also with added seawater), and O2b was found in salmon in seawater, to-
gether with other disease agents. Also, V. anguillarum was diagnosed in marine farmed cod in 
2016 and 2017. Vibrio species including V. (Allivibrio) logei, V. splendidus and V. tapetis were de-
tected in farmed halibut and turbot, alone or in conjunction with "atypical Aeromonas salmonicida" 
(29 cases in total). In Scotland, vibriosis caused by a co-infection of Aliivibrio sp. and Vibrio an-
guillarum was reported in hatchery-reared lumpfish.  

Parasites 

Sea lice - In Norway, overall numbers of Lepeophtheirus salmonis were the lowest since 2012, alt-
hough regional differences persist. Despite stable annual salmon production of between 1.2 and 
1.3 million tons, the annual number of prescriptions for lice treatments has decreased from 3284 
in 2015, to 484 in 2018. There has been a concurrent increase in the application of non-chemical 
(thermal, mechanical, freshwater) treatments, from 201 in 2015 to 2017 in 2018. In western Can-
ada, there has been increasing incidence of resistance to emamectin benzoate (Slice) reported in 
L. salmonis on Atlantic salmon. In addition, four farms reported outbreaks of Caligus clemensi that 
required treatment.  

Paramoeba perurans – Amoebic gill disease remains a serious health problem in Atlantic salmon 
in western and mid-Norway (but not in northern Norway) and in Ireland. In Ireland, there were 
14 cases in Atlantic salmon, compared with 10 in 2017. In Norway, four cases were diagnosed in 
lumpfish.  

Complex gill disease (CGD) - In ICES member countries where Atlantic salmon are farmed, 
CGD in the marine environment continues to be a highly significant issue. Fourteen diagnostic 
cases were publically reported in Scotland in 2018. CGD involves multiple agents and environ-
mental insults.  

Ichthyobodo spp. (“costia”) – In Norway, there were 28 reports from freshwater- or seawater-
reared Atlantic salmon, a decrease from 74 in 2017.  

Other Diseases 

Fungi and other spore forming pathogens – In western Canada, histological lesions associated 
with pigmented fungi of sufficient severity to cause death were reported in 11 of 831 (0.1%) At-
lantic salmon. In Ireland, Tetramicra brevifilum was diagnosed causing chronic elevated mortali-
ties in lumpfish from multiple marine farm sites.  

Skeletal deformities – In Latvia, skeletal deformities (1.2% prevalence), fin erosion (more than 
95% prevalence), and operculum erosion were reported in Atlantic salmon (Salmo salar), and in 
sea trout (Salmo trutta trutta) parr and smolts.  

Conclusions 

• Salmon Alphavirus (SAV) – First reported description of a confirmed clinical field case 
of SAV (SAV-1 genotype) with pathology consistent with pancreas disease in freshwater 
Atlantic salmon in Scotland.  

• Aeromonas spp. –  The first case of furunculosis in Canada associated with Aeromonas 
bestiarum was reported in farmed Atlantic salmon in British Columbia.  

• Cyclopterus lumpus virus (CLuV) – First identified in cleaner lumpfish in Norway in 
2015, was detected in numerous disease outbreaks in Norway in 2018. The health of 
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lumpfish and other cleaner fish and the broader biosecurity and ecological implications 
of cleaner fish use are intensifying concerns. 

4.1.2 Wild Fish 

Viruses 

Piscine Orthoreovirus (PRV) – In western Canada, PRV-1 was detected in 4.4% (54/1232) of Chi-
nook salmon and in 4.5% (16/356) of coho salmon, while no virus was detected in sockeye 
(n=717), pink (n=70) or chum (n=135) salmon. PRV-3 has been detected in wild salmonids in both 
freshwater and marine environments in northern Europe. In sea trout collected since 2011 PRV-
3 has been detected in 15/22 Norwegian rivers (Garseth et al. 2018). 

Salmon gill pox virus (SGPV) – In Norway in 2016, a screening study demonstrated that the 
virus was found to be highly prevalent in Atlantic salmon, but it was not found in sea trout or 
Arctic char. In 2018 SGPV was not found in 33 salmon caught in the sea in Norway, while the 
prevalence in salmon caught in rivers was 13%. 

Piscine myocarditis virus (PMCV) – In Norway in 2018, the virus was detected in 0.4% (1/259) 
of brood salmon and in 0% of sea brood trout (n = 46). The eggs from the infected fish were 
destroyed. Whilst prevalence of PMCV in wild Atlantic salmon is typically low, it reached 19% 
in juvenile salmon from one river in western Norway in 2017 before decreasing to 2% in 2018.  

Infectious hematopoietic necrosis virus (IHNV) – In Finland, the virus was detected in one 
pooled sample of two escapee rainbow trout caught adjacent to an IHNV-positive farm in the 
Gulf of Bothnia. The virus was not detected in 460 Atlantic salmon, 10 brown trout, 204 whitefish, 
and three rainbow trout from the Gulf of Bothnia, nor in 62 non-salmonid fish from the same 
area.  

Anguillid herpesvirus 1 (AngHV-1) - In Sweden in 2018, AngHV-1 was detected in all pools (3 
fish/pool) investigated at five locations. The virus was also detected in two outbreaks of eel mor-
tality in inland lakes during a period of high water temperatures and low oxygen levels.  

Bacteria 

Pseudomonas anguilliseptica  - A bacterium showing 98% nucleotide identity in the 16S rDNA 
gene to Pseudomonas anguilliseptica was detected in spinal tissue samples from all ten juvenile 
haddock fish displaying ankylosing spondylitis in English waters of the northwest North Sea.  

Skin ulcers of bacterial origin - In Polish waters, prevalence of skin ulcers remains low in floun-
der and cod, with evidence of a decreasing trend in flounder (from 1.4% in 2009 to 0.6% in 2018).   

Parasites 

Mesomycetozoa 

Ichthyophonus sp.  -  In Danish waters, the infection was identified in 4 of 5 flounder displaying 
swollen kidneys and low condition. 

Monogenea 

Gyrodactylus salaris – In Norway, historical data indicate detection of the parasite in 50 rivers. In 
2018, the parasite was detected in only seven rivers and has not been detected in any new rivers 
since 2014.  

Copepoda 

Lepeophtheirus salmonis – Data from Norway that the impacts of infestations on juvenile salmon-
ids shows that there are large regional differences in lice infestations on both Atlantic salmon 
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and sea trout/Arctic char. Lice counts on trawled outmigrating postsmolt of Atlantic salmon in-
dicate highest infestation in Western Norway, while from Trøndelag and further north infesta-
tions are usually low. For sea trout/Arctic char infestations increase during summer. There are 
no obvious trends for the time period 2016-2018.  

Other Diseases 

M74/Thiamine deficiency in salmon yolk sac fry – In Sweden, decreased in prevalence to 19% 
in 2018, from 32.5% in 2017, in analysis of eggs from salmon restocking hatcheries from six rivers.  

Fungi and other spore forming pathogens – Nucleospora cyclopteri – Presumptively detected in 
two adult broodstock lumpfish from a hatchery in southern England where mortalities were ob-
served. Affected fish displayed swollen kidneys with high microspore density, inflammation, 
and necrosis in the gills, heart, liver, spleen and kidney. 

Hyperpigmentation (HYP) – Increased to 30% prevalence in common dab at North Cardigan 
Bay and Liverpool Bay, United Kingdom, continuing a recent trend. HYP prevalence has also 
been increasing at several other Celtic and Irish Sea sampling locations since 2004, although the 
prevalence of HYP is generally lower in the Irish and Celtic Seas compared to the North Sea.  
 
Conclusions 

• PRV-3 has now been detected in wild salmonids in both freshwater and marine environ-
ments in northern Europe.  

• Pseudomonas anguilliseptica has been linked with spinal deformaties in haddock (Melano-
grammus aeglefinus) caught in UK waters. The observation of spinal deformaties has been 
regularly reported for three decades. 

• M74/Thiamine deficiency in salmon yolk sac fry continues to receive attention as a pos-
sible cause of disease and mortality of spawning Atlantic salmon in the Baltic.  

4.1.3 Wild and farmed molluscs and crustaceans 

Oyster Herpes Virus – An OsHV-1 microvariant was observed for the first time in the USA, and 
the Western Hemisphere, at an aquaculture farm in San Diego Bay, California.  The virus was 
detected by OsHV-1-generic PCR in 10 pools of six seed Pacific oysters (8-12 mm) from a 60-
oyster sample collected in September from a floating upweller system. DNA sequencing revealed 
a viral DNA sequence similar, but not identical to, microvariant sequences characterized in Eu-
rope, Australia and New Zealand, and Japan. In Ireland, there was a new detection of OsHV-1 
µVar in one of the areas which had to date remained free (Poulnasherry Bay). All oyster farms 
in the bay were impacted and mortality of up to 100% was observed in a number of batches of 
spat. In Ireland outbreaks were recorded in a total of 6/36 of the bays in which the virus is con-
sidered endemic. Since 2014 there has been a reduction in the number of annual outbreaks of 
OsHV-1 µVar recorded in Ireland (see Fig. 1). This is believed to be the result of a wider availa-
bility and use of resistant stocks and improvements to husbandry applied at production sites. 
Likewise, in England and Wales, UK, Pacific oyster farms appear to have been less affected in 
2018 than in previous years despite the very warm summer. There were no reports of new out-
breaks of OsHV-1 µVar and anecdotal reports from farmers with the three current positive des-
ignated control areas suggest that their oysters were not significantly impacted by the disease.  
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Fig. 1. OsHV-1 outbreaks in Ireland 

Bacteria 

Vibrio aestuarianus – In Ireland, the bacterium continues to be detected in association with ele-
vated mortality in adults and half-grown Pacific oysters, with detection in eight bays which had 
been previously affected by the disease, most recording higher losses than the previous 2 years. 
A further four bays which had been previously unaffected by the disease suffered high levels of 
losses, up to 80%. Blooms of Karenia mikimotoi were believed to have exacerbated the losses in 
some of the impacted bays.  

Vibrio splendidus – On the west coast of France mortality of blue mussels was recorded at levels 
similar to the previous four years. Vibrios belonging to the V. splendidus group were detected by 
PCR in blue mussels in 8 different batches collected during mortality events (from 10% to 70% 
prevalence) in absence of detection of V. aestuarianus. Whilst aetiology remains uncertain, this 
finding suggests a potential role of vibriosis in the mortality. 

Rickettsia/Endozoicomonas- like organisms (RLO/ELOs) - A global phylogenetics survey of 
RLO/ELO pathologies in bivalve shellfish is providing new perspective on the diversity of these 
organisms. The study has revealed two groups of cosmopolitan ELOs infecting a range of bivalve 
species: ELO-type 1, mainly in Europe, and ELO-type 2 distributed across Japan and New Zea-
land.  

Parasites 

Bonamia ostreae – Detected in association with elevated mortality of flat oysters at a restoration 
site in the Solent, UK, in May 2018. Whilst the parasite is known to have been present in the area 
in wild oyster populations since the 1990s this is the first record of mortality since that time. In 
Denmark, the parasite was not detected from zones 13 (n=80) and 16 (n=72) in the Limfjorden 
despite being found at 50% prevalence in zone 13 in 2014-2016. 

Bonamia exitiosa–In the USA, detected by PCR in eastern oysters, with confirmation by histol-
ogy and in situ hybridization, in routine analysis of 3-month-old cultured oyster seed from Mas-
sachusetts in May. No mortality was observed. The parasite is rarely detected in eastern oysters 
but was found previously in oysters in this area in 2013. 

Mikrocytos mackini – Prevalence in Humboldt Bay, California, increased to 26/44 pools of 
broodstock Kumamoto oysters in 2018 from 10/26 pools (four oysters/pool) in 2017. Among seed 
oysters, prevalence increased to 3/30 pools in 2018 from 0/30 pools (six-oysters/pool) in 2017. 

Marteilia refringens –Detected by real-time PCR in blue mussels from Dundrum Bay and Belfast 
Lough in Northern Ireland in May 2017. The finding was confirmed by histology. This was the 
first detection of M. refringens on the island of Ireland. 
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Marteilia cochillia – In the Dyfi estuary in Wales, the parasite was detected by PCR and DNA 
sequencing in 5/30 cockles in June, after initially having been detected by PCR in 27/50 cockles 
by researchers at the University of Aberystwyth from the same area. This finding was not con-
firmed in duplicate histological examination of the same cockles, indicating that infection was at 
a very low level. This is the first detection of this parasite in the UK. 

Paramarteilia sp. – In Ireland, the parasite continues to be detected at high prevalence (84/150 = 
56%) in velvet crabs in Galway Bay, and in 2018 was also detected in samples collected from 
Howth (7/150 = 5%) and Castletownbere (20/150 = 13%).  

Haplosporidium pinnae – The parasite was first described during mortality events in the noble 
pen shell on the Mediterranean coast of Spain in 2016. Emerging data indicate that mortality also 
occurred in France, Italy, Greece, Malta, Tunisia, Cyprus and Turkey. The parasite has been ob-
served in some but not all of the batches examined to date from France, Italy and Spain, suggest-
ing that other factors may contribute to the mortality.   

Perkinsus marinus in eastern oysters – Dermo disease has decreased in prevalence in eastern 
oysters in the Delaware and Chesapeake Bays of the eastern USA as a result of low salinities 
produced by high freshwater inflows. In the Maryland part of Chesapeake Bay, mean fall prev-
alence of infection over 40 sampled locations decreased to 40% in 2018 from 69% in 2017. In the 
Virginia part of Chesapeake Bay, at the 26 locations from which samples could be collected in 
2018, mean autumn prevalence decreased to 51% in 2018 from 72% in 2017. The mean prevalence 
in 2018 represented a record low for a time series dating back to 1989. 

Conclusions 

• OsHV-1 microvariant was observed for the first time in the USA, and the Western Hem-
isphere, in Pacific oysters at an aquaculture farm in California. 

• Detection of OsHV-1µVar in association with high mortality in a new area in Ireland 
(Poulansherry Bay). 

• First detection of a Marteilia cochillia associated with possible gross pathology in cockles 
in England and Wales, UK. 

• Marteilia refringens was detected for the first time in Northern Ireland in May 2017 from 
Dundrum Bay and Belfast Lough.  

• The role of Haplosporidium pinnae in noble pen shell in the Mediterranean needs to be 
determined. 

4.2 Delivier leaflets on pathology and diseases of marine 
organisms (ToR b) 

The WGPDMO has produced ICES identification leaflets since 1984 with 70 leaflets produced to 
date. In recent years, the WG has placed a particular focus on providing new leaflets and updat-
ing older historical leaflets with new information. It is envisaged that this will increase the visi-
bility and relevance of the leaflets. 

 

All leaflets now get a doi number and are available to download from the ICES website at the 
following link: http://www.ices.dk/publications/our-publications/Pages/ID-Leaflets.aspx  

 
New Leaflets 

Due to a changeover in the editor position for the leaflets, there were no new publications in 
2018. To date in 2019 two leaflets have been published. 

http://www.ices.dk/publications/our-publications/Pages/ID-Leaflets.aspx
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No. 69: Piscirickettsiosis (S. Jones) http://doi.org/10.17895/ices.pub.4675 

No. 70: Tenacibaculum maritimum, causal agent of tenacibaculosis in marine fish (S. Jones & L. 
Madsen) http://doi.org/10.17895/ices.pub.4681 (this is an update on No. 55). 

 

The following draft leaflet has been removed from the list: 

• Gonadal neoplasia in bivalves (Renault) 

 

Draft Leaflets for 2019 

The list below contains disease conditions that are currently being prepared and it is expected 
that they will be published in 2019. 

 
• Mikrocytos spp. infections. (R. Carnegie) 
• QPX in hard clams (R. Carnegie & B. Allam) 
• Pancreas disease (N. Ruane) 
• Infectious salmon anaemia in Atlantic salmon (E. Munro) 
• Sea lice infesting Atlantic salmon (B.O. Kvamme, M. Powell) 

 
The following list contains leaflets which have previously been proposed but require a commit-
ment from the proposed authors. 

 
• Ostreid herpesvirus (D. Cheslett) 
• Vibriosis in oysters (T. Renault) 
• Vibriosis in farmed salmonids (A. Lillehaug) **Update of leaflet Nos. 27, 29, 50 
• Sphaerothecum in common dab (S. Feist & R. Paley) 
• Mycobacteriosis in wild fish (L. Madsen) 
• Bonamiosis in the flat oyster (R. Carnegie & L. Madsen) **Update of leaflet No. 18 
• Marteilia cochillia (R. Carnegie, N. Carrasco) 

 
Tasks for 2019 meeting 

• Confirmation of authors from draft list above. 
• Proposed new/updated leaflets: 

• Disease should be present in more than one country. 
• Authors should commit to providing a draft within 12 months. 

4.3 Synthesize information on the spread and impact of 
Bonamia ostreae in flat oysters in the ICES area (ToR c) 

Bonamiosis is a disease that has had a significant impact on European flat oyster production 
since its appearance in 1979, wherefore it is classified as a notifiable disesase, both to the OIE and 
the EU (under Directive 2006/88/EC). In the 1980s and 1990s the disease spread across Europe 
and its detection in new areas was invariably associated with high mortality. In recent years, 
however the disease has spread to new areas often without the expected accompanying high 
mortality. Questions have been raised as to whether this might reflect an adaptation of the host 
species to the parasite or whether other factors are influencing the lack of mortality that was 
originally seen as a significant sign for infection with the parasite. 

http://doi.org/10.17895/ices.pub.
http://doi.org/10.17895/ices.pub.4681
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This review involving several authors (both WGPDMO members as well as shellfish experts out-
side the group) will be a synthesis covering the following three areas: 

1) Current status of Bonamia ostreae in the ICES area and beyond. Information regarding the 
spread and impact of B. ostreae in flat oysters will be synthesized from published papers and grey 
literature as well as surveillance programs in different countries. Data regarding spread of dis-
ease, mortality rates, human activities in an area, climate change, density of oyster populations 
as well other features exist in many countries where bonamiosis has had an impact, often in non-
published forms. 

2) The evolution of the host-pathogen interaction and/or relationship. Has there been a change 
when it comes to the outcome of the encounter between host and pathogen as from the devas-
tating disease outbreaks seen in the early years of the disease occurrence to now a more modest 
reaction where the pathogen does not have the same impact on the host, and thereby both being 
able to survive? Is the latter site dependant and are there other factors influencing this outcome? 
Has there been a genetic selection when it comes to the flat oysters, favouring oysters that are 
able to “live” with Bonamia? The answers to these questions will be based on the available infor-
mation from countries/areas where Bonamia is having or has had an impact (or not an impact) on 
the flat oyster production. 

3) In recent years, a number of restoration projects have been initiated in flat oyster fisheries in a 
number of countries and this trend seems set to continue. What are the prospects for these fish-
eries in light of the information regarding the above questions? Is there a role for selective breed-
ing in flat oyster restoration, and are there intersections between flat oyster restoration and aq-
uaculture that relate to resistance breeding?  

Review title suggestion:  

Understanding European flat oyster adaptation to Bonamia ostreae: A review of the spread and impact 
of Bonamia ostreae in flat oysters in the ICES area and consideration of the potential for restoration and 
aquaculture of flat oysters in the parasite-endemic areas. 

Authors of the review have been approached and an outline of the review will be sent forward 
and discussed within the author group. 

4.4 Summarize the role of Vibrio pathogens contributing to 
mortalities in shellfish aquaculture and to seafood-as-
sociated disease risks in humans (ToR d) 

Vibrio bacteria pathogenic to Pacific oysters and other bivalve molluscs have been increasingly 
documented in WGPDMO national reports over the last number years both in open sea environ-
ments as well as in hatchery and nursery areas. Whilst it is becoming increasingly apparent that 
certain species such as V. aestuarianus and V. splendidus are involved in the mortalities observed 
in cultured bivalves in natural waters, a lack of clarity in relation to the pathogenic role of many 
other Vibrio spp. still exists despite the increasing reporting trend. In addition, the ability of di-
agnostic laboratories to both identify Vibrio spp. and to assess their role in mortality events re-
mains problematic particularly where multiple species or other pathogens such as the OsHV-1 
microvariants are detected in a single event. In hatchery and nursery systems there is also a lack 
of knowledge of what species to expect and hence to assess the impact of detected Vibrio spp. on 
mortalities which occur in these systems. 
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At the same time human pathogens such as V. parahaemolyticus and V. vulnificus are increasingly 
a concern as oceans warm and as more shellfish are eaten raw in the summer as mollusc aqua-
culture expands, but the influences on the epidemiology of these vibrios are also not completely 
understood.  

The WGPDMO will provide a synthesis on the current state of knowledge relating to these path-
ogens through a review of the existing literature and data from events which have occurred in 
recent years, with a view toward elucidating the established roles of different Vibrio species in 
mortalities in both wild and aquaculture populations as well as to identify key knowledge gaps 
to be addressed through future research.  

A number of research initiatives are already in place such as the EU project “Vivaldi” (Preventing 
and mitigating farmed bivalve diseases) which among its aims will attempt to investigate the roles 
of the pathogens OsHV-1 and Vibrio species and their interactions. Vivaldi partners involved in 
this work will be included as collaborators in this review. The product of this ToR will be a jour-
nal article completed in 2019/2020. 

4.5 Synthesize perspective on complex gill disease (CGD) in 
salmon and identify strategies for mitigation (ToR e) 

Complex gill disease (CGD) is an emergent, economically important health issue that limits 
productivity in salmon aquaculture. CGD is believed to result from a complex interaction of en-
vironmental, host and infectious factors. The performance and survival of affected fish is influ-
enced by the severity of the gill lesions. Environmental factors associated with CGD include ex-
posure to harmful algae, jellyfish, low dissolved oxygen and elevated water temperatures. Rele-
vant infectious agents include Atlantic salmon paramyxovirus, salmonid gill poxvirus, Candida-
tus Piscichlamydia salmonis and the microsporidian Desmozoon lepeophtherii. This ToR will describe 
the causes and consequences of CGD in salmon aquaculture in ICES member countries and iden-
tify mitigation strategies in the context of climate change. A peer-reviewed journal article is 
scheduled for completion in 2021.  

4.6 Integrate perspective on emerging health issues affect-
ing wild salmon populations of Baltic members coun-
tries (ToR f) 

Consolidation of perspective with regard to Baltic salmon health has begun, with progress to 
date described in the paragraphs below. 

Background 

National reporting in recent years has revealed an array of disease concerns in Baltic salmon 
populations, with elevated mortality being widely reported. Determining similarities and differ-
ences in patterns of disease and mortality and gaining insight into potential aetiological factors 
is urgent for effective management of salmon health in the region. This ToR involves coordina-
tion among representatives of member countries around the Baltic to consolidate information 
concerning Baltic salmon health problems and identify strategies for better understanding and 
mitigating them. 

Salmon rivers in the Baltic Sea region 

Nine countries (Sweden, Finland, Russia, Estonia, Latvia, Lithuania, Poland, Germany and Den-
mark) surround the Baltic Sea. There are three distinct genetic groups of salmon: Gulf of Bothnia 
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populations, southern Sweden populations and eastern populations (Gulf of Finland, eastern 
Main Basin). In addition, there are marked genetic differences between different river popula-
tions (ICES Stock Annex, 2013). Approximately 30 (of originally 84) rivers emptying into the 
Baltic Sea still have wild salmon populations (Figure 2). Half of the rivers are situated in Sweden 
and 90-95% of wild salmon smolts and 60-65% of reared salmon smolts originate from the north-
ern Swedish rivers, including the Tornio river shared with Finland. The Tornio is one of the 
worlds most important rivers for wild Atlantic salmon, producing about 1/3 of the 1.5 million 
salmon on feeding migration in the Baltic Sea. In addition to the Tornio, Finland has only one 
river (Simojoki) with wild salmon, and a few rivers with restocking activities. According to a 
document from 2008 (Titov and Sendek, 2008) Russia has three salmon rivers and one potential 
salmon river under restoration in the Baltic Sea region (emtying into the Gulf of Finland). The 
rivers were supported by restocking in 2008, and according to the Swedish University of Agri-
cultural Sciences (SLU) they still are (Johan Dannewitz, pers. comm.). Estonia and Latvia have a 
few rivers with wild salmon (Figure 2) and one of the Latvian rivers originates in Lithuania. 
Germany has sea trout, and Poland has both salmon and sea trout populations (Appeal, 2013). 
Denmark has wild salmon populations but they do not migrate to the Baltic Sea. 

 

 

The situation in the Baltic countries in recent years - reported health issues of the Baltic 
salmon and sea trout 2012 – 2018 

Sweden and Finland 

Sweden and Finland are reported together here because the Tornio river is shared by the two 
countries, and because these countries have that collaborated on salmon health investigations 
co-manage a reporting site for observations of diseased and dead fish. The information provided 

Fig. 2. Rivers with wild salmon in the Baltic Sea re-
gion. With permission from Johan Dannewitz, SLU 



14 | ICES SCIENTIFIC REPORTS 1:62 | ICES 
 

 

here is based on Swedish National Veterinary Institute (SVA) and Finnish Food Safety Authority 
(Evira) reporting in 2017 (SVA, 2017; SVA and Evira, 2017, in Swedish/Finnish with abstract in 
English) and on reports from the different rivers.  

The summertime disease situation has generally been worst in the rivers Mörrumsån (south), 
Umeälven (north) and Tornio (north). 

The summer of 2014 was relatively warm, with high water temperatures. Reports of diseased 
and dead salmon started to come from Mörrumsån in May. In July to August reports came from 
the more northern rivers, with most reports from Tornio river. The salmon (and sometimes trout) 
were described as having wounds, sometimes with fungal infection or just being apathetic. UDN 
was often mentioned, however, fungal infection is often interpreted as UDN, so the description 
might not have been accurate. Many sick and dead salmon were also reported from Mounionjoki, 
a tributary to Tornio river, as well as from the Finnish side of Tornio. The Centre for Economic 
Development, Transport and the Environment in Lapland (Finland) estimated a mortality of 
1000-2000 salmon just for the Finnish side of the river.  

In 2014, there were no disease reports from the Simojoki River or the estuaries of other exploited 
rivers in Finland feeding the Baltic Sea. Fishermen in the Bothnian Bay reported wounded 
salmon in their cages, but a lot of these injuries were attributed to seals.  

During October and November there was a new wave of reports due to massive fungal infections 
and mortality in pre-spawners, and in some river systems like Mörrumsån this had begun al-
ready in 2013. The same pattern appeared in 2015, and in 2016 the SVA and Evira investigated 
salmon health with regard to infectious disease (see Disease investigations by SVA and Evira in 
2016 below). In 2016 SVA and Evira began a reporting site that is monitored by the SVA.  

Reports for salmonids were abundant in 2016, with a total of 329 reports registered. A few reports 
concerned 50-100 salmon observed along a short stretch of Mörrumsån. The situation in the Tor-
nio River improved. Fewer reports were entered to the reporting site than the number of reports 
SVA and Evira had gotten by phone or email in the previous years. In Mörrumsån the situation 
was the same as in the previous years. A serious disease and mortality situation was encountered 
in Umeälven (north) in the summer months. Umeälven basically has two salmon stocks. One is 
wild and originates from the tributary Vindelälven (the conjunction is approximately 30 km up-
stream from the estuary), and one is a restocking population bred at a dam 20 km upstream from 
the estuary). Both stocks were equally affected. 

Fewer reports were sent to the reporting site in 2017 (n=157) than in 2016. The disease situation 
in Mörrumsån and Umeälven was unchanged in 2017 as estimated by personal contacts, but the 
reports were fewer. The disease situation in Tornio river was better than 2016 as estimated by 
the number of reports. The reporting system is not a fail safe way to monitor fish health, since 
knowledge of the existance of the data base and willingness to report are two important factors 
for the accuracy of reports relative to the reality of the situation. 

In 2018, the summer was hot, with water temperatures over 20ºC in many rivers during July and 
August. The SVA registered 203 reports on salmonids. Few salmon, sea trout and hybrids re-
turned to Mörrumsån (a total of 306 fish compared to about 1500-2900 in the six previous years) 
and during the summer there were some observations of dead salmon. It is unclear how much 
the weather situation (low water flow, high temperatures) contributed to the situation in 2018 or 
if disease was the main driver and that perhaps a bottleneck has been reached. Salmon born in 
2014, the year after the autumn pre-spawning mortalities started, should perhaps have started 
returning in 2017 (as grilse, with 2 pre-smolt years in the river) and then the main year of return 
should have been 2018.   
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In Umeälven there were many salmon dying of fungal infections during July. Electro-fishing for 
parr for recruitment estimation (reflecting 2017 spawning) in Vindelälven in the autumn of 2018 
resulted in just two parr observed across all investigated parts of the river. 

In Umeälven almost 12 000 wild returners (Vindelälven stock) were registered in the counter 
(approximately 20 km from the estuary). However, of these only 700 were female, indicating 
another catastrophic spawning year for the wild salmon.  

The number of reports from Tornio river increased in 2018 compared with 2017, and fungal in-
fections were the main issue.  

The late season fungal epidemic has also occurred in several of the Swedish west coast rivers and 
in landlocked salmonids of lake Vänern since 2014. 

Annual brood stock controls of returning salmon females, with regard to viral infections (IPN, 
IHN, VHS mainly) and the bacterial infection BKD, have not yielded any information to cause 
concern during the last decade. No infections have been detected in Sweden and only a few fe-
males have been infected in Finland. 

The report site is accessed at https://rapporterafisk.sva.se (for the reporting form) and at  
https://rapporterafisk.sva.se/Fynd/Map for the geographical distribution of reports (filters are 
present for fish groups “Laxfisk”=salmonids and year). Data for 2016 have been removed from 
the online database. 

Germany  

Information provided is based on personal communication with dr. Henrike Seibel, Gesellschaft 
für Marine Aquakultur, Büsum, in January 2017.  

In Germany, local fishermen in the river Trave had observed an increasing problem with fungal 
infections in returning sea trout since 2012-2013. Potentially another river was also involved (not 
investigated thoroughly at the time of communication). The situation was better in 2016, but 
water flow and the number of returners was low. A pilot study was conducted in the Trave in 
2016, and Aeromonas infection was diagnosed. However, due to the few returners, the severity 
of the situation with regards to Aeromonas infection could not be evaluated. There was hope for 
a continuation with a three-year monitoring program to follow up on the situation. No salmon 
are present in the Trave.  

Poland  

In December 2013 an appeal was sent to the Polish government from the The Society of Friends 
of River Łeba. The appeal concerned a serious ongoing problem with UDN: “Since 2007 the UDN 
epidemic (Ulcerative Dermal Necrosis) has been spreading across river basins in Poland decimat-
ing salmon and sea trout spawners. The rivers inhabited by infected fish are the Rega, Parsęta, 
Wieprza with its tributary Grabowa, Słupia, Łupawa, Reda and Łeba. The scale of the issue is so 
large that on some of the rivers the disease has affected 100% of the fish population.” The appeal 
further describes the problem as so severe that pre-spawners succumb and do not spawn, thus 
affecting subsequent generations.   

Pictures that have been shared with the SVA only show fungal infection without typical UDN 
changes. It is unclear how and by whom a UDN diagnosis had actually been made.  

No reports have been found describing the situation during years after 2013. Salmonids are not 
typically included in the annual Polish report to ICES WGPDMO. Contacts have been made with 
Polish researchers, but further information has not yet been available. 

Estonia and Lithuania 

No reports have been sent to ICES WGPDMO during 2013-2019. 
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Latvia  

In the annual meeting of ICES WGPDMO in February 2018, Latvia reported problems with late 
autumn to winter fungal infections in returing salmon and sea trout of the river Gauja. A few 
fish were investigated for viral, bacterial and parasitic infections. Aeromonas hydrophila was iden-
tifed in damaged skin but it is unclear whether it was a primary or secondary infection. Catarrhal 
enteritis was also identified, and the cause of disease based on pathological findings was deter-
mined to be severe ulcerative dermatitis and enteritis. No problems were recorded in returning 
salmon in the autumn of 2018. 

Russia  

The information available is based on national reports to the ICES WGPDMO and personal con-
tacts with Sergey Prusov (Polar Research Institute of Marine Fisheries and Oceanography, 
PINRO) in 2016. Salmon from the Baltic rivers of Russia have not been included in the annual 
reports to ICES WGPDMO.  

In the summer and autumn of 2015, fungal infections and mortality appeared in returing Atlantic 
salmon, whitefish and minnow in the Kola river, Kola Peninsula, Barents Sea. The same problem 
resurfaced in 2016, now also including the Tuloma river (on the Kola Peninsula). In addition to 
Atlantic salmon, pink salmon and sea trout were also affected in 2016. A diagnosis of UDN was 
made by the Norwegian Veterinary Institute. In addition to UDN and fungal infection, Amoeba 
incertae sedis was diagnosed in muscle tissue underneath skin lesions. The UDN/fungal infection 
occurred again in returing Atlantic salmon during 2017. There was no report for 2018. 

Denmark  

Information has been obtained from national reports to the ICES WGPDMO. No disease reports 
have been made. Piscine Reovirus (PRV) was found in 11 of 176 (6.3%) investigated wild brood-
stock salmon, all free of disease signs, in 2014. In addition, 8 wild brown trout and 120 cultured 
rainbow trouts were investigated and found to be negative. Eggs from the PRV-positive brood-
fish were transferred to laboratory facilities and disinfected. PRV could later be found in the 
salmon fry. The salmon were negative for ISAV HPR0, SAV, PMCV, IPN and BKD. 

Norway  

Norway is included as a reference here since they have Atlantic salmon but do not border the 
Baltic Sea. Norway has not recorded health issues like those encountered in the Baltic popula-
tions. Annual ICES WGPDMO reports instead recognize other problems. In the report for 2019, 
it is noted that sea lice cause problems in post-smolt at a relatively stable level, there are decreas-
ing problems with Gyrodactylus salaris (no new rivers affected since 2014), and there is a high 
prevalence of piscine reovirus (PRV).  

Research into salmon health problems 

Summer and autumn mortalities in Baltic salmon and sea trout 

Disease investigations by the SVA and Evira in 2016 

In 2016, the SVA was asked by the Authority of Fisheries and Water Management (HaV) to con-
duct sampling during 2016 to investigate the source of the problems. Evira was also included in 
the project through funding from a research fund of the Swedish-Finnish fishing license for Tor-
nio river. The Tornio, Mörrumsån and Umeälven were included in the summer investigations 
and in total 202 salmonids were sampled. The investigations have been split in two reports (SVA 
2017, SVA & Evira, 2017). Erythemas and pethechial hemorrhage with concurrent fungal infec-
tions were the main symptoms in Mörrumsån and Umeälven. Histopathology identified chronic 
inflammation in the dermis and hypodermis under acute haemorrhaging skin, similar to what 
has been described for Red Mark Syndrome in rainbow trout (Anonymous, 2006; Oidtman et al. 
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2013; Metselaar et al. 2010). A number of salmons also had UDN-like symptoms. The diagnosis 
was confirmed in approximately half of the cases. Muscle degeneration with or without an in-
flammatory response was also a common finding by histopathology. In the Tornio some fish had 
mild erythemas and hemorrhages, but a high prevalence of mechanical wounds was also seen. 
Overall the sampled salmon in the Tornio were healthy. 

Routine analyses for viruses and bacteria gave no conclusive answer, although bacteria associ-
ated with skin lesions were identified in a few individuals. Next generation sequencing indicated 
presence of herpesviruses and iridoviruses, which are harder to cultivate, in the population. 
These viruses can cause skin lesions, and the findings need to be investigated further to ascertain 
presence of virus and clarify virulence and prevalence. Data regarding count of returning fish, 
temperatures and water flow have been investigated as a measure of infection pressure in the 
rivers, but a more thorough analysis needs to be done to clarify associations.  

During the autumn, many river systems had outbreaks of Saprolegnia-like infections, and fish 
from Swedish rivers Mörrumsån, Ljungan, Moälven, the inlet of lake Mälaren as well as Tornio 
river and the Finnish rivers Oulujoki and Kemijoki were investigated. The samplings pointed 
towards fungal infections due to spawning associated immunosuppression. 

Disease investigations by SVA, Gothenburg University and the Swedish University of Agri-
cultural Sciences, 2018 

In the summer 2018 new investigations, with an emphasis on metabolism and environmental 
pollution, were conducted in Mörumsån, the Tornio river, Umeälven, Indalsälven and Lagan (a 
west coast river included as control). Several biomarkers were measured (Table 1) and in addi-
tion macro-pathology and histopathology of kidney and spleen were performed, and the Finnish 
Food Authority Ruokavirasto (formerly Evira) performed analyses for thiamine (liver, eggs), ca-
rotenoids, astaxanthin, total vitamin A, retinol and α-tocopherol/vitamin E (all in muscle). A case 
control trial with thiamine injection of returners in Umeälven was also performed. 
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Table 1. Central body functions and parameters evaluated to look for 

 

A total of 87 salmon were sampled: 4 (21 May, 4-5 June) in Mörrumsån (due to lack of fish), 20 
(16-17 June) in the Tornio, 30 (2-3 July) in Umeälven, 20 (3-4 September) in Indalsälven and 13 
(22 Oct) in Lagan. The temporal differences in sampling during the summer reflects different 
times of upstream migration for the different populations. Indalsälven was included in June but 
could not be sampled during the summer. Lagan was not included until the beginning of Octo-
ber. Fish were caught live and kept in oxygenated tanks if analyses could not be performed im-
mediately after the catch.  

The fish in Umeälven were diseased (skin haemorrhage, erosions, fungal infection) and some 
died before euthanisation/sampling could be performed. Fish from the other rivers showed few 
and less severe lesions. Some of the females from Lagan had fungal infections. 

Results from biochemistry analyses in general showed few deviations. The females sampled in 
Lagan were ready to spawn and thus had put all their bodily resources into the eggs. Thus, con-
dition factor and vitamin levels (except astaxanthin) were lower than for the other river systems. 
Astaxanthin is less abundant in the Baltic Sea than in the Atlantic Ocean (Baltic salmon have pale 
flesh compared to other salmon). Apparently equal levels of astaxanthin in spawning west coast 
females and pre-spawning Baltic salmon females can probably be explained by the fact that the 
Lagan females had higher astaxanthin levels before the last months of egg development. No ref-
erences/levels for what is considered sufficient carotenoids and α-tocopherol to sustain normal 
bodily functions have been identified, but in one study (Rajasingh et al. 2006) a saturation level 
of astaxhantin in salmon muscle was found to be 5-6 µg/g astaxantin. That is  6-7 times higher 
than found in the Swedish investigations in 2018. Astaxanthin is one of the most powerful natu-
ral antioxidants and low levels in salmonid eggs have been identified as involved in the M74 
syndrome (Pettersson & Lignell, 1999). Thus, it is likely that the Baltic salmon suffer from sub-
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optimal levels of astaxanthin. Mean astaxanthin levels were low by the “eyeball test” in Umeäl-
ven compared to other rivers, potentially indicating a higher need for antioxidants. However, 
the difference was not significant. At the same time retinol levels were high in Umeälven. For 
thiamine, levels exceeded the lowest level in “normal” fish that was found in a reference (Amcoff 
et al, 1999) and there was no significant difference in total thiamine between rivers (excluding 
Lagan). However, Umeälven fish had a low level of free thiamine, indicating that they need to 
metabolise their thiamine to use it at a higher rate. Balk et al. (2016) has extrapolated values for 
egg and muscle thiamine content to get cut-offs for mortality and disease levels, but liver was 
not included. It is likely that levels were sub-optimal in a number of fish, but since there were no 
obvious differences between river systems it is not believed to be the driving force behind the 
disease problems. Two other things indicate that thiamine deficiency is not the most important 
factor. First, in the early Umeälven salmon run of 2013, only 2% of the fish made it to the fish 
ladder/counter 20 km upstream from the estuary. At the same time, the progeny of that year’s 
spawning had a 0% prevalence of M74, indicating that thiamine levels in the 2013 returners was 
good. Second, a thiamine case control trial was performed in Umeälven in 2018. At the estuary, 
116 salmon were tagged and half of them also injected with thiamine. Performance was meas-
ured by counting the fish that passed the ladder. Overall, 11 of 58 (19%) thiamine-injected and 5 
of 58 (9 %) uninjected fish (p<0.05) passed the fish ladder. When separating grilse (one sea winter) 
from older fish (multiple sea winters/MSW) it was apparent that all of the positive thiamine ef-
fects were seen in the grilse group. Of the MSW 0 of 20 (0%) thiamine-injected and 2 of 34 (6%) 
of the untreated fish reached the ladder. Grilse generally have no migration problem (of the 
~12 000 salmons passing the counter in 2018, approximately 90% were grilse) and disease and 
mortality has been seen almost exclusively in large MSW fish. Apparently, thiamine boosting 
doesn’t help these fish, indicating that thiamine deficiency is not the important factor causing 
disease.  

Except for vitamins, river differences were found for some other parameters. In the Tornio river 
salmon all had (total and free) T3 levels that were so high they were out of measuring range. 
Total T4 was also high, as well as EROD activity. In addition, looking at the red blood cells, 
abnormal levels of proerythrocytes were identified in many Tornio salmon -- all but one (95%) 
had proerythrocytes. One fish only had a few proerythrocytes and was considered normal. 
Abundant presence of proerythrocytes (>10/5 fields of vision (FOV)) was identified in 11 fish. 
The maximum level noted was 112 proerythrocytes/5 FOV and this fish also had 13 erythro-
blasts/5 FOV. Looking back at 2016 data, abundance of proerythrocytes was noted in Tornio 
salmon at that time as well, with 42% of the fish sampled within the river and 67% of the fish 
sampled in the archipelago outside the Tornio having presence of proerythrocytes in the blood. 
EROD indicates exposure to environmental pollution like PCBs or PAHs. The thyroid can be 
stimulated by environmental pollution, and thyroid hormones stimulate erythropoiesis. Exactly 
what the Tornio river salmon have encountered, and where, is unclear.  
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In Umeälven, plasma glucose, hematocrit, haemoglobin and total and free T4 hormone were 
high, whereas plasma ions were low. Proerythrocytes were present in in 37% of the fish. These 
findings indicate stress (hematocrite, haemoglobin, glucose) and hormonal disturbances (T4 and 
potentially glucose). The plasma ion levels were disturbed  due to fungal infestations.  

The buffy coat in blood was not measured and thus we cannot say if the total percentage of WBCs 
was elevated. However, 92% of the fish had a relative monocystosis, i.e. overload of mono-
cytes/macrophages in the blood, indicating a chronic inflammatory state. 

A metabolomic study was started using available biomarker data. This study shows that the fish 
from different river systems have different metabolisms and also that there are within-river dif-
ferences (Figure 3).  

Looking at salmon from Umeälven, metabolisms differ between fish with and without fungal 
infection. Whether the difference is only due to lower plasma ion levels in infected fish or if 
something else is involved is so far not clear.  

In conclusion, the results from 2018 show no apparent exposure to (anthropogenic) environmen-
tal pollutants, with the exception of Tornio river salmon. The findings in these fish need to be 
further examined.  

The results also indicate an endocrine disturbance in the Umeälven salmon.  

M74 in yolk sack fry, thiamine deficiency in adult salmonids and other M74 associated factors 

In contrast to the health problems that have been present in the last years, thiamine deficiency in 
Baltic salmon is not a new phenomenon. The syndrome M74 (M stands for miljöbetingad = envi-
ronmental in Swedish) started to occur in hatcheries in north ern Sweden in 1974. The disease 
affects certain Atlantic salmon lineages, causing up to 100% mortality in some sibling groups 
whereas others are unaffected. A lot of research has been done, and one important factor is thia-
mine (vitamin B1) deficiency, caused by a lack of transfer of the vitamin from the female to the 
eggs. The syndrome can be reversed by bathing of eggs and yolk sack fry in thiamine. Females 
producing offspring with M74 can behave normally, but there can be clinical signs (wobbling, 
apathy) of thiamine deficiency (Amcoff et al. 1999). In Sweden, many restocking farms test small 
batches of unfertilized eggs or do prognostic hatching of small batches of fertilized eggs to see if 
treatment is necessary. The percentage of females producing M74 offspring varies between rivers 

Fig. 3. Principal component analysis (PCA) of metabolomics data 
from all salmon sampled in the five river systems in 2018. Green = 
Indalsälven, dark blue = Lagan, red = Mörrumsån, yellow = Tornio, 
light blue = Umeälven 
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and years (Figure 4). One potential cause of the difference between years is the natural variation 
in environmental parameters such as salinity that have been shown to affect the thiamine content 
in the phytoplankton producing the vitamin (Sylvander et al. 2013). 

 

Fig. 4. Overall trend for Swedish rivers sampled for M74 between 1974-2018. Data compiled by SLU. The problems seen 
now in returning salmon were not present during the worst M74 years in the 1990s, and the 2015 hatch (from parents 
migrating during the first year of severe problems, i.e. 2014) showed a very low grade of M74. 

 

Several theories on the cause of thiamine deficiency in the Baltic salmon have been presented, 
including the three below:  

Feed association. Animals cannot produce thiamine on their own, so they are dependent on 
presence of the vitamin in their feed. Atlantic salmon mainly feed on sprat and herring. One 
suggestion for a cause of thiamine deficiency is a high percentage of young sprat in the feed, 
because the young sprat contains less thiamine than adult sprat. A high percentage of herring 
has also been suggested as a potential cause, because herring contains more thiaminase (an en-
zyme that metabolises thiamine) than sprat (Ikonen, 2016). New and older measurements of thi-
amine levels in herring in the Baltic proper did not indicate thiamine deficiency (Vourinen et al, 
2002; Balk et al, 2016). Keinänen et al (2018) used fatty acid analysis of female salmon to compare 
feed (sprat or herring) to M74 incidence and found that a diet of sprat was correlated with pro-
duction of M74 offspring. 

Oxidative stress. Metabolism is a complex web of different biochemical reactions and problems 
in one step may cause a domino effect.  Some studies have shown that yolk sack fry with M74 
and wobbling females have low levels of astaxanthin and α-tokoferol, and that a subsequent 
oxidative stress lowers the thiamine levels (Pettersson & Lignell, 1999; Vouri & Nikinmaa, 2007). 
In 2018, thiamine treatment of eggs/yolk sack fry in the restocking facility of Umeälven did not 
have the expected effect despite repeated treatments with different thiamine batches (pers. 
comm. with the site manager). This indicates either that some other process involved in M74 was 
the main contributor and could not be compensated by addition of thiamine, or that something 
else was going on besides the M74 problem.  

Environmental pollution. Exposure to hydroxylated polybrominated diphenyl ethers, dioxin-
like substances that are produced by some algae, may lead to blocking of thiamine, preventing 
it from acting as a co-enzyme and disturbing the metabolic steps where thiamine is essential 
(Lillemor Asplund, ACES, Stockholm university, pers. comm.). Changes in gene expression in 
fry with M74 have also been studied, showing differences depending on rate of symptom devel-
opment (Vuori et al, 2006).  
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Thus, even though thiamine deficiency in adults and M74 smitten fry can relatively easily be 
treated with thiamine, the syndrome needs further attention to elucidate the cause and mecha-
nisms involved. 

How to move forward – what is planned and suggestions for further studies 

• Additional biomarker analyses for oxidative injuries and gene expression of enzymes in-
volved in thyroid hormone metabolim will be performed at Gothenburg University. An 
in-depth metabolomic study including the pathologic and histopathologic data was 
planned for spring 2019. This may identify more factors involved and explain the meta-
bolic differences between the river systems. Study results are to be published in interna-
tional journals.  

• A research team at Stockholm University has received funding to perform analyses for 
hydroxylated poly brominated diphenyl ethers (PBDEs) in material (muscle, liver, blood) 
stored from the 2018 samplings. These compounds are similar to dioxins, but naturally 
produced by red algae, for example, during blooms. The substances can affect the thyroid 
gland and cause a relative thiamine deficiency – i.e. the animal is not deficient in thiamine 
but the use of thiamine within cells is blocked. Considering the findings in the Tornio 
river, this is an interesting track.  

• SLU has received funding to look further into environmental factors potentially involved 
in M74. These studies will also be based on material stored from 2018. Thus, two more 
studies will be able to generate data from the fish sampled in 2018, giving more clues 
about the cause of the problem. 

• Because fungal infections are the common end stage of infection and sometimes the only 
sign present, SVA has worked on Saprolegnia spp., Saprolegnia parasitica and Saprolegnia 
diclina qPCRs during 2018. However, there is a mis-match between the published method 
and the reference strains that were acquired to validate the PCRs. Further work will in-
vestigate whether the method is flawed or if the reference strains are inappropriate. 
qPCRs for Saprolegnia could be important to look for differences in pathogenicity, in the 
event more pathogenic strains have emerged; or to consider whether climate change is 
causing a higher prevalence due to prolonged optimal water temperatures during the 
autumn.  

Suggestions:  

• Investigate the flow of thiamine and astaxanthin through the food web of the Baltic Sea, 
in correlation with factors affecting the microorganisms that produce the vitamin. 

• Data modelling for changes in sea ecology (e.g. inflow of saline water from Skager-
rak/Kattegat, temporospatial studies of algal blooms vs. feeding grounds may be in-
formative. 

• Modelling of climate data like river water temperatures and water flow in the river sys-
tems (affected and unaffected by disease) over decades could give insight into how the 
effects of climate change are already affecting the ecology in the rivers (migration, dis-
ease, fungus etc.). 

• Potential presence of herpesvirus and iridovirus in the salmon population, as indicated 
by the samplings in 2016, should be investigated. 

• A monitoring program should be developed to integrate salmon in wild fish monitoring, 
based on the factors already identified, with addition or withdrawal of factors as new 
data is available. 

• Isotope analyses of tissues from returning salmon could be used to see if there are differ-
ences in feed and feeding grounds. This could give clues as to why some river systems 
are more affected by disease, and why grilse are largely unaffected -– is this because they 
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don’t migrate as far as the MSW fish or just because they have not been exposed as much 
to the factors causing disease?    
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4.7 Identify strategies to prevent further spread of ostreid 
herpesvirus OsHV-1 within the ICES region and mitigate 
impacts where it occurs (ToR g) 

Emerging pathogens represent one of the most significant threats to the growth and sustainabil-
ity of aquaculture industries worldwide. In the realm of mollusc aquaculture, there is a long 
history of emerging diseases devastating shellfish populations, with effects often altering eco-
systems, sometimes permanently. In eastern oysters, for example, the emergence of Haplosporid-
ium nelsoni in the 1950s and intensification of perkinsosis caused by Perkinsus marinus along the 
Atlantic coast of North America in the 1980s effectively abolished a century-old extensive aqua-
culture industry that had existed in the Chesapeake Bay, and contributed to a permanent shift in 
that system from benthic- to pelagic-dominated in production. In Europe, emergence of an iri-
dovirus disease in the Portuguese oyster in the 1960s drove that species to commercial extinction, 
and was closely followed by catastrophic disease outbreaks caused by Marteilia refringens and 
Bonamia ostreae that crippled flat oyster industries. These events provided the impetus for the 
massive introduction to Europe of Pacific oyster Crassostrea gigas from Asia, with far reaching 
effects for the European shellfish aquaculture industry and coastal ecosystems more generally.  

More recently, a “microvar” variant of the ostreid herpesvirus OsHV-1 emerged in France in 
2008 to cause sharply elevated disease and mortality in cultured Pacific oysters. This emergence 
was subsequently followed by damaging outbreaks caused by other OsHV-1 microvariants in 
cultured Pacific oysters in New Zealand and Australia beginning in 2010. In Europe, the virus 
was quickly recognized as distinct from existing European strains, and as a “necessary cause” of 
the mortality, yet it was not adequately controlled and rapidly spread through most European 
Pacific oyster growing areas. Part of reason for this was conflation of vibriosis caused by Vibrio 
splendidus, Vibrio aestuarianus, or other species as inherent to this “syndrome”, which challenged 
construction of a clear case definition for the disease; coming to terms with the diversity of Vibrio 
pathogens affecting shellfish and their contributions to disease, in Europe as well as in North 
America, Australia and elsewhere, in fact remains a challenge and the focus of intensive study. 

Our collective experience as a community of aquatic animal health scientists and professionals 
with the OsHV-1 microvariant emergence in particular raises questions about our preparedness 
to manage emerging disease threats. The challenges we have faced with viral as well as bacterial 
detection and characterisation, and in understanding the contributions of these pathogens to dis-
ease and their broader ecology, highlight the challenges we face in dealing with viral and bacte-
rial pathogens in particular, as a mollusc health community that to a significant extent has his-
torically concerned itself with protozoan parasites. There is an urgency to our becoming better 
prepared and meeting these challenges. Aquaculture is growing rapidly in the ICES region and 
elsewhere, and marine aquaculture will contribute increasingly and essent tially to food and nu-
tritional security of growing human populations in the coming years. Bivalve mollusc aquacul-
ture is a particularly important element of this given its low carbon footprint and sustainability. 
More immediately, we must recognize that today there are important Pacific oyster production 
areas as yet unchallenged by the emergent OsHV-1 microvariants, notably in the Americas, and 
that for these populations and production areas these emerging viruses represent a grave con-
temporary threat.  

With this context in mind, we convened an ICES Workshop on Emerging Mollusc Pathogens on 
6-7 June 2019, in Copenhagen and with sixteen participants from Denmark, France, Germany, 
Iceland, Ireland, Norway, Spain, the USA, New Zealand, Australia, and the World Organisation 
for Animal Health (OIE), to address fundamental questions in two broad areas. First, with regard 
to capabilities, do we have the expertise we need, in the right places with regard to our national and 
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international aquatic animal health management infrastructures, to effectively detect and manage emerg-
ing mollusc pathogens (EMOPs)? What is this expertise, especially with regard to viral and bacte-
rial pathogens? What are essential tools, platforms, and capabilities do we need to have at our 
disposal? Do we need other tools, platforms, and capabilities to understand these pathogens? 
What questions do we need to be prepared to ask in terms of advancing essential science to in-
form management? And second, with regard to communication, is communication adequate within 
the pathology community? Is it adequate among the pathology community, regulators and policy makers, 
and the private sector? Is it adequate between academic and research institutions and national veterinary 
labs? Where, and how, do we fall short? How might this be improved? What would a framework 
for improved future response to EMOPs look like?  

Our goal was to identify areas warranting investment and support, development and improve-
ment as we consider managing emerging diseases against the backdrop of growing shellfish aq-
uaculture industries; and to articulate compelling justification for ICES member countries and 
others to direct resources to these areas as appropriate, for more effective management of shell-
fish health moving forward. A proximate motivation behind this workshop was the US concern 
about emerging mollusc pathogens, specifically the OsHV-1 microvariants, that could adversely 
affect US shellfish aquaculture production; this is reflected in the financial support for the work-
shop, which was provided by the US Department of State and National Oceanographic and At-
mospheric Administration (NOAA). Uncovering what we might learn from the decade of expe-
rience with OsHV-1 microvariants in Europe, New Zealand, and Australia with regard to pre-
venting introduction to new areas, and effectively mitigating effects where the virus does oc-
cur—what has worked, what has not—is a keen North American interest. It is also an important 
objective of broader ICES Working Group of Pathology and Diseases of Marine Organisms 
(WGPDMO) activities under which the WKEMOP resides. More broadly, however, we recognize 
a need to prepare to detect and manage emerging mollusc pathogens from whichever taxon they 
emerge, as history has shown they inevitably will.  

Results of the WKEMOP are fully described in a workshop report, soon to be released. Some key 
elements are presented here. Thirty-six priority considerations were identified that spanned four 
broad areas: improving communication and frameworks, essential infrastructure and expertise, 
key research priorities, and the central role of husbandry in shellfish aquaculture health man-
agement. Improving communication within and across all levels was recognized as the greatest 
need: within and between industry, the pathology and scientific community, and regulators and 
competent authorities, across regions and nations. Better coordinating efforts, improving data 
sharing, and working to increase trust on the part of industry to create buy-in and improve re-
porting were among identified priorities. It was emphasized with regard to emerging pathogens 
such as OsHV-1 microvariants in particular that regulatory frameworks should be flexible, given 
the at times urgent need to act with often incomplete information. 

With regard to essential infrastructure and expertise the workshop emphasized the continued 
relevance and importance of conventional platforms and applications, including histopathology, 
electron microscopy, bacteriology and virology, which remain foundational to disease diagnos-
tics and aquaculture health management of molluscs and other species. There should be a com-
mitted focus to broaden expertise in these areas, which has eroded with the retirement of senior 
scientists in these fields. Molecular diagnostics and the application of next-generation DNA se-
quencing technologies, along with proteomic, metabolomic and other approaches, represent 
powerful tools that will find increasing application in aquatic animal health. However, they all 
have their limitations, and should be applied with a clear view of the purposes and environmen-
tal contexts to which they are best suited, with robust validation to substantiate this perspective. 
Maintain laboratory capacity is also important, with regard not just to technologies available but 
also to distribution: while it is important to have well resourced national and, in the case of the 
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European Union, pan-national laboratories, there is value in maintaining a constellation of re-
gional governmental and academic laboratories, which can be closer and more intimately en-
gaged with aquaculture production in local areas, and familiar with local ecological and ocean-
ographic systems. 

Other areas of infrastructure and expertise viewed as important included disease challenge mod-
els and facilities, which are essential to testing hypotheses concerning the pathobiology and ecol-
ogy of disease systems, including those emerging from genetic analyses and surveillance; and 
expertise in epidemiology, which is limited with regard to marine diseases in particular. 

Discussion of key research priorities highlighted the great value of long-term studies for under-
standing what is normal or “typical” with regard to infection patterns; for appreciating the tra-
jectories of host-pathogen systems, including evolutionary dynamics such as resistance and tol-
erance evolution and virulence evolution that that would be relevant for management ap-
proaches; and for understanding the gradual effects of changing marine and aquatic systems. 
The importance of improving ecological and evolutionary perspective in general was empha-
sized, as was the need to develop strategies for continuously monitoring and characterising the 
diversity of potential pathogens, including the new variants of known pathogens. Establishment 
of molluscan cell lines for viral work in particular would be a particularly valuable tool for diag-
nostics and research. 

Aquatic animal husbandry in the broadest sense, from breeding to maintenance of cultured ani-
mal populations and the entire production cycle, offers myriad opportunities to effect control of 
pathogens to maintain a high level of biosecurity. Understanding the intersections of disease 
with aquaculture production for different host-pathogen systems is requires a research invest-
ment in this area as well, but focused investment would also be required to advance some of the 
strategies for aquaculture health management that would likely emerge, which could include 
selective breeding and ploidy manipulation as widely practiced in oyster industries. 

Finally, funding was recognised as presenting a continuing challenge. That funding for surveil-
lance and research in aquatic animal health is limited is obvious to everyone. It is also the case 
that there is not always a good fit match between donors and funding agencies and priorities 
from the perspective of industry and health management. Competitions for research grants, for 
example, will typically be decided based on intellectual merit and scientific innovation. Propos-
ing basic surveillance, despite its immense value in providing perspective on known and poten-
tially emerging pathogens, would not necessarily be competitive in this light. There is a substan-
tial amount of practical aquaculture health-related science, in fact, that would be outside the 
realm of what reasonably might be supported through competitive grant funding in North 
America, Europe and elsewhere. Identifying other mechanisms besides competitive grants to 
support activities like targeted surveillance is essential if we are to close the gaps that exist in our 
understanding of pathogen distributions (not to mention biology, ecology and other areas) and 
to maintain adequate vigilance with regard to emerging pathogens. A second and related point 
is that timelines for funding are often inappropriate. Sustained, long-term funding would have 
many advantages over short-term, 1-3 year grants that are far too common. This would perhaps 
most obviously be the case with regard to selective breeding for disease resistance, which neces-
sarily would span multiple animal generations, but it applies to surveillance and ecological and 
evolutionary research on marine diseases as well. 

While focused initially on the pathology community, the WKEMOP dialogue will be expanded 
in coming months to incorporate perspective from industry and the regulatory community. 
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4.8 Complete assessment and refine application of the Fish 
Disease Index (ToR h) 

Results of assessment of the FDI will be reviewed, and data harmonisation and quality assurance 
will be addressed as refined guidelines are produced for FDI application.  
 

4.9 Provide expert knowledge and management advice on 
fish and shellfish diseases if requested, and related 
data to the ICES Data Centre (ToR i) 

There have been no such requests in the present cycle. 
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5 Revisions to the work plan and justification  

New term of reference (ToR j): Synthesis of the current and future biosecurity and ecological 
implications of cleaner fish use for sea lice control in salmon aquaculture 

It is widely acknowledged that mitigation of sea lice infections on farmed salmon is challenged 
by the widespread emergence of resistance to most classes of chemotherapeutants. Cleaner fish, 
including wrasses (Ctenolabrus rupestris, Symphodus melops, Labrus bergylta) and lumpfish (Cy-
clopterus lumpus), are used in several ICES member countries as part of integrated pest manage-
ment strategies for sea lice control. The WGPDMO recognizes a growing body of scientific 
knowledge related to the use of cleaner fish. The purpose of this document is to summarize the 
available knowledge concerning the infectious agents and diseases reported from cleaner fish, to 
identify the ecological and biosecurity implications of cleaner fish use in salmon aquaculture. 
Knowledge gaps will be identified and recommendations made concerning mitigation of biose-
curity concerns related to use of cleaner fish. Work on this new ToR j will be conducted in Years 
2 and 3 of the present cycle, with a peer-reviewed journal publication anticipated in 2021. 
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6 Next meetings  

2020: Reykjavik, Iceland, 4-7 February 

2021: To be determined 
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Annex 2: Resolutions 

Working Group on Pathology and Diseases of Marine Organisms (WGPDMO) 

2018/MA2/ASG03 The Working Group on Pathology and Diseases of Marine Organisms 
(WGPDMO), chaired by Ryan Carnegie, USA, will work on ToRs and generate deliverables as 
listed in the Table below. 

 
MEETING 

DATES VENUE REPORTING DETAILS 
COMMENTS (CHANGE IN 

CHAIR, ETC.) 

Year 2019 5–9 
February 

Copenhagen, 
Denmark 

Interim report by 1 April  

Year 2020 5-7 February Reykjavik, 
Iceland 

Interim report by 17 
February  

 

Year 2021 TBD TBD Final report by 1 April to 
ACOM and SCICOM 

Election of new chair 

 

ToR descriptors 

TOR 
DESCRIPTION 

 
BACKGROUND 

 SCIENCE PLAN CODES DURATION 

EXPECTED 
DELIVERABLES 

 

a Summarize new and 
emerging disease 
trends in wild and 
cultured fish, 
molluscs and 
crustaceans based on 
national reports  

New disease conditions and 
trends in diseases of wild and 
cultured marine organisms will 
be reviewed. This is an annual, 
ongoing ToR for WGPDMO and 
will provide information for 
ToRs b-i 

5.6 3 years Summary in 
annual reports 

b Deliver leaflets on 
pathology and 
diseases of marine 
organisms 

A number of ICES publications 
currently in preparation will be 
reviewed by WGPDMO. This is 
an ongoing, annual ToR 

5.6 3 Years Publication in 
ICES 
Identification 
Leaflets for 
Diseases and 
Parasites of Fish 
and Shellfish  

c Synthesize 
information on the 
spread and impact of 
Bonamia ostreae in flat 
oysters in the ICES 
area 

Bonamia ostreae is a major 
pathogen of European flat 
oysters that has expanded its 
range in recent years. The 
present distribution, recent 
trends in parasite prevalence 
and infection intensity, and the 
effectiveness of contemporary 
management strategies will be 
summarized, with perspective 
on the related species Bonamia 
exitiosa, recently documented in 
oysters from some ICES 
member countries. This is a 
continuing ToR from the 
previous cycle 

2.1, 5.6 2 Years Publication in 
the peer-
reviewed 
literature 

http://ices.dk/explore-us/Documents/Resolutions/Science%20Plan%202018%20codes.pdf


32 | ICES SCIENTIFIC REPORTS 1:62 | ICES 
 

 

d Summarise the role of 
Vibrio pathogens 
contributing to 
mortalities in shellfish 
aquaculture and to 
seafood-associated 
disease risks in 
humans 

Vibrio bacteria have long been 
associated with larval 
production problems in shellfish 
hatcheries, but the potential 
impacts of vibriosis in sub-
market and market-sized Pacific 
oysters in European production 
areas has become an important 
emerging concern. Likewise, 
concerm about Vibrio risks to 
human consumers has also 
grown. This ToR will synthesize 
the current knowledge on Vibrio 
highlight critical gaps in our 
understanding of these species. 
This is a continuing ToR from 
the previous cycle 

2.1, 5.6, 5.8 3 Years Peer-reviewed 
journal article 

e Synthesize 
perspective on 
complex gill disease 
(CGD) in salmon and 
identify strategies for 
mitigation  

Complex gill disease (CGD) is 
an emergent, economically 
important health issue that 
limits productivity in salmon 
aquaculture. CGD is believed to 
results from a complex 
interaction of environmental, 
host and infectious factors. The 
performance and survival of 
affected fish is influenced by the 
severity of the gill lesions. 
Environmental factors 
associated with CGD include 
exposure to harmful algae, 
jellyfish, low dissolved oxygen 
and elevated water 
temperatures. Relevant 
infectious agents include 
Atlantic salmon paramyxovirus, 
salmonid gill poxvirus, 
Candidatus Piscichlamydia 
salmonis and the microsporidian 
Desmozoon lepeophtherii. This 
ToR will describe the causes and 
consequences of CGD in salmon 
aquaculture in ICES member 
countries and identify 
mitigation strategies in the 
context of climate change 

5.6, 6.1 3 Years Peer-reviewed 
journal article 

f Integrate perspective 
on emerging health 
issues affecting wild 
salmon populations 
of Baltic member 
countries 

National reporting in recent 
years has revealed an array of 
disease concerns in Baltic 
salmon populations, with 
elevated mortality being widely 
reported. Determining 
similarities and differences in 
patterns of disease and 
mortality and gaining insight 
into potential aetiological factors 
is urgent for effective 
management of salmon health 
in the region. This ToR will 

5.6, 6.1 3 Years Peer-reviewed 
journal article 
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involve coordination among 
representatives of member 
countries around the Baltic to 
consolidate information 
concerning Baltic salmon health 
problems and identify strategies 
for better understanding and 
mitigating them   

g Identify strategies to 
prevent further 
spread of ostreid 
herpesvirus OsHV-1 
within the ICES 
region and mitigate 
impacts where it 
occurs 

The emergence of ‘microvar’ 
variants of the ostreid 
herpesvirus OsHV-1, which 
have caused significant Pacific 
oyster mortality from Europe to 
Australia and New Zealand, is 
the most significant mollusc 
disease development in decades. 
Preventing further spread of 
these pathogens and mitigating 
damage in affected areas are 
twin challenges of OsHV-1 
management today. This ToR 
will aim to identify strategies to 
prevent OsHV-1 microvariant 
dispersal to North American 
member countries, presently 
free of the microvars, and to 
maintain commercial 
production should an epizootic 
emerge. It will also more 
broadly consider the OsHV-1 
microvar emergence as a case 
study in response to emerging 
viral and bacterial pathogens, to 
identify general strategies for 
future responses and potential 
pitfalls with regard to their 
application 

5.6, 6.1 3 Years ICES Journal of 
Marine Science 
article 

h Complete assessment  
and refine application 
of the Fish Disease 
Index (FDI)  

Results of assessment of the FDI 
will be reviewed, and data 
harmonisation and quality 
assurance will be addressed as 
refined guidelines are produced 
for FDI application  

5.6 3 Years Publication in 
final WGPDMO 
report 

i Provide expert 
knowledge and 
management advice 
on fish and shellfish 
diseases, if requested, 
and related data to 
the ICES Data Centre 

This is an annual ToR in 
compliance with a requests from 
the ICES Data Centre 

5.6, 6.1 3 Years Ad hoc reports 

 

Summary of the Work Plan  
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Year 1 

Three terms of reference (a, b and i) are annual tasks and form a core part of WGPDMO 
activities. New fish and shellfish disease leaflets will also be prepared under ToR b in each 
of the three years. A working draft concerning Bonamia ostreae in flat oysters (ToR c) will 
be developed, and work will commence on synthesis related to Vibrio pathogens in 
shellfish, complex gill disease in salmon, Baltic salmon health, and OsHV-1 in oysters 
(ToRs d-g). Results of the Fish Disease Index assessment will be reviewed (ToR h). 

Year 2 A final draft manuscript on B. ostreae (ToR c) will be produced and discussed. A 
Workshop on Emerging Mollusc Pathogens (WKEMOP) including OsHV-1 (ToR g) will be 
conducted with a draft report produced for discussion. Terms of reference d-f will be 
developed as working draft manuscripts. 

Year 3 Final draft reports on B. ostreae (ToR c), Vibrio pathogens (ToR d), complex gill disease 
(ToR e), Baltic salmon health (ToR f), OsHV-1 and emerging mollusc pathogens (ToR g), 
and the Fish Disease Index (ToR h) will be produced and discussed. 

Supporting information 

Priority The current activities of this Group will provide key perspective on disease 
impacts on fisheries and aquaculture, and on potential avenues for mitigation to 
promote sustainable industries. It will lead ICES into new areas of consideration 
with regard to aquaculture-environment interactions. Consequently, these 
activities are considered to have a very high priority. 

Resource requirements The research programmes which provide the main input to this group are 
already underway, and resources are already committed. The additional 
resource required to undertake additional activities in the framework of this 
group is negligible. 

Participants The Group is normally attended by some 10–15 members and guests. 

Secretariat facilities None. 

Financial No financial implications. 

Linkages to ACOM and 
groups under ACOM 

ACOM/ SCICOM group 

Linkages to other 
committees or groups 

There are clear linkages to the groups of ASG, WGSEDA and WGAGFA, that we 
will seek to develop.  

Linkages to other 
organizations 

OSPAR, HELCOM, EAFP, OIE 
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Annex 3: Common and scientific names of host 
species in the report 

char, Arctic Salvelinus alpinus 

clam, hard  Mercenaria mercenaria 

cockle   Cerastoderma edule 

cod, Atlantic Gadus morhua 

cod, Baltic Gadus morhua  

crab, velvet Neocora puber 

dab, common  Limanda limanda 

eel, European  Anguilla anguilla 

flounder, European Platichthys flesus 

halibut Hippoglossus hippoglossus 

haddock Melanogrammus aeglefinus 

lumpfish (lumpsucker) Cyclopterus lumpus 

mussel, blue  Mytilus edulis 

oyster, eastern  Crassostrea virginica 

oyster, European flat Ostrea edulis 

oyster, Kumamoto Crassostrea sikamea 

oyster, Pacific  Crassostrea gigas 

oyster, Portuguese Crassostrea angulata 

pen shell, noble Pinna nobilis 

salmon, Atlantic Salmo salar 

salmon, chinook Oncorhynchus tshawytscha 

salmon, coho Oncorhynchus kisutch 

salmon, chum  Oncorhynchus keta 

salmon, pink  Oncorhynchus gorbuscha 

salmon, sockeye Oncorhynchus nerka 

trout, brown  Salmo trutta 

trout, rainbow  Oncorhynchus mykiss 

trout, sea  Oncorhynchus mykiss 

turbot Scophthalmus maximus 

whitefish  Coregonus sp. 
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