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KN-1 

Recent advance in salmon louse research 

Frank Nilsen 

Sea Lice Research Centre, Department of Biology, University of Bergen, Norway 

Lepeophtheirus salmonis, the salmon louse is a long known parasite on salmonids and was 
described by Krøyer in 1837. The salmon louse has been recorded on returning salmonids 
and in river fisheries it was regarded as a sign of quality when the salmon contained sea lice, 
indicating recent river entrance. Salmon lice have been found on farmed Atlantic salmon 
since the early days in the farming history but it was not regarded as a significant problem in 
the beginning. However, during the last several decades salmon louse has turned into an 
important challenge for the salmon farming industry. The main strategy for control has been 
by the use of medical treatment. One of the main concerns in Norway has been release of 
large number of lice larvae that potentially can infect wild salmonids and reduce fitness for 
the wild stocks. This has resulted in strict regulation of salmon louse intensity on farmed fish 
with a set of law enforced rules for monitoring and treatment in farms. Recently, the 
Norwegian authorities have established a system where lice impact on wild salmonids will be 
used to regulate the salmon farming industry.  

The economic and environmental importance of salmon louse have resulted in significant 
research efforts but still many aspects of salmon louse biology is not well studied. An 
example is the recent revision of the L. salmonis life cycle where the number of instars was 
reduced from 10 to 8. The present contribution will highlight some of the results obtained on 
louse biology from Sea Lice Research Centre during the last 6 years. In addition, status of sea 
lice control in Norway together with some relevant issues for regulation will be presented in 
the introduction.  
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KN-2 

Targeting fish vaccination 

Wiegertjes GF1 

1Wageningen University and Research, The Netherlands 

TargetFish, a large collaborative project funded by the EC will close (most of) its books on 
the 1st October 2017. Five years ago a total of 30 partners targeted their collaboration at 
improving fish vaccination strategies to help prevent important diseases in the European 
aquaculture industry; and with some success! Characteristic of this large multidisciplinary 
consortium has not only been the free exchange of scientific information but also the close 
and friendly cooperation between research groups (RTD) and enterprises (SME), both 
represented equally in TargetFish. This collaborative approach has helped to achieve science-
oriented objectives aiming at the identification of new antigens and/or adjuvants for systemic 
and mucosal routes of vaccine administration, protective immune mechanisms and 
development of (immune) response assays suitable for monitoring vaccine efficacy and 
safety, including issues associated with DNA vaccines. Not least, the collaborative approach 
has also helped to achieve more practical objectives aiming at the implementation of 
prototype vaccines. During this keynote address I will explain the background knowledge 
that made us formulate the objectives central to TargetFish and highlight some of the 
foreground knowledge produced within the TargetFish project. I will do so by briefly 
discussing our successes and even more briefly discussing our failures, supplemented with 
sideground knowledge that influenced the choices we made during the five year project 
period as well as the postground knowledge we expect will soon emerge from TargetFish. 

Funding of presentation: 
TargetFish is a large collaborative project funded by the European Commission under the 7th 
Framework Programme for Research and Technological Development (FP7) of the European 
Union (Grant Agreement 311993). 
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KN-3 

Situation of European mollusc production regarding diseases 

Isabelle Arzul 

Ifremer, SG2M-LGPMM, EURL for Mollusc Diseases, La Tremblade, France  

The European shellfish production is a promising and dynamic sector which mainly relies on 
the industrially produced mussels, cupped oysters and clams. Its growth has unfortunately been 
hindered over the recent years by mortality events, linked to pathogen organisms.  

Surveillance of mollusc diseases in Europe includes active surveillance of regulated pathogens 
and non-regulated pathogens such as the herpesvirus OsHV-1-µvar or the protozoan parasite 
Perkinsus olseni and passive surveillance based on abnormal mortality reports. However, 
mortality reporting relies on the good will of producers/fishermen and mostly concerns the 
Pacific cupped oyster Crassostrea gigas, and, in a lesser concern, mussels and clams. Very 
occasionally mortality is reported on other less accessible species including scallops Pecten 
maximus or flat oyster Ostrea edulis. 

In few countries, surveillance programmes are carried out to achieve and maintain free status 
regarding infection with Bonamia ostreae, Marteilia refringens or OsHV-1. This surveillance 
effort sometimes contributes to detect pathogens in previously free locations.  

Since these last years, implemented surveillance programmes have allowed better defining the 
geographic distribution of some mollusc pathogens. This is the case of B. exitiosa, a protozoan 
parasite previously considered exotic to Europe and which has been detected in different 
European countries since 2008. Moreover, these different active and passive surveillance 
programmes have contributed to characterize new pathogens. For example, the protozoan 
parasite Marteilia cochillia has been detected in association with mortality of cockles and in 
the context of wild population monitoring in Spain. Parasites of the genus Mikrocytos have 
recently been observed in the context of mortality events affecting different mollusc species 
including Donax trunculus in France, Ruditapes philippinarum in Spain and The Netherlands 
or Crassostrea gigas in United Kingdom. 

Transfer of animals and depuration centers seem to contribute to the spread of mollusc 
pathogens. However, the source of these apparently new pathogens is often difficult to identify. 
These examples question the means to prevent and mitigate mollusc diseases in a production 
which generally takes place in open areas and in the context of which treatment and vaccination 
is not conceivable. 
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KN-4 

The major diseases of European eel in Europe in the last 30 years 

Olga Haenen 

National Reference Laboratory of Fish, Crustacean and Shellfish Diseases, Wageningen 
Bioveterinary Research of Wageningen UR, Lelystad, The Netherlands  

The decline of the populations of European eel (Anguilla anguilla) and other eel species has 
led to a hypothesis about global causative factors, as pollution, habitat loss, fisheries, 
migration barriers, predation by birds, and diseases. In this presentation, an overview will be 
given on the predominant parasitic, bacterial and viral diseases of wild and cultured eel in the 
last 30 years in Europe, their combinations and possible effect. 

Wild eels have parasites, and mostly the infection is in balance to save both the eel and the 
parasite. Start of the 1980s, the swimbladder parasitic nematode Anguillicoloides crassus was 
introduced into wild European eel in W-Europe through imports by air. It caused acute and 
severe swimbladder lesions in eel populations with secondary bacterial infections. The 
swimbladder lesions became milder in time. The parasite rapidly spread over Europe and 
further. In 1993, the parasitofauna of wild inland Dutch European eel consisted of at least 10 
exo- and endo-parasite species. Wild spawners (silver eels, A.anguilla) in Dutch inland 
waters showed a proper condition, but frequent infections with Trypanosoma spp. (blood 
parasite), A. crassus, and/or the virus AngHV-1 (HVA), depending on the season. This stress 
induced herpesvirus was detected in the Netherlands since 1998, and all over Europe since, 
and may cause eel mortality. AngHV-1 was the most frequently found virus in wild eel, apart 
from the rhabdovirus EVEX (Eel Virus European X). The third important eel virus in Europe 
is the IPNV related bi-RNA virus Eel virus European EVE, which was mainly detected at eel 
farms in disease cases. Regarding bacteria, Pseudomonas anguilliseptica caused mortalities 
during transport of caught glass eel from SW Europe to eel farms. Edwardsiella tarda caused 
systemic inflammations and death in rare cases. Vibrio anguillarum and V. vulnificus caused 
full sepsis and mortality in eel in brackish and marine waters.  

Eel culture still fully depends on wild caught eels. Until the 1990s, wild A. crassus infected 
freshwater eels were used to stock eel farms. Since then, non-pigmented, A. crassus free glass 
eels (elvers) were used to stock, which resulted in A. crassus free eel farms. At arrival in eel 
culture, glass eels may suffer a Pseud. ang. infection and be infected with AngHV-1 or 
EVEX mainly. Farmed juveniles may be infected with various skin and gill parasites, and 
predominantly AngHV-1, EVE, and/or EVEX related to disease outbreaks. Sometimes these 
are combined with bacteria, such as Edw. tarda, Vibrio vuln., or V. ang. The first two bacteria 
may also be zoonotic (harmful to humans).  

A number of pathogens have shown potential to severely hamper the health of eels. Wild and 
farmed eels are connected via glass eel catches, and by restocking juvenile eels into the wild. 
Quality of the eel population across Europe should be monitored (ICES, 2014), and risks of 
disease transmission managed. A. crassus has been shown to negatively affect at least the 
fitness and stress tolerance of eels, and a negative effect of on eel silvering was hypothesized. 
AngHV-1 disease is induced by stress. Is disease an important global causative factor for the 
eel decline? In this lecture, facts to assist in formulating an answer are presented. 
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001-O 

Correlates of vaccine protection for finfish 

Munangandu H1, Evensen Ø1 

1Norwegian University of Life Sciences, Oslo, Norway 

Vaccination is one of the most effective disease controls strategies that has contributed to the 
significant reduction of disease outbreaks and antibiotics use in aquaculture. Despite so, 
production of most fish vaccines requires optimization given their inability to eliminate 
current diseases ravaging the aquaculture industry. To date, licensure of most fish vaccines is 
not based on established correlates of protective immunity as has been done for most 
mammalian vaccines. Moreover, the immunological mechanisms of vaccine protection have 
not been clearly established for most fish vaccines. It is not known whether vaccine induced 
immune responses prevent pathogen adherence on mucosal surfaces, prevent pathogen 
penetration into mucosal organs, replication in primary replication sites, or prevents 
pathology in target organs. In the absence of such information, it is difficult to produce 
optimal vaccines able to eliminate diseases infecting different fish species used in 
aquaculture. Hence, herein we provide an overview of the different steps required to develop 
optimal vaccines for use in aquaculture. We highlight the importance of optimizing challenge 
models used for testing the efficacy of different vaccines. We also bring into perspective the 
importance of determining the immunological mechanisms of vaccine protection as an 
overture to developing immune correlates of vaccine protection. Based on studies carried out 
this far, it is evident that antibodies are by far the most reliable correlates of protective 
immunity. However, growing evidence shows that antigen dose in vaccine production can be 
optimized to serve as a correlate of protection of which all antigen doses below the cutoff 
limit that correlates with protection can be considered as suboptimal while those above will 
be considered as protective. Overall, we anticipate that data presented herein shall stimulate 
fish vaccinologist to develop biological markers that would serve as correlates of protective 
immunity for use as benchmarks upon which the licensure of commercial vaccines can be 
used in aquaculture. 

Funding of presentation: 
European Fish farming project, grant agreement 311993. 
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002-O 

Protection in salmon against SPDV following DNA vaccination: Immune response and 
individual fish monitoring 

Collins C1, Lester K1, Del Pozo J2, Collet B1 

1Marine Scotland, Aberdeen, UK, 2The Royal (Dick) School of Veterinary Studies and The 
Roslin Institute, Edinburgh, UK 

Introduction: A DNA vaccine was developed against Salmon Pancreatic Disease Virus 
(SPDV) and its efficacy tested in a laboratory environment.  Additionally, a non-lethal 
approach to sampling was tested for its ability to monitor host response.   

Methodology: The vaccine was initially administered intramuscularly to salmon par and host 
immune response analysed by QPCR at injection site. Subsequently salmon parr were 
vaccinated and challenged by immersion 7 weeks post vaccination at the sea water smolt 
stage.   

Blood samples were taken from individual pit-tagged fish in vaccinated and placebo groups 
at four day intervals over the 4 weeks course of infection.  Interferon related gene expression, 
antibody presence and viraemia were measured in blood of individual fish at each time point, 
using QPCR and a luciferase based reporter cell line for the latter two analyses respectively. 
Viral load and histopathology was assessed in heart and muscle at termination.   

Results: Intramuscular vaccination of non-challenged salmon parr was seen to induce 
expression of mx, γip and cd8 cell markers at the site of injection, at early time points post 
administration.  Production of specific antibodies to the vaccine was not observed.   

In vaccinated and challenged fish viraemia, viral load in muscle/heart, and pathology were 
suppressed.  No clear antibody response was observed in the vaccinated group compared to 
placebo, indicating that antibody was not responsible for viraemia suppression.  The kinetics 
of viraemia and mx gene expression in individual fish in the placebo group highlighted the 
existence of early and late responders. Kinetics for viraemia and mx expression followed 
similar patterns within individuals.   

Conclusion: Intramuscular DNA vaccination against SPDV proved highly effective, within 
the timings of the experiment, and there are indications that a cell based rather than humoral 
response may be responsible for protection. The data also demonstrated that non-lethal 
sampling of individuals, and from multiple time points over the course of treatment/infection, 
can reveal patterns in host response which may increase or improve the range of potential 
correlates or selection criteria, for a desired outcome. Such patterns are masked when 
sampling different fish at each time point, or relying only on a terminal sampling point.  

Funding of presentation: 
EU FP7 TargetFish. 
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003-O 

An IFN-inducible DNA vaccine against Viral Haemorrhagic Septicaemia in rainbow 
trout: evaluation of safety and immune protection profile 

Sepúlveda D1, Lorenzen E2, Rasmussen J2, Einer-Jensen K3, Collet B4, Secombes C5, 
Lorenzen N2 

1National Veterinary Institute, Technical University of Denmark, Copenhagen, Denmark, 
2Department of Animal Science, Aarhus University, Foulum, Denmark, 3Qiagen, Aarhus, 
Denmark, 4Marine Scotland Science, Aberdeen, UK, 5University of Aberdeen, Aberdeen, UK 

Introduction: Application of DNA vaccines against Viral Haemorrhagic Septicemia (VHS) 
has shown to be highly protective as a prophylactic measure in rainbow trout. Previous 
studies have defined that the immune protection induced by this vaccine could be divided into 
three phases according to the antiviral mechanism involved: the early, the specific, and the 
long-term antiviral response. 

Attempts to improve the efficacy and safety of DNA vaccines against fish diseases have 
mainly focused on regulatory elements of plasmid vectors, due to their important role 
controlling expression level of vaccine antigens. In this work, we performed in vitro and in 
vivo analysis to compare a DNA vaccine with an Interferon-inducible fish derived promoter 
(Mx) with the traditional DNA vaccine with a Cytomegalovirus promoter (CMV). 

Methodology: For the in vitro analysis, fluorescence microscopy was used to evaluate the 
expression level of the transgene in human and fish cell lines transfected with DNA vaccine 
vectors encoding EGFP. For the in vivo analysis, infection trials were performed at 2, 8, and 
78 weeks post-vaccination with fish vaccinated with the DNA vaccine constructs encoding 
the viral glycoprotein (G), to evaluate each of the three protective phases. 

Results and Conclusions: The in vitro analysis showed that the IFN-inducible DNA vaccine 
upon transfection was able to mediate expression of EGFP only in fish cell lines, and at 
increased levels in the presence poly I:C, an Interferon inducer. In contrast to this, the DNA 
vaccine with the CMV promoter mediated expression of EGFP both the human and fish cell 
lines. The in vivo analysis showed that while the DNA vaccine with CMV promoter provided 
protection at all times, vaccination with the DNA vaccine with the Mx promoter only 
protected the fish at 8 wpv. However, when the induction with poly I:C was performed one 
week before challenge, protection was also evident at the early challenge at 2 wpv.  

The DNA vaccine with IFN-inducible promoter showed advantages in terms of consumer 
safety, but improvements will be needed to obtain a satisfying immune protection profile. 

Funding of presentation: 
TargetFish.  



11 
 

004-O* 

Conserved adhesins identified in Group B Streptococcus pan-genome are potential 
vaccine candidates against infection by different GBS serotypes in tilapia 

Kawasaki M1, Labrie L2, Ben Zakour N3, Delamare-Debbouttebille J1, Barnes A1 

1The University of Queensland School of Biological Sciences, Brisbane, Australia, 
2Ictyopharma, Clermont Ferrand, France, 3The University of Queensland School of 
Chemistry and Molecular Biosciences, Brisbane, Australia 

Background: Group B Streptococcus (GBS) is a Gram-positive bacterium, causing disease in 
a wide range of animals including fish. Outbreaks caused by GBS disease in farmed fish have 
substantial economic impacts on global tilapia production. Vaccination with whole-cell 
vaccines against one capsular polysaccharide (CPS) serotype of GBS confers protection in 
fish but it is not cross-protective against other serotypes. Therefore, finding conserved surface 
protein antigens across different CPS serotypes is critical to produce protective vaccines 
against GBS. This study employed a reverse vaccinology approach based on assembly of 
broadly representative pan-genome from GBS to develop serotype-independent protective 
vaccines in fish. 

Methodology: Genomes from our GBS strain collections were assembled from Illumina read 
data using an in-house informatics pipeline. Pan-genome analysis was performed, and a 
cohort of adhesins was identified to be conserved across all aquatic strains, regardless of 
serotype. Quantitative Real-Time PCR was performed to estimate the relative expressions of 
adhesisns andCPS under different culture conditions. Whole-cell and recombinant adhesin 
vaccines were prepared and the efficacies were tested in tilapia challenge model against two 
strains of GBS, serotype Ib and Ia.  

Results: A coding sequence-based pan-genome comprised 5381 genes with 1276 core genes. 
However, the pan-genome is still not closed yet since the number of new genes was 
increasing with the addition of each new genome. Six adhesisns were conserved among all 
serotype Ib piscine strains and four of them were also found in serotype Ia strains. qRT-PCR 
showed that the expressions of adhesins and CpsE (the initiating phorpshotransferase for CPS 
expression) gene were varied inversely dependent upon the culture condition. One 
recombinantly expressed adhesin was tested in a challenge experiment against serotype Ib, 
and conferred protection against both Ia and Ib whereas whole-cell vaccines only protected 
against the homologous strain. 

Conclusions: GBS pan-genome is still open and lacks complete geographic coverage so more 
genomes from strains isolated in different geographic regions are needed. Nevertheless, a 
cohort of adhesins was well conserved among piscine strains. Challenge experiments showed 
that recombinant vaccine confers protections in tilapia against both Ia and Ib while whole-cell 
vaccines only induce protections against homologous strain. 

Funding of presentation: 
Australian Research Council Linkage Project LP130100242 and *EAFP student award 
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005-O 

Using a pan-genome reverse vaccinology approach to improve cross-serotype vaccines 
against Streptococcus iniae 

Barnes A1, Al Sheik-Hussein A1, Anderson J1, Lo W, Zorrilla-Gonzales R1, Delamare-
Deboutteville J1, Beatson S1 

1The University of Queensland, Brisbane, Australia 

Introduction: Streptococcus iniae is a gram positive, capsulated bacterium that causes disease 
in farmed fish in warm temperate and tropical fresh and marine water. Vaccination with 
formalin killed vaccines (FKV) is very effective when the capsular serotype of the infecting 
strain is homologous to that in the vaccine. In contrast protection is incomplete when 
heterologous infecting strains arise. To combat this problem we identified cross-serotype 
conserved surface and secreted antigens in silico from a pangenome constructed from a 
global strain collection and investigated candidates for protection in vaccine trials in juvenile 
sea bass (barramundi, L. calcarifer) 

Methods: A reference genome was constructed from S. iniae QMA0248 using Pacbio long 
read sequencing, assembled using HGAP3. One hundred and thirteen isolates from a global 
collection spanning 40 years were then sequenced from Nextera XT paired-end libraries 
using Illumina HiSeq2000 platform. The resulting sequences were assembled using SPAdes 
v3.8 and genes encoding conserved secreted and surface proteins identified using SeqFindR. 
From a list of over 100 genes, CppA, a putative C3 degrading protease, was chosen for 
further investigation. Relative expression of CppA under different culture conditions was 
explored by qRT-PCR to optimize vaccine production. Moreover, recombinant CppA was 
expressed in E.coli, purified and evaluated in a blinded challenge model in sea bass (IP 
injection vaccine, IP challenge with 105 cfu/fish, 3 x 32 fish per treatment).  

Results: CppA was optimally expressed in Todd-Hewitt Broth grown to mid-exponential 
phase. In vaccine trials, recombinant CppA was protective (RPS=41%), but not as effective 
as challenge-strain-homologous killed vaccine (RPS=100%) (74% mortality in control PBS-
vaccinated fish). S. iniae was not cleared from surviving fish, but counts per mg tissue in HK, 
spleen and brain were restricted to ~102 cfu/mg regardless of the treatment. In contrast 
moribund fish from recombinant and control groups contained counts between 107 and 109 
cfu/mg in the same tissues suggesting an infection threshold is required for disease. The 
challenge results coupled with high conservation of CppA (100% identity across all strains 
analysed) suggests potential as a cross-serotype protective antigen. Lack of clearance of the 
bacteria, even in homologous formalin-killed group where survival was 100%, is of concern 
and may provide a selective habitat for serotype evolution. 

Funding of presentation: 
Australian Research Council Linkage Project LP13010242. 
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006-O 

Better salmon lice management through improved understanding of salmon lice counts 

Helgesen K1, Kristoffersen A1, Viljugrein H1, van Son T1 

1Norwegian Veterinary Institute, Oslo, Norway 

Introduction: The salmonid fish farmers count the number of salmon lice per fish for two 
reasons. One is for the fish farmers themselves to keep control of the lice numbers. The 
authorities use the reported salmon lice data to control whether or not the fish farmer has 
complied with the given regulations. 

The salmon lice are not evenly distributed on the fish. This provides both farmers and 
authorities with challenges concerning the number of fish that should be counted, both on 
each farm and per fish cage, and in the interpretation of the numbers reported. The aim of this 
study was to provide both fish farmers and authorities with insight into these two questions. 

Methodology: The distribution of the parasites on the fish was found in a real dataset from 
fish farms. Simulations in the statistical software R were used for further studies. The 
expected values of salmon lice per fish were set according to the Norwegian regulations, and 
different scenarios were studied with regards to the number of fish and fish cages counted. 
The accuracy of the counts was the study outcome. Different scenarios were also investigated 
with regards to the interpretations of a single salmon lice count, to quantify the probability of 
false positive or negative salmon lice counts. The probability for this happening several 
counts in a row was also looked into. 

Results and conclusions: This study quantified the increased accuracy in counting lice on 
more fish and/or fish cages, and showed that lower mean lice numbers were associated with 
greater counting inaccuracy. The study also showed that some of the challenges with false 
positive sea lice counts could be dealt with by allowing the farms to exceed the maximum 
limit of lice a certain number of times, before it was regarded as a true positive.  

Simulations of salmon lice counts can provide better understanding, both in order to improve 
precision of mean counts and in order to understand the uncertainty in the counts when using 
them to administer legislation.  
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007-O 

Utility of area sea lice reporting data for assessing numbers of adult female lice in 
Scotland 

Collins C1 

1Marine Scotland, Aberdeen, UK 

Introduction: A 10 year Scottish Government project is underway to generate information to 
help understand the risk from farm origin sea lice on wild salmon, and to advise on 
improvements to management strategies. It will aim to obtain and integrate information on 
sea lice dispersal, salmon smolt migration, infestation pressure, and sea lice impact on 
returning adult salmon numbers, to determine interaction risk and scale of impact. The 
project will also help identify factors affecting sea lice infestation on farms, and trends in 
infestation patterns, using the information obtained, modelling tools and aquaculture industry 
published data.  

Methodology: The Scottish Salmon Producers Organisation has published data on monthly 
average lice counts for 30 reporting areas since 2013. Data for 6 larger regions averaged over 
different lengths of time is available since December 2010. A Generalised Linear Mixed 
Model has been developed to identify spatial and temporal patterns, and to assess the 
influence of risk factors associated with reporting areas. The model comprises two 
components: the presence/absence of lice, i.e. zero/non-zero counts, and, where they are 
present, the actual lice count.   

Results: A non-zero count was associated with the number of farm management areas 
(FMAs) and scale of salmon production in the reporting area, and was also highly seasonal, 
but there was no increase in the overall probability of non-zero counts with time. There was 
no association with none-zero lice levels and scale of production, nor with number of FMAs 
in the reporting area, but there were associations with season and a trend for lice counts to 
increase. There were no consistent associations of lice presence/absence or counts with the 
larger regions of Scotland but there were statistically significant differences in both presence 
and counts, and in trends in these, at the reporting area level.  

Conclusion: Lice numbers overall increased over the period 2013-2016, however this does 
not necessarily indicate a continuing increase, and this increasing trend does not apply to all 
reporting areas, Model underestimation in 2014, and overestimation in 2016, may indicate 
that a non-linear increase in overall lice levels occurred which may be resolved by further 
years of data.  
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008-O 

Temperature and development of Lepeophtheirus salmonis: Implications for 
management of the parasite 

Dalvin S1, Bui S2, Samsing F3, Oppedal F2, Vågseth T2, Skern-Mauritzen R2, Johnsen I2, 
Dempster T3, Hamre L4 

1SLRC, Institute of Marine Research, Bergen, Norway, 2Institute of Marine Research, 
Bergen, Norway, 3University of Melbourne, Melbourne, Australia, 4SLRC, University of 
Bergen, Bergen, Norway 

Background: The salmon louse (Lepeophtheirus salmonis) is a naturally occurring parasite on 
salmonid fish in the Atlantic. The salmon louse is ectoparasitic and lives on the skin of the 
fish where it eats skin and blood causing direct damage to the fish and expose the fish to 
secondary infections. Aquaculture of salmonid fish (e.g. Norway, UK, Ireland) has provided 
the parasite with access to a much larger number of available hosts and resulted in problems 
with management of the parasite. Over the years these problems have repeatedly become 
critical, reflecting the availability of new chemical treatments followed by development of 
resistance towards the drug. To break this cycle, new knowledge covering the basic biology 
of the parasite is needed. 

Methodology: The development of salmon lice (parasitic and free living larvae) were 
followed on a range of temperatures covering the ecological range of the host. The ability to 
infect, mortality and reproductive output was also studied. 

Results and Conclusions: Temperature affects almost all aspects of life in salmon lice ranging 
from egg production over infectivity to ability and speed of development. The number of 
degree- days required for any given developmental process is constant, but only within a 
limited range of temperatures. These data are essential to management of lice infestations in 
aquaculture, assess potential effects on wild fish and to allow precise experimental design in 
future studies of salmon lice. 

Funding of presentation: 
The Norwegian Seafood Research Fund. 
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009-O 

Functional study of a putative heme receptor in the salmon louse (Lepeophtheirus 
salmonis) intestine 

Heggland E1,2, Eichner C1,2, Dondrup M1,2, Nilsen F1,2 

1Sea Lice Research Centre, Bergen, Norway, 2University of Bergen, Bergen, Norway 

Introduction: The salmon louse (Lepeophtheirus salmonis) is an obligate ectoparasite 
representing a major threat to wild and farmed salmon. Heme is an iron-containing cofactor 
essential for many proteins involved in several biological processes, e.g. for gas 
transportation in hemoglobin. Heme is also a potent inducer of oxidative stress and needs to 
be processed properly in order not to act cytotoxic. L. salmonis is a heme auxotroph 
(unpublished data), which means it does not possess enzymes for a traditional heme 
biosynthetic pathway. Rather, it exploits its host, the salmon, for blood-derived heme. 
Identifying the pathway of heme absorption and processing in the louse may reveal a target 
for pest control, as well as providing valuable knowledge of salmon louse biology. 

Methodology: A putative heme receptor was identified from the salmon louse’s genome. The 
receptor’s mRNA was localized by in situ hybridization and knocked down by RNA 
interference (RNAi). Upon terminating the RNAi, knockdown efficiency and heme levels 
were assessed in the adult female lice. The development of the offspring was also monitored. 

Results: The receptor’s mRNA was found to be localized in the intestine of the adult female 
louse. Quantitative PCR analyses revealed a successful knockdown of 96% in the RNAi 
experiment. A trend of heme reduction was seen (p-value = 0.07) in the adult female lice. The 
egg-strings from the RNAi group hatched later than the control group. 

Conclusion: Knocking down the putative heme receptor caused a delayed egg-string 
development rate in the lice. Heme levels were also reduced, though not statistically 
significant. Further work is ongoing to determine if this is in fact a heme receptor.  
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The salmon louse (Lepeophtheirus salmonis) transcriptome is considerably affected by 
the host resistance 

Eichner C1, Grammes F2, Dondrup M1, Nilsen F1 

1University of Bergen, SLRC, Bergen, Norway, 2Norwegian University of Life Sciences, Ås, 
Norway 

Introduction: Exploiting the natural variation of Atlantic salmon for resistance towards 
infections by salmon lice has been proposed to be an efficient strategy to alleviate infection 
pressure in commercial aquaculture. However, the biological background of how resistance 
within Atlantic salmon (Salmo salar) affects the lice is not known. Better understanding of 
the underlying mechanisms is a key for future improvement. In the present study we are 
therefore investigating how the host affects the parasite utilizing two lines of genomically 
selected Atlantic salmon. Both lines were selected to represent both ends of the spectrum of 
lice resistance namely high and low resistance. 

Methodology: Both lines of Atlantic salmon were infected with salmon lice under laboratory 
conditions in a common-garden setup. Lice were collected at different time points during the 
experiment. Lice samples were subjected to transcriptomic profiling by RNA seqencing. A 
total of 180 lice RNAseq samples were analysed. Additional parameters such as lice numbers 
and distribution on the fish in addition to stage and size of the lice were recorded as well.  

Results: Overall, we found on average significantly lower numbers of lice attached to fish 
from the high resistant line. Growth and development of the lice attached to the fish of both 
groups were equal. However, we found a significant effect of the fish line on overall gene 
expression of the attached lice. At 18 DPI we found over 2000 differentially expressed genes. 
Gene ontology analysis showed that these were mostly genes encoding proteins for 
metabolism and translation. 

Conclusions: Genomic selection proved effective in selecting two lines differing in their 
phenotypical lice resistance. Lice sampled from these lines showed no dissimilarity in their 
development but have to adapt for the different conditions as seen in an alteration of the 
transcriptome. This result shows that salmon lice are highly flexible in its adaptation to the 
host. However, it is not known whether there is an upper limit to adaptivity, where the host 
could reach a threshold of resistance at which the parasite is no longer generally able to cope 
with it. 

Funding of presentation: 
NFR: 226266, SLRC. 
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Efficacy evaluation of an immunogenic peptide derived from the Lepeophtheirus 
salmonis in controlled immunization-challenge experiment in Salmo salar 

Leal Y1, Velazquez J1, García C1, Takizawa F1, Sunyer O1, Purcell S1, Fast M1, Estrada MP1, 
Carpio Y1 

1Center for Genetic Engineering and Biotechnology, Havana, Cuba 

Introduction: Infestations with sea lice (Copepoda, Caligidae) have grown to become the 
greatest challenge in salmon aquaculture. Treatment-resistant lice, and the necessity to reduce 
costs and threats to the environment, enhanced the need of developing new methods such as 
vaccines for parasite control. Until now there are no commercial vaccines available against 
sea lice. The P0 protein is a structural component of the ribosome of all organisms. Recently, 
our group demonstrated high vaccine efficacy against the ticks, in rabbits and cows 
respectively, using a peptide of 20 amino acids derived from the ribosomal protein P0 of 
Riphicephalus sanguineus.  

Methodology: We have identified an immunogenic region of the ribosomal protein P0 from 
Lepeophtheirus salmonis and several vaccine candidates based on this peptide were 
developed. The chimeric antigens were produced in E. coli. Additionally, different Seppic 
adjuvants were evaluated in tilapia as teleost fish model. Finally, an immunization-challenge 
experiment under controlled conditions was performed in Salmo salar exploring different 
immunization routes. 

Results and Discussion: Purified antigens were able to elicit a high specific IgM antibody 
response after intraperitoneal immunization in tilapia in the formulation containing the 
antigen adjuvated in Montanide 50 V2 (W/O). Results in Salmo salar demonstrated 27-34 
relative percent protection as compared to controls. These results are encouraging for further 
development of a sea lice vaccine based on an immunogenic peptide derived from the 
ribosomal protein P0. 

Funding of presentation: 
*EAFP student award. 
  



19 
 

012-O 

Antibody response following vaccination of Atlantic salmon against Lepeophtheirus 
salmonis and their involvement in protection 

Gislefoss E1,2, Gamil A1,2, Nilsen F2,3, Dalvin S2,3, Evensen Ø1,2 

1Department of Basic Science and Aquatic Medicine, Norwegian University of Life Sciences, 
Oslo, Norway, 2Sea Lice Research Center, Norway, 3Insitute of Biology, University of 
Bergen, Bergen, Norway 

The ectoparasite Lepeophtheirus salmonis is currently causing huge problems for the Atlantic 
salmon farms in Norway. Treatment costs in Norway alone reached 430 million Euro in 2014 
and have increased profoundly in the recent years due to development of resistance against 
the available chemical treatment. Alternative treatment methods such as vaccination has 
never been more necessary for the salmon industry. In this study, we examined the 
development of antibodies against sea lice infection in Atlantic salmon vaccinated with 
different vaccines, and investigated their involvement in protection. The vaccines used were a 
whole sea lice extract formulated as water-in-oil emulsion and a DNA vaccine developed 
against one of the L. salmonis peroxidase-like genes. The DNA vaccine was prepared using 
pcDNA 3.1 v44ector. In addition, the gene was also cloned in a PET32c vector in order to 
produce recombinant protein and a booster vaccine, formulated as water-in-oil, from the 
inclusion body fraction. Fish were divided into four groups; the first one received the whole 
sea lice vaccine, the second received DNA vaccine, the third also received DNA vaccine but 
in addition boosted with protein 5 week post initial immunization and the last group consisted 
of unvaccinated fish and used as control. All the groups were challenged with 60 
copepodid/fish at 12 weeks post initial immunization and sampled after 18 days post 
infection. The level of anti-sea lice antibodies in the serum was evaluated using ELISA while 
antigen uptake and distribution were measured using immunohistochemistry. Protection was 
measured by comparing lice numbers in vaccinated individuals relative to the unvaccinated 
group. The results obtained will be presented and discussed. 

Funding of presentation: 
This research has been funded by the Research Council of Norway, SFI-Sea Lice Research 
Centre, grant number 203513/O30. 
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Investigations of microbiome in aquaculture species 

Nowak B1 

1University Of Tasmania, Launceston, Australia 

Introduction: Growing human population and increased wealth have resulted in an increasing 
demand for high quality proteins. The desire for protein from aquaculture has risen 
dramatically as total wild fisheries production is unable to meet market demand for seafood, 
with many species being overfished. The development of sustainable aquaculture industries is 
underpinned by research addressing various aspects of the farmed species and their 
environment. There has been an increasing interest in research on microbiomes of 
aquaculture species as shown by soaring numbers of new publications in the area in recent 
years. This is due to our increased appreciation of the significance of the microbiome to 
animal health and performance as well as an increased availability of methods for 
microbiome analysis and their reduced cost.  

Methods and Results: This presentation will discuss case studies of the microbiomes of three 
iconic aquaculture species: Atlantic salmon, Salmo salar, Southern bluefin tuna, Thunnus 
maccoyii, and spiny lobster, Panulirus ornatus. We investigated the effects of diet and fresh 
water treatment against Amoebic Gill Disease on the gut microbiome of Atlantic salmon and 
determined baseline microbiomes for Southern bluefin tuna and spiny lobster.  

Conclusion: The results show potential applications of microbiome research to sustainable 
aquaculture.  
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Histological gut health monitoring of Norwegian sea-farmed Atlantic salmon  

Chikwati E1, Midtlyng P1 

1Aquamedic AS, Oslo, Norway 

Knowledge of the effects of fish feeds on the gut is largely inferred from controlled 
experiments during feed development, while data from the field are scarce. We have 
therefore developed a program for monitoring the gut health of commercially reared marine 
salmon stocks from sea transfer to harvest, or for comparative field assessment of how 
different feed formulations or -brands affect the integrity of gut tissues. The aim of the 
methodology is to pre-emptively reveal and identify gut health disorders induced by anti-
nutritional factors that may undermine optimal utilisation of the feed. 

Atlantic salmon (Salmo salar L.) at one specific site receiving a standard commercial feed 
were monitored for gut health on four separate assessment and sampling visits throughout the 
marine rearing cycle. Sampled fish were examined before intestinal and liver tissue was 
collected for histological processing, evaluation, and scoring of selected morphological 
characteristics. Additional samples from 30 fish originating from two other sea sites and also 
fed on standard commercial feed were obtained. 

Mild to moderate distal intestinal enteritis, similar to changes described in salmonids fed 
soybean meal-based diets, were among the findings revealed by the monitoring exercise. A 
more prevalent finding was enterocyte hypervacuolization in the pyloric caeca and mid 
intestine; a characteristic of the so-called lipid maldigestion/malabsorption syndrome that, in 
severe cases, may manifest as steatorrhoea (‘floating faeces’). Varying prevalence was seen 
throughout the gut health monitoring period and at harvest, the smaller fish were apparently 
more likely to present with these disorders. Enterocyte hypervacuolization of the pyloric 
caeca was also observed in fish from the additional sites 2 and 3, as were tapeworm 
infestation in some sampled fish from two out of the three sites. 

Given the strong trend towards increased use of non-marine ingredients such as plant protein 
and fats in fish diets, we suggest that monitoring of field populations and comparison of 
commercially available feed formula with respect to their effect on intestinal health is 
warranted.  
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Effect of starvation on stress and macrophage functions 

Garcia J1, Villarroel M2 

1Universidad Complutense de Madrid, Madrid, Spain, 2Universidad Politecnica de Madrid, 
Madrid, Spain 

Throughout their lives, salmonids may face different periods without food, during which they 
depend on energy reserves. Fish use proteins as oxidative substrates, but proteins are also 
considered to be the usual gluconeogenic precursors during starvation, when the rates of 
protein synthesis also decrease. Starvation is also known to determine significant changes in 
the physiology of fish, particularly in their patterns of metabolic enzymes, RNA/DNA ratio 
and proteins, the severity of which may vary depending on fish age and duration of this 
condition. These changes in protein availability may affect the response of the immune 
system, making fish more susceptible to any aggressor. 

We studied the effect of different times of starvation on the plasmatic levels of cortisol and 
on kidney macrophages functioning (phagocytosis and respiratory burst) of rainbow trout. 
Fish were separated into four groups; one that was normally fed (daily), and three that had 
feed withdrawn at different times before sampling (5, 10 and 20 days). Cortisol level was 
measured in blood, while macrophages were isolated from head kidney, cultivated and 
inoculated with Yersinia ruckeri. Phagocytosis capacity was then calculated by counting 
intracellular bacteria after 4 and 24 h infection of macrophages, and respiratory burst by the 
NBT test. 

Results in blood cortisol levels were not significantly different among the four groups, but 
results from macrophages did show some differences. The number of intracellular bacteria 
was higher in group 2 (5 d starvation) although it had the highest increase in the respiratory 
burst. The most efficient response seemed to be in group 3 (10 d starvation), while group 4 
(20 d starvation) had similar bacterial counts to group 1 (no starvation), but with a respiratory 
burst similar to group 2. These results suggest that macrophage functions may be affected by 
stress due to feed deprivation, even when cortisol levels are not significantly different, and 
that after some time in which these functions seem to recover, they decline again, probably 
due to a lack of energy reserves.  
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Omega-6/omega-3 balance and saturated fat in diets for Atlantic salmon - Effects on 
fish health and disease resistance 

Remø S1, Patel S2, Jørgensen S3, Araujo P1, Temsegen T1, Fiksdal I2, McGurk C4, Rosenlund 
G4, Sissener N1, Torstensen B5, Waagbø R1 

1Nifes, Bergen, Norway, 2IMR, Bergen, Norway, 3Nofima, Ås, Norway, 4Skretting ARC, 
Stavanger, Norway, 5Marine Harvest ASA, Bergen, Norway 

Introduction: Due to the limited availability of fish oil and a continuously growing 
aquaculture industry, increasing amounts of vegetable oils are used in commercial feeds for 
Atlantic salmon (Salmo salar). Both the type and the inclusion level of vegetable oils and fish 
oils influence the fatty acid composition and thus the balance between fatty acids in the feed, 
and this may have implications for fish health and disease resistance.  

Methodology: A mixed design feeding study was performed on Atlantic salmon smolt (~200 
g), with diets composed of different levels of palm-, rapeseed- and soybean oil, creating diets 
containing different levels of saturated, monounsaturated and omega-6 fatty acids. EPA and 
DHA levels were kept constant, while the omega-6/omega-3 ratio ranged from 0.7 to 4.1. No 
differences were seen in growth, while the tissue fatty acid concentrations reflected the diets. 
When the fish were ~1 kg, a challenge study with SAV3, the virus causing pancreas disease 
(PD), was done.  

Results: After four weeks, SAV3 was detected in all examined hearts (Ct 21.4 ± 0.7), and 
pathological changes were seen in heart and pancreas. The fish previously given the high 
omega-6 feed had a higher level of pro-inflammatory eicosanoids in plasma. After nine 
weeks, a microarray analysis of the heart indicates differences in the immune response, 
inflammation and regeneration, and this reflects the pathological description of affected 
tissues.  

Conclusion: The present results indicate a better outcome for the fish given a high level of 
saturated fat, and the results will be presented and discussed with focus on the effects of 
dietary fatty acids on fish health and disease resistance. 

Funding of presentation: 
The present study was funded by the Research Council of Norway and The Norwegian 
Seafood Research fund. 
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The effect of dietary fatty acid content on rainbow trout fry robustness towards 
Flavobacterium psychrophilum 

Andersen N1, Lund I2, Jokumsen A2, Madsen L1 

1National Veterinary Institute, Technical University of Denmark, Kgs. Lyngby, Denmark, 
2Technical University of Denmark, National Institute of Aquatic Resources, Hirtshals, 
Denmark 

Among the most serious rainbow trout (Oncorhynchus mykiss) fry diseases in Danish 
aquaculture is Rainbow Trout Fry Syndrome (RTFS), caused by the bacterium 
Flavobacterium psychrophilum. The robustness of the rainbow trout fry towards F. 
psychrophilum may be related to dietary lipid composition and the content of highly 
unsaturated omega-3 fatty acids (HUFAs). In the project RobustFish we tested the immune 
competence of 1g rainbow trout fry towards F. psychrophilum by experimental challenges 
with the bacterium, either intraperitoneal injection (triplicate aquaria with 30 fish per 
aquarium) or bath infection (duplicate aquaria with 60 fish per aquarium). Additionally, four 
experimental control aquaria for each challenge method. From first feeding and throughout 
the experimental period of 34 days for intraperitoneal injection and 55 days for bath infection 
the fry were fed three isoproteinous and isoenergetic diets specially made for this experiment 
containing vegetable rapeseed oil as the only lipid and supplemented by different levels of 
LC HUFAs (0.1, 1.1 or 2.5 % total EPA + DHA (as fed)). The levels of HUFA’s were 
adjusted with Incromega DHA 500TG (CRODA). One additional diet type was a commercial 
control from Aller-Aqua (ALLER FUTURA EX). All moribund fish seen during the two 
challenge experiments were euthanized and the spleen, kidney and brain examined for the 
presence of F. psychrophilum. Depending on diet type cumulated mortality by the end of the 
experiment ranged from (mean ± SD) 8 % (±4) to 43 % (±9) in the bath challenge and 70 % 
(±10) to 98 % (±2) in the intraperitoneal injection challenge. No mortality was observed in 
the experimental control. A strong correlation was found between final mortality in the bath 
and intraperitoneal injection challenges for the four types of diet. The effect of HUFAs on the 
robustness of rainbow trout fry towards F. psychrophilum will be discussed. 

Funding of presentation: 
RobustFish is part of the Organic RDD 2 programme, which is coordinated by International 
Centre for Research in Organic Food Systems (ICROFS). It has received grants from the 
Green Growth and Development programme (GUDP) under the Danish Ministry of Food, 
Agriculture and Fisheries. 
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Krill-enriched feed gives rapid recovery and higher end-weight following experimental 
challenge with salmon pancreas disease virus (SPDV) 

Evensen Ø1, Timmerhaus G2, Jørgensen S2, Sigholt T3 

1Norwegian University of Life Sciences, Oslo, Norway, 2NOFIMA AS, Tromsø, Norway, 
3Biomar AS, Myre, Norway 

Introduction: Clinical nutrition encompasses the use of feed additives and clinical diets with 
modulated nutrient profiles and composition. Composition can impact on susceptibility to 
various infections through modulation of the immune system. Content and composition of 
polyunsaturated fatty acids can impact on pro- and anti-inflammatory response profiles of 
salmon and higher vertebrates and thus also potentially responses to infection. Here we have 
studied the impact of krill meal with high phospholipid content and increased sum of 
EPA/DHA on susceptibility to SPDV, target organ pathology and impact on growth 
retardation post infection and during recovery.  

Methodology: Three groups of Atlantic salmon were fed for five months prior to and 
throughout the challenge trial with one of three diets: standard diet (named TLL for 
“triglyceride and low EPA/DHA”) and two enriched diets, with different amounts of krill 
meal (PLL for “phospholipid and low EPA/DHA”) and PLH for (“phospholipid and high 
EPA/DHA”). The three diets had the same lipid and protein contents (energy). For the 
challenge trial, salmon smolts with an average weight of 100g were challenged (i.p.) with 
salmonid alpha virus subtype 3 (SAV3; 105 virus particles/fish). The challenge ran over a 
period of 10 weeks. Fish received the same diets throughout. Fish were weighed and tissue 
samples were taken at 0, 4 and 10 weeks post infection (WPC), and analysed for 
histopathological changes and virus levels (qPCR). 

Results: PLL and PLH feeds increased the growth rate of Atlantic salmon smolts significantly 
(p<0.05) in comparison to TLL, with the highest differences being observed in the SAV3 
infected groups. Thermal growth coefficients (TGCs) were used for 0 to 10 WPC. 
Significantly higher proportions of PLH and PLL fish were found in groups with higher 
TGCs compared to the TLL group. Histopathological analysis of heart pathology (light 
microscopy) showed highest score for inflammatory reactions in TLL fish at 4WPC. At 
10WPC, the pancreas of PLH fish recovered faster than the other groups. A trend towards 
lower virus levels in PLH fish were found at 10WPC.  

Overall Conclusions: We show that growth reduction from SAV3 challenge and recovery 
post challenge is significantly different (improved) in PLH fish. This is reflected in lower 
heart scores at 4 wpc but with no significant difference in viral load between feeding groups. 

Funding of presentation: 
Research Council of Norway. 
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Effect of a functional feed additive on performance and parasite infection in gilthead 
seabream (Sparus aurata) challenged with Enteromyxum leei 

Palenzuela O1, Del Pozo R1, Piazzon C1, Isern-Subich M2, Ceulemans S2, Coutteau P2, Sitjà-
Bobadilla A1 

1CSIC, Ribera De Cabanes, Spain, 2Nutriad International, Dendermonde, Belgium 

Enteromyxum leei is the causative agent of a parasitic emaciative disease (enteromyxosis) in 
multiple cultured marine fish species worldwide. In the Mediterranean, this parasite seriously 
hampers the production of sharpsnout sea bream (Diplodus puntazzo) or red porgy (Pagrus 
pagrus). The main economic impact on gilthead sea bream (GSB) aquaculture results from 
arrested growth and difficulties to reach commercial size of infected stocks, but epizootic 
outbreaks are not rare under some conditions. The lack of effective anti-parasitic therapies in 
Mediterranean aquaculture has stimulated the search for natural feed additives, which can be 
incorporated in functional feeds aiming at minimizing the impact of parasitic outbreaks on 
productivity. Empirical field evidence suggests certain efficacy on the mitigation of health 
problems including parasites such as E. leei of a functional feed additive (Sanacore® GM, 
Nutriad). These effects, however, are seldom validated in the laboratory. 

This work explores the effect of this functional feed additive on GSB enteromyxosis under 
controlled experimental laboratory conditions. Groups of GSB fed with additive -
supplemented or control diets for 5 weeks were challenged with E. leei by anal intubation, 
and then maintained for 10 further weeks with the different diets. Data on food intake and 
fish growth were taken throughout the study. In the final sampling (10 wks post challenge), 
when fish fed the control diet showed the clinical signs of enteromyxosis, intestinal samples 
were taken for molecular and histological parasite diagnosis. The total parasite load per fish 
was calculated using a qPCR test targeting the E. leei rDNA gene. The anterior, middle and 
posterior intestinal segments were differentially examined in the histopathological study. 
Quantitative analyses of biometrical, growth performance, and parasite load of each group 
were conducted. 

The results showed significant differences between the additive-treated groups and the 
control group, in terms of increased growth performance and food intake, and decreased 
infection prevalence and parasite abundance. These results provide some experimental 
support for the consideration of preventive strategies using functional feeds to mitigate some 
chronic disease problems, although the mechanisms involved are not yet elucidated. 

Funding of presentation: 
This study was partially supported by EU H2020 program through the ParaFishControl 
Project (634429). 
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Vaccination of rainbow trout against ERM: Different administration methods (oral, 
immersion, bath, injection) with and without booster and adjuvants 

Buchmann K1, Kania P1, Jaafar R1, Skov J1, Chettri J1 

1University of Copenhagen, Frederiksberg C, Denmark 

Enteric redmouth disease ERM is caused by the enterobacterium Yersinia ruckeri and is 
considered one of the most problematic diseases in salmonid aquaculture. Vaccination against 
ERM provides fish with protection but administration methods has a considerable influence 
on vaccination results. Available vaccines and administration methods have been tested in 
order to improve fish health status in trout farms. A vaccine, containing biotypes 1 and 2 of Y. 
ruckeri, gave better protection to trout exposed to the emerging and prevalent biotype 2, 
when compared to trout vaccinated only with a bacterin containing killed Y. ruckeri biotype 
1. It was found that injection vaccination (0.1 ml vaccine per fish) provided a superior 
protection of rainbow trout compared to immersion and oral vaccination. Addition of an 
adjuvant to the vaccine injected conferred an even better protection. A single immersion of 
small rainbow trout for 30 sec into a bacterin diluted 1:10 induced a fairly good protection for 
4-5 months but then the efficacy faded. Application of a water soluble adjuvant during 
immersion vaccination improved primary protection. Boostering (re-immersion) into a 
bacterin diluted 1:10 for 30 sec lifted the response and prolonged the protection. Booster 
vaccination performed by bathing the trout in a highly diluted bacterin (1:100, 1:1000 or 
1:2000) for one to two hours also provided the fish with improved protection. Oral 
vaccination was tested and it was found that a primary vaccination of small rainbow trout - by 
feeding each fish over 2 × 5 days with a total of 0.1 ml vaccine in feed - only interrupted by a 
5 day break - gave the fish a slight or no protection against Y. ruckeri infection. However, if 
used as booster vaccination – after a primary immersion vaccination in a bacterin diluted 1:10 
for 30 sec - it was found that feeding the vaccine indeed conferred some increased protection. 
It should be noted that oral vaccination may not always be beneficial. If used twice – without 
any prior immunization by immersion or injection - the oral administration seemed to induce 
some tolerance towards the bacterium which led to decreased disease resistance. Therefore, if 
oral boostering is to be used it should be used for trout only after immunization by immersion 
or injection. The study was supported by the EU commission through a grant to the FP7 
project TargetFish. 

Funding of presentation: 
EU commission FP7 TargetFish. 
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Early dip vaccination against furunculosis (Aeromonas salmonicida) may improve 
productivity of sea-reared rainbow trout (Oncorhynchus mykiss) 

Frank Skall H1, Henrik Henriksen N2, Dalsgaard I3, Bartkova S3, Priess M4, Lorenzen E1, 
Madsen SB5, Krossøy B6, Lorenzen N1 

1Animal Science Institute, Aarhus University, Aarhus, Denmark, 2Danish Aquaculture, 
Silkeborg, Denmark, 3National Veterinary Institute, Technical University of Denmark, 
Frederiksberg, Denmark, 4AquaPri A/S, Frederiksværk, Denmark, 5S. B. Madsen Veterinary 
Service, Møldrup, Denmark, 6Vaxxinova Norway AS, Bergen, Norway 

Introduction: Despite vaccination, furunculosis is still a problem in sea reared rainbow trout 
in Denmark. In order to improve vaccine efficacy it was tested under commercial settings 
whether an early dip vaccination based on an autologous Aeromonas salmonicida (As) isolate 
followed by a later intraperitoneal vaccination with a commercial vaccine improved the 
faring of the fish.  

Methodology: Half of the fish (R2) were dip vaccinated 7 months after hatching with an 
autologous As vaccine along with the commercial dip vaccine against enteric redmouth 
disease (ERM) used for the controls (R1). Seven months later and one year before transfer to 
sea, all fish were IP vaccinated with commercial vaccines against furunculosis, vibriosis and 
ERM.  
The fish were sampled 7 times during their life time: three months after the dip vaccination, 
shortly before and 2½, 10 and 15 months after the IP vaccination, on the marine farm once in 
between two furunculosis outbreaks and finally at slaughter.  Serum was tested for antibodies 
against As by ELISA and organ samples (spleen, gills, brain and kidney) were tested for As 
on blood agar plates.  

Results: Before IP vaccination the ELISA results were negative. At all sampling points after 
the IP vaccination the fish had serum IgM antibodies against As. Fish in the R2 group 
generally came out with a higher reactivity than fish in R1, suggesting that the early As dip 
vaccination had a priming effect on the antibody response to the later IP vaccination.  
As was only isolated in the marine phase.  In between two outbreaks, As was isolated from 
more fish in the R1 group compared to R2. Mortalities were lower among the R2 fish 
compared to R1. At slaughter, the average size of the fish tended to be higher in the R2 
group. 

Conclusions: The results suggested a positive effect of early As dip vaccination of rainbow 
trout intended for sea rearing. A superior antibody response was related to lower mortality 
and better growth compared to the control fish. 

Funding of presentation: 
Danish Strategic Research Council, GUDP. 
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Antibody responses allow for replacement of experimental infection in batch potency 
testing of multivalent adjuvanted salmon vaccines 

Midtlyng P1, Ramstad A2, Reitan L3, Ness A4, Knappskog D5 

1Norwegian University of Life Sciences, Faculty of Veterinary Medicine, Oslo, Norway, 
2VESO Vikan Research Facility, Namsos, Norway, 3Norwegian Veterinary Institute, Oslo, 
Norway, 4MSD Animal Health Innovation, Bergen, Norway, 5Vaxxinova, Bergen, Norway 

Aim of the studies reported here are to lay the foundation for development of antibody-based 
tests that can replace experimental inoculation methods for routine batch potency testing of 
multivalent, adjuvanted salmon vaccines. Building on already published work addressing the 
Aeromonas salmonicida antigen component, Atlantic salmon parr or pre-smolts were 
immunized with multivalent salmon vaccines that are commercially available in Norway, or 
with experimental formulations containing the same bacterial antigens, with sequential blood 
sampling.  Salmon parr or pre-smolts kept at 15oC post vaccination showed a more rapid 
response against against A. salmonicida subsp. salmonicida, Vibrio salmonicida and 
Moritella viscosa than fish kept at 12oC. Responses measured against A. salmonicida and M. 
viscosa antigen were clearly above the pre-vaccination levels or levels seen in mock 
vaccinated fish from 4 weeks post vaccination, while the responses against V. salmonicida 
were lower and partly overlapped with those of non-immunised fish. Antibody measurements 
in fish that had received experimental vaccine formulations with reduced content or 
completely lacking either the V. salmonicida or the M. viscosa antigen showed that at an 
immunization temperature of 15oC, vaccine batches with significantly reduced antigen 
content can be revealed by analyzing blood samples taken 6 or 9 weeks post vaccination.  
The results suggest that antibody-based assay protocols for these and potentially other 
bacterial antigens of multivalent salmon vaccines can replace current challenge tests for 
assuring batch quality, at the same time shortening the time to batch release by one month or 
more.   
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Efficacy of an immersion vaccine against Flavobacterium psychrophilum in rainbow 
trout   

Hoare R1, Ngo T1, Bartie K1, Adams A1 

1University of Stirling, Stirling, UK 

Rainbow Trout Fry Syndrome (RTFS) is a disease caused by the Gram-negative bacterium 
Flavobacterium psychrophilum, responsible for economic losses in the trout industry 
worldwide. Symptoms include necrotic lesions around the tail and fins; small fry often die of 
septicaemia. The diversity of F. psychrophilum strains and the inherent difficulties in 
vaccinating juvenile fish has hampered the development of a vaccine for this disease. At 
present no commercial vaccines are available, leaving antibiotics as the only course of action 
to contain disease outbreaks. As F. psychrophilum has become resistant to the majority of 
antibiotics licensed for use in UK, the industry is increasingly dependent on one remaining 
antibiotic to control the disease, florfenicol.  

We report on the development and efficacy of a polyvalent, whole cell vaccine containing 
formalin-inactivated F. psychrophilum to protect Rainbow trout from RTFS. Significant 
strain variability between the F. psychrophilum isolates (>300) in our collection was 
confirmed and these data were used to select representative isolates to produce a broad 
spectrum potentially cross-protective vaccine. The vaccine was administered by immersion to 
Rainbow trout fry (5 g) as a 30 s dip with a booster vaccination given 315 degree days post-
primary vaccination. Challenge was by immersion with a virulent heterologous isolate of F. 
psychrophilum (630 degree days pv). Significant protection was achieved with a Relative 
Percentage Survival of 84% achieved using the immersion vaccine. A larger vaccination trial 
is currently underway to repeat the efficacy test of the vaccine in smaller fry (1.5-2 g) by bath 
challenge using two virulent heterologous isolates. These results will be discussed with 
regard to control of RTFS in the UK and other countries. 

Funding of presentation: 
TargetFish: Targeted Disease Prophylaxis in European Fish Farming, under FP7 (grant no. 
311993). 
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Rainbow trout (Oncorhynchus mykiss) immune response towards a recombinant vaccine 
targeting the parasitic ciliate Ichthyophthirius multifiliis 

von Gersdorff Jørgensen L1, Kania P1, Rasmussen K2, Mattsson A3, Schmidt J1, Al-Jubury 
A1, Sander A4, Salanti A4, Buchmann K1 

1University Of Copenhagen, Frederiksberg C, Denmark, 2University of Southern Denmark, 
Odense, Denmark, 3Evaxion, Copenhagen, Denmark, 4University of Copenhagen, 
Copenhagen, Denmark 

The protective effect in rainbow trout (Oncorhynchus mykiss) of an experimental sub-unit 
vaccine targeting antigens in the parasite Ichthyophthirius multifiliis has been evaluated and 
compared to effects elicited by a classical parasite homogenate vaccine. Three recombinant 
parasite proteins (two produced in E. coli and one in insect cells) were combined and injected 
i.p. and subsequently protection and antibody responses were analysed. Both the 
experimental and the benchmark vaccine induced partial but significant protection against I. 
multifiliis when compared to control fish. Specific antibody responses of vaccinated trout 
(sub-unit vaccine) were raised against one neurohypophysial n-terminal domain protein #10 
out of three recombinant proteins, whereas the benchmark vaccine group showed specific 
antibody production against all three recombinant proteins. The immunogenic parasite 
protein #10 may be a potential vaccine candidate supplementing the protective I-antigen in 
future vaccine trials. 

Funding of presentation: 
The Danish Council for Independent Research-FTP. 
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Co-infection with Lepeophtheirus salmonis and infectious hematopoietic necrosis virus 
in sockeye salmon Oncorhynchus nerka 

Long A1, Garver K1, Jones S1 

1Fisheries and Oceans Canada, Nanaimo, Canada 

The salmon louse Lepeophtheirus salmonis (SL) is an important pest of salmon aquaculture 
and causes physical damage and physiological changes in susceptible hosts. Infectious 
hematopoietic necrosis virus (V) principally infects sockeye salmon in the Pacific Northwest 
resulting in disease outbreaks and high mortality. Although both pathogens are endemic to 
the west coast of Canada and there is a high likelihood of co-infections, no studies have 
examined the consequences of co-infection. However, an earlier transcriptomic study 
suggested antivirus responses were impaired during SL infection. The goal of this study was 
to test the hypothesis that co-infection with SL and V increases the risk of IHN disease in 
sockeye salmon. The experiment consisted of 4 treatments, in duplicate: V-/SL-, V-/SL+, 
V+/SL-, and V+/SL+. Smolts were exposed to 6 adult female SL fish-1. At 2 d post-SL 
infection (dpi), fish in the V+ treatments were exposed to IHNV by waterborne challenge 
with 105 plaque forming units. Tissue and blood samples were collected at 3, 5, and 7 dpi to 
measure viral prevalence and load (qRT-PCR), transcriptomic response (qRT-PCR) and 
osmoregulatory indicators (osmolality and plasma ion concentration). Survival in the V+/SL+ 
treatment was significantly lower than that in the V-/SL- and V-/SL+ treatments (P< 0.05). 
Viral prevalence and load in kidney tissue were not significantly different between V+/SL- 
and V+/SL+ groups indicating no evidence for greater virus replication in SL+ salmon. 
Hematocrit in the V+/SL+ group was significantly lower than the V-/SL- and V-/SL+ 
treatments at 7 dpi. Osmoregulation was most severely impacted in V-/SL+ and V+/SL+ 
groups; however, in the V-/SL+ group, values for these parameters (osmolality, sodium, 
chloride, and potassium) decreased with time and were comparable to the control at 7 dpi. In 
contrast, values in the V+/SL+ group remained significantly elevated at 7 dpi. In summation, 
these results demonstrate that co-infection with L. salmonis and virus did not predispose 
sockeye salmon to increased risk of IHN disease. Instead, co-infected salmon appeared at 
greater risk to the physiological consequences of L. salmonis infection.  
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Freshwater bathing and salinity tolerance in salmon lice (Lepeophtheirus salmonis): 
Developing bioassay methods for on site monitoring 

Andrews M1, Horsberg T1 

1Norwegian University of Life Science, Sea Lice Research Centre, Oslo, Norway 

The salmon louse, Lepeophtheirus salmonis, is a problem parasite affecting the Atlantic 
salmon aquaculture industry in the northern hemisphere. To combat this parasite, several 
chemical bath and in feed treatments have been developed. As the industry has continued to 
grow so has the parasite problem, resulting in an increase in the number of treatments leading 
to the development of drug resistant salmon lice populations as well as increased concerns of 
the environmental impacts such treatments may have. This has led the industry to increase the 
call for the use of non-chemical treatments, such as freshwater bathing. Freshwater bathing is 
conducted by pumping fish into either tarpaulins or well-boats containing freshwater, holding 
them for 4-8 h, and then returning them to a netpen. Recent reports of reduced efficacy of 
freshwater bathing has raised concerns regarding the wide use of this treatment method. Our 
study aimed to determine the salinity at which survival was reduced by 50% (EC50) for 
different salmon louse developmental stages and develop a bioassay method for on site pre-
treatment tests. Bioassays were conducted using the infective copepodid and detached pre-
adult II salmon lice. The parasites were exposed to a variety of salinities (35 ppt to 0 ppt) for 
24 h using a step-wise method. Once the exposure time was completed they were observed 
and classified as alive/dead. Preliminary EC50 values following 24 h exposure for the 
copepodid (13,44 ppt) and pre-adult II (2,16 ppt) stages, show that they are capable of 
withstanding much lower salinity levels for longer periods than previously reported. This 
tolerance raises concerns that freshwater bathing may be driving treatment tolerance by 
removing the weaker parasites and leaving the stronger parasites alive. We will discuss the 
implications that these results may have on the future use of freshwater bathing and whether 
it should be reclassified as a chemical treatment, allowing for stricter control. 
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Lufenuron for the prevention and control of Lepeoptheirus salmonis and Caligus spp. – 
Efficacy and safety from Canadian field studies  

Hosking B1, Bienhoff S2, Ruzicka H4, Endris R5, Real T1, Luempert L6, Tranchard E1, Dabin 
B1, McHenery J1, Faune C1, Karadzovska D1 

1Elanco Animal Health, 2AlcheraBio LLC, USA, 3Kelly Cove Salmon Limited, Canada, 
4Midwest Veterinary Services, USA, 5Endris Consulting Inc, USA, 6ATS Limited Inc, USA 

Within salmonid aquaculture, sea lice are currently recognized as the main health challenge 
with resistance to multiple classes of medicinal compounds reported in most major farming 
regions.  Two field studies were conducted across three Canadian marine farming sites to 
assess the safety and efficacy against louse infestations of the benzoylphenyl-urea, lufenuron 
formulated as a 10% pre-mix ‘AH-2178’. Administration was to smolts in fresh water via 
medicated feed at a dose rate of 5 mg/kg/day for 7 days. Approximately 625,000 Atlantic 
salmon smolt were administered either un-medicated feed; (A; n = 108,000) or AH-2178 
medicated feed (B; n = 517,000). Post-treatment, fish were transferred to sea where they were 
naturally challenged with sea lice. While study design varied, efficacy was determined by 
comparing arithmetic mean louse counts on treated and untreated fish at regular intervals. In 
summary, oral administration of AH-2178 to Atlantic salmon pre-transfer to the three marine 
sites provided effective protection (greater than 90%; P ≤ 0.05) against infestations of L. 
salmonis for 41, 37 and 36 weeks (approximately 8-9 months) and against Caligus elongatus 
for 32, 29 and 26 weeks (up to 7 months). No drug related adverse events were reported.  
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Impacts of lufenuron on sea lice (Lepeoptheirus salmonis and Caligus rogercresseyi) 
physiological processes and host protection against infection 

Poley J1, Braden L1, Messmer A2, Igboeli O1, Whyte S1, McDonald A3, Rodriguez J3, 
Gameiro M3, Rufener L4, Bouvier J4, Wadowska D1, Koop B2, Hosking B5, Fast M1 

1Avc-upei, Charlottetown, Canada, 2University of Victoria, Victoria, Canada, 3Elanco 
Canada Ltd., Guelph, Canada, 4Novartis Animal Health (Division of Elanco Animal Health), 
Basel, Switzerland, 5Elanco Australasia Pty. Limited, Kemps Creek, Australia 

Multi-drug resistance in sea lice (i.e. Lepeophtheirus salmonis and Caligus rogercresseyi) has 
been described in most salmon farming regions and across most available compound classes 
with the exception of the benzoylureas.  In order to provide the industry with new tools for 
effective management against sea lice, Elanco Animal Health is developing an in-feed 
treatment containing lufenuron (a benzoylurea) to be administered prior to seawater transfer 
for long-term protection of salmon smolts against lice infestations.  The mechanism(s) of 
action of benzoylureas has not been fully elucidated but research completed to date, mainly 
on insects, suggests major impacts on chitin deposition.  Exposure of the first parasitic stage 
of L. salmonis by immersion for 3 hours or through in vivo administration studies on the host, 
both showed >90% reduction by the chalimus I stage (a single moult). Transcriptome 
responses of lice exposed to lufenuron included genes related to moulting, epithelial 
differentiation, solute transport, and general developmental processes.  Global metabolite 
profiles also suggest that membrane stability and fluidity is impacted in treated lice.  These 
molecular signals are likely the underpinnings of an abnormal moulting process and cuticle 
formation observed ultrastructurally using transmission electron microscopy.  Treated 
nauplii-staged lice had abnormal electron-dense inclusions in the procuticle, suggesting that 
the coordinated assembly of the epi- and procuticle is impaired.  We describe multiple 
experiments to characterize the efficacy of lufenuron on eggs, larvae, and parasitic stages of 
L. salmonis and C. rogercresseyi, and in all cases, treatment with lufenuron had rapid impacts 
on louse development.  This work is the most comprehensive assessment of the physiological 
responses of marine arthropods to a benzoylurea chemical. 

Funding of presentation: 
Elanco Canada Ltd. 
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Survey of parasites of Atlantic chub mackerel (Scomber colias) with economic or public 
health impact 

Saraiva A1, 2, Alves M1, Cruz C1, 2 

1University of Porto, Porto, Portugal, 2CIIMAR - Interdisciplinary Centre of Marine and 
Environmental Research, Porto, Portugal 

Fish and fish products are crucial components of the human diet. Almost 17 % of human 
protein intake come from fish and this value reaches 70 % in some coastal countries (FAO, 
2014. The state of the world fisheries and aquaculture. Opportunities and challenges. Food 
and Agriculture Organization of the United Nations. Rome). The quality of fish is a growing 
concern for industries that sell fresh or canned fish products, and for public health authorities. 
Atlantic chub mackerel, Scomber colias Gmelin, 1789, is a commercially important marine 
fish in Portugal. As the occurrence and infection levels of Atlantic chub mackerel parasites 
off Portuguese Continental EEZ is not known, a survey was conducted to evaluate the 
occurrence and intensity of infection of metazoan parasites that can affect fish quality or 
consumer’s safety. Between October and November 2015, marketable specimens of the 
Atlantic chub mackerel, Scomber colias (n=64) were obtained from a local fish market in the 
northern part of the Portuguese mainland. The entire musculature and the viscera of each fish 
was removed and examined macroscopically and under a stereomicroscope and, if necessary, 
under an optic microscope. Myxozoa of the genus Kudoa and trematodes didymozoids were 
detected in the skeletal muscle (prevalence 9.4% and 3.1%, respectively). Larvae of the genus 
Anisakis were observed adhering to visceral organs or free in the body cavity of 48.4% of 
examined fish (intensity of infection between 1 and 5; mean intensity 1.8±1.19). No anisakid 
larvae were detected in musculature. The low levels of infection of all detected parasites in 
muscle of Atlantic chub mackerel allows to consider that, in the parasitological point of view, 
they are in very good and safe conditions to be consumed fresh or canned. 

Funding of presentation: 
The authors would like to thank the EU and FCT / UEFISCDI / FORMAS for funding, in the 
frame of the collaborative international consortium REWATER financed under the ERA-
NET Cofund WaterWorks2015 Call. This ERA-NET is an integral part of the 2016 Joint 
Activities developed by the Water Challenges for a Changing World Joint Programme 
Initiative (Water JPI). 
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Experimental pathogenesis of Anisakis pegreffii in Sprague-Dawley rats inferred by 
RNA seq: clues to elucidate infection in humans 

Buselic I1, Trumbic Z1, Hrabar J1, Vrbatovic A1, Mladineo I1 

1Institute of Oceanography and Fisheries, Split, Croatia 

Anisakiasis is an emerging fish-borne parasitic disease in humans caused by accidental 
ingestion of live third stage Anisakis sp. larvae. The aim of this study was to explore early 
infection mechanisms of Anisakis pegreffii larvae and the response of its accidental host, 
Sprague-Dawley rat, representing a mammalian model mimicking human infection. High-
throughput next generation RNA sequencing was used to evaluate both in vivo experimental 
rat infection and in vitro, assessing transcriptome of peripheral blood leukocytes (PBLs) 
stimulated with parasite extract. Seven rats were sampled at 6, 10, 18, 24 and 32 h post-
infection after being orally intubated with 10 A. pegreffii larvae (N=5) or 1.5 ml of NaCl 
(N=2). Total RNA was extracted from stomach and muscle tissues penetrated with Anisakis 
larvae, as well as the surrounding healthy tissue of infected rats (internal control) and non-
infected external controls using TriReagent (Ambion, USA). RNA was also extracted from 
parasites found in different stages of infection; non-migrating larvae in stomach and intestine, 
larvae in the process of stomach/intestine/muscle penetration and larvae freshly isolated from 
fish, as a control. In vitro effect of A. pegreffii protein extract was tested on rat PBLs, 1 and 
12h post-stimulation, with non-treated PBLs as a control. Sequencing using Illumina NextSeq 
500 of 16 pooled rat, 16 pooled A. pegreffii and 7 pooled PBLs samples resulted in approx. 
30 million paired-end reads per sample, 75 bases long and of good average quality. Reads 
were filtered and mapped to Rattus norvegicus and A. simplex genomes. The host response is 
strongly directed towards inflammatory reaction, congruent with observed gross and 
histopathological findings, showing pathways of stimulated neutrophil chemotaxis, leukocyte 
migration, peptide secretion, as well as intense tissue remodelling marked by keratinocyte 
proliferation and apoptosis. De novo assembly of A. pegreffii transcriptome has shown a 
myriad of secretary and excretory products, previously noted as potent allergens. Gaining an 
improved understanding of development of anisakiasis in accidental host offers a possible 
pathway for discovering new methods of treatment and control of this disease. 

Funding of presentation: 
HRZZ AnGEl, grant no. 5576 and *EAFP student award. 
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Two models for pathology of third stage Anisakis larvae - Sprague-Dawley rat (Rattus 
norvegicus) and European sea bass (Dicentrarchus labrax) 

Hrabar J1, Bočina I2, Bušelić I1, Vrbatović A1, Trumbić Ž1, Mladineo I1 

1Institute of Oceanography and Fisheries, Split, Croatia, 2University of Split, Faculty of 
Science, Split, Croatia 

Consumption of raw or thermally lightly processed sea food contaminated by live third stage 
larvae of Anisakis spp. can lead to a zoonotic disease anisakiasis. In severe cases perforation 
of gastric or intestinal wall occurs caused by larval migration. Histopathologic changes in 
such cases include severe eosinophilia and subsequent formation of eosinophilic granulomas. 
The aim of the study was to compare two host models experimentally infected by Anisakis 
larvae; Sprague-Dawley rat (Rattus norvgicus) as a model for human infection, and European 
sea bass, as a model paratenic host. Rats (n=15) and European sea bass (n=24) were each 
experimentally infected with 10 live third stage larvae of Anisakis spp. by oro-gastric 
intubation. Animals were euthanized, dissected and inspected for migrating larvae. Tissues 
with embedded larva migrans and consequent lesions caused by its migration were sampled 
and processed for classical histopathological analysis and transmission electron microscopy 
(TEM). In rats, Anisakis larvae were mostly found penetrating gastric wall and rarely 
intestinal wall, abdominal musculature or subcutaneous fat tissue. Histopathological analysis 
showed deep ulcerations of glandular epithelium in gastro-intestinal wall together with tissue 
necrosis at the site of larval penetration. Severe haemorrhages were present in lamina propria 
mucosae together with extensive neutrophil and eosinophil infiltration. In affected muscles 
structural disintegration and necrosis of muscle fibres was observed, accompanied by 
infiltration of neutrophils and eosinophils, some of which showed degranulation as revealed 
by TEM. In European sea bass, Anisakis larvae were found penetrating gastric or intestinal 
wall only in small number of infected animals indicating successful expulsion of nematodes 
by host's peristaltic. Lesions caused by larval migration were mostly characterized by 
ulcerations and necrosis of glandular epithelium and moderate infiltration of mast cells in 
lamina propria mucosae. Due to acute infection only, wound healing occurred rapidly and 
without proliferation of connective tissue. These findings demonstrate that rats, congruent to 
humans and both being accidental and naïve hosts, mobilize strong innate immunity 
resources against an unknown pathogen, such as Anisakis. In contrast, fish as an evolutionary 
long-lasting paratenic host exhibits considerably milder immune response with rapid wound 
healing processes. 

Funding of presentation: 
The study was funded by Croatian Science Foundation through the AnGEl project (Project 
No. 5576), PhD grant to H.J. (Croatian Science Foundation Activity No. A557042) and 
*EAFP student award.  
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The role of ABC-mediated transport in biocidal activity of natural and synthetic 
compounds on Anisakis pegreffii larvae 

Trumbić Ž1, Bušelić I1, Hrabar J1, Vrbatović A1, Ujević I1, Roje Busatto R1, Babić I2, 
Messina C3, Mladineo I1 

1Institute of Oceanography and Fisheries, Split, Croatia, 2Department of Biology, Faculty of 
Science, Zagreb, Croatia, 3Department of Earth and Marine Science, University of Palermo, 
Palermo, Italy 

Anisakiasis, caused by accidental ingestion of live L3 stage larvae of Anisakis spp. through 
undercooked seafood, is a widespread, often underdiagnosed illness. One of the mechanisms 
commonly implicated in the development of drug resistance in nematodes is associated with 
the cellular efflux activity of ABC (ATP binding cassette) transmembrane transporters. 
Nematodes possess numerous homologues of ABCBs (Pgps and half-transporters) and 
ABCCs (MRPs) transporters with important physiological roles, aside from their role in 
multixenobiotic resistance. The scope of this study was to compare biocidal activity of two 
natural monoterpens (farnesol, nerolidol) and two synthetic widely-used anthelminthics 
(abamectin, levamisol) on Anisakis spp. larvae and the degree of involvement of ABC efflux 
mechanism in their pharmacokinetics. Ten Anisakis pegreffii larvae were exposed to growing 
concentrations of target chemicals; experiment was conducted in six replicates with or 
without simultaneous administration of two inhibitors; Valspodar (Pg-p inhibitor) and 
MK571 (MRP inhibitor). The concentration of target compound at which only 50% of larvae 
were alive (LC50) was determined: 135.9 µM for nerolidol, 134.4 µM farnesol, 0.3 µM 
abamectin and 0.84 for levamisol, significantly influenced by presence of one or both 
inhibitors for all chemicals except for abamectin. Toxicity curves were used to extrapolate 
doses where highest difference in larvicidal activity between the compound and one or both 
inhibitors was observed, suggesting it as point where ABC transporters elicit highest effect. 
Anisakis larvae were exposed to this concentration and sampled at 2, 6, 12 and 18 h after 
treatment for further analyses: quantification of Pg-p and MRP-like transcripts by real-time 
PCR, production of reactive oxygen species (ROS), intake of target compounds by HPLC, 
activity of transporters by Calcein-AM assay and effect on larval cytoskeleton by IHC and 
confocal microscopy. The results are discussed and provide integral view and understanding 
of the processes involved in larvicidal activity and protection mechanisms conferred by 
Anisakis pegreffii against tested compounds.  

Funding of presentation: 
The study was funded by Croatian Science Foundation through the AnGEl project (Project 
No. 5576).  



40 
 

033-O 

Open EAFP workshop: “Neglected viral diseases affecting freshwater fish farming” 

Haenen O1, Bigarré L2, Ito T3, Vendramin N4 

1NRL for Fish Diseases, WBVR of Wageningen UR, Lelystad, the Netherlands, 2Unité 
Pathologies Virales des Poissons, ANSES, Plouzané, France, 3National Research Institute of 
Aquaculture, Japan Fisheries Research and Education Agency, Mie, Japan, 4EURL for Fish 
Diseases, Vet-DTU, Copenhagen, Denmark 

In this open workshop (approximately 1.45 h), non-notifiable (but possibly emerging) 
viruses of farmed freshwater fish, such as perch, pike perch, rainbow trout and other 
salmonids, carp, goldfish, sturgeon, eel, and other species will be focused on: Viral diseases 
of freshwater fish, which are so far neglected in literature and in research funding, but which 
have a considerable impact in single cases, and which may grow in importance in the nearby 
future.  

After a short introduction, 5 short papers are planned, and an interactive discussion.  

A handout with abstracts will be provided to the attendees.  

We like to invite you to participate in this workshop. 

PROGRAM:  

 Short intro by Olga Haenen  

 Takafumi Ito: Difficulty of preventing spread of cyprinid herpesvirus 2 

 Laurent Bigarré:  Percids rhabdoviruses, neglected viruses vs a growing farming.  

 Niccolò Vendramin: Piscine Orthoreoviruses in farmed rainbow trout: pathogenesis 
under experimental conditions and diagnostics   

 Olga Haenen: Carp Edema Virus in Europe 

 One other lecture of 10 min, please see hand-out  

 Discussion of approximately 50 min, on:  

1. Which are the most important neglected viral disease problems in freshwater 
fish farming? 

2. Are diagnostic methods up to date, which ones to use?  

3. Are prevention measures in place, and which specific vaccines are needed? 

4. What recommendations can be made for effective diagnosis and prevention of 
neglected viral disease problems in freshwater fish farming? 

The intention is to write a joint publication with the lecturers of this workshop on “Neglected 
viral diseases affecting freshwater fish farming” for the EAFP Bulletin.  
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Investigating the virulence of a newly identified ranavirus (Iridoviridae) to lumpfish 
(Cyclopterus lumpus) and Atlantic salmon (Salmo salar) 

Scholz F1,2, Rodger H1, Ruane N3, Swords D3, Hickey C3, O'Connor I2, Mirimin L2, 
MacCarthy E2 

1FishVet Group Ireland, Oranmore, Ireland, 2Marine and Freshwater Research Centre, 
Galway-Mayo Institute of Technology, Galway, Ireland, 3Fish Health Unit, Marine Institute, 
Oranmore, Ireland 

In 2016, a virus of the genus ranavirus (Iridoviridae), closely related to the notifiable 
epizootic haematopoietic necrosis virus (EHNV), was isolated from lumpfish fry 
experiencing high mortality in a hatchery in Ireland. To date, the virus has not been proven to 
be the aetiological agent of the disease, however histopathology was consistent with viral 
aetiology and no other pathogens were identified using histology, bacteriology or 
parasitology. A closely related ranavirus has been isolated from clinically healthy lumpfish 
broodstock in Iceland, Norway and the Faroe Islands, showing that the infection detected in 
Ireland was not an isolated case. Several ranavirus species cause severe systemic disease in 
fish and often lack host specificity, raising concerns with regard to the potential biosecurity 
risk posed to cohabiting Atlantic salmon. Challenge trials were set up to evaluate the 
virulence of the virus to both lumpfish and Atlantic salmon. Sea transfer size lumpfish (10 – 
20g) and fry (0.2g) were challenged by immersion. Atlantic salmon smolts were challenged 
by immersion and intra peritoneal injection. Findings from these will be presented and 
discussed. 

Funding of presentation: 
This research was supported by the Irish Research Council (EBPPG/2015/217) and Bord 
Iascaigh Mhara (BIM). 
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A novel emerging disease of viral etiology for lumpfish 

Haugland Ø1, Johansen R2, Nylund S2, Hansen T1, Vestvik N1, Hetlelid Olsen R1, Furevik 
A1, Leknes L1, Rode M1, Lindmo K1, Brudal E1 

1Pharmaq, Oslo, Norway, 2Pharmaq Analytiq, Oslo, Norway 

Introduction: Lumpfish (Cyclopterus lumpus L.) are used by the salmonid aquaculture 
industry in Norway, the UK and Iceland to keep the levels of salmon lice (Lepeophteirus 
salmonis) within acceptable limits. The use of lumpfish as cleanerfish has increased rapidly 
over the last few years. Almost all the lumpfish used in the sea cages are farmed. This is in 
contrast to other types of cleanerfish (different wrasse species) where the vast majority is 
wild-caught. The use of farmed cleanerfish facilitates better disease control as it is possible to 
vaccinate the fish, screen the fish for known causes of disease, and it might additionally be 
more sustainable with regards to the impact on wild stocks of cleanerfish. However, most of 
the broodfish used in the lumpfish hatcheries are wild-caught. The use of wild-caught 
broodfish in the hatcheries poses a significant risk of introduction of infectious diseases.  

Methods and Results: Recently, several lumpfish sites experienced problems with disease of 
unknown etiology. Investigations looking for known causes of disease could not explain the 
situation. Histological investigations of affected fish revealed extensive histopathological 
changes in the liver, and a novel virus was detected from clinical samples. An RT-PCR based 
assay was developed for screening purposes and the distribution of the novel virus in 
Norwegian aquaculture has been investigated.  

Conclusions: Although much work still remains, the disease associated with the novel virus 
has the potential to become an important emerging disease for lumpfish. 

Funding of presentation: 
PHARMAQ internal funding. 
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Determination of antibiotic resistance among fish pathogenic bacteria, 
pharmacokinetics and effect of antibacterial agents on lumpfish experimentally 
challenged with V. anguillarum 

Kverme K1, Colquhoun D2, Rønneseth A1, Hannisdal R3, Lunestad B3, Wergeland H1, 
Samuelsen O4, Haugland G1 

1Department of Biology, University of Bergen, Bergen, Norway, 2Norwegian Veterinary 
Institute, Oslo, Norway, 3National Institute of Nutrition and Seafood Research, Bergen, 
Norway, 4Institute of Marine Research, Bergen, Norway 

Lumpfish, also known as lumpsuckers, are used as cleaner-fish to remove sea lice from 
farmed Atlantic salmon in Europe and Canada. Due to the high demand for cleaner-fish by 
the aquaculture industry, the number of farmed lumpfish in Norway increased from 0.4 
million in 2012 to approximately 24 million in 2016. Not unexpectedly with a new farmed 
species, there are challenges with bacterial infections including atypical Aeromonas 
salmonicida, Vibrio anguillarum and an as yet un-named Pasteurella-like bacterium. The 
frequency of prescription of antibiotic agents to lumpfish during the production phase is 
increasing, although the appropriate doses, duration of treatment and application protocols for 
the different antibiotics used have not been studied.  

Before treatment of diseased fish, it is important that the bacterium involved is identified and 
its sensitivity to relevant antibiotic agents correctly assessed. We have performed resistance 
testing of various strains of Aeromonas salmonicida and Vibrio spp. with nine antibiotics, and 
determined the MIC (Minimal Inhibitory Concentration) for each. Further, we have done 
pharmacokinetic analyses following administration of florfenicol, which is a commonly used 
antibacterial agent, to measure how long time it takes to reach the inhibitory concentration 
within tissue of lumpfish. Protocols for efficient treatment of infected lumpfish are needed as 
repeated and improper use of antibiotics may lead to carrier-lumpfish harbouring drug-
resistant bacteria. We have evaluated the effect of medicated pelleted feed containing 
florfenicol, oxolinic acid and flumequine on lumpfish after experimental challenge with 
Vibrio anguillarum. 

Funding of presentation: 
Research Council of Norway (244148/E40). 
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Evaluation of immersion vaccination of juvenile lumpfish 

Rønneseth A1, Brudal E2, S. Lunde H1, Vestvik N2, Wergeland H1, T. Haugland G1 

1University of Bergen, Norway, 2PHARMAQ, Norway 

Lumpfish (Cyclopterus lumpus L.) is now farmed and are extensively used to reduce salmon 
lice (Lepeophtheirus salmonis) on salmon. In Norway most of the commercially produced 
lumpfish are vaccinated against V. anguillarum and atypical Aeromonas salmonicida by 
intraperitoneal injection. Based on previous studies it is recommended to vaccinate lumpfish 
at a size of 8-10 g and to give them an immunization response period of 500 day degrees 
before they are transferred to salmon sea cages. However, lumpfish are also susceptible to 
disease when they are too small to be vaccinated by injection, and vaccination by immersion 
is thus an alternative in these life stages. We have therefore tested different strategies for dip 
vaccination using a commercial vaccine containing bacterins from V. anguillarum O1 and V. 
anguillarum O2α. The aim of the study was to investigate whether immersion vaccination of 
juveniles in a water-based vaccine will protect the larvae against subsequent experimental 
immersion challenge with V.anguillarum O1 and O2α isolated from lumpfish. Additionally, 
to evaluate early immune response after dip vaccination we analyzed for cytokines by use of 
real-time reverse transcriptase PCR. Further, a second aim was to investigate whether the dip 
vaccination of juvenile lumpfish would provide higher or earlier specific antibody levels after 
subsequent injection vaccination at 8-10 g. Sera were collected at different times post 
vaccination and analyzed for specific antibodies. 

Funding of presentation: 
Norwegian Research Council (244148/E40). 
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The interest for lumpfish, also known as lumpsucker, has increased the last few years due to 
its use as cleaner-fish to remove sea-lice from farmed Atlantic salmon. In Norway, the 
number of produced lumpfish has increased from 0.4 million in 2012 to approximately 24 
million in 2016.  

Previously, we have shown that the innate immune mechanisms (phagocytosis and 
respiratory burst) are very efficient in lumpfish and that the B cells, in addition to monocytes, 
macrophages and neutrophils, are phagocytic cells. To better understand the molecular 
mechanisms involved in recognition and degradation of microbes and downstream signalling, 
we have performed de novo RNA sequencing, assembled the transcriptome and identified 
immune components. This comprehensive mapping of the innate immune system enables us 
to measure immune responses upon bacteria challenge and immunostimulation. Also, is 
important to have good markers to measure effect of vaccination and functional feed. 

Funding of presentation: 
The research council of Norway (244148/E40) and UiB. 
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Salmon lice are one of the main challenges for the aquaculture industry. In recent years, use 
of cleaner-fish has been used as an alternative/ supplement to chemicals, and lumpfish are 
now farmed. The production of lumpfish has been successfully, but there has been mortality 
due to bacterial infections. More knowledge of the fish pathogenic bacteria and the immune 
system and responses in lumpfish is needed as this will make a basis for development of more 
efficient vaccines than those currently available. We have shown previously, based on 
functional analyses in flow cytometer, that the innate immune functions in lumpfish are 
efficient. To gain further insight into its immune responses, identification of immune genes is 
essential. Currently, no sequences of immune genes in lumpfish are available in public 
databases. Therefore, we performed de novo RNA sequencing and differential gene 
expression (DEG) analysis of head kidney leukocytes 6 hrs and 24 hrs post challenge (hpc) 
with V. anguillarum. We found that the number of genes that were significantly regulated (p-
value < 0.05) were higher 24 hpc compared with 6 hpc, being 8185 and 4918 genes, 
respectively. Based on the DEG analysis, we have mapped the early immune responses in 
lumpfish leukocytes after bacteria challenge. An overview of the cytokines in lumpfish will 
be given. 

Funding of presentation: 
Research Council of Norway (244148/E40), UiB. 
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Introduction: The protozoan diplomonads are a group of mostly anaerobic microorganisms 
consisting of both parasitic and free-living species, the most well-known is the human 
pathogen Giardia. Diplomonads are highly divergent eukaryotes, containing two nuclei, each 
associated with four flagella. The parasitic diplomonads are commonly found in the digestive 
tracts of mammals, birds and fish. Diplomonads of the genus Spironucleus cause severe 
disease in affected fish but there are also Spironucleus species that are living as commensals 
utilizing the intestinal flora of wild marine and freshwater fish species. Spironucleus parasites 
in fish have been suggested to have a simple lifecycle with replicating trophozoites in the 
intestinal lumen developing to infectious cysts that are released in the faeces for reinfection 
of new fish. However, this has not clearly been shown and the life cycles are still not fully 
understood for these intestinal parasite species. S. salmonicida is one of the most pathogenic 
species for salmonids within this group. It has been shown to be able to establish systemic 
infections in the blood, liver, kidney and muscles where lesions may develop during special 
conditions. 

Methodology: In our experimental studies we have applied a new technique to infect 
salmonid fish by intubation releasing the parasites into the stomach by use of a catheter 
administration of a live trophozoite suspension. By weekly blood samplings we have been 
able to follow when parasites have entered the blood system and later re-isolated live 
trophozoite parasites from externally appearing skin lesions. 

Results: The parasites have been re-isolated by aseptically taking biopsies from the skin 
lesions and further cultivation in EMEM containing serum and antibiotics. The re-isolated 
parasites have been maintained for several months for further in vitro studies of the 
interaction between host cells and parasitic trophozoites. 

Conclusions: By this infection trial we have been able to show that the life cycle may use an 
alternative route of transmission and instead of the faecal-oral route, the parasites can also be 
excreted directly into the surrounding water from the mucous layer of the skin or from an 
ulcerated skin lesion. 

Funding of presentation: 
FORMAS. 
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Introduction: Miamiensis avidus (Ciliophora: Scuticociliata) is considered to be an important 
opportunistic pathogen of finfish. M. avidus has recently been reported from the 
cerebrospinal fluid of southern bluefin tuna (SBT) affected by Swimmer Syndrome in sea-
cages off Port Lincoln, South Australia.   

Methods: We deployed in sea cages at one and four metre depths; six perspex plates and six 
netting pieces each, in two SBT sea cages in April, 2016. Half of the plates and netting pieces 
were removed via SCUBA at one month post-deployment and the remainder were collected 
at three-month post-deployment. Samples were immediately stored on ice before the biofilm 
and biofouling material was stored at -20°C until further use.  In the laboratory samples were 
separated into broad taxonomic fouling groups before total DNA was extracted from samples.  
Total DNA was then analysed using a specific Miamiensis avidus quantitative polymerase 
chain reaction (qPCR) assay for the presence of M. avidus in the different samples.   

Results: Prevalence based on positive qPCR detection increased in the fouling samples from 
17% at one month to 83% at three months and there was no significant difference observed 
between depth of samples.  M. avidus was detected from total DNA extracted from a wide 
range of taxonomic groups collected from the fouling samples.   

Conclusions: Our results suggest that net-fouling may act as a reservoir for M. avidus in sea-
cage aquaculture.  Monitoring environmental reservoirs may be an important non-destructive 
surveillance tool, further optimization of the approach may provide insights into host-
pathogen interactions which will inform aquatic animal health management.  Our approach 
could also be applied for the surveillance of SBT blood fluke intermediate hosts and for other 
potential aquaculture pathogens. 
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The ParaFishControl project, which has been running since 2015, aims to research the 
parasites of the six most important fish species of European aquaculture. During the survey, 
the Opisthorchiid trematodes (Platyhelminthes: Digenea) of common carp (Cyprinus carpio) 
were monitored in Hungarian aquacultures. The metacercariae of these trematodes parasitise 
the musculature of fish and can cause zoonotic diseases.  

Four geographically distinct and methodologically different fish farms were chosen for 
monitoring, and 258 one-year-old fingerlings were investigated from each farm. The fish 
were anaesthetised and decapitated, and left and right sections of their musculature were 
examined under stereomicroscope. Muscle fillets were digested in pepsin solution to free the 
metacercariae from the tissue for further morphological analysis. A few specimens were 
selected to analyse the sequence of the ITS region to confirm the morphological results. 

Opisthorchiid metacercariae have not been found until now, but a non-zoonotic muscle 
parasite species occurred in abundance. This species was supposed to be Holostephanus sp. 
based on its characteristics, which was confirmed by molecular data. The rate of infection 
showed remarkable differences between the four fish farms. One of the farms was infected by 
large numbers of Holostephanus sp., while the other farms were mostly unaffected by them. 
The heavily infected fish stock was cultured in ponds close to natural habitats, where a rich 
bird fauna (final host) is present and freshwater snails (first intermediate host) are in 
abundance. 

Funding of presentation: 
ParaFishControl Horizon 2020 (634429), Hungarian Scientific Research Fund (OTKA PD 
108813), Bolyai Scholarship (BO/00417/15/4), *EAFP student award. 
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Introduction: Taxonomical descriptions of soft-bodied invertebrates have been mostly based 
on stereomicroscopy, scanning electron microscopy (SEM), micro-dissection and histology. 
In the recent years, micro-computed tomography (micro-CT) has seen a sharp increase in its 
usage for the description of small invertebrates, offering a non-destructive alternative method 
and showing 2D and 3D rendering of morphological and anatomical features. Here, we 
demonstrate the power of an integrated approach which uses these methods to study parasites, 
applied to the ozobranchid leech, Ozobranchus margoi (Apáthy, 1890), parasite of the 
loggerhead turtle, Caretta caretta (Linnæus). 

Methodology: The leeches were obtained from naturally infected loggerhead turtles hosted at 
Cretaquarium, the public aquarium of HCMR. The leeches were sampled, photographed and 
preserved for histology, SEM and micro-CT analysis.  Complete individuals were embedded 
in methacrylate resin, sectioned and stained with methylene blue/azure II/basic fuchsin. SEM 
observations were made using the scanning electron microscope JEOL JSM-6390LV at 15kV 
at the Electron Microscopy Lab of the University of Crete, while micro-CT was performed in 
HCMR using formalin fixed specimens stained with 0.3% phosphotungstic acid and observed 
in SkyScan 1172 micro-CT scanner. 

Results: SEM observations and external 3D volume renderings from micro-CT scans was a 
powerful combination for obtaining details of the external features of the leech including the 
sensilla, the gills and the excretory pores at fine scale. Furthermore, 2D scanned section 
images, coupled with histology, provided detailed insights of the internal organs and their 
spatial arrangement within the coelomic cavity. The identification of a new glandular 
structure of unknown function not previously described in other leeches is among the major 
findings of this study. 

Conclusions: Advanced imaging techniques like micro-CT can be used in combination with 
established methodologies to provide unprecedented details in the study of parasites. This 
approach can be applied in all fish parasites, not only for their taxonomical description but 
also for the study of the lesions they may cause to their hosts. 
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Parasitic diseases of fish are responsible for significant economic losses in aquaculture. 
Among these, some myxosporeans represent a serious threat to marine culture. Sphaerospora 
dicentrarchi (S. dicentrarchi) is a systemic histozoic parasite of the European seabass, 
Dicentrarchus labrax, infecting the connective tissue of most of the organs in its hosts, with a 
preference for the gall bladder and the intestine. 

From October 2016 to March 2017, 200 adult sea bass (weight 320-480 g) were collected 
from fish farms in Bodrum and Didim Gulfs. Following necropsy, tissues were fixed in 10% 
neutral buffered formalin, and stained with haematoxylin-eosin and periodic acid - Schiff 
(PAS). Tissues from stomach, intestine and gall bladder were examined by transmission 
electron microscopy. 

In the light microscopical examination, S. dicentrarchi was found in the stomach, intestine 
and gall bladder of 136 fish (68%). Bag-like groups of spores were located in the muscularis 
wall of these organs, and were easily identified by their strong positive PAS reaction. In some 
fish, mild inflammatory reactions around the spores were observed. The ultrastructural 
examination revealed S. dicentrarchi was seen in bag-like groups, and binucleated mature 
spores and valvogenic spheroidal structures were detected. 

In the present study, the light and ultrastructural findings of the S. dicentrarchi were 
investigated. This study is the first report of S. dicentrarchi from cultured seabass in Turkey. 

Funding of presentation: 
This study was supported by Adnan Menderes University Research Fund (Project no: VTF-
17016). 
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Introduction: An orthomyxo-like virus (POMV) was isolated from healthy pilchards from 
South Australia in 1998, during an investigation into mass-mortalities associated with 
pilchard herpesvirus. POMV has since been isolated twice from healthy pilchards in South 
Australia and Tasmania. In 2006, a second orthomyxo-like virus (SOMV) was isolated during 
routine surveillance testing of farmed Atlantic salmon in Tasmania. In 2012, SOMV re-
emerged in SE Tasmania in association with mortality in farmed Atlantic salmon. Both 
POMV and SOMV were originally identified as orthomyxo-like viruses based on 
transmission electron microscopy but varied morphologically from ISAV. They were 
determined to be genetically and antigenically distinct from ISAV based on negative 
diagnostic test results with ISAV-specific PCR assays and an ISAV-specific monoclonal 
antibody. To date, no genetic information has been available for POMV or SOMV isolates 

Methodology: Three POMV and eight SOMV isolates from a range of geographical locations 
and isolation years were selected for next generation sequencing (NGS). A protocol based on 
sequence independent single primer amplification was developed to generate sequence for 
each isolate with the Illumina Miseq desktop sequencer. Data generated was analysed using 
CLC Genomics and Geneious software. 

Results and Discussion: Eight putative segments were de novo assembled with each segment 
from POMV and SOMV sharing >95% nucleotide identity. Ten putative protein sequences 
were identified that shared >98% amino acid identity. Therefore POMV and SOMV are 
isolates of the same virus from southern waters of Australia and have been termed POMV. 
Comparison of the 6 major proteins encoded by ISAV and POMV/SOMV demonstrated 
<40% identity, providing strong evidence that ISAV and POMV are extremely divergent. 
ISAV segments 7 and 8 that encode multiple proteins did not align with those assembled for 
POMV. Therefore, POMV may represent the type species of a second genus of the 
Orthomyoxiviridae infecting fish. 

Funding of presentation: 
Fisheries Research and Development Corporation. 
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Introduction: Red mark syndrome (RMS) is an infectious disease affecting rainbow trout. A 
Midichloria-like organism (MLO) belonging to the family Midichloriaceae within the Order 
Rickettsiales has been the main suspect for causing RMS since the discovery of MLO 16S 
rDNA in RMS lesions (Lloyd et al 2008). However, Rickettsiales bacteria are all obligate 
intracellular organisms which are difficult to culture, and no MLOs from RMS lesions have 
been isolated or cultured. This makes the association of MLOs with RMS difficult to 
establish according to Koch’s postulate. 

Methodology: We have established a repeatable and ongoing cohabitation model of RMS in 
rainbow trout, where previous cohabitants affected by RMS are seeders for new cohabitants. 
At present we have successfully made 5 consecutive passages. The first skin changes related 
to RMS become visible after approximately 600 degree days (at 12 ºC) of cohabitation. The 
lesions typically develop over the following 300-400 degree days, after which the lesions 
regenerate. On the farm, only 10-20% of the fish in a pond typically has lesions at any given 
time. In our model all fish have lesions at the same time, but with varying levels of severity. 

Results and discussion: Next generation sequencing of the 16S rRNA gene from skin samples 
from the cohabitants show a strong correlation of MLO with RMS symptoms. Conversely, 
other bacteria (including Flavobacterium psychrophilum) do not correlate with the disease. 
Real-time PCR results confirm the presence of MLO 16S rDNA in RMS lesions, low or no 
MLO 16S rDNA copy numbers in non-affected sites of affected fish and the absence of 
MLOs in control fish kept under identical but RMS free conditions. We have also detected 
the MLO 16S rRNA gene in RMS-affected fish from Danish fish farms. Considering these 
observations, together with the findings of MLOs in RMS-affected fish in previously 
published studies, we believe that the association of MLO with RMS conforms to the 
molecular guidelines for microbial disease causation put forward by Fredericks and Relman 
(1996). 

Funding of presentation: 
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Introduction: Production of Nile tilapia in 2014 in Ghana was estimated at 35,000 tonnes, 
rapidly rising from only 954 tonnes in 2005. Most Ghanaian production is in cage culture 
units on Lake Volta. Production and economic sustainability is presently constrained by high 
and persistent mortalities. 

Methodology and Results: We undertook a detailed disease investigation to determine the 
causes of the reported high mortalities.  

All the farms visited reported that, prior to 2015, mortalities in their fry and on-growing 
operations were manageable. However, they then started to suffer losses of between 40-50% 
over the grow-out cycle.  The major typical clinical signs reported by all the farms, were loss 
of equilibrium with associated spiralling/ corkscrewing swimming behaviour, indicative of a 
disease affecting the central nervous system. 

The main bacterial pathogen recovered from the brains of fish from all the farms was 
Streptococcus agalactiae. Whole genome shotgun sequencing of four of the isolates, 
collected from three of the farms, showed only very limited between-isolate Single 
Nucleotide Polymorphism differences. The draft assemblies were most similar to GenBank 
Accession Number GCA_001190865.1, from a Chinese tilapia isolate. The closest sequence 
from a well characterised strain was GenBank Accession Number FO393392, derived from S. 
agalactiae MLST Sequence Type 261 strain ND2-22.  S. agalalactiae involvement in disease 
was confirmed histopathogically with numerous Gram positive cocci seen in samples of brain 
and other tissues.   We also recovered a range of other potential pathogens from diseased fish, 
including Streptococcus iniae and Flavobacterium columnaris. Single samples were positive 
by PCR and gene sequencing for the presence of a nodavirus and a Francisella sp. Presence 
of Sinuolinea-like myxosporean parasites was also recorded.  

Conclusions: The results suggest the major cause of the reported mass mortalities was S. 
agalactiae. The close genetic identity of the isolates is indicative of the recent introduction 
and spread of this pathogen between farms. This highlights the importance in putting in place 
good disease control measures at a countrywide and farm level in Ghana. Vaccination-based 
control strategies may also be effective for control of S. agalactiae and other pathogens. 
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Introduction: The skin and mucosal surfaces, covered by a mucus layer, are the first points of 
contact between fish and pathogens. Mucins are highly glycosylated and are the main 
components of mucus. Bacterial communication through secreted autoinducer signals takes 
part in the regulation of gene expression in bacteria influencing e.g. growth and virulence. 
The aim of the study was to develop a quantitative measurement for autoinducer production 
and analyze the effect of salmon mucins on A. salmonicida autoinduction. 

Methodology: Commercially available autoinducers were used to test compatibility of the 
reporter assay with three biologically relevant media: water from fresh water tank (FW-T), 
commercial fresh water* (FW-C) and artificial seawater (SW). Autoinducer-I signals were 
measured using Vibrio harveyi BB886 mutant and Autoinducer-II signals with V. harveyi 
BB170 mutant. Bacterial culture supernatants were mixed with the reporter strains and 
incubated overnight while monitoring luminescence.  

Results: The reporter strains enabled quantification of both AI-I and AI-II signals in all three 
culture media. Vibrio salmonicida did not produce detectable amounts of either of the AI 
molecules. Moritella viscosa, V. harveyi, Aeromonas hydrophila, Aeromonas salmonicida 
and Yersinia ruckeri all secreted both AI molecules with AI-I being prominent in the early 
growth phase and AI-II in the late phase. Mucins from all sites decreased A. salmonicida AI-
II production. Enzymatic removal of sialic acids from skin and proximal intestinal mucins 
increased AI-II production of A. salmonicida while pyloric cecal and distal intestinal mucins 
showed a minor decrease. A. salmonicida growth was decreased by AI-I and increased by AI-
II. 

Conclusions: The use of V. harveyi knockout mutants is suitable for quantitative detection of 
AI signals if appropriate standard curves are used for each medium. The divergent secretion 
of AI-I and AI-II during growth phases most likely plays a role in the shift from lag to log 
growth phase and growth control of the bacteria. Inhibition of A. salmonicida AI-II by 
mucins appears be a host defense mechanism influenced by the level of sialylation on salmon 
mucins.  

*Bold Modified Basal Freshwater Nutrient Solution (Sigma) 
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Introduction: Aeromonas salmonicida cause furunculosis in salmonids and is a threat to 
Atlantic salmon aquaculture. The epithelial surfaces that the pathogen colonizes are covered 
by a mucus layer, predominantly comprised of secreted mucins.  

Methodology: We measured bacterial growth in response to mucins from mucins isolated 
from Atlantic salmon intestine and skin, with and without enzymatic removal of specific 
glycan residues. We used mass spectrometry to identify mucin glycan structures.  

Results: Skin O-glycans were shorter (2−6residues long) and less diverse (33 structures) than 
intestinal O-glycans (2−13 residues, 93 structures). The complex Atlantic salmon intestinal 
mucin glycans enhance A. salmonicida growth, whereas the more simple skin mucin glycans 
do not. Of the glycan residues present terminally on the salmon mucins, only N-
acetylglucosamine (GlcNAc) enhances growth. Sialic acids, that have an abundance of 75% 
among terminal glycans from skin mucins and <50% and among intestinal glycans, cannot be 
removed or used by A. salmonicida for growth enhancing purposes and shields internal 
GlcNAc from utilization. A Ca2+ concentration above 0.1 mM is needed for A. salmonicida to 
be able to utilize mucins for growth promoting purposes, and 10 mM further enhance both A. 
salmonicida growth in response to mucins and binding of the bacteriato mucins.  

Conclusions: In conclusion, GlcNAc and sialic acids are important determinants of the A. 
salmonicida interaction with its host at the mucosal surface. Furthermore, since the mucin 
glycan repertoire affects pathogen growth, glycan repertoire may be a factor to take into 
account during breeding and selection of strains for aquaculture. 

Funding of presentation: 
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Introduction: The skin and mucosal surfaces, covered by a mucus layer, is the first point of 
contact between fish and pathogens. Mucins are highly glycosylated (70-90% of the 
glycoprotein weight) and are the main components of mucus. Aeromonas hydrophila, Vibrio 
harveyi, Yersinia ruckeri, V. salmonicida and Moritella viscosa are important infectious 
agents in aquaculture. The aim of this study was to identify binding of these organisms to 
Atlantic salmon mucins and pinpoint species and organ specific differences in binding.  

Methodology: For measuring bacterial adhesion, fresh water acclimated Atlantic salmon skin, 
gill, pyloric cecal, proximal and distal intestinal mucins were collected and coated on white 
microplates. Bacteria in the log phase of growth were added to the wells and incubated at 8 
°C for 2h. The plates were washed and the remaining bacteria, i.e. the ones that bound to the 
mucins, were detected based on converting their ATP to luminescent signals with luciferase 
enzyme. To study the role of sialic acid and fucose on salmon mucin glycans the adhesion 
assay was repeated using mucins that were pre-treated with fucosidase and sialidase enzymes 
resulting in mucins lacking these glycans. 

Results: All species studied except for Y. ruckeri showed specific adhesion to Atlantic salmon 
mucins. A. hydrophila showed the strongest overall adhesion to mucins compared to other 
species. Among the different organs, A. hydrophila adhered to a higher degree to gill and 
pyloric cecal mucins, M. viscosa to gill mucins while V. harveyi and V. salmonicida adhesion 
did not differ between organs.  Removing sialic acids from the mucin glycans by sialidase 
treatment decreased A. hydrophila binding, whereas removing fucose enhanced A. hydrophila 
and M. viscosa adhesion.  

Conclusions: Together with our previously published results that Aeromonas salmonicida 
adhesion is dependent on sialic acid (1), these results demonstrate that pathogens differ in 
binding specificity and that fucose and sialic acid on Atlantic salmon mucin glycans are 
important structures for the adherence of pathogenic bacteria to their host. 

Funding of presentation: 
Wilhelm and Martina Lundgrens Research fund. 
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Introduction: Aeromonas veronii, has recently been described as a novel bacterial pathogen 
affecting European seabass, Dicentrarchus labrax cultured in Greece. The disease affects fish 
close to commercial size causing severe morbidity and mortality. Virulence has been 
confirmed with infectivity tests. This is a follow-up study of the first description of the 
disease, providing new data on epizootiology and microbiology of the bacterial isolates 
obtained from different incidents over the past years. 

Methodology: Farmed fish from 7 geographical localities were submitted to macroscopic and 
histological examination. Bacteria were isolated from kidney of diseased fish and clinical 
strains were characterized and identified molecularly by sequencing the 16s rRNA and gyrase 
B genes and phenotypically by using biochemical tests and microscopy. The evolutionary 
relationship of the various strains were studied by phylogenetic analysis. Virulence was 
tested on healthy European seabass (50 g) by infectivity tests (intraperitoneal injection and 
immersion) using two clinical strains. 

Results: On the farms, morbidity and mortality was observed in water temperature over 18°C. 
Daily mortality was generally low (<0.5%). Fish exhibited anorexia, lethargic swimming, 
anemia, skin discoloration, dermal erosion with atypical furuncles and jaundice. Gross 
pathological features and histology revealed a systemic infection characterized by the 
presence of abscesses and chronic granulomatous inflammation in the spleen, liver and 
kidney. Aeromonas veronii was identified as the etiologic agent of the disease in five 
localities. Infectivity tests successfully reproduced the internal organ lesions observed in the 
field. Mortality reached 100% in both administration methods applied in a post-infection time 
interval ranging between 48 h (intraperitoneal injection) and 10 days (immersion).  

Conclusions: Following the first description of the disease in 2008, A. veronii seems to have 
become established as a serious pathogen of European seabass in several parts of Greece with 
intense aquaculture activity. Epizootiology has not yet elucidated the origin of the disease 
caused by A. veronii. Climate change and management practices could both be implicated in 
emerging pathologies in the Mediterranean aquaculture. 
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Introduction: Antimicrobial resistance is one of the major health challenges of the XXI 
century. In France, the “Ecoantibio” program aimed to reduce the use of veterinary drugs by 
25% in 5 years. To assess the impact of this plan, an inventory of the situation is needed. In 
France, fish farming is a minor production not included in surveillance of antimicrobial 
resistance in animals. Very few data are available and the therapeutic arsenal is limited.  

Methodology: Three French laboratories managed a study on antimicrobial susceptibility of 
Aeromonas spp. isolates collected from diseased fish, by sharing their collections established 
since 1984. Harmonized protocols were used. The first step consisted in identifying isolates 
by MALDI-TOF. Motility and pigmentation reactions were also assessed to help 
identification at the species level. Secondly, antimicrobial susceptibility was tested by two 
methods: agar diffusion (AD) and broth dilution (BD). Twelve antimicrobial agents 
representing seven classes were chosen including agents labeled in French aquaculture 
(flumequine, oxolinic acid, trimethoprim-sulfamethoxazole, oxytetracycline and florfenicol). 
120 isolates of Aeromonas mainly isolated from trouts (n=52, 43.3%) and turbots (n=52, 
43.3%) were analyzed (27 old isolates and 93 contemporary isolates, collected in 1984–2000 
and 2001–2014, respectively).  

Results: Aeromonas salmonicida was the most abundant species (n=77, 64.1%). 
Discrepancies were observed between MALDI-TOF identification and phenotypic traits. Out 
of the 77 isolates with A.salmonicida characteristic phenotype, the identification was 
confirmed for only 26 by MALDI-TOF. For the other 51 isolates, A. salmonicida 
identification was among the three first propositions of MALDI-TOF. Resistance to 
enrofloxacin, trimethoprim-sulfamethoxazole, flumequine and oxolinic acid was more 
frequent for the contemporary isolates compared to the oldest. In the same way, resistance to 
florfenicol and gentamicin was observed only in contemporary isolates whereas resistance to 
colistin and oxytetracycline seemed more prevalent among old isolates. AD and BD methods 
gave consistent results. 

Conclusions: A variation of antimicrobial resistance between old and contemporary isolates 
was observed. MALDI-TOF technology, in development in veterinary laboratories, is reliable 
for identification of Aeromonas spp. but the MALDI-TOF database should be improved to 
enable identification of Aeromonas isolates at the species level. 

Funding of presentation: 
EcoAntibio 2017.  
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Introduction: Microbial antibiotic resistance is a major concern in both human and veterinary 
medicine. The excessive use of antibiotics is one of the most important causes for this 
problem. Metallic nanoparticles show potent antimicrobial activity, and therefore could serve 
as a future substitute for conventional antibiotics. For example, silver nanoparticles have been 
proven to show bactericidal effects against different fish pathogens in vitro. The aim of this 
study was to evaluate the antibacterial effects of silver nanoparticles in vivo against 
Aeromonas salmonicida, the causative agent of urunculosis. 

Methodology: Rainbow trout (n =90) were divided into three groups; 30 fish challenged with 
A. salmonicida 30 fish challenged with A. salmonicida then immersed in silver 
nanoparticlesand 30 fish as a negative control group (non-infected and non-exposed to silver 
nanoparticles). 
The bacterial concentration was adjusted to a final challenge dose of 4.6×104 CFU/mL. Water 
flow was stopped for six hours to allow infection, and then fish were immersed in silver 
nanoparticles at a final concentration of 100 µg/L. The fish were monitored for mortality and 
clinical signs twice a day for 30 days. Upon completion of the experiment, fish were 
euthanized, and then kidney and spleen were sampled for bacteriological investigation, DNA 
extraction and histopathology.  

Results: The onset of clinical signs started three days after challenge. The first mortality was 
recorded on the 6th day after infection. A. salmonicida was re-isolated from skin lesions and 
PCR results confirmed the presence of A. salmonicida in the infected group. Histopathology 
revealed the presence of bacterial aggregates in the fish tissues with infiltration of 
inflammatory cells. Silver nanoparticles-treated and negative control groups did show any 
clinical signs, mortalities or histopathological alterations and they wer negative for A. 
salmonicida with PCR.  

Conclusion: Based on our results, we concluded that silver nanoparticles are effective against 
A. salmonicida infection to reduce dependence on antibiotics in aquaculture.  

Funding of presentation: 
*EAFP student award.  
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Introduction: Viral Encephalopathy and Retinopathy, also known as Viral Nervous Necrosis 
(VNN), is one of the most devastating infectious diseases for marine aquaculture worldwide. 
A large number of economically relevant fish species have proven to be susceptible to the 
disease, except for Gilthead sea bream (Sparus aurata), which has generally been considered 
resistant to the infection. Although this species is frequently reared in close proximity to 
VNN infected European sea bass, so far it has never shown either clinical signs of the disease 
or mortality. Unexpectedly, in the last two years an increasing number of sea bream 
hatcheries in Europe have experienced VNN epidemics associated with mortality in sea 
bream larvae.  

Methodology: Two sea bream hatcheries reporting severe mortality in larvae were monitored 
over a one-year period. Larvae as well as broodstock were sampled and subjected to 
laboratory analysis. Affected sea bream larvae displayed symptoms and lesions clearly 
associated with VNN, while broodstock remained healthy and tested negative. All the viral 
isolates obtained from the larvae were characterized as reassortant betanodaviruses 
RGNNV/SJNNV.  

A subsequent genetic characterization of all sea bream VNN isolates inventoried at IZSVe 
revealed that the majority of strains which had affected sea bream larvae in the past were 
actually RGNNV/SJNNV.  

Results: Our results point out that the reassortant RGNNV/SJNNV shows high virulence and 
preferential tropism for S. aurata mainly for larvae and post-larvae. Mortality was high in 
both farms and sea bream survivors, completely recovered from clinical signs, tested positive 
to betanodavirus for several months after the infection.  

European sea bass, present in both the farms where the VNN outbreaks had occurred, never 
showed clinical signs nor mortality.  

Conclusions: In light of the increasing number of VNN detections in clinically affected S. 
aurata larvae, it is of paramount importance to strengthen the awareness of the emergence of 
RGNNV/SJNNV nodavirus in this species both in scientists and fish farmers. The spread of 
VNN disease to sea bream farms could severely affect Mediterranean aquaculture. 

Funding of presentation: 
This work was founded by the Italian Ministry of Health (RC IZSVe 09/15). 
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Betanodaviruses are the causative agents of the viral nervous necrosis (VNN), a devastating 
disease for the Mediterranean mariculture. Four different betanodavirus species are 
recognized, Striped jack-, Redspotted grouper-, Tiger puffer-, and Barfin flounder nervous 
necrosis virus (SJNNV, RGNNV, TPNNV and BFNNV), but there is still little knowledge on 
their antigenic properties.  

Recent studies indicate that the SJNNV and the RGNNV are antigenically distinct, 
constituting serotypes A and C respectively. The natural reassortant viruses RGNNV/SJNNV 
and SJNNV/RGNNV group within serotypes A and C respectively, indicating that the coat 
protein encoded by RNA2 acts as major immunoreactivity determinant. 

The aim of this study was to investigate the possible in vivo cross-protection in sea bass of 
these two betanodavirus species using a RGNNV and a SJNNV in-house produced vaccine.  

Methodology: Ten ml of RGNNV (strain 283.2009) and SJNNV (strain 484.2.2009) were 
inactivated with 1% formalin for one week at room temperature. Two groups of 60 juvenile 
European sea bass were IP immunized with 0.1 ml/fish of one inactivated virus solutions 
each. An additional group was mock vaccinated with PBS 0.01 M to act as positive control. 
After 30 days post vaccination, 10 fish from each tank were bled to death and sera collected 
for immunological analyses. The remaining fish were IM challenged with 283.2009 RGNNV 
and kept at 25 °C for 28 days. Considering that sea bass is poorly susceptible to SJNNV, 
challenge was performed with the RGNNV only. 

Results: The mortality rate for each experimental condition was calculated and compared 
through statistical analysis. Results showed a RPS of 81.2 for inactivated RGNNV and 25.3 
for SJNNV, confirming that the cross-protection of the two species is very limited. 
Immunological analyses showed an appreciable seroconversion of the RGNNV- and SJNNV-
vaccinated fish against the homologues antigens, but very low cross-reaction against 
heterologous virus, confirming the in vivo results. 

Conclusions: In the Mediterranean Sea circulates different betanodavirus viral species, 
including reassortant strains. The data obtained in this study could be highly informative for 
the development of cross-protective vaccines against any betanodavirus genotype in different 
fish species. 

Funding of presentation: 
The work was funded by the EU FP7 project TargetFish (Grant Agreement 311993) and by 
the Italian Ministry of Health (RC 02/14). 
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Introduction: Consumption of grey mullet (Mugil cephalus) is growing worldwide, alongside 
the depletion of mullet population due to the netting of fingerlings from the wild. The need 
for an alternative source of fingerlings for aquaculture has thus become more 
urgent.Protocols, developed at The National Centre of Mariculture (NCM), Eilat, Israel, form 
the basis for annual production of fingerlings from breeding stock held in captivity. However, 
some breeding stocks and larvae have been showing neurological signs such as uncoordinated 
circular swimming as well as head swelling and oral hemorrhages. A few days after the onset 
of the clinical signs, the fish are found dead. 

Methodology: The methodology to isolate the suspected pathogen from different tissues of 
fish showing clinical signs, include different analyses: pathology, bacteriology, histology, 
molecular analysis and electronic microscopy. A number of fish cell-lines will be used to 
inoculate the tissues collected. RNA and DNA extractions will be performed to run RT PCR 
for different possible viruses. The genome will be sequenced with Illumina MiSeq.  

Results: To date, 104 different tissue samples were collected from infected fish during 2015 
and 2016. After eliminating other possible etiological agents by different analyses, four 
different cell lines were inoculated with 24 tissue extracts and incubated at different 
temperatures. In some cases, a cytopathic effect was observed after several days of incubation 
and passages at 25°C, this effect was seen in SSN 1 and E11 cell lines inoculated with brain 
and spleen extracts. Moreover, histological analysis indicated cavitation in the brain tissue. 
Despite the similarity of the disease to “viral nervous necrosis” (VNN) or “viral 
encephalopathy and retinopathy” (VER), conventional PCR and RT-qPCR using specific 
primers gave negative results. 

Simultaneously, RNA from 24 samples were processed following the TRAPD base whole 
genome sequencing protocol for sequencing with MiSeQ Illumina Nextera XT. The results 
did not establish any known sequences using both: a novo and a reference based approach for 
RNA viruses. 

Conclusion: Up until know we had no success in identifying the pathogen. We will continue 
focusing on both, RNA and DNA viruses using the same technics proposed in the 
methodology.  
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Introduction: In January 2014, a new ISAV-HPR-deleted strain (HPRdel) was identified 
through routine screening at an Atlantic salmon marine farm in the Faroe Islands. The 
purpose of this study was (i), by sequence analysis of the open reading frame (ORF) of all 
eight segments to investigate whether the FO/121/14 virus originated from any of the HPR0 
variants known to circulate in Faroese aquaculture at that time and (ii) to characterize the 
virulence of the HPRdel virus using an in vivo immersion challenge and in vitro experiments 

Methodology: The study population included seven epidemiologically linked marine farms 
within a management area which were supplied with stocks from seven freshwater smolt 
farms. A total of 4537 fish were screened by ISAV specific real-time RT-PCR and partial 
segment 6 of all 520 ISAV positive samples were sequenced to determine HPR-subtypes. The 
ORF of all eight segments from a linked freshwater HPR0 and the marine HPRdel were 
sequenced to confirm their identities. To determine the virulence of the HPRdel variant an 
ISAV infection challenge was conducted.  

Results: Here, we provide the first evidence of genetic and functional evolution from a non-
virulent HPR0 to a low-virulent HPRdel in a Faroese Atlantic salmon marine farm. The 
HPRdel infection was not associated with specific clinical signs of ISA and was confined to a 
single net-pen, while various HPR0-subtypes were found circulating in most 
epidemiologically linked marine and freshwater farms. Sequence analysis of all eight 
segments revealed that the HPRdel virus was identical, apart from a substitution in the fusion 
(F) gene (Q266L) and a deletion in the haemagglutinin-esterase (HE) gene, to the HPR0 
variant from a freshwater farm, which supplied smolts exclusively to the HPRdel positive 
net-pen. In the infection challenge the HPRdel virus induced a systemic infection in Atlantic 
salmon associated with a low mortality and mild clinical signs confirming its low 
pathogenicity. 

Discussion: Our results demonstrate that mutations in the F-protein and deletions in HPR of 
the HE-protein represent a minimum requirement for ISAV to gain virulence and to switch 
cell tropism. This suggests that ISAV-HPR0 represents a reservoir and risk factor for the 
emergence of ISA disease. 

Funding of presentation: 
The research leading to these results has received funding from the Norwegian Research 
Council (HAVBRUK project no. 207024 and 244110), the Norwegian Seafood Research 
Fund, and The Faroese Research Council. 
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Introduction: The details of the innate antiviral responses to salmonid pancreas disease virus 
(SPDV) or salmonid alphavirus (SAV) infected are poorly understood. A competent 
interferon alpha response plays a key role in controlling viral replication in vitro (Xu el al. 
2010) but the first-phase responses post infection at sensor and adaptor level are in principle 
unknown. Here we report the importance of the MAVS adaptor for induction of early 
responses to SAV infection in CHSE cells using a gene-disruption approach, the TALEN 
technology.  

Methodology: Partial 5’ mRNA and genomic DNA sequence of the MAVS gene of CHSE 
cells were amplified by RT-PCR and PCR. Appropriate TALEN targeting site of the MAVS 
gene was designed. The left arm TALEN vector contained the Puromycin resistance gene 
while the right arm contained EGFP, coexpressed with TALEN and suited for selection of 
transfected cells (by FACS/cell sorting). CHSE cells were transfected with paired MAVS 
TALEN plasmids (Neon transfection). Transfected cells were cultured (L15) using 
puromycin selection. MAVS-disrupted clones and wild type (WT) CHSE cells were infected 
with SAV3 and titrated post infection, plus innate responses were assessed (real-time PCR). 

Results: Single-cell clones were selected by limiting dilution after sorting and genomic DNA 
was prepared for sequencing from different clones. By PCR, all selected clones (5, 20, 21 and 
30) gave amplicons with slightly smaller size (than WT). Most induced mutations were 
deletions of variable lengths giving frameshifts in the MAVS gene. Substitutions and 
insertion were also observed. 

MAVS disrupted cells (clone 20) at 2 days post SAV-3 infection showed a significantly 
reduced response for IRF3, IFNa, Mx and IFIT5. In contrast, this clone had a significant 
increase (p<0.0001) of 1.5 log TCID50/ml of SAV-3 compared to WT CHSE. Concurrently, 
more severe CPE than the WT CHSE was seen post infection. 

Overall Conclusions: This is the first time to document the importance of MAVS in innate 
responses to SAV infection. Impaired sensing and adaptor-molecule function result in lower 
levels of innate responses and higher virus titer in disrupted clones. 

Funding of presentation: 
RCN project 226275. 
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Introduction: The monitoring of health of Atlantic salmon stocks currently relies on 
destructive methodologies which limits scope making it difficult to feasibly sample sufficient 
proportion of populations. Therefore, there is significant industry interest in non-destructive 
health monitoring tools. During an investigation to identify biomarkers for infection with 
salmonid alphavirus (SAV), the cause of pancreas disease (PD), a selective precipitation 
reaction (SPR) has been discovered which has the potential to be an on-farm qualitative test 
and an in-laboratory quantitative assay of use in health assessments in aquaculture.  

Methodology: This study documents the effect of mixing control or diseased sera from 
Atlantic salmon (Salmo salar L.) with aqueous solutions at multiple molarities and pH. 
Resulting protein aggregates were examined via 2-dimensional electrophoresis and proteins 
identified via ion trap mass spectrometry.   

Results: Through tailoring of these solutions, the stability of sera protein constituents was 
modified and a novel assay developed. Proteomic examination of precipitate resulting from 
addition of sera from SAV infected individuals revealed that the components are a mix of 
muscle proteins, especially the glycolytic enzymes such as enolase and aldolase, along with 
serum protein such as serotransferrin and complement C9. In essence solutions are able to 
destabilise proteins which are at negligible levels in sera during homeostasis but increase in 
concentration during disease. Application of the SPR assay to serum samples from an 
experimental cohabitation trial of SAV infection in salmon showed that the D340 in infected 
fish rose from undetectable to a maximum at 6 weeks post infection and was correlated to 
histopathological score of pancreas, heart and muscle damage. 

Conclusion: This SPR assay has promise in both lab and field settings in the detection of 
clinical manifestations of disease and of general health with use as a complementary 
technology to those already widely used within aquaculture. 

Funding of presentation: 
BBSRC are thanked for the CASE studentship (BBSRC BB/I532837) and Follow on Fund 
(BB M022021). Industrial partners Biomar, Marine Harvest, and FVG are also thanked for 
supporting this research. 
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Sturgeon farming is an increasing activity in Europe with several applications (meat and 
caviar production, restocking). Intensive farming activities and market competitiveness 
clashed with the occurrence of mortality outbreaks showing the need to increase knowledge 
about the causes of these outbreaks.  

In 2015, mortality outbreaks occurred in an Italian sturgeon farm involving two species 
Acipenser baerii and A. gueldenstaedtii with different mortality rates that were respectively 
50% and 70-90%. Affected fish showed lethargy, anorexia and a lighter colour than normal. 
Erratic and looping swimming were also present in A. gueldenstaedtii. A thorough 
investigation, including bacteriological, molecular and histological analyses, showed the 
coinfection of virus of the sturgeon NCLDV group, otherwise known as iridovirus, and 
bacteria such as motile Aeromonas spp. and Acinetobacter spp. (Ciulli et al., 2016). A follow 
up study of the survivors showed a sturgeon NCLDV persistent infection in A. 
gueldenstaedtii until one year later, when the signs recurred. 

In spring 2016, a new mortality outbreak was reported in an Italian A. naccarii farm. Fish 
showed lethargy, erratic and looping swimming and mild multifocal hyperaemia of 
integument. No epidemiological link was evidenced with mortality outbreaks reported in A. 
baerii and A. gueldenstaedtii the previous year.  

The molecular analysis showed a virus of the NCLDV group as the responsible for the 
mortality outbreak; the introduction of this virus with a new fry batch was demonstrated. 

Phylogenetic analysis of both viruses detected in 2015 and 2016 showed the circulation of 
two distinct sturgeon NCLDVs. Interestingly, in the same period, similar viruses were 
detected in other European countries (Bigarrè et al., 2017). Genetic comparison evidenced a 
99.6 and 99.8% nucleotide identities between Italian strains and other two viral strains 
detected in the same species farmed in other European countries. 

Further investigations including both negative staining and thin section Electron Microscopy, 
and quantitative PCR were undertaken to examine the characteristics of the two viruses and 
their related infections. 

These results and the increasing commercial trade of sturgeons suggest the needing of an 
adequate screening of fish in order to prevent further spreading of NCLDV-associated 
infections. 
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Since 2008, mass mortality outbreaks associated with the detection of particular variants of 
Ostreid herpesvirus type 1 (OsHV-1) are reported in Crassostrea gigas spat and juveniles in 
several countries. This disease has become a major threat for a sustainable oyster industry. 
Ostreid herpesvirus type 1 (OsHV-1), the causative agent of major economic losses in the 
Pacific oyster industry, is a member of the family Malacoherpesviridae from the order 
Herpesvirales. 

Many research groups initiated studies to decipher the interaction mechanisms between the 
virus and the oyster. The major limitation of this model is the absence of virus cultivation 
protocols, mostly linked to the absence of cellular culture model in mollusk. However, 
through partial “purification” the infectivity of variants was demonstrated in oysters by 
intramuscular injection. The first investigation on the direct transmission through seawater 
has been done before 2008 in larval stage. Based on this, an experimental laboratory-based 
infection protocol has been developed at juvenile stage to better understand the transmission 
routes and the infection kinetics of the herpesviruses OsHV-1. Cohabitation of naïve juvenile 
oysters with injected oysters with a viral suspension has demonstrated that seawater can act 
as a medium in the horizontal transmission of OsHV-1. Although this protocol reproduces 
better the natural way of infection, the viral exposure dose of the naïve oysters cannot be 
controlled. 

Thus, we developed a new infection protocol based on immersion into titrated contaminated 
seawater. We compared it with usual protocol consisting in injecting oysters with a viral 
suspension. We demonstrated using different oyster families that both protocols revealed 
similar contrasted phenotypes with high virus loads. However, a dose effect was only visible 
in immersion protocol. This methodological update gives further understanding of the 
transmission dynamics of OsHV-1 among oysters, in prospects for its spread control. 
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Introduction: Ostreid herpesvirus-1 microvariant (OsHV-1) causes severe mortalities in 
farmed Crassostrea gigas in Europe and Australasia. The reference strain and microvariant 
strain of OsHV-1 have been previously detected in the tissues of apparently healthy adult 
oysters, naturally exposed to OsHV-1 in the field. However, the role of such oysters as 
reservoirs of infection for subsequent mortality outbreaks remains unclear.  

Methodology: The aims of this study were: (1) to identify the optimal sample type to use for 
the detection of OsHV-1 DNA in apparently healthy C. gigas; and (2) to assess whether live 
C. gigas maintained on-farm after an OsHV-1 related mortality event remain infected and 
could act as a reservoir host for subsequent outbreaks. Four cohorts of apparently healthy C. 
gigas, exposed to OsHV-1 during mortality outbreaks in the Georges River estuary, 
Australia, were sampled from 2012 to 2016.  

Results: OsHV-1 DNA was detected in hemolymph, gill, mantle, adductor muscle, gonad and 
digestive gland. The likelihood of detecting OsHV-1 DNA in hemolymph was equivalent to 
that in gill and mantle. The odds of detecting OsHV-1 DNA in hemolymph and gill were 
more than 8 times that of adductor muscle. Gill had the highest viral loads. Compared to 
testing whole gill homogenates, testing snippets of the gill improved the detection of OsHV-1 
DNA by about four fold. The prevalence of OsHV-1 in gill and mantle was highest after the 
first season of OsHV-1 exposure; it then declined to low or negligible levels in subsequent 
seasons, despite repeated seasonal exposure. The hemolymph of individually identified 
oysters was repeatedly sampled over a period of 15 months, and OsHV-1 prevalence declined 
in the youngest cohort, which had been exposed to OsHV-1 for the first time at the start of 
that season. The prevalence in two cohorts of older oysters, which had been exposed to 
OsHV-1 in prior seasons, was consistently low (<10%). Viral loads were <104 DNA copies 
per mg tissue or µL hemolymph. 

Conclusions: OsHV-1 may persist within apparently healthy oysters that have survived an 
outbreak of disease. However, they may not be a major reservoir host for the virus for 
subsequent outbreaks. 
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Mortality outbreaks of young Pacific oysters, Crassostrea gigas, have seriously affected the 
aquaculture economy in several countries around the world. Although the causes for these 
mortality outbreaks appear complex, a viral agent has been identified as a main factor: ostreid 
herpesvirus 1 (OsHV-1).  

The autophagy is an important degradation pathway involved in the response to several 
pathologies including viral diseases. A comparison between human and oyster genomes 
indicate that proteins implicated in autophagy are conserved between the two species. Recent 
works have shown that an autophagy pathway is functional in the Pacific oyster and 
autophagy is involved during OsHV-1 infection. Considering these results, the aim of the 
present study was to better understand the process of autophagy of the Pacific oysters 
throughout infection with OsHV-1.  

For this purpose, experimental infections by injection were carried out on families of Pacific 
oysters displaying different levels of susceptibility to OsHV-1 infection. The autophagy 
pathway was investigated using different approaches. At a cellular level, autophagosomes 
formation was monitored in haemocytes by flow cytometry during the time of the 
experiment. At a molecular level, the expression of viral genes and autophagy-related genes 
was measured by RT PCR and the expression of LC3, a key protein marker of the autophagy 
pathway, was assessed by western-blot.  

The first results show an activation of the autophagy pathway in the haemocytes 14 hours 
post infection in oysters. This activation corresponds to the maximum level detection of viral 
DNA. Our results demonstrated that the autophagy pathway is functional in the haemocytes 
of C. gigas. 
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Introduction: Ostreid herpesvirus-1 microvariant (OsHV-1) presents a serious threat to the 
Australian Crassostrea gigas industry. Of great concern is the propensity for mortality due to 
the virus to recur each season in farmed oysters. However, the source of the virus in recurrent 
outbreaks remains unclear. OsHV-1 has been detected in several aquatic invertebrate species 
other than C. gigas in Europe, Asia and the United States.  

Methodology: The aim of this study was to perform a preliminary investigation into the role 
that wild hosts in the Australian seashore population may play in the transmission of OsHV-1 
by (1) confirming the presence or absence of OsHV-1 in a range of opportunistically sampled 
aquatic invertebrate species and (2) identify which of these species may be important to the 
transmission cycle of OsHV-1 by measuring the viral load detected and the prevalence of 
OsHV-1.  

Results: OsHV-1 DNA was detected in samples of wild Crassostrea gigas, Saccostrea 
glomerata, Anadara trapezia, mussels (Mytilus spp., Trichomya hirsuta), whelks (Batillaria 
australis or Pyrazus ebeninus) and barnacles (Balanus spp.) collected from several sites 
within the Georges River estuary between October 2012 and April 2013. Viral loads in non-
ostreid species were consistently low, as was the prevalence of OsHV-1 DNA detection. 
Viral concentrations were highest in wild C. gigas and S. glomerata, and the prevalence of 
oysters containing detectable OsHV-1 DNA reached approximately 68% and 43%, 
respectively, at least once during the study.  

Conclusion: These species may be important to the transmission and/or persistence of OsHV-
1 in endemically infected Australian estuaries. Further investigation is required to understand 
the role that these species play in the transmission and persistence of OsHV-1 in Australian 
estuaries. 
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Introduction: The diplomonad flagellates Spironucleus and Giardia are significant pathogens 
of many vertebrates. The parasites have a direct life cycle, with motile trophozoites in the 
intestine, (though extraintestinal and systemic infections are known), and resistant cysts for 
transmission through the environment, and subsequent oral ingestion by the next host.  Early 
reports focusing on epidemiology, pathology and taxonomy of Spironucleus, did not reveal 
unusual attributes of these organisms. More recent studies of trophozoites of piscine 
Spironucleus, via ultrastructure, in vitro culture, and experimental manipulation, show 
Spironucleus as an exceptional genus. The presentation will review published studies, 
introduce key unpublished data, and highlight areas for fruitful investigation. 

Methodology: Transmission electron microscopy, particularly of infections in commercially 
important fish species, can reveal key aspects of host-parasite relationships and cell 
organelles. In vitro culture allows observation of cell transformation and behaviors that 
cannot readily be observed in vivo, (assuming that what is observed in vitro is not artifactual). 
Manipulations to cultured diplomonads, such as exposure to therapeutics, and electroporation 
and transfection, can be used to investigate novel approaches to treatment. 

Results: Fusion of cell membranes: Trophozoites of Spironucleus torosa can fuse their 
anterior ends with  host microvilli, with modifications in cellular organelles of attached 
trophozoites. Fusion of cell membranes with the host is presumed to also occur in 
Spironucleus barkhanus when intracellular in farmed salmonids. Functional domains of cell 
membrane: The cell membrane of piscine Spironucleus comprises five functional domains: 
anterior flagella, posterior flagella (which can become adhesive), flagellar pocket, anterior 
end of cell (overlying homogenous cytoplasm), and mid-posterior of cell (overlying organelle 
rich cytoplasm, and site of discharging vacuoles).  Behavior: Cultured Spironucleus vortens 
swarm episodically, when motile trophozoites swim in a highly coordinated fashion. 
Furthermore, directionality and speed of individual trophozoites can indicate response to 
experimental manipulations.   

Conclusions: Piscine Spironucleus species are revealed to be extraordinary flagellates. 
Ultrastructure and in vitro culture are revealing key aspects of their relationships with the 
host, cell biology, life cycle, and behavior. These approaches, in combination with 
experimental manipulations, further suggest that piscine diplomonads are good model 
organisms for determining many features of basal eukaryotes.  
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Introduction: Amoebic gill disease (AGD) is an emerging disease in North European Atlantic 
salmon (Salmo salar) aquaculture caused by the amoeba Paramoeba perurans. Non-optimal 
environmental conditions such as increasing water temperature may affect AGD progression. 
To understand the role of predisposing environmental conditions on the biology of the 
parasite and on the host physiological and immune response, different clonal cultures of P. 
perurans and AGD infected Atlantic salmon were exposed, respectively, in vitro and in vivo 
to two different temperatures, 10°C and 15°C. 

Methodology: Amoebae were propagated in non-axenic cultures on malt yeast agar (MYA) 
with an overlay of sterile seawater. Differences in growth rate among P. perurans clonal 
cultures were analysed using a negative binomial analysis in R (R software, version 3.0.1). 
16S MiSeq analysis was also performed to characterise the changes in bacterial communities 
present in the in vitro cultures at the two different temperatures. Atlantic salmon smolts were 
exposed in vivo to the same temperatures used for the in vitro experiment and to an initial 
concentration of 500 cells/l of a clonal culture of P. perurans for 3 weeks. Analyses of 
cortisol, glucose, and lactate concentration in plasma samples, and gene expression have been 
performed at different time points after the challenge. 

Results: Significant differences in growth rate were detected between clonal cultures over 
time and the fraction of amoebae in suspension in seawater showed a higher increase over 
time at 10°C, whereas the fraction of attached amoebae showed a higher increase at 15°C. 
Cortisol, glucose, and lactate levels in plasma did not differ significantly between AGD-
affected fish held at the two temperatures, while significant differences were detected in gill 
pathology at the two temperatures. Gene expression analysis showed significant up regulation 
of IL4/13 isoforms in gills at both temperatures in comparison to control fish. 

Conclusions: The results from the temperature dependent AGD infection and in vitro P. 
perurans growth rate studies hint that increased AGD outbreaks during summer periods may 
not be solely due to increased thermal stress in fish but also to increased amoebae attachment 
at 15°C which cause an increased gill pathology. 
  



 

74 
 

068-O 

WITHDRAWN  



75 
 

069-O 

Looking back to look forward: Revisiting 20 years of PKD research 
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In the 1990s, Proliferative Kidney Disease (PKD) and its causative agent, the myxozoan 
parasite Tetracapsuloides bryosalmonae, were found in brown trout (Salmo trutta fario) of 
two Swiss rivers. This finding set in motion PKD surveys across Switzerland. PKD was 
demonstrated in almost 50% of investigated rivers. T. bryosalmonae infected fish were 
mainly found in summer-warm lowland rivers, while no PKD affected fish were revealed in 
summer-cold river stretches above 800 m sea level, indicating a potential effect of water 
temperature on the infection.  

To refine the subtleties associated with temperature on T. bryosalmonae and its fish host, 
field and laboratory experiments with rainbow trout (Oncorhynchus mykiss) and brown trout 
were performed, in particular to unravel how temperature affects the disease and what are the 
underlying mechanisms.  

Small changes of mean temperature (up to 3°C), as they actually occur in Swiss rivers under 
global warming, modulate (i) PKD-induced pathologies and mortalities, (ii) parasite infection 
prevalence, (iii) parasite proliferation as well as the maximal level of parasite intensity, (iv) 
the timing of shedding of spores by the fish host and (v) the immune response strategy of the 
rainbow trout. In this species, there was evidence of aTh1-like response at 12°C and a Th2-
like response at 15°C. Importantly, the temperature effects differ between brown trout and 
rainbow trout. But also differences in response to parasites where found: clearance of the 
parasites was found in rainbow but not in brown trout. Re-infection of rainbow trout 
surviving PKD resulted in lower prevalence, lower infection intensity and faster immune 
response compared to fish infected for the first time. In brown trout, no increase in infection 
intensity was evident in survivors, indicating that re-infection was not successful. 

Knowledge of the parasite kinetics in the fish host is essential to develop a predictive model 
of future changes in PKD maintenance and spread in response to further increasing water 
temperatures. Findings with regard to the immune response will help to assess the 
consequences of the disease for wild salmonid populations and evolutionary selection for 
resistance. 

Funding of presentation: 
Part of the work was funded by SNF grants 310030_138310 and CRSII3_147649. 
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Introduction: Proliferative Kidney Disease is an emerging disease in salmonid fish species 
worldwide, threatening wild fish populations. It is caused by the myxozoan parasite 
Tetracapsuloides bryosalmonae. The disease is temperature dependent and seems to expand 
northwards during the last years. To estimate potential species differences in susceptibility 
towards infection at a given temperature range, we exposed brown trout (Salmo trutta fario), 
grayling (Thymallus thymallus), Atlantic salmon (Salmo salar) and rainbow trout 
(Oncorhynchus mykiss) under field and laboratory conditions.  

Methodology: In two separate field exposure experiments, disease prevalence and pathology 
in brown trout and grayling and in brown trout, grayling and salmon, respectively, were 
compared. In a laboratory experiment, brown trout and rainbow trout were exposed to the 
same amount of spores and kept at 12 and 15°C. Prevalence and infection intensity estimated 
form parasite DNA were compared between the two species. 

Results: In all of these experiments, brown trout showed higher prevalence values and higher 
infection intensities compared to rainbow trout, and higher prevalence and more pronounced 
pathology associated with a T. bryosalmonae infection at the given experimental design in 
comparison to grayling and Atlantic salmon.  

Conclusions: These experiments provide evidence that under the conditions tested, brown 
trout were more susceptible and showed more severe disease signs. The underlying 
mechanisms may involve (i) differences in infection success of the parasite itself or to (ii) a 
more narrow temperature tolerance of the brown trout compared to the other species and in 
consequence of a compromised immune system. 
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Proliferative kidney disease (PKD) is a parasitic infection of salmonid fish characterized by 
hyper-secretion of immunoglobulins in response to the presence of the myxozoan parasite, 
Tetracapsuloides bryosalmonae. In this context, we hypothesized that the BAFF/APRIL axis, 
known to play a major role in B cell differentiation and survival in mammals, could be 
affected by the parasite and consequently be involved in the apparent shift in normal B cell 
activity. To regulate B cell activity, BAFF and APRIL bind to transmembrane activator and 
calcium modulator and cyclophilin ligand interactor (TACI) and B cell maturation antigen 
(BCMA), whereas BAFF also binds to BAFF receptor (BAFF-R). After having identified 
homologues to mammalian TACI, BCMA and BAFF-R in rainbow trout (Oncorhynchus 
mykiss), that constitute the first report of BAFF and APRIL receptor sequences in fish, we 
studied the transcriptional modulation of BAFF, APRIL, and the fish-specific related 
cytokine, BALM and their putative receptors in fish naturally exposed to T. bryosalmonae. 
Finally, to gain further insights on the functional role that these cytokines play during the 
course of PKD, we have studied their effect on the survival of kidney IgM+ B cells and on 
immunoglobulin transcription. Our results support the premise that the BAFF / APRIL axis 
could play an important role during PKD, which may open the possibility of new therapeutic 
treatments against the disease. 

Funding of presentation: 
This work was supported by the European Research Council (ERC Starting Grant 2011 
280469) and by the European Commission under the 7th Framework Programme for 
Research and Technological Development (FP7) of the European Union (Grant Agreement 
311993 TargetFish) and under the Horizon H2020 research and innovation programme 
(Grant H2020-634429 ParaFishControl). This work was also partially funded by project 
AGL2014-54456-JIN from the Spanish Ministry of Economy and Competitiveness 
(MINECO). JWH was supported by the Swiss National Science Foundation (grant reference 
CRSII3_147649-1). 
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Introduction: β-defensins are antimicrobial proteins which are involved in front-line 
protection against a huge range of pathogens. Although they play significant roles in human 
immunity, β-defensins have only been investigated in a small number of fish species to date 
where they have been shown to be capable of killing many types of bacteria and viruses. The 
cultivation of Atlantic salmon is very important to the aquaculture industry in Ireland and 
infections caused by water-borne pathogens including amoebic gill disease cause huge losses 
annually.  

Methodology: The aim of this study was to explore tissue-specific expression of β-defensins 
in Atlantic salmon. Tissues (gill, skin, kidney, swim bladder, peritoneum, liver and pyloric 
caeca) were obtained from farmed salmon. Total RNA was extracted separately from each 
tissue using the TRIzol® method. This was followed by treatment with DNase 1 to eliminate 
any contaminating DNA present. The RNA was then quantified and samples were reverse 
transcribed using a High Capacity RNA-to-cDNA Kit® prior to amplification of β-defensin 
genes using PCR.  

Results: Three sets of primers for salmon β-defensin genes (designated β-def1, -def3 and -
def4) were designed from expression sequence tags available at the NCBI using 
bioinformatics tools. Using optimised conditions, the βactin housekeeping gene was initially 
amplified from all samples using PCR. Using β-def1 primers, expression was observed in 
skin, kidney, gill, peritoneum, liver, swim bladder and pyloric caeca. Using β-def3 primers, 
expression was observed in swim bladder and intestine. Using β-def4 primers, expression 
was observed in heart, skin and kidney. 

Conclusions: These results demonstrate novel findings of β-defensin gene expression in 
several tissues in Atlantic salmon. Further studies in this laboratory are currently ongoing 
with a view to investigating expression of β-defensin genes in health as well as in infection. 
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Introduction: Type I interferons (IFN) are a group of cytokines produced during early stages 
of a viral infection. It induces a large number of Interferon Stimulated Genes (ISGs) 
responsible for an antiviral state protecting un-infected cells against viral infection and 
limiting viral replication in infected cells. The signal transducer and activator of transcription 
1 (STAT1) is a transcription factor involved in the signalling of IFN. 

Methodology: We used EC, a recently isolated transgenic cell line derived from the Chinook 
Salmon Embryo (CHSE) cells expressing constitutively EGFP and Cas9 (Dehler et al., 2016). 
Guide RNAs specific to the stat1 and egfp genes were produced by in vitro transcription, 
pooled and used to co transfect EC cells. EGFP-deficient clones were isolated, sub-cultured, 
propagated and the targeted locus amplified by PCR and sequenced. 

Results and conclusions: One clone, ECS17, had in addition to the egfp transgene, 2 out of 5 
stat1 paralogues identified in the rainbow trout genome successfully edited at both 
haplotypes, generating null mutations. EC and ECS17 cell lines were compared for their 
sensitivity to viral infection and for their ability to induce ISGs. Salmon Pancreatic Disease 
Virus (SPDV) was able to replicate at higher titre in ECS17 cells with the formation of a 
greater number of plaques of larger size when compared to those in EC cells. Recombinant 
rainbow trout IFN was able to induce mx, mda5 and irf7 in EC cells but not in ECS17 cells. 
These results suggest that STAT1 is required for an optimal induction of many ISGs by this 
IFN. Strikingly, viruses propagate only slightly more in the cell line in which two STAT1 
paralogues have been disrupted, indicating a significant residual viral resistance. Hence, other 
stat1 paralogues or alternative pathways should play a role in antiviral immunity. Further 
phenotypic characterisation of this cell line is under way. 
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Introduction: Type I interferons (IFNs) are vital for activation of antiviral defence in jawed 
vertebrates. Based on the cysteine patterns, fish type I IFNs can be classified into two groups, 
with group I and II IFNs consisting 2 or 4 cysteines in the mature peptide.  Phylogenetically, 
they can be divided into 7 groups (IFNa-f and IFNh).  IFNa, d, e and h are members of group 
I family whilst IFNb, c and f belong to the group II.  To date, group I but not group II type I 
IFNs have been reported in perciformes.  

Methodology: A homology based cloning approach was used for initial cloning of partial 
sequences of meagre IFN genes using genomic DNA or cDNA as template. PCR primers for 
gene cloning were designed based on the type I IFN genes of large yellow croaker  

(Larimichthys crocea), a closely related species whose genome has recently been sequenced. 
The full length sequences were obtained using RACE-PCR or genome-walking. The 
ClustalW programme and Neighbour-joining method were used to analyse the sequences. 
Gene expression was determined by quantitative real-time PCR.  

Results: Three type I IFN genes were identified. Phylogenetic analysis revealed that they 
belong to the IFNc, IFNd and IFNh subgroups. The expression of these genes was analysed 
during embryonic development, in tissues of juvenile fish and in culture cells after 
stimulation with bacterial and viral pathogen associated molecular patterns.   

Conclusions: Meagre has both groups of type I IFNs. This is the first report on the discovery 
of a group II type I IFN gene (IFNc) in a perciforme species. 

Funding of presentation: 
This project has received funding from the European Union’s Seventh Framework 
Programme for research, technological development and demonstration (KBBE-2013-07 
single stage, GA 603121, DIVERSIFY). 
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Introduction: Aquaculture, currently supplying over half of the world’s fish supply, is 
acknowledged as one of the major foundations of future food security for a growing 
population. However, successfully developing this industry requires the reduction of stock 
loss due to diseases, particularly in the fast-developing sector of warm water fish aquaculture. 
Vaccination has previously shown some potential but it requires a deeper understanding of 
the development of immunity in warm water fish, in particular when exposed to complex and 
diverse antigens such at lipopolysaccharides (LPS). Moreover, fish have a subdued innate 
response to LPS, but adaptive response is generally high and type-specific, warranting further 
investigation in the way fish recognise and process LPS. 

Methodology: An immune transcriptome was generated against bacterial cell wall 
polysaccharides to elucidate potential pathways involved in the onset of adaptive immunity, 
on which vaccination relies. Putative sequences coding for proteins from the TLR, CLR, 
NLR and integrin families were identified in barramundi by homology with other teleosts and 
mammals. Those proteins were further investigated as potential receptor/initiators of the 
immune response in barramundi by qRT-PCR and western blotting. 

Results: TLR-4, responsible for LPS recognition, was absent from the barramundi 
transcriptome. Proteins normally involved in the formation of inflammasomes (potent 
inflammatory inducers), NLRPs, were also absent from the transcriptome. Using qRT-PCR, 
barramundi Mincle (a CLR) was identified as a partial alternative to the classical TLR-4 
mediated LPS recognition pathway as a high dose of LPS induced TNF-alpha expression via 
Mincle. However, IL-6 regulation, whilst still regulated in response to LPS, did not depend 
upon the Mincle pathway, suggesting other routes of activation. 

Conclusions: LPS induces TNF expression in barramundi via the Mincle CLR, but induces 
IL6 via a different route that has yet to be elucidated.  As the adaptive response to LPS is 
type-specific and critical to protection in many fish vaccines, determining pathways for LPS 
processing in fish may aid with modulating response. This might enable better immune 
targeting of more conserved protein antigens in new cross-serotype vaccines. 

Funding of presentation: 
*EAFP student award.  
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Introduction: Interleukin (IL)-2 and IL-15 are used as immunostimulants in human medical 
field since they are known to induce proliferation and activation of several lymphocyte 
subpopulations. In addition to IL-2 and IL-15, rainbow trout possess a third functional 
cytokine IL-15like (IL-15L). In this study, the ability of IL-2 family cytokines to activate 
CD8+ and CD8- lymphocytes isolated from various lymphoid tissues was compared in 
rainbow trout. The use of these cytokines as molecular adjuvants for fish vaccination is 
discussed. 

Materials and Methods: HEK293 cells were transfected with vectors encoding trout IL-2 
family cytokines with or without vectors encoding soluble IL-15 receptor  chain (sIL-
15R). Supernatants of these transfected cells were used for stimulation of flow sorted 
CD8+ and CD8- lymphocytes from trout thymus, gill, intestine, head kidney and spleen 
applying anti-CD8 mAbs. After incubation with recombinant cytokines, lymphocytes were 
subjected to western blot to detect phosphorylation of STAT5 (downstream the IL-
2/15Rchain signal transduction cascade) as a measure of lymphocyte activation. 

Results: A contrasting reactivity of lymphocytes to IL-2 family cytokines was observed in 
different lymphoid tissues. Both CD8+ and CD8- lymphocytes from head kidney and 
spleen were similarly activated by IL-2, IL-15 and their heterodimers with sIL-15R (IL-
2/sIL-15Rand IL-15/sIL-15R, respectively) while those from intestine and gill were 
mainly activated by IL-15 and IL-15/sIL-15R. Moreover, CD8+ and CD8- lymphocytes 
from thymus showed contrasting reactivity to IL-2 family cytokines. Whereas CD8+ 
thymocytes were only activated by IL-2 and IL-2/sIL-15R, CD8- thymocytes were 
activated by both IL-2 and IL-15 and their heterodimers with sIL-15R. CD8- thymocytes 
was the only subpopulation among all investigated that could be activated by IL-15L/sIL-
15R. However, IL-15L alone did not trigger activation of CD8- thymocytes.  

Conclusions: These results indicate that trout IL-2 family cytokines possess distinct patterns 
in their ability to activate different lymphocyte targets suggesting distinct functions in 
immune responses. To qualify as an efficient molecular adjuvant for fish, IL-15 might be the 
best candidate among trout IL-2 family cytokines since it efficiently stimulates both CD8+ 
(presumable CTLs) and CD8- (presumable Th and/or NK cells) lymphocytes in intestine 
and gill which are the main targets of oral and immersion vaccines, respectively. 

Funding of presentation: 
TargetFish and DFG. 
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Increased knowledge of the immune response of the intestine, a physiologically critical organ 
involved in absorption, secretion and homeostasis in a non-sterile environment, would enable 
a better understanding of the mechanisms involved in the induction of long-lasting immunity 
and, subsequently, the development of efficacious gastrointestinal immunization approaches. 
To this end, analysis of isolated gut cells will give an insight into the cell types present and 
their immune capability. Hence, in this study Atlantic salmon (Salmo salar) gut leucocytes 
were isolated by chemical and enzymatic treatment, and characterised initially on the basis of 
the expression of selected cell markers. Genes associated with four key immune cell types 
were studied, namely: T-lymphocytes (CD4, CD8α, TCRα and TCRγ), dendritic cells (CD83, 
CD208, CD209 and MHCIIβ), B-lymphocytes (sIgM, mIgM, sIgT and mIgT), and 
macrophages (MCSF-1 and MCSF-2). The cells were then stimulated with a variety of 
PAMPs and recombinant cytokines, and the transcript responses analysed 4 h and 24 h later. 
Pro-inflammatory, antiviral and adaptive immune genes were examined and the results were 
expressed as 2 ̶ ∆∆CT. The expression patterns of the examined pro-inflammatory (IL-1β1, IL-
6A, TNF-α2 and IL-8), antiviral (IFNa, IRF3) and adaptive (IFN-γ1, IL-2A and IL-4/13B1) 
immune genes were significantly upregulated by at least one of the selected stimulants (LPS, 
PHA, Poly I:C, flagellin, IL-1β, IL-2B, IL-6, IL-21 and IFNa2) at either one or both time 
points. LPS significantly upregulated all the examined pro-inflammatory immune genes 
whilst Poly I:C significantly upregulated the examined antiviral genes, and PHA significantly 
upregulated all the examined adaptive immune genes. IL-21 also markedly upregulated IFN-
γ1 and IL-4/13B1 expression, with IL-2 having less effect. In most cases larger responses 
were seen at 24 h compared to 4 h. The changes in the expression patterns of the pro-
inflammatory and adaptive immune genes in these isolated cell types indicate that the 
Atlantic salmon intestine contains a good repertoire of competent immune cells able to 
respond to different stimulants. Current work is examining whether these responses can be 
modulated, what are the responses to antigens, and if this information can aid development of 
efficient oral priming in Atlantic salmon. 

Funding of presentation: 
Funded by Newton-Mosharafa Fund, Institute of Oceanography & Fisheries, Hurghada, 
Egypt and BBSRC. 
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Introduction: Salmonid alphavirus (SAV) is the causative agent of pancreas disease (PD) in 
salmonids and results in huge economic losses in the aquaculture industry. Use of triploid 
Atlantic salmon (Salmo salar L.) may play an important role in the sustainable expansion of 
the aquaculture industry, especially considering the challenges with escapees interbreeding 
with wild population. Therefore, the susceptibility of triploid salmon to common infections 
such as SAV requires investigation. 

Methodology: We have studied SAV subtype 3 susceptibility in diploid and triploid Atlantic 
salmon (Salmo salar L.) post-smolts by employing a bath challenge model that mimics a 
natural infection route. The infection trial lasted 35 days. Copy number of SAV3 RNA in 
heart tissue and histopathological changes in pancreas and heart were analysed. Furthermore, 
gill samples from 14 and 21 days post exposure (dpe) to SAV3 were further analysed by 
RNA-seq to assess possible differences in gene regulation between diploid and triploid fish 
using transcriptomic analysis.  

Results: Copy number analysis of SAV3 RNA in heart tissue showed no difference in viral 
load between the diploids and triploids. Prevalence of virus reached 100% by the end of the 
35-day experimental period in both infected groups. Both heart and pancreas from infected 
groups at 14 dpe showed typical histopathological changes associated with pancreas disease. 
However, prevalence accumulated more slowly in the triploid group reaching 19% and 56% 
at 14 and 21 dpe respectively. Whereas prevalence in the diploid group was 82% and 100% at 
the same time points.  

Moreover, we have carried out comparative transcriptomic analysis of immune responses in 
gills from infected and non-infected diploid and triploid groups that will be presented. 

Conclusions: Triploids showed no increased susceptibility or pathology and exhibited a 
slower accumulation in the prevalence of SAV3, therefore the possible use of triploid 
compared to diploid salmon would not be detrimental considering SAV3 infections in large 
scale aquaculture. 

Funding of presentation: 
This research was funded by the Research Council of Norway, Research grant # 224885/E40. 
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Toxicity of zearalenone (ZEN) in carp (Cyprinus carpio L.). What is surprising? 
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Zearalenone (ZEN) is a frequently occurring mycotoxin in both animal and fish feeds. In 
order to characterize its effects on carp, three groups of fish were fed for 28 days with feeds 
contaminated with three different concentrations of ZEN (low: 332 g kg-1, medium: 
621 g kg-1, and high: 797 g kg-1 feed). The reversibility of the effects of ZEN was 
evaluated by feeding all of the groups with uncontaminated feed for a further 14 days. Gene 
expression of immune genes in the liver tissue of the fish was analysed, revealing reduced 
expressions of immune, antioxidative and estrogen-related genes after the fish had been 
exposed to ZEN. However, the expression of vacuole-type H+ATPase increased substantially 
with ZEN exposure, thus supporting the previously reported sensitivity of lysosomal 
functions to ZEN. Feeding the fish with an uncontaminated diet for further two weeks did not 
reverse the effects of ZEN on gene expression, except for the expression of the cytokine 
IL-1ß. In summary, this study confirmed the broad effects of ZEN on different essential 
functions in carp (and vertebrates in general) and suggests that the current maximum 
allowable levels in compound feed are too high to prevent damage to fish. 
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Discus (Symphysodon discus) are among the most favored ornamental fish and held in a wide 
range of water parameters. Knowledge of their nutritional requirements is only scarce, 
especially under hobbyists, thus leading to many different feeding regimes. Among these, 
feeding of beef heart is very popular. As a part of a more extended experiment, four groups of 
discus (mean length 12.1 cm, mean weight 57.3 g) held under different water conditions and 
two different feeding regimes were submitted to a radiographic study to reveal a possible 
impact of these environmental conditions on the skeletal structure of the vertebral column. 
Two groups were fed a commercial discus diet while the other two groups were kept on a 
plain beef heart diet. One of each feeding groups was held at < 0.534 mmol/l and 2.136 
mmol/l calcium (Ca), respectively. Water temperature was 30°C for all groups. Diets and 
water parameters were chosen to reflect popular husbandry conditions. Diets were analysed 
according to the VDLUFA book Methodenbuch volume VII by the Austrian Agency for 
Health and Food Safety Ltd. Dietary Ca content (g kg-1) was 0.06 in the case of beef heart 
and 20.1 in the commercial diet, whereas the phosphorous (P) contents were 2.06 and 7.36 g 
kg-1, leading to Ca to P ratios of 0.03 and 2.7, respectively. Magnesium (Mg) contents were 
0.21 and 1.69 g kg-1. Six fish were submitted to radiography at the beginning of the 
experiment as a control. After 16 weeks, radiographs were taken from all fish (6 per group). 
Analysis of the radiographs was based on a consensus after evaluation by three independent 
persons. The vertebral column was divided into four regions and alterations in each region 
were scored by defined aberrations. In the end, a total score for each group was created. The 
results showed that in the control group the incidence of alterations was significantly lower 
than in all other groups. While the occurrence of pathological changes did not show any 
significant differences between three of the experimental groups, the group with commercial 
diet and a higher water Ca content showed significantly more alterations, but with the lowest 
score in terms of severity. 
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Introduction: Since 2014 all fish farm operators in Germany have to carry out self-inspections 
regarding fish welfare in order to ensure an appropriate fish production environment 
according to the German Animal Welfare Act. These self-inspections comprise the 
identification and assessment of animal welfare indicators in fish farms. However, no legal 
requirements or instructions regarding the practical implementation of this regulation are in 
force.  

Methodology: In 2016 the German Association of Fisheries Administrators and Fisheries 
Scientists (VDFF) published a guide with notes and recommendations for the identification 
and assessment of animal welfare indicators on fish farms. The primary goal was to draw up 
a practical guide making it possible for fish farmers to perform fish welfare self-controls 
without significant extra effort (“Good Aquaculture Practice”). According to this guide the 
identification and assessment of fish welfare indicators can be carried out within the frame of 
daily and regular working routines, e. g. feeding, harvesting, grading, slaughtering. The focus 
of the self- inspections in fish populations should be on mortality, growth, habitus, health 
status and findings on slaughter. The practical guide describes how to identify and assess 
corresponding fish welfare indicators. Furthermore, it is recommended to conduct water 
analysis on a regular basis. Although water quality cannot be considered as a fish-based 
welfare indicator, water quality is very important in terms of fish welfare. Within the frame 
of the self-inspections a written documentation is only necessary in case of relevant findings. 
A distinction is made between three forms of production: Salmonid aquaculture, Cyprinid 
aquaculture and re-circulation systems. There are different requirements for each of these 
production systems, e.g. regarding the frequency of inspections. 

Conclusion: The present guide provides a tool for fish farmers to carry out on-site self-
inspections in order to identify and assess welfare indicators in accordance with the German 
Animal Welfare Act without significant extra effort. 
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The increasing intensification of aquaculture practices has led to public debate about the 
welfare status of cultured fish. Improving animal welfare is a major objective of organic 
aquaculture. With the revision of the EG No. 834/2007 regulation in Europe some laws for 
organic aquaculture have been tightened. Trout with conventional background have adapted 
to traditional rearing conditions over decades of trout farming. The modified approach of the 
ecological conditions for fish husbandry can lead to stress with all its impacts on fish health 
in non-adapted trout. To prevent stress and to ensure welfare, trout strains which are suitable 
for and adapted to organic farming practices are needed.  

The aim of this study was to find proper stress indicators on a molecular level and to evaluate 
the suitability of Starnberger rainbow trout in comparison to Wielenbacher rainbow trout for 
organic aquaculture practices under intensive and extensive management conditions. The 
welfare status was verified by investigation of mRNA expression of different potential stress 
regulated genes in whole blood. These were established within a previous feeding experiment 
under controlled conditions. Fish meal was substituted by different amounts of soy meal 
(33%, 66%, 100%) to induce stress. 

EDTA blood was collected from the caudal vein of immobilized trout. Various immune- and 
stress-related genes (e.g. IL1β, IL4, IL10, TNF2, MX1, TGFβ, HSP30, HSP90, HSP47, IFN, 
MPO, NCCRP1, SAA, TLR20, TLR3 and others) were tested for their suitability in stress 
detection. Specific primers were designed. Total RNA was extracted from blood samples 
using a combination of QIAGEN RNeasy Plus Minikit 50 and RiboPure™-Blood. cDNA 
synthesis was performed using Quanti Nova Reverse Transcription Kit. QuantiNova SYBR 
PCR Kit and the AriaMx real-time PCR system were used for quantitative real-time PCR. 
The housekeeping genes β-Actin, EF1 and RPS5 served as internal standardization. 

Different genes (e.g. HSP30, IL1β, MX1, MPO, TLR20) emerged as suitable stress and 
welfare indicators on a molecular level, while some genes (e.g. IL10, IFN, HSP47) revealed 
no correlation to feeding stress.   

Within this study new, useful indicators to investigate the welfare status of rainbow trout due 
to stress on a chronic level have been established. 

Funding of presentation: 
The study is funded by the Federal Agency for Nature Conservation Germany, Federal 
program on organic farming and other forms of sustainable agriculture (BÖLN). 
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Effect of crowding on the stress response of rainbow trout 
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Fish has become a vital source of food for people, and it is one of the most important source 
of protein in the world. That increasing demand has resulted in aquaculture becoming one of 
the fastest growing stockbreeding industries in the world. And therefore, it has evolved in an 
intensive animal production. But that means that fish farming systems inevitably introduce a 
number of stressors to the fish, and it is impossible to avoid many of the procedures known to 
induce stress response in fish, like crowding and pre-slaughter feed withdrawal. During 
harvest fish are usually crowded, and depending of the systems, it may last from a few 
minutes to several hours during which the welfare of fish will be compromised. It may be 
reasonable that the longer trout are crowded, the greater is the stress.  

We have studied the effects of crowding, one stressing situation in fish farms, on several 
plasmatic levels (cortisol, glucose and lactate), as well as on macrophage functions 
(phagocytosis and respiratory burst) in rainbow trout. Blood and kidney samples were taken 
from fish before they were crowded for slaughtering and from fish just before they were 
crowded. Our results show no difference in lactate plasmatic levels, a slight increase in 
glucose in crowded trouts, and clear differences in cortisol between both groups. Differences 
were also found in macrophage response after infected with a bacterial pathogen. The number 
of bacteria recovered from macrophages was significantly higher in the crowded group than 
in the other, with a significant difference in bacterial reduction between both groups. 
Respiratory burst also showed important differences between results in macrophages non-
infected and infected in the crowded group, while those from the no-crowded group were 
similar. These differences suggest that any increase of cortisol levels would result in a 
decrease in the macrophage capacity to control and eradicate bacterial pathogens, making fish 
more susceptible to these agents. 

Funding of presentation: 
*EAFP student award.  
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In public aquaria, the use of camera flashes is usually prohibited in order to avoid stress for 
the animals. However, the literature offers only very little information on whether photo 
flashes can induce stress in fish. We used the stress parameters cortisol and glucose to 
investigate whether a single or repeated photo flashes induce a stress response in the Ram 
cichlid Mikrogeophagus ramirezi. Additionally, the frequency of aggressive interactions 
between the fish was recorded. Neither cortisol nor glucose values indicated that photo 
flashes induce a stress response in this fish species. In contrast, stress parameters were even 
reduced in the treated fish. Furthermore, photo flashes caused a reduction of the frequency of 
aggressive interactions. These findings are explained by a possible irritation of the fish by the 
photo flashes, which reduces the natural aggressive interspecific behaviour and as a result the 
level of stress hormones. 
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Introduction: Previously, we demonstrated a direct effect of cortisol on Flavobacterium 
columnare, a notorious fish pathogenic bacterium, engendering a new perspective to bacteria-
host communication in aquaculture. As stressed fish harbour increased cortisol levels in the 
skin and gill mucus, highly virulent F. columnare isolates could be more triggered to form 
biofilm on the host tissue. This could explain individual variation in terms of disease 
susceptibility in stress situations. Indeed, biofilm formation seems to be crucial in the 
pathogenesis of columnaris disease. Gliding motility in particular is a well-known 
characteristic involved in the colonization of surfaces. During the latter, planktonic F. 
columnare cells undergo important morphological changes in the transition to the biofilm 
state.  

Methodology and results: In this study, we cultivated F. columnare isolates of different 
virulence in the presence or absence of cortisol to investigate its impact on bacterial biofilm 
formation. To mimic flow conditions of water over the gill and skin as realistically as 
possible, biofilm formation was studied by using microfluidic chambers. Intriguingly, 
supplementing cortisol to the bacterial broth resulted in a thicker biofilm, suggesting it has a 
(co-)regulatory effect on biofilm formation by F. columnare. To refine this hypothesis, the 
expression of a select series of gliding genes (gldB, gldC, gldH, sprA, and sprB) was 
investigated using qPCR following culturing the bacteria in the absence or presence of 
cortisol. The addition of cortisol resulted in a significantly higher expression of gliding genes 
in the planktonic cells and a significantly lower expression of gliding genes in the sessile 
cells compared to control planktonic and sessile cells to which no cortisol was added, 
respectively.  

Conclusion: These results are the first body of evidence that biofilm formation and the 
expression of gliding genes in F. columnare may be (co-)regulated by the stress hormone 
cortisol. Finding the mechanisms behind this intriguing phenomenon might be useful to 
comprehend and manage bacterial infections during stressful periods. 

Acknowledgements and funding of presentation: 
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BOF, grant number BOF.PDO.2015.0020.01) of Ghent University, Belgium and the Fund for 
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Vitamin C, also known as ascorbic acid, is an essential micronutrient that influences a wide 
variety of physiological processes, including immunological processes. In fish, although the 
positive effect that vitamin C supplementation in the diet has on the immunological status of 
the individuals has been established in different species, the bases for these positive effects 
are still unknown. Hence, the aim of our study was to assess the in vitro effect of vitamin C 
on several innate immune functions of rainbow trout (Oncorhynchus mykiss) leukocyte 
populations. For this, we compared the effects exerted on the established rainbow trout 
monocyte-macrophage cell line RTS11, and compared them to those observed in trout head 
kidney leukocytes. Our results demonstrate that vitamin C increases the production of 
reactive oxygen species and the phagocytic activity of both cell populations. On the other 
hand, vitamin C had no effect on the surface MHC II levels and only in the case of RTS11 
cells increased the capacity of these cells to migrate towards the CK9 chemokine. Finally, 
vitamin C also increased the transcription of several pro-inflammatory and antimicrobial 
genes elicited by Escherichia coli, with some differences depending on the cell population 
studied. Our results contribute to further understand how vitamin C supplementation 
regulates the fish immune system. 

Funding of presentation: 
This work was supported by the European Commission under the Horizon H2020 research 
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The aquaculture of the European sea bass Dicentrarchus labrax has been challenged by 
outbreaks of diseases, often occurring in intensive rearing systems. Increased administration 
of conventional chemotherapeutics can cause residue accumulation in marine environment 
and fish as final product and development of antimicrobial resistance, creating wrong image 
of aquaculture for the consumer. Probiotics, as an environmentally friendly prophylactic 
alternative, are beneficial and easy to use feed additives composed of live microorganisms 
that have an antimicrobial effect through modifying the intestinal microbiota, secreting 
antibacterial substances, competing with pathogens to prevent their adhesion to the intestine 
or for nutrients necessary for pathogen survival, eliciting an antitoxin effect and modulating 
the host immune system. It is proposed that bacteria of autochthonous origin have a greater 
capability to compete with resident pathogens and are also more prone to dominate and 
persist over other potentially pathogenic microbes. After random isolation of autochthonous 
gut bacteria of the European sea bass, their identification and pathogenicity testing, three 
potentially probiotic isolates were selected; Pseudoalteromonas sp., Alteromonas sp., and 
Enterovibrio coralii. Selected isolates were tested and compared with a commercially 
available Lactobacillus casei isolate for their immunostimulative efficiency, inferring 
inflammatory, apoptotic and anti-pathogen response of sea bass’ peripheral blood leukocytes 
(PBLs). In order to evaluate early kinetics of the immune response, phagocytic activity, 
respiratory burst, and expression of lysozyme, Mx protein, caspase 3, TNF-α, IL-10 genes 
was measured 1, 3, 5, and 12 h post-stimulation by four bacterial isolates. Best 
immunostimulative properties were observed in Pseudoalteromonas-stimulated PBLs, 
followed by Alteromonas sp. and L. casei, while E. coralii failed to induce significant effect. 
In vitro assay results evidenced that intestinal autochthonous bacterial isolates have better 
immunostimulative properties on the host, compared to commercially available L. casei. A 
panel of biomarkers that represent pro-/anti-inflammatory, pro-/anti-apoptotic, and anti-
bacteria/viral responses of the fish should be considered when evaluating the usefulness of 
the potential probiotic in aquaculture. 

Funding of presentation: 
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The microbiome is an important component of the gut involved in resisting infections, 
digesting food, producing nutrients and maintaining homeostasis. Altering the microbiome in 
favour of so called “good” bacteria is currently a highly popular area of research in 
aquaculture however there are limited studies that relate these analyses to the immune status 
of the gut in host fish. 

Four trials using common carp (Cyprinus carpio) were performed to study the impact of both 
feeding and injection of MacroGard® upon the gut immune status and gut microbiome. These 
include a feeding trial studying the inclusion of MacroGard® at a concentration of 0.1% w/w 
within the diet for a period of 7 weeks, 2 trials whereby MacroGard® (2mg kg-1 and 10mg kg-

1) was intraperitoneally injected, and a final “combination” trial where carp were fed either a 
MacroGard® free diet or a diet containing 0.1% MacroGard® (w/w) and were additionally 
subject to intraperitoneal injection (2mg kg-1).  

Statistical analyses were performed correlating the expression of several bactericidal innate 
immune genes, including interleukin-1β (IL-1β) and inducible nitric oxide synthase (iNOS), 
against 16S bacterial rDNA expression as a measure of total bacteria numbers within the gut.  

No consistent pattern to the correlation between different bactericidal innate immune genes 
and total bacterial 16S expression was revealed during these 4 trials. For example, feeding 
showed a modest significant correlation against IL-1β expression, as did combining feeding 
and injection of MacroGard®, however this was not shown with injection alone. iNOS 
showed no correlation against 16S when considering feeding of or injection with 
MacroGard® separately, although a significant positive correlation was seen when both 
methods of application were used in tandem.  

Correlation between bactericidal immune gene expression within the gut and total 16S 
expression was shown in 3 out of 4 trials. There was, however, variation as to which genes 
showed the most correlation between the different methods of exposure to MacroGard®. This 
highlights the complexity of the relationship between gut and microbiome, and the impact the 
method of application of MacroGard® can have upon this dynamic. 

Funding of presentation: 
Fisheries Society of the British Isles. 
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The symbiotic relationship between a fish and its microbiome is important for the digestion 
of feed and the prevention of infection. Modulation of the gut microbiome is one potential 
method through which fish health may be improved and antibiotic reliance reduced. 
MacroGard®, a commercially available β-1,3/1,6-glucan, is commonly used within 
aquaculture to support the fish immune system, and has been demonstrated to have a 
prebiotic effect upon the gut microbiome. The aim of this investigation is to characterise the 
effects of MacroGard® supplementation on the gut microbiome of the common carp 
(Cyprinus carpio) using cutting edge next generation sequencing-based methodology.  

The impact of MacroGard® on gut microbiome stability was assessed in a study involving the 
combination of oral application and intraperitoneal injection. Carp were maintained on either 
a 0% or 0.1% MacroGard® containing diet and intraperitoneally injected with 2 mg kg-1 
MacroGard®. Gut samples were taken 8 and 15 days post injection. Next generation 
sequencing of the 16S rDNA was used to characterise the impact upon the gut microbiome.  

Combined supplementation of MacroGard® by both oral and I.P injection significantly 
altered the gut microbiome population. Time influenced the number of different bacterial 
genera present with more unique OTUs present 15 days post injection, however MacroGard® 
in the diet significantly impacted the proportion of these OTUs within the gut in favour of the 
class Alphaproteobacteria.  

The presence of such high proportions of Alphaproteobacteria in a fish gut is novel and 
requires further exploration. It does, however, appear to be at the expense of genera such as 
Aeromonas, Vibrio, and Pseudomonas indicating the combination of the oral application and 
intraperitoneal injection of MacroGard® may reduce the presence of potential pathogens in 
the gut of carp. 

Funding of presentation: 
Fisheries Society of the British Isles, EU International Training Network “Nemo". 
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Introduction: Pacific oyster Crassostrea gigas farming in Ria of Arousa (NW Spain) is struck 
by spat mass mortality due to infection with the microvariant of the Ostreid herpesvirus 1 
(OsHV1-µvar). Considering reports stating that oyster susceptibility to this infection 
decreases with size, that mortality is negligible below 16 ºC, and that resistance heritability is 
high, tentative procedures to reduce mortality through oyster growing-out from rafts in Ria of 
Arousa were devised and their feasibility was assessed.  

Methodology: The first procedure involved transferring oyster spat from a hatchery into a raft 
in the Ria of Vigo (where OsHV1-µvar has not been detected and abnormal oyster mortality 
has not been noticed), in March 2014, expecting that oysters would reach “resistance size” by 
the end of spring; then oysters were transferred into rafts of Ria of Arousa in July 2014 for 
growing-out to market size. The second procedure involved transferring spat from a hatchery 
into a raft in Ria of Arousa immediately after temperature decreased below 16 ºC (December 
2014), expecting that oysters would reach “resistance size” before temperature surpassed 16 
ºC (June 2015) and would show high survival through growing-out to market size. The third 
procedure involved using oysters (deriving from a disease-free Pacific oyster bed in Galicia) 
that had survived under exposure to OsHV1-µvar in the Ria of Arousa, as broodstock to 
produce new spat cohorts in a hatchery, which were transferred in summer 2016 to Ria of 
Arousa expecting that would show higher survival through growing-out than cohorts deriving 
from naïve breeders. The feasibility of each procedure was assessed by estimating monthly 
mortality rates; the OsHV1-µvar prevalence was estimated by PCR. 

Results and Conclusions: Neither first nor second procedure showed mortality reduction, 
which suggests that periods required for hatchery-produced spat to attain “resistance size” in 
Galicia in the absence of OsHV1-µvar, either in a disease-free area or with temperature 
below 16 ºC in an affected area, are longer than those tested. Regarding the third procedure, 
the cumulative mortality of the spat cohorts deriving from survivors under exposure to 
OsHV1-µvar was significantly lower than that of cohorts deriving from naïve breeders.  
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Since 2008, mass mortality outbreaks associated with the detection of particular variants of 
OsHV-1 are reported in Crassostrea gigas spat and juveniles in several countries. Some 
recent studies reported information on viral replication during an experimental infection. 
Viral RNA detection was noticed in spat mantle 4h post virus suspension injection. 
Moreover, an in situ hybridization approach showed that OsHV-1 mRNAs were mainly 
present in the connective tissue of gills, mantle, adductor muscle, digestive gland and gonads 
following the injection of the virus suspension in the hemolymphatic sinus of the adductor 
muscle. Viral DNA and RNA were also detected in the haemolymph and hemocytes 
suggesting that the virus could circulate through the circulatory system. However, it is 
unknown if the virus is free in the haemolymph, passively associated at the surface of 
hemocytes or if it is able to replicate inside these cells inducing or not virion production. 

In the present study, we collected haemocytes from the hemolymphatic sinus of the adductor 
muscle of healthy C. gigas spat and put them in vitro in contact with a viral suspension. 
Results showed that viral RNAs were detectable one hour after contact and the number of 
virus transcripts increased across the time of contact in association with an increase of viral 
DNA detection. These results suggested that the virus is able to initiate replication rapidly 
inside haemocytes maintained in vitro. These in vitro trials were also used to carry out a dual 
transcriptomic study. Additionally, transmission electron microscopy examination was 
carried out and did not allow the detection of viral particles. Moreover, we analyzed 
concomitantly the expression of some host immune genes and 15 viral genes. Results showed 
an up regulation of oyster genes currently studied during OsHV-1 infection. All the results 
suggested that the in vitro model based on the use of haemocytes can be a valuable model 
opening new perspectives in terms of better understanding host – pathogen interactions. 
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Introduction: Cultured Pacific oysters, Crassostrea gigas, are an important part of the Irish 
shellfish aquaculture industry. The Reposus project aims to increase our understanding, and 
reduce the impact, of diseases affecting the Irish C. gigas sector. Pathogenic strains of Vibrio 
aestuarianus have been linked to mortalities in French and Irish produced C. gigas in recent 
years, and the disease is increasingly seen as a threat to C. gigas cultivation in Ireland.  

Methodology: A two year field trial at four oyster growing sites was carried out to assess the 
rate of infection and levels of mortality of three age classes of naïve Irish grown diploid C. 
gigas stock, by regular disease testing and mortality checks. The impact of isolates collected 
during mortality events in the field was assessed in laboratory based tank trials under 
controlled conditions. The effects of salinity and temperature on V. aestuarianus mortality 
rates were also assessed concurrently.  

Results: Field trials: At three of the four sites, all three age classes of C. gigas showed 
infection with V. aestuarianus within two months of deployment (PCR and bacteriology of 
sampled tissues). Mortality events across this time period for one year old and two year old 
stock of C. gigas at these three sites coincided with V. aestuarianus infections.  

Tank trials: Similar rates of mortality were found across the majority of Irish V. aestuarianus 
isolates tested, and these were comparable with results of a French reference strain, used as a 
positive control. Genetic sequencing of these pathogenic isolates is currently being 
undertaken. C. gigas infected with V. aestuarianus were found to have a higher rate of 
mortality at lower salinity values and higher water temperatures. 

Conclusions: Field trials suggest a link between mortality of C. gigas in the Republic of 
Ireland and the presence of V. aestuarianus with some initial indications that the pathogenic 
strain may have originated in France. Tank trials confirm the pathogenicity of V. 
aestuarianus isolates collected. These results provide insight on the disease status and into 
the potential effects of a changing climate on cultured C. gigas in Ireland and will help 
inform management decisions in the industry. 

Funding of presentation: 
Research is funded under the Reposus Project, FIRM award 2014, Department of 
Agriculture, Food and the Marine, Ireland. 
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Introduction: Mass mortalities of farmed Pacific oysters, particularly during the summer, 
have been observed in many areas, including the UK and Ireland. These present a major 
threat to the viability of the oyster industry, so there is a need for greater information on both 
their causes and potential control strategies. Results to date suggest that the aetiology of this 
phenomenon is likely multifactorial, resulting from complex interactions between pathogenic 
agents, environmental factors and the genetic and physiological status of the oysters. In 
France, two main types of pathogenic agents, the herpes virus (OsHV-1) and bacteria of the 
genus Vibrio (V. splendidus and V. aestuarianus), have been detected in dying oysters during 
summer mortality episodes. Such information on the Vibrio species found in oysters in 
Ireland and the UK is lacking. 

Methodology: In this study, we characterised 47 Vibrio spp. isolates collected from mortality 
events from more than 20 sites from Ireland between 2006 and 2016. The isolates were whole 
genome sequenced using an Illumina Miseq platform and standard procedures. Isolates were 
examined for their similarity, both to each other and other Vibrio spp., using a combination of 
multigene and whole genome comparison approaches.  

Results: Most the isolates characterised (27/47) were identified as V. aestuarianus. There was 
also a cluster of 14 isolates that were identified as part of the V. splendidus clade. The V. 
aestuarianus genomes were compared with publicly available V. aestuarianus genomes. It 
was shown that they nearly all conformed to the two clades of V. aestuarianus that also affect 
oysters in France (Clade A and Clade B; Goudenège et al., 2015). There were only limited 
Single Nucleotide Polymorphism-based differences, either between the isolates recovered 
from Irish oysters or from sequences derived from French isolates. We will also present 
results of in vitro (oyster haemocyte) and in vivo (challenge) pathogenicity assays with the 
isolates.  

Conclusions: The results confirm the highly clonal nature of the strains of V. aestuarianus 
that affect farmed on-grown Pacific oysters in France and now Ireland.  

Funding of presentation: 
Defra FB002; BBSRC-NERC WGS AQUA. 
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Although isolated in the Pacific, New Zealand’s Pacific oyster industry was hit by mass 
mortalities from the arrival of OsHV-1 µ-Var in 2010.  Over the last 6 years, collaboration 
between researchers and industry has combined a selective breeding programme against the 
disease with changes in husbandry practices and stock movements, which has facilitated 
almost complete recovery of the industry. Selectively bred, OsHV-1 free spat are delivered to 
cooler South Island growing areas for raising to larger size, before on-growing in warmer 
northern waters. The selective breeding programme is now in its 4th generation of selection 
for OsHV-1 resilience, and large increases in survival have been seen with each generation, 
with survival of 3rd generation spat over 80% in 84% of families, compared to < 25% survival 
in down-selects (under lab challenge).   

Studies have now been carried out on the F3 generation to investigate the mechanisms 
underlying viral resilience, as well as to examine the relationship between growth and 
susceptibility, and potential trade-offs in growth or resilience to other factors, due to selection 
for resilience to OsHV-1.  In conjunction with the larger selective breeding programme, we 
created 10 novel pedigreed selectively bred families exhibiting a range of phenotypes from 
the most resilient to the most susceptible to OsHV-1, and highest to lowest growth potential. 
These 10 families were then exposed as spat to different food environments to induce 
differential rates of growth.  We then exposed groups of these spat to hypoxia and re-
oxygenation stress (7d at 1.44 mg/mL O2 [~ 20% of ambient] at 22°C), and undertook lab 
challenges to confirm predicted survival.  

Results indicated that in these 10 families growth rate did not correlate with viral resilience, 
with the same families ranking highest in the virial challenge whether under low or high 
growth conditions. Results of analyses of anaerobic enzyme levels, antioxidant levels and 
protein and lipid damage by reactive oxygen species indicated that resilient fast-growing 
families had significantly higher baseline levels of some anaerobic and antioxidant enzymes 
and a greater capacity to up-regulate these after reoxygenation than susceptible families.  
Resilient fast-growing families subsequently displayed reduced amounts of oxidative 
damage. These results are helping to inform husbandry as well as new avenues for selective 
breeding and markers of resilience.  Metabolomics results still to come from this study will 
allow us to examine in greater depth the mechanisms underlying viral resilience in these 
families. 
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Introduction:  Edwardsiella piscicida is a newly described species of the genus Edwardsiella 
that was differentiated from isolates originally described as E. tarda. Subsequent studies 
identified four distinct groups, the previously recognized E. ictaluri and E. tarda, as well as 
two new groups, E. piscicida and E. piscicida-like. Analysis of several isolates of the E. 
piscicida-like group from eels in China and sea bream in Japan resulted in description of a 
proposed new species, E. anguillarum. Subsequent identification of isolates of the E. 
piscicida-like group from grouper in Israel and from tilapia in the United States that fit the 
proposed E. anguillarum provided an opportunity to further evaluate classification of the 
genus Edwardsiella.   

Methods: Using complete genome sequencing of the grouper isolate and alignment to the 
complete genomes of other Edwardsiella. 

Results: Blast analysis showed 99.75 % average nucleotide identity to the proposed E. 
anguillarum, 94.51% with E. piscicida, 92.48% to E. ictaluri, and 85.86% to E. tarda. 
Analysis of virulence relative to Type III and Type VI secretion systems demonstrated 
interesting relationships among the various Edwardsiella systems and their sequences.  
Further analysis of published descriptions for 11 members of this phylogroup shows that 5 of 
the isolates came from eels from the same location in China and one from an additional site 
in China, while 3 came from sea bream in different locations in Japan, one was isolated from 
tilapia in a marine recirculating system in the U.S., and one from grouper in Israel. 

Conclusions: Taken together the data further supports the previous identification of a new 
species of Edwardsiella. The demonstration of a strong affinity for infection in the marine 
environment for a variety of marine fish other than eels suggests that E. marina is a more 
appropriate name than E. anguillarum for this new species. 
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Francisellosis is an emerging bacterial disease that represents a major threat to tilapia 
aquaculture. The disease is caused by Francisella noatunensis subsp. orientalis (Fno), which 
has been reported in different geographical regions as a cause of chronic infection, with high 
morbidity and associated mortalities reaching 90%. Although several experimental infection 
studies have been performed in different aquatic species with Fno, the mechanisms of its 
pathogenicity and associated virulence are still not fully understood. In addition, there is 
currently no commercially-available vaccine against Fno for use on tilapia farms. In the 
current study, proteomic characterisation of five isolates of Fno, isolated from distinct 
geographical regions, was conducted using 1D / 2D-PAGE and mass spectrometry (MALDI-
ToF-MS). Whilst previous genomic comparisons of different isolates of Fno have shown a 
tight phylogenetic relationship, no data exists relating to the immunogenic profile of Fno and 
therefore, Western blotting was employed to elucidate antigens recognised by sera from 
vaccinated and infected tilapia.  

Similar to recent genomic data, 2D PAGE proteomic comparisons revealed high homogeneity 
in the protein profiles of the different Fno strains, although some differences were noted in 
the abundance or intensity of the protein spots between isolates. Differential antigen 
recognition was observed between sera from vaccinated and non-vaccinated fish following 
experimental challenge, where 31 antigenic protein spots were recognized by sera from the 
vaccinated group, 34 by the vaccinated and Fno challenged group and 32 by the non-
vaccinated Fno challenged tilapia. The identity of these proteins was determined by MALDI-
ToF-MS and their function and cellular localization were predicted using bio-informatic 
tools. These results provide useful information to assist with future disease control strategies.  
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Introduction: Lactococcus garvieae, the causative agent of lactococcosis, is a major pathogen 
in aquaculture. It is a broad host-range pathogen which also causes opportunistic infections 
outside of the aquaculture industry, including in humans and a range of domesticated and 
agricultural species. L. garvieae causes outbreaks with high cumulative mortality in many 
farmed species including rainbow trout (Oncorhynchus mykiss), yellowtail (Serola dumerili), 
grey mullet (Mugil cephalus) and giant freshwater prawns (Macrobrachium rosenbergii).   

Methodology: A collection of 39 whole genome sequences were compared to identify the 
core genome phylogeny of the species of L. garvieae. Nineteen strains were sequenced as 
part of the WGS-aqua project. These strains were isolated from various outbreaks of 
Lactococcosis in Rainbow trout from Europe and the US. The collection was further 
supplemented with 20 previously published reference isolates of L. garvieae from a range of 
host species and isolation sources. The genomes were used to reconstruct the phylogeny of L. 
garvieae and to identify genes and genomic elements associated with infection of a Rainbow 
trout host. 

Results: Phylogenetic analysis of the whole genome of L. garvieae confirmed that the species 
is highly genetically diverse and could broadly be separated into three clusters that contained 
isolates from a variety of host species and isolation sources. Strains isolated from a Rainbow 
trout host were found to be present in two of the three clusters and could be separated into at 
least three distinct lineages. The pangenome of L. garvieae was identified and genes that 
were found to be significantly associated with disease in a Rainbow trout host were 
identified.  

Conclusion: These data suggest that the ability to infect a Rainbow trout host has arisen by 
horizontal gene transfer at least three times within distant lineages of L. garvieae. The 
majority of Rainbow trout associated genes were found on a single genomic island indicating 
that a virulent phenotype can arise with the acquisition of relatively few genes. The 
identification of Rainbow trout associated genes is likely to impact on our understanding of 
the transmission and virulence mechanisms involved in lactococossis in aquaculture. 

Funding of presentation: 
BBSRC/NERC (BB/M026388/1). 
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Streptococcus agalactiae is a major pathogen and a hindrance on tilapia farming worldwide. 
The aims of this work were to evaluate the population structure of the fish pathogen S. 
agalactiae in Brazil and to establish a farm-to-farm approach that allows for the 
epidemiological tracking of different bacterial clones using genomic methods. A total of 39 
strains were obtained from different outbreaks in Nile tilapia and Amazon hybrid catfish 
farms between 2003 and 2015, and their whole genomes were sequenced on Ion Torrent 
Personal Genome Machine, obtaining an expected coverage of 224±88 fold. The assemblies, 
performed in SPAdes software, were comprised for each strain on a unique chromosome with 
length of 1,844,131±4,460 bp. Genes were predicted and annotated using Prokka software 
and protein coding sequences varying from 1,503 to 1,729, whereas the number of 
pseudogenes varied from 98 to 318. Comparative analyses of multilocus sequence typing, 
genomic similarity, whole genome multilocus sequence typing (wgMLST), and a molecular 
evolutionary time-scale analysis were performed with complete genome sequences. The 
Brazilian strains presented two sequence types, including a newly described lineage (ST-927) 
and the ST-260, together with a non-typeable (NT) strains. All strains showed high average 
nucleotide identity genomic similarity (> 98%), but two groups were slightly distinct. One 
was composed of NT isolates, and the other of the strains from ST-260 and ST-927. The use 
of wgMLST could differentiate each strain in a single clone and was used to establish 
temporal and geographical correlations among strains. ST-260 and ST-927 were present in 
Northeast region, whereas the non-typeable strains were distributed on Central-South region. 
Bayesian evolutionary analysis revealed that the studied population of S. agalactiae has a 
remarkably recent emergence of approximately 60 years ago, and suggests that they could 
had been co-introduced in Brazil with their main host, the Nile Tilapia. Brazilian strains of S. 
agalactiae were shown to be heterogeneous in their genome sequences and were distributed 
in different regions of the country according to genotype, which allowed for the use of 
wgMLST analysis to track each outbreak event individually. 

Funding of presentation: 
CNPq, CAPES and FAPEMIG. 
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Tilapia (Oreochromis sp.) are an important source of protein with an economic value 
approaching US $8 billion yearly.  Streptococcal disease, caused by Streptococcus iniae and 
S. agalactiae (both Gram positive bacteria), is an emerging or re-emerging disease negatively 
affecting tilapia aquaculture worldwide.  Because of the difficulty controlling these pathogens 
in tilapia production, selective breeding for resistance S. iniae and S. agalactiae is a potential 
tool to limit the impact of streptococcal disease.  The objectives were: i) to verify additive 
genetic variation in resistance of Nile tilapia (Oreochromis niloticus) to S. iniae; ii) to 
determine if realized genetic gain in resistance and/or susceptibility to S. iniae is possible 
following positive assortative mating based on estimated breeding values (EBV); and iii) to 
determine if resistance to S. iniae and S. agalactiae Ib is genetically correlated. A total of 144 
full and paternal half-sib families were challenged intraperitoneally with S. iniae using pit 
tagged fish in a common tank.  For S. agalactiae, 130 full and paternal half-sib families were 
intramuscularly injected.  Cumulative mortality was 46% for S. iniae and 68% for S. 
agalactiae.  There was a high additive genetic component found for survival in fish injected 
with S. iniae (estimated heritability 0.52 ± 0.12) validating our previous results.  The 
estimated heritability for S. agalactiae was 0.38 ± 0.11 based on the univariate linear animal 
model.  Positive assortative mating further demonstrated resistance to S. iniae was heritable 
with mean survival of 88% (range 60 – 100%) for families produced on high EBV (i.e., S. 
iniae resistant parents) and mean survival of only 10% (range 0-42%) for families produced 
using low EBV (i.e., S. iniae susceptible parents).  No genetic correlation (rg = -0.3 ± 0.19) 
was noted amongst resistance to S. iniae and S. agalactiae Ib. Selective breeding of tilapia to 
improve survival to Streptococcus sp. will require knowledge of the pathogen(s) prevalent in 
the region so that custom genetic material may be formulated for individual farms. 

Funding of presentation: 
Transfer of Material-Cooperative Research and Development Agreement No. 58-6010-6-005 
between Spring Genetics and USDA-ARS and USDA-ARS CRIS Project No. 6010-32000-
026-00D.  
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Introduction: Fish gills, with their involvement in water and ion transport, gas exchange and 
ammonia excretion, are very important organs for fish metabolism; therefore, branchial 
diseases can cause severe complications for the fish’s homoeostasis. Koi sleepy disease, 
caused by CEV infection, manifests itself with characteristic behavioural changes. Affected 
fish are lethargic, start laying at the bottom of the tank and, with progress of the disease, the 
activity of the fish decreases until nearly complete stillness, followed by death.  

Methodology: We hypothesized that this behaviour is related to gill dysfunction from the 
infection and therefore, the pathophysiological impact of the infection was measured, 
including an analysis of the hydro-mineral balance, respiration and ammonia excretion. 
Furthermore the blood plasma metabolome of KSD affected fish was studied. The 
experimental setup included two strains of carp (AS and koi) with different susceptibilities to 
KSD. All carp were cohabitated with koi infected with CEV from genogroup IIa. 

Results: During four infection experiments at 18 °C 100% of the koi developed severe KSD, 
which led to a complete immobilisation of the animals at the bottom of the tank between days 
6 and 12 post infection (p.i.) with the peak at days 6 and 7 p.i.. In blood plasma collected at 
days 6 and 9 p.i. oxygen content was slightly reduced, sodium and calcium extremely 
decreased and ammonia levels severely increased. Analyses of over 2,500 metabolites, 
showed changes in the pyrimidine and urea cycle and the beta-alanine and the amino acid 
metabolism in blood plasma at day 6 p.i.. At the same time a leukopenia had developed. 
These changes occurred only in koi while AS strain carp remained unaffected, which 
correlated with a much higher virus load and the onset of histopathological changes in gills of 
koi.  

Conclusions: The results from the study show that using differently susceptible strains of carp 
gives the opportunity for a deeper insight in to biology of the infection. Furthermore it 
confirms that sleepiness of the fish is related to severe osmotic imbalances and a disruption of 
the waste removal from the amino acid metabolism which leads to intoxication with 
ammonia. 
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Introduction: Amoebic gill disease (AGD) was first reported from salmonids farmed in 
marine environment 30 years ago. The causative organism, Neoparamoeba perurans, was 
described more recently. Since then clinical AGD has been observed in fourteen countries 
across six continents.  Many host species have been reported.  This presentation reviews our 
current knowledge of the host and parasite in this disease. 

Methods: A range of molecular methods as well as traditional immune assays, histology and 
traditional parasitology methods were used. 

Results: This presentation summarises our current knowledge (including unpublished 
information) about the known host range, characteristics of the parasite, case definition and 
host-parasite relationship. 

Conclusion: While there has been a lot of progress in our understanding of this disease some 
fundamental questions still remain unanswered. 
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Introduction: Amoebic gill disease (AGD), caused by the protozoan parasite Neoparamoeba 
perurans, is one of the most significant infectious diseases for Atlantic salmon (Salmo salar 
L.) mariculture. This study aims to assess the humoral immune response (both local in gill 
mucus and systemic in serum) and the antioxidant potential in gills of farmed Atlantic salmon 
naturally infected with N. perurans. 

Methodology: Samples were taken at different stages of disease severity and after freshwater 
treatment. Immune parameters analyzed included activity of immune related enzymes (i.e. 
lysozyme, peroxidase, protease, anti-protease, esterase, alkaline phosphatase), IgM levels, 
and the terminal carbohydrate profile in the gill mucus. Antioxidant capacity was determined 
through the analysis of the hydrophilic antioxidant activity (HAA) and the activity of 
enzymes superoxide dismutase (SOD), catalase (CAT) and glutathione reductase (GR); in 
addition to gene expression of SOD and CAT. 

Results: Greater variations were noted in the immune parameters determined in gill mucus 
than the equivalent in the serum. IgM levels and peroxidase, lysozyme, esterase and protease 
activities were decreased in gill mucus of fish showing longer exposure time to the infection 
and higher disease severity, then showed a sequential increase after treatment. The HAA 
analysis revealed a significant decrease of the overall antioxidant potential of gills during 
clinical AGD. In addition, the antioxidant enzymes analyzed showed differences in activity 
and gene expression between gill areas showing gross AGD lesions and non-lesions. 

Conclusions: Results from the immune analysis highlight the existence of an independent 
localized immune response in the gills, indicate an impaired immune response at the later 
stages of the disease, and show a positive effect of freshwater treatment on the host humoral 
immunity. Results from the antioxidant assessment show the involvement of oxidative stress 
during AGD, which may have implications on the use of hydrogen peroxide treatments in 
Atlantic salmon aquaculture. 
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Introduction: On a global scale, amoebic gill disease (AGD) is the most significant gill 
disease affecting farmed Atlantic salmon, while a number of other agents have been 
identified as potential pathogens involved in gill disorders. Gill disorders can be complex and 
multifactorial with co-infections common on farms and there is a lack of knowledge in 
relation to interactions and synergistic effects of these agents. The objective of this study was 
to determine if and what affect a number of pathogens, namely, Desmozoon lepeophtherii, 
Candidatus Branchiomonas cysticola, Tenacibaculum maritimum, piscine reovirus (PRV), 
and salmon gill pox virus (SGPV) may have on the gills during an AGD outbreak.  

Methods: For this, gill samples were collected from stocking until harvest, every 2-4 weeks, 
from a marine Atlantic salmon farm in Ireland, on which real-time PCR was used to 
determine the presence and sequential infection patterns of these pathogens. Finally, a 
number of multi-level models were fit to determine the effect of these putative pathogens and 
their interaction on gill health (measured as Histopathology score), while adjusting for the 
effect of water temperature and time since the last freshwater treatment.  

Results and Conclusion: Results indicate that between week 12 and 16 post-seawater transfer, 
colonisation of the gills by all pathogens had commenced and by week 16 of production each 
of the pathogens had been detected. D. lepeophtherii, Candidatus Branchiomonas cysticola 
and piscine reovirus (PRV) were by far the most prevalent of the potential pathogens detected 
during this study. Once established in the population, there was very little variation in the 
prevalence. Detections of T. maritimum were significantly correlated to temperature showing 
distinct seasonality. While detections of salmon gill pox virus (SGPV) were highly sporadic 
and it was detected in the first sampling point, suggesting a carryover from freshwater stage 
of production. Finally, model results indicate that there is no clear interaction or synergistic 
effect between any of the pathogens. Additionally, the models showed that temperature, the 
density of Neoparamoeba perurans and time (weeks) since last freshwater treatment has the 
greatest effect on the histopathology score. 

Funding of presentation: 
This project is funded under the Marine Institute Research Fellowship Programme (project 
MEFSS/ PhD/2013) in conjunction with the Galway-Mayo Institute of Technology. 
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Introduction: Gill disorders have become a significant problem during the marine phase of 
Atlantic salmon farming. The aetiology can be a single pathogen, e.g. Paramoeba perurans 
in amoebic gill disease, or associated with the presence of several agents including bacteria, 
viruses and parasites. Other factors, such as previous insults, environmental conditions or 
stress due to handling can be predisposing factors. Establishing the causative aetiological 
agent(s) in gill disease is frequently complicated by the simultaneous presence of various 
pathogens. Furthermore, the effect of interactions between these different organisms in 
complex gill disease is unknown. In Scotland, complex gill disease has been reported more 
frequently from the end of the summer until the end of winter.  

Methodology: We performed a longitudinal study from February 2016 until February 2017 at 
two salmon farms in different locations on the West coast of Scotland, both with a history of 
previous occurrence of gill disease. The aim was to determine the correlation between gill 
pathology and the presence and relative levels of the putative pathogens present in the gills. 
Six fish were sampled every two weeks from each farm and the presence and load of P. 
perurans, Ca. Branchiomonas cysticola, salmon gill poxvirus and Desmozoon lepeophtherii 
in the gills and head kidney were determined by specific quantitative reverse transcriptase 
polymerase chain reaction (qRT- PCR). A gill scoring technique for assessing histological 
lesions was also undertaken in samples from these fish, the results of which were compared 
to the presence and load of each pathogen.  

Results and Conclusions: The results obtained to date will be presented and discussed. 

Funding of presentation: 
Moredun Research Institute and The Fish Vet Group. 
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Individual monitoring of Atlantic salmon, Salmo salar, through amoebic gill disease 
(AGD) infection 
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There have been recent efforts amongst fish immunologists to develop approaches for 
following individual fish during challenges with viral and bacterial pathogens.  Due to the 
emergence of amoebic gill disease (AGD) as a serious threat to European salmonid 
aquaculture, the etiological agent, Neoparamoeba perurans, was selected as the model 
pathogen for designing individual monitoring methodology for ectoparasitic challenges.  

Post-smolt Atlantic salmon, Salmo salar, were PIT-tagged and challenged with either 2500 
amoeba per L-1 or culture medium (negative control) for four hours. Twenty challenged fish 
were randomly selected for individual monitoring throughout the experiment and ten for 
negative control individual monitoring. Fish were anaesthetised to stage 4 with 17mg/L 
AQUI-S® on days 5, 10, 15, 20, with the experiment concluding in lethal sampling at day 30. 
Non-lethal samples taken during this time include visual gill scores, photograph records, <5% 
body mass blood samples and gill swabs. Lethal samples of gill and head kidney tissue, as 
well as gill scores from infected fish held in separate tanks were taken for comparison on the 
specified sampling points.   

Comparative analysis of gill score progression throughout the challenge confirms that the 
action of obtaining a non-lethal gill swab does not artificially accelerate or hinder disease 
progression. Gene expression of red blood cells (RBCs) analysed with qPCR have been 
shown to mirror upregulation seen in the lethally obtained head kidney. Gill swabs have also 
been shown to match expression of genes seen to be upregulated in the lethally obtained gill 
tissue, such as the cytokine IL-4/13 and enzyme arginase.  

In conclusion, this talk will present the novel methodology for obtaining non-lethal samples 
from individually monitored fish throughout an ectoparasitic challenge. The ability of these 
samples to convey immunologically valid and worthwhile data will be discussed, as well as 
the importance of implementing 3R’s principles in aquaculture studies. 

Funding of presentation: 
NC3R’s. 
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Treatment effects of freshwater and hydrogen peroxide at various stages of Amoebic gill 
disease (AGD) in Atlantic salmon  
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Introduction: Amoebic gill disease (AGD) in farmed Atlantic salmon is a disease caused by 
the opportunistic, parasitic amoeba Paramoeba perurans. The disease may be treated 
efficiently using freshwater baths or hydrogen peroxide. The efficiency of treatment, 
however, is likely to be dependent on how far progressed the disease is at the time of 
treatment. 

Methodology: Six hundred Atlantic salmon were challenged with Paramoeba perurans at 
12°C and divided into ten 500 L tanks. At various time points in the disease development 
(when the most affected gill arch surface of 10 individuals reached score 1, 2 and 3), the fish 
were treated with either freshwater for 3 hours or with hydrogen peroxide (1200 ppm for 20 
min). The AGD development after treatment for the various treatment groups was examined 
at 7, 12 and 21 days post treatment by an assessment of macroscopic gill score, histology and 
PCR of gills together with caudal blood samples.  

Results and conclusions: The study showed that both freshwater and hydrogen peroxide 
treatment was efficient in treating AGD, and at all stages of the disease, including progressed 
disease. Treatment with both freshwater and hydrogen peroxide at gill score 1 had a more 
lasting effect than treatment at later time points. Freshwater treatment showed higher 
treatment efficacy than hydrogen peroxide as it led to a larger number of gill surfaces without 
patches and an overall lower gill scores at all sampling points after treatment. 

Funding of presentation: 
This work was funded by the Norwegian Seafood Research Fund (FHF), grant number: 
901036. 
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Development of a functional diet against Amoebic Gill Disease 
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Introduction: Amoebic gill disease (AGD) caused by Paramoeba perurans is the leading 
cause of gill disease in Atlantic salmon worldwide. Despite more than 30 years of research, 
there are no vaccines or medicines licensed to treat AGD. There is an opportunity through 
diet to potentially alter both the physical and qualitative characteristics of fish mucus, and in 
turn influence the survival of fish affected with AGD. 

Methodology: An in vitro plate assay using Paramoebae sp. was developed to screen and 
identify prospective compounds for inclusion in diets, and to evaluate the effects of mucus 
collected from Atlantic salmon fed these compounds. Compounds were screened at 
concentrations ranging from 1% to 0.0001% and at time points of 24, 48 and 72 hours. 
Compounds that caused a significant reduction in the survival of Paramoebae sp. were 
incorporated in test diets. In a series of trials, Atlantic salmon were fed test diets for four 
weeks, challenged with 500 cells of P. perurans per L, then fed the test diets until trial end 
when mortalities in the control group reached 60%. Dietary effects of these ingredients were 
assessed through fish survival, blood biochemical markers including C reactive protein and 
lysozyme, and quantitative histology of the gills. Further, the same compounds were also fed 
for 4 weeks to non infected fish to assess their effects upon mucus viscosity, lysozyme 
activity and polysaccharide levels. All methods for the in vivo challenge trials were approved 
by the University of Tasmania animal ethics committee. 

Results: The in vitro trials showed that survival of P. perurans was significantly reduced by 
direct and indirect exposure to specific compounds compared to controls. Test diets 
significantly increased survival of Atlantic salmon challenged by P. perurans compared to 
control diets. Mucus samples collected from fish fed test diets had higher viscosity, lysozyme 
and polysaccharides levels than mucus from control fed fish.  

Conclusion: Diet has the potential to play an important role in the management of AGD by 
improving fish survival, enhancing mucus defences, reducing gill damage and reducing 
amoebae survival. 
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Mouthrot infections (bacterial stomatitis) have a significant impact on the Atlantic salmon 
aquaculture industry in Western Canada due to economic losses and fish welfare issues. The 
only known way to mitigate the disease is through the use of antibiotics. Bacteria isolated 
from lesions in the field have been identified as Tenacibaculum maritimum. Mouthrot as it 
presents in Canada differs from classical tenacibaculosis, which is most commonly associated 
with ulcerative lesions, frayed fins and tail rot. T. maritimum, a marine fish pathogen is found 
worldwide; however, knowledge from Western Canada is limited. A project was therefore 
started to increase this knowledge base and acquire new ways of managing the disease. In 
order to confirm the role that T. maritimum has in mouthrot infections, a challenge study was 
performed exposing Atlantic salmon smolts to Western Canadian T. maritimum isolates. 
From this a reproducible challenge model was developed to be able to test prophylactic 
measures such as vaccination against the disease. Results from the challenge experiments will 
be presented, discussed and compared to the disease presentation in the field. This study have 
shown that mouthrot is reproducible in the laboratory using T. maritimum collected from 
mouthrot outbreaks in the field, thereby fulfilling Koch's postulate. 

Funding of presentation: 
Research Council of Norway (Project no: 251805/030). 
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Generation of a random transposon mutagenesis library of Vibrio anguillarum to 
identify essential genes 
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Introduction: Pathogenic Vibrio spp. cause losses in aquaculture, but improved knowledge of 
these bacteria can be applied to develop more effective control strategies. Random transposon 
mutagenesis of bacterial genes is a conventional approach that can reveal gene functions. The 
transposon inserts randomly into the genome to disrupt the function of a gene and each 
mutant is screened for an altered phenotype. The gene responsible for any altered trait is 
identified through locating the transposon. This approach has enhanced our understanding of 
pathogens but each mutant must be screened individually. However, combination with 
massive parallel sequencing (called Tn-Seq) now permits simultaneous assessment for the 
role of many genes and allows identification of essential genes. This study aimed to create a 
transposon mutant library of V. anguillarum to identify essential genes and these genes may 
be targets for new chemotherapeutants.  

Methodology: The TnSC189 transposon was introduced into V. anguillarum NB10Sm 
recipient cells from E. coli SM10. This transposon inserts at random into TA dinucleotide 
sites. Transformants were selected on agar containing streptomycin and kanamycin. Colonies 
were collected from three independent matings and pooled to give a mutant library. DNA was 
extracted and fragments containing transposon-genome junctions (used to identify transposon 
location) were prepared. Next, DNA from each library was sequenced by MiSeq and 
locations for each transposon insertion mapped onto the genome.  

Results: We identified 61,394 unique transposon insertion locations (11.16% of possible 
insertion sites). In total, 229 genes lacked a transposon insertion site and these genes may be 
considered as putatively essential under our in vitro conditions. Of these, 72 genes encoded 
small tRNAs, 61 encoded transposases, 29 were associated with ribosomal RNA and 
proteins, while other genes included those functioning in transcription, sulphur metabolism, 
DNA repair and maintenance, or encoded hypothetical proteins. 

Conclusions: Putative essential genes in V. anguillarum ND10Sm were identified and these 
are possible targets for the development of new chemotherapeutants and infection control 
solutions. This present study validates TnSeq as a new approach to studying aquaculture 
pathogens. 
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Comparative genomics of Vibrionaceae 
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Introduction: Vibrio spp. are geographically widespread in aquatic environments. They 
include opportunistic pathogens which can inhibit terrestrial and aquatic hosts and cause high 
mortality in commercially cultured marine organisms. V. anguillarum, for example, is a 
major cause of vibriosis in finfish aquaculture. Horizontal gene transfer is very frequent 
between members of the Vibrio genus, leading to extensive variation in gene content both 
within and between species. These differences impact on the ability of the organism to adapt 
to their changing environments, infect hosts, and gain resistance to antimicrobial agents. The 
distribution of accessory elements, such as phage and virulence islands, can thus inform on 
the evolution of virulence, antimicrobial resistance and host association. 

Methodology: Short-read sequence data of multiple Vibrionaceae species, including over 
1100 V. parahaemolyticus and over 100 V. anguillarum isolates, were mapped and 
assembled. Acquired genetic elements were identified and characterised, and the presence or 
absence of genes known to play a role in important clinical or resistance phenotypes was 
determined. We analysed these distributions to find associations with multiple ecological and 
virulence traits.  

Results: Vibrio species have an “open” and highly diverse pan-genome. For example, over 
60,000 genes were recognised within the global V. parahaemolyticus population from 
multiple sources. Accessory genes have been identified that are likely to be important for host 
specificity, and we describe the distribution of previously characterised virulence and 
resistance genes within and between Vibrio species. Applying these approaches to both 
studies on large scales, with individuals from very diverse hosts, geographic regions and 
virulence backgrounds, and to specific cases of interest, helps to uncover the genomic drivers 
of adaptation. Putative antimicrobial resistance genes were found to be widespread 
throughout Vibrio populations, in particular, genes that can encode resistance to tetracyclines. 
Analysis of virulence genes revealed a pool of underlying pathogenicity features in diverse 
populations and identified potential molecular drivers of outbreaks within aquaculture.  

Conclusions: These analyses have demonstrated the power of large genomic datasets for 
identification of genetic factors that drive the evolution of virulence in two important 
aquaculture pathogens, V. anguillarum and V. parahaemolyticus. 

Acknowledgements and funding of presentation: 
Raoul and Catherine Hughes. 
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Vibrio gigantis in mullet: A new potential pathogen in fish  
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Introduction: In August 2016 a great mullet (Mugil cephalus) death toll occurred in a small 
touristic harbour located in Mar Ligure (north west Italian sea). In the area were living other 
fish species (sardines, goldline, damselfish, Mediterranean rainbow wrasse and shi drum) that 
did not show any symptoms of illness.  

Methodology: In order to establish the aetiology of the mortality event, 50 specimens were 
collected to perform full necropsy 5 of which were dying, while the others were chosen 
among the recently died mullets still retaining good conditions. All subjects examined 
weighed 300-350 g.  

Results: At the necropsy the most important findings were: normal skeletal development; 
emaciation; moderate presence of skin and gill ectoparasites; in few case increased liver 
volume; in almost all individuals enlarged spleen with small granulomas on the surface and in 
the parenchyma; some intestinal parasites.  

The microbiology tests were negative for Mycobacterium spp. and fungal disease, but Vibrio 
gigantis was isolated from the spleen of 39 mullet. Virology was negative for Nodavirus. 
Histological examination showed confluent necrosis in the spleen around bacterial aggregates 
with no other relevant data.   

Conclusion: Despite Vibrio spp. naturally inhabit coastal water of temperate regions, the high 
presence of Vibrio gigantis in a large amount of the analized animals would exclude its 
accidental discovery. Vibrio gigantis is a pathogen isolated from the haemolymph of cultured 
oysters (Crassostrea gigas) but its pathogenicity has not yet been highlighted for mullet 
although another report of its presence in deaths of Mugil spp. was given by Bartozzi et al. 
(2012). Further studies are necessary to better understand Vibrio spp. pathogenicity in this 
species and its possible involvement in mortality events such as those with unknown 
aetiology reported in the last 5 years in different marinas along the Italian coasts. 
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Facing global changes, the proliferation, geographical distribution, period of occurrence of 
marine bacteria and the number of diseases associated with bacteria belonging to the genus 
Vibrio are constantly increasing. For instance, Vibrio aestuarianus is a bacterium affecting 
the pacific cupped oyster Crassostrea gigas in France since 2001. However, since 2011/2012, 
Repamo network (Réseau de pathologie des mollusques; Shellfish Pathology Network) 
reported an increase in the number of cases of adult pacific cupped oysters mortality 
associated with the presence of V. aestuarianus. In this context, studying the V. aestuarianus 
virulence factors is an important issue in order to better understand the interaction 
mechanisms between the pathogenic vibrios (V. aestuarianus) and the cupped oyster, C. 
gigas. 

Currently, the varS gene (VarS/VarA two-component system) was identified as a virulence 
regulator which controls at least the metalloprotease Vam expression and/or secretion. 
However, little knowledge is available about VarS function during pathogenesis. Through an 
experimental infection based on immersion with the virulent or non-virulent strains of V. 
aestuarianus, we tried to define the major stages of infection and to identify the step in which 
VarS protein is involved.  

This work allowed us to identify 3 main stages of infection: Early (day 1), intermediate (day 
4) and late stages (moribund). Using QPCR, immunohistochemistry and histopathology 
technics, we suggest that the C. gigas gills are the target tissue preferentially colonized by V. 
aestuarianus from the early stage of infection. Subsequently, the bacterium, following its 
penetration, induces tissue damages observed from the early stages of infection. Differences 
between the virulent strain and a strain for which the varS gene was invalidated were 
observed only from the intermediate stage, i.e.  immediately after gills colonization. We 
therefore suggest that the crucial stage of infection in which the varS gene plays an important 
role in the development of pathogenesis is the intermediate stage, meaning gills crossing. 

Funding of presentation: 
ANR Opopop, DGAl (French ministry). 
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Characterization of Norwegian field isolates of Yersinia ruckeri causing yersiniosis in 
salmon 
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Introduction: In 2016, PHARMAQ was granted a marketing authorisation in Norway for a 
monovalent dip vaccine against yersiniosis in Atlantic salmon (Alpha Dip® ERM Salar), 
containing an inactivated Norwegian salmon Yersinia ruckeri O1 isolate. The documentation 
process for this vaccine started years before, with isolates from field sites experiencing 
yersiniosis outbreaks being collected from 2004-2012.  

Methodology: The field isolates were characterized with regards to API-test, serotyping by 
slide agglutination, biotype and outer membrane protein profile type (OMP).  

Results and Conclusions: We present recent novel findings from the use of absorbed 
antibodies, allowing for more precise serotyping of the isolates previously described as O1 or 
O1/O5 positive. Cross protection study investigating whether the immunization of salmon 
with one isolate would protect against another closely related will be shown. Western blot of 
O-antigens from common salmon serotypes showed very different binding patterns when 
comparing polyclonal antibodies. The characterization study demonstrates the importance of 
choosing the proper isolates for vaccination, as the different serotypes provide limited cross-
protection against others. 
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Introduction: Yersinia ruckeri is a Gram-negative rod-shaped enterobacterium. It is the 
causative agent of enteric redmouth disease in various species of Salmonids. Clinical signs of 
the disease include exophthalmia, darkening of the skin, splenomegaly and inflammation of 
the lower intestine. The spleen is a major secondary lymphoid organ of the fish and plays a 
role in immune response against bacterial infection. In this study, we identified and 
quantified spleen proteins that are differentially expressed in response to Y. ruckeri strains 
using gel-free label-free shotgun proteomic approach.  

Methodology: Rainbow trout were infected by immersion of biotype 1 and biotype 2 strains 
and sampled at 3, 9 and 28 days post exposure. Spleen tissues were grounded into a fine 
powder and resuspended in denaturing lysis buffer. Digestion of proteins was performed 
using the standard two-steps in-solution digestion protocol. Peptides were separated by a 
nano liquid chromatography system and analyzed with a high-resolution mass spectrometer 
coupled via a nano-electrospray ionization interface. Quantification of proteins was 
performed using SWATH MS2 data independent technology. Differentially expressed 
proteins were analyzed using statistical analysis in the R programming language.  

Results: Sixty differentially expressed proteins were identified in Y. ruckeri infected spleen 
samples. These proteins were involved in immune response, proteosome, ion and iron 
transporters, metabolic and catabolic processes. Annexin, profilin, calmodulin and invariant 
chain S25−7 were highly expressed in the infected spleens at all time points.  

Conclusions: Our study provides the first detailed proteome analysis of Y. ruckeri-infected 
spleens. This study contributes to our understanding of the immune relationship between fish 
and bacterial pathogen Y. ruckeri. The proteins might be considered as potential biomarkers 
for rainbow trout immune responses. 

Funding of presentation: 
Austrian Science Fund (FWF) P 27489-B22. 
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Introduction: Design and reporting quality are important metrics for assessment of the utility 
of diagnostic sensitivity (Se) and specificity (Sp) studies in animal and human health. 
Guidelines for reporting quality of diagnostic accuracy in aquatic animals (STRADAS-
aquatic) were published in 2016 but there are no standards for experimental design. The 
purpose of this study was to develop design guidelines to complement STRADAS-aquatic 
reporting standards with the goal of strengthening the quality of published studies of Se and 
Sp based on naturally-occurring disease and experimental challenge models.  

Methods: A systematic literature review of Se/Sp studies of the 28 OIE-listed aquatic 
diseases (10 finfish, 7 mollusc, 9 crustacean, and 2 amphibian) was done. Areas for 
improvement were identified by evaluating and collating design recommendations for similar 
studies of terrestrial animals and people, and adapting them to aquatic animals.  Consensus-
based standards were compiled by the coauthor team. 

Results: Five hundred and fifty-six studies underwent initial screening, with 262 progressing 
to full-paper analysis. Of 56 Se/Sp papers identified, 41 were field applications, 8 were 
experimental, and 7 were both field and experimental. Most studies focused on real-time 
PCR, histopathology and in-situ hybridization, and some fish studies used cell culture for 
virus identification, ELISA and IFAT. Design criteria were proposed using examples from 
the literature and were presented in a flowchart, listing risks-of-failure for each focal point 
and proposing mitigation steps for field-based and experimental challenge studies to prevent 
failures. For the latter, characterization of the inoculum, verification of pathogen status of the 
source population used to provide experimental animals, and an experimental exposure 
method that mimics normal exposure routes in the field were considered critical design 
issues. 

Conclusions: Recommended design standards for field and experimental studies to ensure 
“fitness for purpose” address the following points: target condition (infected but apparently 
healthy or clinically diseased); sample selection, handling and processing methods; 
laboratory test methods; use of a reference test or latent class analysis for estimation of 
Se/Sp; and correct interpretation of these estimates. More benchmarking studies are needed to 
compare the accuracy of currently-used tests with OIE recommended tests on the same set of 
samples. 

Funding of presentation: 
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Introduction: For surveillance purposes (presence or absence of pathogens), testing of pooled 
specimens from aquatic animals is preferable to testing individuals when the prevalence of 
infected samples is low and concentration of the target analyte is high. However, use of 
pooling raises important questions: for which combinations of prevalence and load can 
pooling be justified; should pooling recommendations differ for systemic vs. localized 
infections; are there published data to support recommendations for pooling of 5 specimens?  

Methods: A systematic review of published studies in aquatic animals was undertaken using 
standard search terms in PubMed and CAB Abstracts. OIE-listed and non-listed diseases 
were included. Abstracts were screened by 2 coauthors, and relevant information was 
extracted and summarized from the full papers. An expert group was convened to review the 
collated evidence and develop guidelines for designing pooling studies. 

Results: Fourteen relevant papers were identified in the search, many involving qPCR. Most 
authors concluded that pooling reduced sensitivity compared with testing of individuals. 
Supporting data for pooling was limited. Only two papers specifically mentioned the concept 
of pooled sensitivity and pooled specificity. These two outbreak studies provided useful 
comparative data (virus isolation and qPCR for SAV and ISAV), but no papers reported Ct 
values.  

Conclusions and recommendations: Pooling is logistically necessary for testing early life 
stages but is optional in other situations. Scientific evidence about pooling that can withstand 
legal scrutiny is needed. The preferred design is field studies with parallel testing of both 
individual specimens and these same specimens in randomly-created pools that mimic real-
life surveillance scenarios supported with the respective cost and sensitivity data. Individual 
and pooled Ct values should be reported even if the final decision is presence/absence. 
Analyte loads are likely to be much lower several months after outbreaks and much more 
reflective of surveillance scenarios. Use of experimentally-infected animals and spiking 
experiments were considered inferior sources of data to evaluate effects of pooling. Studies 
are also needed to describe the distribution of Ct values in naturally-infected but healthy 
aquatic animals, as this information can provide a sound basis for simulation studies of 
potential effects of pooling. 

Funding of presentation: 
CSIRO McMaster Fellowship, FDRC and Australian Department of Agriculture and Water 
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Introduction: The genus Cyprinivirus of the Allohperpesvirus family (order Herpesvirales) 
contains taxonomically 4 species: carp pox virus (CyHV-1), goldfish herpesvirus (CyHV-2), 
koi herpesvirus (CyHV-3) and the herpesvirus anguillae (AngHV-1, HVA, eel herpesvirus). 
While comparisons are carried out between the full genomes of CyHV-1, -2 and -3, the 
detailed functions of the named genes are hardly known. In most of the cases only 
estimations are assessed using similar sequences or motifs in other viruses. Recently several 
complete KHV genomes from Japan, USA, Europe, China and Indonesia but only one 
genome from carp pox virus (CyHV-1), three from goldfish herpesvirus (CyHV-2) and two 
from HVA (AngHV-1) are completely published.  

Methodology and results: Compared the full genome sequences of the genomic largest know 
herpesvirus; most of the KHV are to 99.98% identical. Only one virus differs which is 97% 
similar to all the other KHV genomes (Dr. JC Avarre, pers. comm.). Even 3% difference 
consist of up to 9.000 different bp. Taking KHV as a standard, the genomes of the other 
Cypriniviruses are similar using parts of the KHV ORF 79 (viral DNA polymerase, acc. no. 
AY939862) to ORF 79 of CyHV-1 is 76%, to ORF 79 of CyHV-2 is 76% and of ORF 55 
(acc. no NC_013668) of AnHV-1 is 69%. 

The recent KHV diagnostics by different PCRs focus on parts of the ORF 89 (qPCR, Gilad et 
al., 2004), ORF 55 (PCR, Bercovier et al., 2005) and ORF 79 (PCR and nested PCR, 
Engelsma et al., 2013) of the viral genome (CD 2015/1554).  

With new molecular assays two different lineages of KHV can be discriminated: the 
European and the Asian lineage. The European lineage can be obviously easily transferred 
into the Asian lineage by passaging onto cell cultures but not vice versa. Additionally some 
of the genomes have characteristics from both lineages, e.g. the Chinese KHV GZ11 (Dong 
et al., 2012). Another isolate from the same region but from another laboratory was clearly 
identified as a member of Asian lineage (KHV-Ch). 

Conclusions: Using all these molecular assays and subsequent the sequence analysis of the 
obtained fragments it was shown that one, two or more viruses were hosted by one animal. 
The results show that there is a need to interpret findings from molecular assays very 
carefully and to establish the statement always in accordance with field observation. 
Additionally, in this connection it was considered that the HVA seems not a member of this 
virus genus. At least a separate cluster like “Anguillid herpesvirus” is suggested. 
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Introduction: Koi herpesvirus (KHV) is a viral pathogen responsible for mass mortality 
among cultured cyprinids. Various diagnostic methods for detection of KHV are described in 
the World Organization for Animal Health (OIE) Diagnostic Manual. Among them, a 
conventional TK PCR and Gilad Taqman real-time PCR have been used commonly. On the 
other hand, viral isolation with cell lines has rarely used due to a presumptively lower 
sensitivity than PCR. Recently, an mRNA detection method of KHV was also developed to 
detect the replication stage in the cells and fish. In this study, we evaluated a relationship for 
detection between viral DNA/mRNA and infectivity in KF-1 cell line with KHV infection.   

Methodology: KHV stock solution was diluted 10-fold, and the diluted viral solutions were 
inoculated in KF-1 cell line on two 96 well plates for viral titration. At the same time, the 
extracted DNA from stock solution was diluted 10-fold with DEPC water, and it was used for 
PCR titration using TK conventional PCR. After 2 weeks, the CPE was checked on all two 
plates and the 50 uL of cell culture supernatant from one plate was sub-cultured to normal 
KF-1 cell line, and the sub-culture continued 5 times. Before sub-culture, the inoculated cells 
and 100 uL supernatant were collected for mRNA and DNA detection of KHV, respectively. 
Supernatant 100 uL from another plate was intraperitoneally challenged into koi carp, and 
mortality was recorded for one month. After 2 weeks post inoculation, fin and gills from the 
fish sampled and checked the KHV gene copy numbers using qPCR. 

Results: The viral DNA was detected in wells inoculated with 100 - 10-6 dilutions of KHV. 
However, CPE was observed in wells inoculated with 100 - 10-2 dilutions, thus the 
susceptibility of KF-1 cells was approximately 10,000 times lower than PCR. And the viral 
mRNA was detected in wells inoculated with 100 - 10-2 dilutions, indicating a positive 
relation between CPE forming and mRNA expression. In challenge test to fish, koi carp were 
dead or moribund due to KHV infection when the supernatant in wells with positive in CPE 
forming and mRNA expression was injected. In sub-culture of supernatant from 10-3- 10-6 
dilutions with 5 passages, the CPE was not continuously observed. And the detection rates of 
viral DNA from supernatant decreased due to dilution.   

Conclusions: RT-PCR for detecting viral mRNA rather than PCR for detecting viral DNA is 
very useful to evaluate an existence of the infectious KHV in fish and cell lines. 
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Introduction: Viral hemorrhagic septicemia (VHS) is one of the most serious viral diseases in 
salmonid and olive flounder farms. Various diagnostic methods for detection of VHS virus 
(VHSV) are described in the World Organization for Animal Health (OIE) Diagnostic 
Manual. Among them, a conventional RT-PCR (cRT-PCR) including the VN primer set is 
recommended to be used for detection of VHSV. A low sensitivity for detection of VHSV 
genotype IVa isolates was however observed and in addition the assay often produced non-
specific results when using RNA template extracted from fish cell lines. Thus, a validated 
cRT-PCR with improved specificity and sensitivity for detection of all VHSV genotypes was 
highly needed in the OIE Diagnostic Manual. 

Methodology: Candidate primers from 5 regions in the VHSV nucleoprotein (N) gene were 
tested, and a highly sensitive and specific primer set (3F&2R) was selected among them. We 
established the reaction conditions for the 3F&2R primers, and no non-specific amplifications 
were observed using template RNA from fish, fish cell lines, or heterologous viruses. The 
sensitivity of the new 3F&2R cRT-PCR was compared with the cell cultivation, real-time 
RT-PCR (RT-qPCR), and cRT-PCR described in the OIE Aquatic Manual. And, the novel 
cRT-PCR was subsequently tested on 80 VHSV isolates representing a worldwide collection 
of all known genotypes. And on tissue material from in all 74 fish experimentally infected 
with VHSV genotype IVa, Ia, Id, Ic and Ie, respectively. In addition the validation process 
included repeatability, ruggedness and reproducibility, the later as an inter-laboratory 
proficiency test among 7 laboratories. 

Results: The sensitivity for all genotypes were at the same level when using cell cultures, RT-
qPCR and the new 3F&2R cRT-PCR, while the cRT-PCR given in the OIE Manual had low 
sensitivity for VHSV IVa. The study provided clear and unique amplicons for all 80 VHSV 
isolates and for all the VHS infected fish by the novel cRT-PCR and no false positive 
reactions with any of heterologous viruses, tissue material or cell cultures were observed. The 
reproducibility and robustness of the test was also confirmed in the inter-laboratory 
proficiency test including 6 National reference laboratories for fish diseases.  

Conclusions: A novel cRT-PCR has been developed and validated according the guidelines 
given in the OIE aquatic diagnostic manual. We recommend that this new 3F&2R cRT-PCR 
should replace the current method detailed in the OIE manual for detection of VHSV. 
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Introduction: Danio rerio has rapidly emerged over the last decades as a popular model for 
high-throughput research studies. Concurrently to the dramatic increase in the use of 
zebrafish as model in biomedical science, concerns about infectious diseases and health 
control in laboratory fish facilities have risen in the last years. Several diseases have been 
reported affecting zebrafish mainly associated to bacteria and parasites. However, and despite 
several experimental viral infections have been carried out in zebrafish, nearly no cases of 
naturally occurring viral infections have been reported. Viruses from the genus 
Megalocytivirus (family Iridoviridae) have caused severe mortality in both farmed and 
ornamental fish mainly in Asia, although the international trade of ornamental fish has aided 
the spread of these viruses. Here we describe the occurrence of ISKNV infection in zebrafish 
facilities. 

Methodology: A total of 5 specimens were received by GAPAVET (Group of Veterinary 
Anatomic Pathology), coming from a zebrafish research facility, to investigate the causes of 
suddenly sick fish. Light and transmission electron microscopy were performed. Total DNA 
was extracted from sections of kidney tissue from infected zebrafish and then, the Major 
Capsid Protein (MCP) viral gene was amplified. 

Results: On gross examination, fish displayed gill hyperaemia, anasarca and petechial 
haemorrhages at the base of the fins. The most significant finding on light microscopy was 
the presence of highly hypertrophied cells, randomly distributed in the parenchyma of most 
of the organs. Degenerative and necrotic changes, associated with the presence of those 
hypertrophied cells, became evident mainly in spleen and kidney. TEM images from the 
hypertrophic cells revealed numerous polygonal viral particles consistent with an iridovirus. 
The MCP gene fragment obtained by PCR identified the viral species as ISKNV, a species 
belonging to Megalocityvirus genus, Iridoviridae family. 

Conclusions: Given the extremely low host specificity of these viruses, the implementation of 
stringent biosecurity practices would seem prudent to avoid the substantial losses of animals 
and the potential introduction of confounding variability that leads to invalid and 
misinterpreted data.  

 Funding of presentation: 
This work was funded by the Galician Government (Xunta de Galicia) under the Programme 
"Consolidación e Estructuración de unidades de investigación competitivas” (References: 
GPC2015/34 and GRC2014/010).  
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Salmonid alphavirus (SAV) causes pancreas disease and sleeping disease in farmed Atlantic 
salmon and rainbow trout, resulting in economic losses to the aquaculture industry. To enable 
the rapid detection of SAV robust reagents capable of providing sensitive and specific 
detection are required. Purifying SAV free from cell contaminates is difficult and this may 
explain why there are no commercially available antibodies for SAV. Therefore a different 
approach, using shark immunoglobulin, was investigated in order to produce reagents for the 
detection of SAV. The shark immunoglobulin IgNAR is a heavy chain homodimer that binds 
to antigens via a pair of highly soluble, single domains, referred to as VNARs. Due to their 
small size, unusual binding modes and physiochemical stability VNAR-based diagnostics 
may provide a means for the rapid and robust detection of SAV. Using phage display 
technology, a synthetic VNAR library (based upon the naïve repertoire of the spiny dogfish, 
Squalus acanthias) was panned against Chinook salmon embryo (CHSE-214) cells 
expressing SAV structural proteins. Whole cell panning allowed the presentation of the 
antigen in its native confirmation for generation of highly selective antibodies. Negative 
selection was incorporated against non-transfected CHSE-214 cells to deplete VNARs that 
showed affinity towards host cell antigens. Polyclonal and monoclonal ELISAs were 
performed to determine the specificity of selected antibodies against SAV proteins in cell 
lysates. A high proportion of selected antibodies showed binding with both SAV and control 
cell lysates. To reduce this background, panning against soluble SAV E2 envelope protein 
will be performed to enrich E2-specific VNARs. These antibodies will subsequently be tested 
on SAV E2 expressing cells to select VNARs which can also detect native E2. Progress with 
this approach will be reported and if successful the methodology could be applied to other 
viral pathogens. 

Funding of presentation: 
University of Aberdeen. 
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Introduction: The aim of this study was to determine the contamination of some heavy metals 
(Pb, Cd, Hg, Cu, Fe, Zn, As) in 10 muscle fish tissue of common carp (Cyprinus carpio) from 
three different fish ponds in Belgrade region. In order to evaluate the current state of heavy 
metal accumulation in fish, samples of each fish were taken from Veliko blato, Grabovac and 
Mokri Sebeš.  

Methodology: The content of 7 elements were assessed by microwave oven and atomic 
absorption spectrometar.  

Results: Generally, the highest average content of Pb (0.038 ± 0.003 mg kg-1), Cd (0.075 ± 
0.004 mg kg-1), Hg (0.513 ± 0.012 mg kg-1), As (0.397 ± 0.013 mg kg-1), Cu (0.804 ± 0.021 
mg kg-1), Fe (7.750 ± 0.150 mg kg-1), and Zn (5.840 ± 0.210 mg kg-1) was found in the 
muscle tissue of common carp from fish pond Veliko blato.  

Conclusions: Concentrations of Pb, Hg and As in fish muscle tissues from three different 
fishpond were under the maximum residual levels prescribed by the European Union (EU) 
and the maximum allowed concentrations (MAC) for Serbia, with the exception of the 
content of Hg in muscle tissue of common carp (Veliko blato). In all investigated samples, 
levels of Cd exceeded maximum allowed concentrations (0.5 mg kg-1), which makes it 
suitable for monitoring of fish tissue. 
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Introduction: Chronic Ulcerative Dermatopathy (CUD) is a disease affecting the lateral line 
system of fish reared in borehole water. It has been reported both in fresh and sea water 
species. The aetiology of the disease is unknown however there is strong evidence associating 
it with water quality. In our previous work we have suggested that in sharpsnout seabream 
(Diplodus puntazzo) there is an indication of osteoclastic enzymatic activity in the affected 
fish. In the current work we describe the disease in meagre using histology and SEM and we 
investigate osteoclast activity using molecular markers. 

Methodology: Two meagre populations were reared from 1-56 dph in parallel in borehole and 
natural seawater. CO2, pH, O2 and T were recorded daily. Fish were sampled daily at the 
beginning of the experiment and every other day after 10 dph. Samples were weighed, 
measured and preserved for histology, SEM and molecular analysis. At the end of the 
experiment the fish were visually assessed for CUD lesions and photographed. Osteoclast and 
osteoblast activity was estimated by the mRNA expression of genes encoding for cathepsin 
K, TRAP and vATPase. 

Results: At the end of the experiment, all fish reared in borehole water had visible lesions 
associated with CUD as opposed to the fish reared in natural sea water. Histology confirmed 
that the lesions were limited to the lateral line organ both in the head and in the trunk. There 
was erosion of the epidermis overlying the lateral line canals which later progressed to 
ulceration. The main area affected was the intersection of the mandibular with the 
supraorbital canal behind the eyes.  

At the end of the experiment, cathepsin K and TRAP expression was 2.7 and 2.1 times 
higher, respectively, in the fish of the borehole water group compared to the seawater group 
(t(17)=2.26, p=0.037 for cathepsin K and t(17)=2.41, p=0.028 for TRAP). 

Conclusions: CUD in meagre is directly linked with the use of borehole water. The lateral 
line organ is severely affected and the disease mechanism is possibly associated with local 
enzymatic activity likely triggered by a yet unknown environmental variable of the borehole 
water. 

Funding of presentation: 
FP7-KBBE-2013-07 single stage, GA 603121 DIVERSIFY. 
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Introduction: A disease investigation of Baltic cod (Gadus morhua) and flounder (Platichthys 
flesus) was initiated in 2014 after three years of observations of ulcerated fish from Hanö 
Bay, on the Baltic Sea coast of southeast Sweden. Fish stocks there have declined, and 
brown, foamy and malodorous water was reported by local fishermen in association with 
ulcerated fish. The National Veterinary Institute of Sweden (SVA) was assigned to 
investigate the cause.  

Methodology: Fishermen in Hanö Bay shared fishing logs and submitted ulcerated fish to the 
SVA during one year. Cod (n=89) and flounder (n=21) were necropsied and analysed for 
pathogens and toxins. Data from Baltic Sea fishery surveys was additionally obtained from 
collaborators.  

Results: Mean prevalence of skin ulcers was 2.8 % and 0.6 % in cod and flounder, 
respectively, levels consistent with Polish data from 2015. Maximum prevalence in cod was 
observed in January, reaching 20%. Mean condition factor (CF) of net-caught ulcerated cod 
was good (0.93). Trawled cod had a lower mean CF (0.78 – 0.81) despite including both 
diseased and healthy cod.  

Necropsies showed no recurrent pathogens, but four different types of ulcers were identified. 
Flounders had ulcers associated with atypical Aeromonas salmonicida infections, with the 
bacteria isolated in one case. Cod ulcers were of three types. Seal bites accounted for 24%. 
Focal, deep, round-oval ulcers of similar location on the fish were seen in nearly 17% but 
with no known primary pathogens isolated from ulcers or organs. Healed ulcers were 
observed, indicating that the fish can recover from the disorder. The third type (60%) 
included general skin inflammations with erythema, a thickened mucus layer and fin rot, but 
still no recurrent pathogens. The distribution of ulcer types varied geographically within 
Hanö Bay. Perfluorinated substances were higher in cod with ulcers (n=10) than in control 
fish (n=5). 

Conclusions: The cause of the ulcers seems to be multifactorial. For other than the obvious 
seal bites, complementary investigations of environmental influences must be performed to 
understand the cause of ulcerations. The predominant cod ulcer type and the flounder ulcers 
may be due to altered water chemistry or environmental factors. 

Acknowledgments: 
Dr. Thomas Lang, Thünen-Institut für Fischereiökologie, Cuxhaven, Germany. Research 
assistant Anna Lingman, Swedish University of Agricultural Sciences. Curator Suzanne 
Faxneld, Swedish Museum of Natural History. Fredrik Ljunghager, Swedish Agency for 
Marine and Water Management. Local Fishermen in Hanö Bay. 
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Introduction: Contamination of feed with mycotoxins is an area of increasing concern and has 
been linked to depressed feed consumption, increased feed conversion ratio, pathological 
changes and immunosuppression.  

Methodology: In the first part of the study, the fish were fed for eight weeks with feed 
contaminated with either 1500 ppb or 3000 ppb of the mycotoxin deoxynivalenol. The effect 
of the contamination on the growth of the fish was investigated. Its effect on the liver tissue 
was evaluated by measuring the blood concentration of the liver enzymes lactate 
dehydrogenase (LDH), Alanine transaminase (ALT) and aspartate aminotransferase (AST) 
and by histopathology. Haematocrit levels were measured and an infection trial was 
performed using Yersinia ruckeri.  

The second part of the study focussed on the long term effect of a low dose of mycotoxins 
(367 ppb). Fish were fed contaminated feed for 16 weeks. The effect of the mycotoxins on 
growth was investigated alongside its effect on the haematocrit, blood parameters (total 
protein and serum albumin) and liver enzymes levels (LDH, ALT, AST). In order to 
determine the effect of the mycotoxins on the immune system, the response of the fish to a 
commercial vaccine against Y. ruckeri was also investigated. 

Results: Addition of the mycotoxins significantly reduced farming performances including 
final weight (p<0.001), feed intake (p<0.001) and specific growth rate (p<0.001) while the 
food consumption and protein efficacy ratios were not significantly affected. Short term 
exposure to 3000 ppb had some protective effect against Y. ruckeri infection (p<0.020). 

Longer exposure to a low concentration of mycotoxins did not significantly affect growth and 
no significant changes were found in antibody levels between the fish fed contaminated or 
uncontaminated feed.  

No significant changes were observed in the blood parameters, haematocrit or liver enzyme 
levels in either experiment.  

Conclusions: We investigated the effects of feed contamination with deoxynivalenol in 
rainbow trout.  Mycotoxin contamination significantly impaired several indicators of farming 
performance but had no significant effect on haematocrit and liver enzymes. Surprisingly, 
short term exposure to the mycotoxin appeared to have a limited protective effect, possibly 
due to inflammation of the digestive system of the fish. 

Funding of presentation: 
The study was conducted in partnership with funding from Biomin GmbH which sells 
remediation solution against mycotoxin contamination.  



132 
 

126-O 

Do different parasite concentrations modulate Proliferative Kidney Disease (PKD) in 
brown trout? 

Strepparava N1, Schmidt-Posthaus H1, Segner H1, Wahli T1 

1Centre for Fish and Wildlife Health, Bern, Switzerland 

Introduction: Proliferative Kidney Disease (PKD) is caused by Tetracapsuloides 
bryosalmonae, a parasite belonging to the Myxozoa and shifting between a vertebrate 
(salmonids) and an invertebrate host (bryozoa). This parasite is wide-spread in freshwater 
systems of the northern hemisphere causing high mortalities among different salmonid 
populations. PKD is an emerging disease since incidence and severity in fish populations 
increased over the last decades. While water temperature has shown to speed up and increase 
parasite proliferation in both, fish and bryozoan hosts, and induce earlier spore shedding, the 
effect of different parasite loads on the fish host has not been elucidated so far.  

Methodology: Brown trout kept at 15°C were exposed to 3 different concentrations of T. 
bryosalmonae spores (low, high and multiple). Kidney samples were taken regularly; 
prevalence and parasite intensity were assessed by qPCR while kidney damage score was 
assessed by histology. Parasite shedding was estimated using DNA copy number in the tank 
water as proxy for spores released by fish.   

Results: Prevalence was significantly lower in the low parasite exposure group while parasite 
proliferation showed similar patterns in every treatment. Additionally, the low parasite 
exposure group reached a plateau phase of parasite intensity later and at a lower level than the 
other two groups. Shedding started at the same time point but fish subjected to high or 
multiple parasite exposures shed more parasite DNA than fish exposed to low parasite levels. 
Kidney damage was less pronounced in fish exposed to a low parasite level, and kidney 
recovery and decrease in infection prevalence was faster in this group compared to the other 
two.  

Conclusions: Our results demonstrate that the parasite concentration at exposure not only 
influences the parasite intensity in the fish host but also the amount of shed spores. These 
results together with data on abundance of bryozoans and hydrological conditions provide a 
basis to model infection of wild fish, amount and duration of shed spores, all factors 
impacting the disease cycle. Currently, field investigations are underway to validate the 
model based on the laboratory findings. 
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Proteases produced by many microorganisms, including oomycetes, are crucial for their 
growth and development and some also play critical role in disease manifestation. Epizootic 
Ulcerative Syndrome (EUS) is one of the most destructive fish diseases caused by the aquatic 
oomycete, Aphanomyces invadans. This disease affects several economically important wild 
and cultured fresh water and estuarine finfish species. In this study, dominant protein bands 
of extracellular products (ECP) of A. invadans were analyzed by mass spectrometry and their 
role in proteolysis of fish immunoglobulins was investigated. A. invadans was grown in 
glucose-peptone-yeast broth which was then filtered using 10kDa filters to obtain the ECP, 
which were then analyzed using SDS-PAGE. Three dominant protein bands were cut from 
the SDS-PAGE gel and were identified using mass spectrometer (Triple TOF 5600+). The 
proteolytic activity was then tested against immunoglobulins of both giant gourami 
(Osphronemus gorami) and rainbow trout (Oncorhynchus mykiss) using dot blot analysis. 
Additionally, series of protease inhibitors were tested to confirm the presence of proteases in 
ECP. The mass spectrometer analysis identified proteases, mainly serine proteases in ECP. 
The secreted proteases degraded immunoglobulins of both fish species while the protease 
inhibitors, mainly serine protease inhibitors inhibited the protease activity in the ECP. It may, 
thus, be inferred that proteases secreted by A. invadans, particularly serine proteases, would 
be potential candidates of virulence in EUS pathogenesis and novel targets for construction of 
controlling methods and therapeutics for EUS. 

Funding of presentation: 
Higher Education Commission of Pakistan and OeAD, Austria and *EAFP student award. 
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Introduction: The salmon louse Lepeophtheirus salmonis is a marine ectoparasitic copepod 
that today represents a critical problem for the salmon farming industry. Exocrine glands of 
blood-feeding parasites such as the salmon louse are believed to be important in secretion of 
substances that modulate the host immune response and limit blood clotting. Hence, 
knowledge about salmon lice glands are of vital importance to understand the host-parasite 
relationship and to identify potential new vaccine candidates.  

Methodology: In this study, exocrine glands were identified and localized, their appearance 
during development was observed, and their ducts was followed to identify where glandular 
secretes are deposited. RNA sequencing was performed on gland types believed to play a role 
in the host-parasite interaction, and further expression analysis and RNA 
interference/infestation studies was conducted for candidate genes. 

Results: Four types of exocrine glands were identified. The first two gland types appearing 
during salmon lice development were named tegumental (teg) type 1 and 2 glands, and were 
suggested to secrete anti-fouling agents decreasing the water drag over the lice surface. The 
labial glands first appeared when the lice molted into the infective copepodid stage. They 
have ducts extending into the oral cavity, and are likely to deposit the secretion directly onto 
the fish. The last gland type to appear during development was named teg 3, appearing first at 
the pre-adult stage. At this point in development the lice reach a virulent phase, capable of 
inflicting substantial damage to the host. And, since teg 3 glands have ducts extending to the 
host-parasite interface, they may potentially secrete important virulence factors. RNA 
sequencing of tissue enriched with labial glands identified three highly expressed genes with 
unknown function. Functional studies of these three genes combining gene knock-down with 
subsequent infestation studies will be presented.  

Conclusion: Two salmon louse gland types have been identified that are likely to be 
important for host modulation during infestation. Further research into genes expressed by 
these glands will give further insight into the host-parasitic interaction. 

Funding of presentation: 
This work was funded by SLCR-Sea Lice Research Centre, grant number: 203513/O30 and 
by EU H2020 program through ParaFishControl Project (634429). 
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Background: The salmon louse Lepeophtheirus salmonis is an ectoparasite and remains 
normally on the same host fish from the infective stage (copepodite) to the adult stage. It 
feeds continuously during this period on the skin and blood of the fish. This prolonged 
interaction (weeks to months) can be expected to involve modulation of the host by the 
parasite through secretions onto the fish. Due to its biological properties and its role in ticks, 
prostaglandins is a prime candidate of such modulation. Production of prostaglandins has 
been demonstrated in salmon louse and recent work has described four types of glands in the 
salmon louse which may be a source of immunomodulatory secretions. 

Methods: Prostaglandin E synthase genes were identified in the salmon louse genome and 
their expression characterized by quantitative RT-PCR of all stages and by in-situ to assess 
their potential role in the infection. Furthermore, functional data was obtained by knock-
down (RNA interference) of the genes, the immune response in the fish and measurements of 
prostaglandin metabolites in the louse. 

Results and Conclusions: Three prostaglandin synthases were identified. Expressional 
analysis (timing, localization and amount) indicate different roles of the three proteins, 
whereas knock-down (single and multiple transcripts) did not reveal any essential function 
for the survival of the lice or maintenance of the infection. Results from further ongoing 
studies investigating the fish response will be presented. 

Funding of presentation: 
Norwegian Research Council. 
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Infestation by sea lice Caligus rogercresseyi is a major problem in the Chilean salmonids 
industry. But the immunological mechanisms in response to this ectoparasites are poorly 
studied in fish infested. Also, the generation of pro-inflammatory cytokines in infected fish 
and how different types of receptors could be modulate these cytokines, are not well 
understood. The objective of this study was to evaluate gene expression of NLRC5 
inflammasome complex and of the pro-inflammatory cytokines: IL-1β and IL-18 in two 
different salmonid species (Salmo salar “Atlantic salmon” and Onchorynchus kisutch “Coho 
salmon”) during an infestation with Caligus rogercresseyi. Through a time course experiment 
individuals from both species were infested with C. rogercresseyi and sampled at 1, 3 and 7 
days after infestation. Gene expression of NLRC5 inflammasome complex and of the pro-
inflammatory cytokines: IL-1β and IL-18 was measured through RTqPCR in muscle and 
liver tissues as a molecular marker of cellular stress response. The regulation of the genes 
related to the inflammatory complex such as NLRC5, IL-18 and IL-1β during the infestation 
with C. rogercresseyi is recommended strongly for two salmonid species (Atlantic and Coho 
salmon) and that its differential expression, mainly when these genes are expressed in earlier 
stages in Salmo salar, would explain the high susceptibility that this species would present to 
the infestation with the ectoparasite. Contrary to Onchorynchus kisutch, since its regulation at 
the gene level, it would present an expression in later stages during the onset with the sea lice 
of the genes related to the inflammasome complex, so we could predict the important role 
that this complex would play. Therefore, a clear difference in the modulation of the gene 
activity between both species is evidenced, which is corroborated with the data exposed in 
this work. The present work is the first to experimentally assess the effects of C. 
rogercresseyi infestation on the inflammasome complex and of the pro-inflammatory 
cytokines responses of Atlantic and Coho salmon over time. The present study could help in 
understanding, how salmonids species modulate their immune response to an infestation of 
this sea lice. 

Funding of presentation: 
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Ambu Ali A1,2, Monaghan S1, Taggart J1, Ireland J1, Betancor M1, Wehner S1, Bekaert M1, 
Bron J1 

1Stirling University, Stirling, UK, 2Sultan Qaboos University, Muscat, Oman 

Argulus foliaceus (Linnaeus, 1758) is an ectoparasitic branchiuran belonging to the family 
Argulidae. It causes serious economic and health and welfare issues for wild fish populations 
those in stocked stillwater fisheries in the U.K. Argulus foliaceus has a widespread 
distribution, infecting several freshwater fish species including pike and trout. There are no 
licenced treatments for control. 

Secretory substances/toxins released from A. foliaceus, and associated with the feeding 
apparatus; pre-oral stylet and proboscis, are believed to enhance host blood acquisition and 
ingestion and facilitate host immunomodulation during feeding. One secretory products has 
been identified as a serpin (serine protease inhibitor) from proteomic and de novo 
transcriptome sequencing data. Serpins from ticks are produced in the salivary glands, as seen 
for Iris in the tick Ixodes ricinus, and are proposed to have anti-hemostatic effects and 
immuno-modulatory activities (Prevot et al., 2006). 

The current study applied immunohistochemistry (IHC), in-situ hybridisation (ISH) and 
qPCR to investigate the expression of serpins in the glands of A. foliaceus. Focal expression 
of the protein and transcript was observed in the glands on sequential 5µm sections, 
suggesting that serpin is secreted as a functional component during feeding. Serpins are found 
in a wide variety of organisms, including hematophagous arthropods, and contribute to 
processes such as blood coagulation, complement activation and inflammation, therefore, its 
function here is likely to be as an immuno-modulatory compound in the host-parasite 
interaction. 

Expression ISH showed that serpin was expressed in the spinal and proboscis glands and IHC 
revealed localisation of heparin cofactor-II, Serpin D1, in the proboscis glands only. 
Quantitative PCR results indicated that no significant differences in serpin expression levels 
existed between fed and starved (3 days off the host) groups of adult parasites, while there 
were significant differences (P= 0.008) seen between the sexes. 

This is the first report showing the expression of serpin in Argulus and the results suggest that 
the blood-feeding ectoparasite of fish, A. foliaceus, may use similar mechanisms for evading 
host immune responses to ticks. This study may assist development of targeted vaccines or 
drugs for controlling infections by Argulus or other hematophagous ectoparasites. 

Acknowledgements and funding of presentation: 
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Burmester from University of Hamburg, Zoological Institute for sharing the transcriptome 
data for A. foliaceus. This study was funded by a scholarship from Sultan Qaboos University, 
Oman, with additional support from the Schlumberger Foundation in terms of a Faculty for 
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Introduction: Viral haemorrhagic septicaemia (VHS) is a notifiable fish disease in Europe. 
The aetiological agent is the viral haemorrhagic septicaemia virus (VHSV), a negative 
ssRNA virus member of Novirhabdovirus genus. VHS has been endemic in Denmark since 
first discovered in the 1950’s; by implementing a control programme in 1965, VHS was 
finally eradicated in 2009 and the country was officially declared disease free in 2013. In this 
study, genetic data and epidemiological information from 295 Danish VHSV isolates has 
been used to infer the phylodynamics of VHSV in Denmark, constituting the largest study of 
Danish VHSV isolates to date.  

Methodology: The full-length G-gene of about 400 VHSV isolates, Danish and foreign, was 
analysed. Phylogenetic trees were created by maximum likelihood and correlated with 
geographical distribution. In addition, Bayesian inference was used to estimate the age of the 
different clades and the substitution rate of VHSV in Denmark.  

Results: Phylogenetic analysis shows that all the Danish isolates from rainbow trout cluster 
into genotype I, subgenotypes Ia and Ic. Of the 295 isolates, 158 unique sequences were 
observed, some being persistent and showing up after more than two years between 
outbreaks. Although it has been observed that genetically related strains span over several 
water catchments and years, most of the isolates within a cluster originated from the same 
water system and represent downstream infection or cross infection between farms within 
short distances. The identification of identical and genetically related isolates indicated a 
number of unexpected trade patterns and underlines the risk associated with inland rainbow 
trout processing plants and with ownership of multiple fish farms.  

In addition, VHS outbreaks in Danish marine fish farms were most likely due to stocking 
these with clinically healthy VHSV-infected rainbow trout carriers from inland fish farms and 
not to infection from the marine environment.  

Conclusion: Molecular data associated with epidemiological information has shown to be a 
useful tool to understand and track the history of VHSV. In particular, our results shed light 
on the transmission patterns of VHS in Denmark and provide information on the 
effectiveness of the control measures applied to eradicate this virus. 

Funding of presentation: 
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For more than a decade the Laurentian Great Lakes region of North America has hosted a 
unique Viral Hemorrhagic Septicemia virus (VHSV) genotype -IVb. Mortality outbreaks 
affected up to 32 fish species between 2005-2009, when several new haplotypes emerged 
approximating a “quasi-species” distribution pattern. Thirty-seven sites were investigated 
between 2015-2016, screening 2561 individuals of 55 species for VHSV-IVb detection. 
Seven species and 21 individuals were tested positive from Lake Erie (76%) and Lake 
Michigan (24%), but all specimens lacked evident clinical sings and the original VHSV 
haplotypes appear eradicated. Three new selected Lake Erie isolates, respectively from round 
goby (Neogobius melanostomus), Gizzard shad (Dorosoma cepedianum) and largemouth bass 
(Micropterus salmoides), were compared to the original muskellunge (Esox masquinongy) -
IVb isolate. Upon inoculation on fish cell lines, BF-2, EPC, RTG-2 and RTgill-W1, those 
new isolates showed differential pathogenicity, kinetics of replication and profiles of antiviral 
gene transcription (focusing on the Type I IFN pathway). Despite decades of effort 
worldwide, commercial vaccines against VHSV are not yet available for use in aquaculture. 
Infective viral strains attenuated by reverse genetic could provide a valuable platform towards 
vaccination strategies. Novirhabdoviruses express 6 viral genes encoding structural and 
nonstructural proteins, some of which remain poorly characterized. Matrix protein (M) acts as 
a potent inhibitor of the host transcription. Using a reverse genetic system, single (D62A) or 
double (D62/E181A) amino acid changes to M were incorporated into a recombinant wild 
type (rWT) VHSV-IVb. Their replicative capacity, pathogenicity and immunogenicity were 
assessed upon infection of fish cell lines. VHSV-IVb harboring double M-mutations showed 
a reduced anti-transcriptional activity, but also decreased replicative abilities as compared to 
rWT. VHSV-IVb harboring a single M-mutation showed a slight decreased anti-
transcriptional action, but retained rWT replicative capacity. Interestingly, both M-mutants 
exhibit reduced cytopathicity and allowed higher antiviral host responsiveness when 
compared to rWT. 
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Introduction: In 2015 a novel VHSV was isolated from wild lumpfish brought to a land based 
farm to serve as broodfish for cleanerfish production in Iceland. The isolate was characterized 
genetically and its pathogenicity assessed. 

Methodology: The virus was isolated in both BF-2 and EPC cells and identified by ELISA 
and sequencing RT-PCR. The phylogenetic analysis was based on N, NV and G gene 
sequences.   

A series of infection trials was conducted in order to investigate the pathogenicity of the 
VHSV in farmed Atlantic salmon, rainbow trout and lumpfish; furthermore a cohabitation 
trial was set up to investigate the risk that infected lumpfish transfer the pathogen and the 
disease to farmed Atlantic salmon.  

Results: Phylogenetic analysis indicates that the Icelandic VHSV isolate belongs to a new 
group within genotype IV and is preliminary designated as subgenotype IVd.  

Clinical signs and morbidity was observed only by I.P. injection in Atlantic salmon (approx. 
40%) and the morbidity rate observed was significantly lower than in the positive controls 
included in the trial consisting of VHSV genotype Ia and genotype IVa. No morbidity was 
observed in rainbow trout with the lumpfish VHSV. In lumpfish IP injection resulted in 97% 
mortality within the first week.  

In a cohabitation trial, lumpfish infected I.P. were placed in tanks with naïve lumpfish and 
naïve Atlantic salmon. Around 90% of the shedders died within one week. There was 50-57% 
mortality in cohabiting lumpfish. Atlantic salmon suffered mortality which could not be 
ascribed to the viral strain.  

Conclusions: The findings reported here together with those reported for susceptibility of 
wrasse species to VHSV genotype III have led to the listing of wrasse and lumpfish as 
susceptible species for VHS in the European legislation. It is the first time that VHSV 
genotype IV have been isolated in Europe and with the significant trade of lumpfish as 
cleanerfish in salmon farming the risk of spreading this new VHSV is present. 

Funding of presentation: 
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Viral haemorrhagic septicaemia virus (VHSV) is known as the etiological agent of serious 
disease outbreaks occurring in wild and farmed fish in the Northern Hemisphere. VHSV 
isolates can be divided into 4 major genotypes and a number of subtypes with rather distinct 
geographical distributions. It is known that VHSV infects horizontally regardless of the 
genotypes. Recently VHSV was isolated from amphipods Diporeia spp. in the Laurentian 
Great Lakes, and it was suggested that infected crustacean zooplankton may expose predators 
to the risk of VHSV infection. However, there is no information as to whether crustaceans 
can act as a vector to spread viral diseases although it has been reported that Diporeia spp. is 
a suitable food for wild fish species in the Great Lakes basins. 

In this study, the viability of infectious VHSV in water flea Moina macrocopa was evaluated. 
VHSV was re-isolated from M. macrocopa replicate groups immersed with 107.0 and 105.0 
TCID50 ml-1 of VHSV (DK-3592B, genotype Ia), respectively. The VHSV titers in 40 M. 
macrocopa were between 102.7 and 104.3 TCID50 72 h after immersion in 108.0 TCID50 VHSV 
ml-1. Positive IFAT reactions were also observed in frozen-sections of M. macrocopa 
immersed with VHSV. However, when rainbow trout were fed for 14 days with VHSV 
infected M. macrocopa no mortality was observed even if further observation period of 14 
days. Since it was shown that the VHSV titer decreased from 106.3 to 101.6 TCID50 ml-1 by the 
4 h incubation with pyloric cecum extract of rainbow trout, it is likely that the VHSV in M. 
macrocopa consumed by the rainbow trout were not sufficient to cause VHS. Our results 
show that VHSV was established and maintained in M. macrocopa and the virus remained 
viable in the water flea over a period of several days. However, it was considered that M. 
macrocopa hosting VHSV was unlikely to become a vector of VHS for rainbow trout due to 
inactivation by digestion. 

Funding of presentation: 
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Introduction: Koi herpesvirus (KHV) is a viral pathogen responsible for mass mortality in 
common carp and koi Cyprinus carpio. For viral isolation, CCB and KF-1 cell lines, which 
were made   from common carp and koi carp, respectively, were known as susceptible cells to 
KHV.Recently, a cell line from ginbuna was established, which shows the same susceptibility 
to KHV as both CCB and KF-1. In this study, we evaluated the susceptibility of ginbuna to 
KHV in experimental infection. 

Methodology: Ginbuna (n=70) and koi carp (n=25) were challenged with high titers of KHV: 
fish were infected intraperitoneally with 0.1 mL of viral dilution (103.8 TCID50 / mL in CCB 
cells), followed by exposing to the same viral dilution for 1 hour. Each 10 of ginbuna and koi 
carp were kept in two 60L aquaria for monitoring mortality. Other fish were kept in two 90L 
aquaria for sampling. Water temperature was kept at 22oC. The fish were timely collected 0, 
3, 5, 7 and 14 days post infection (10 ginbuna and 3 koi carp in a sampling). The gills and 
fins or kidney and spleen were pooled in each fish for DNA/RNA extraction with DNA/RNA 
Allprep extraction kit (Qiagen). KHV DNA was quantitatively analysed by the method of 
Gilad et al. (2004), and viral mRNA was detected by RT-PCR (Yuasa et al., 2012). Viral 
isolation was conducted using CCB cell lines.    

Results: In mortality monitoring aquaria, koi carp showed 100 % mortality, but ginbuna 
showed no mortality during 14 days post infection (dpi). In the qPCR, the KHV DNA was 
detected in both ginbuna and koi carp after 0 hour post infection. The viral DNA copy 
numbers increased in koi carp during 7 dpi, but not in ginbuna. Viral mRNA could be 
detected in koi carp but not in ginbuna through the experimental period. CPE in CCB cell 
lines from tissues of koi carp showed the typical CPE, but not from ginbuna. These results 
strongly indicate that KHV can replicate in koi carp but not in ginbuna.  

Conclusions: Although KHV DNA can be detected from ginbuna exposed to KHV, ginbuna 
is not a susceptible species to KHV due to no replication of virus in fish.  
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Introduction: The development of the Koi herpesvirus (KHV) and the KHV disease (KHVD) 
is temperature dependent in common carp and koi (Cyprinus carpio L.). It is known that 
KHV can cause a disease in a water temperature range between 15°C and 29°C. At a higher 
temperature, replication of KHV is obviously prevented and carp become a “natural 
immunity” which actually does mean “infected” without a recently recognizable replication. 
Because of its properties as herpesvirus, KHV can undergo a latent / persistent infection. By 
doing so, it can endure in carp for years before the virus will or can be re-activated. Until 
now, there is an insufficient knowledge on replication of KHV at different temperatures for a 
longer period.  

Methodology: First findings on this special property of KHV are presented. Common carp 
brain cells (CCB cells) were infected by different KHV isolates at 15, 20 and 26°C 
incubation temperature in serial passages. Each passage was evaluated for the individual 
virus load by different PCRs and qPCRs, the virus identity by sequence analysis of PCR 
products and their genetic lineage (European type or Asian type).  Selected small genomic 
regions were chosen to serve as representatives for the entire genome. Similar approaches 
were carried out with common carp at 10, 15, 20 and 25°C water temperatures. All carp were 
infected by the same KHV isolate using the same virus concentration and kept afterwards at 
those temperatures for over a year. Samples (gill swabs, leukocytes, plasma) were taken 
regularly and investigated according the experiments with the CCB cells.  

Results and Conclusions: KHV isolates replicated onto CCB cells at various temperatures 
became genetically different from the original virus after some passages. It could switch from 
the European lineage to the Asian lineage and partly back.  This was not observed in passages 
with the Asian isolate KHV-T. Additionally it was discovered that the acute KHVD could 
occur at temperatures below 15°C in carp. At a lower temperature, a possible adaptation to 
other organs for latency is assumed. Moreover, the KHV replication and adaption is a subject 
of obviously periodical and predictable changes. 

Funding of presentation: 
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Introduction: Diagnostic testing of UK and imported cyprinids occasionally results in 
isolation of viruses showing a characteristic syncytial cytopathic effect (CPE) in cell culture 
that is not caused by the known and expected viruses of carp.  

Methodology and Results: Initial characterization by electron microscopy indicated large 
(200 nm) pleomorphic, spherical, enveloped virions that are released from cells by budding. 
The isolates replicate slowly (average of 17 days to develop full CPE) on carp cell lines 
producing low titres (3.4 to 5.7 log TCID50/ml). Bromodeoxyuridine and chloroform 
treatment indicated RNA genome and presence of a lipid envelope respectively. Together 
these results indicated a possible myxo-like virus, but the isolates were not able to 
haemagglutinate or haemadsorb carp or salmon erythrocytes and no amplification was seen 
using generic primer sets designed to amplify orthomyxovirus and paramyxovirus 
polymerase genes.  Viral nucleic acid was subjected to next generation sequencing by Roche 
454 and Illumina MiSeq and HiSeq platforms, with de novo assembly using CLC genomics, 
Blast comparison against sequence databases and assessment of assignments using Megan. 
Despite recovering over 1 million and 10 million sequence reads for isolates in each 
sequencing platform respectively no significant similarities were identified.  The HiSeq 
generated raw sequence reads from one of the virus isolates were later re-assembled using 
IVA and a 16 kb putative viral sequence was generated and subsequently annotated using a 
selection of bioinformatics tools including FGENESV0, Prokka and Blast. Diagnostic PCR 
assays were developed and enabled the confirmation and comparison of a further 17 
historical isolates demonstrating surprisingly limited variation across isolates over time. 
Common carp challenged by intraperitoneal injection with high titres of virus did not show 
observable gross clinical signs, histopthalogical analysis is ongoing. 

Conclusions: Based on the single segment genome architecture encompassing at least eight 
putative genes and the average nucleotide identity over putative nucleoprotein, fusion and 
polymerase genes of 21%, the virus was classified as a putative Paramyxovirus. Failure to 
group with any of the known paramyxoviruses (including Atlantic Salmon paramyxovirus) in 
phylogenetic analyses indicates this isolate represents a new species and quite likely a new 
genus within the family Paramyxoviridae. 

Funding of presentation: 
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Workshop topics: We will consider: (i) titles: importance of an effective title, different ways 
of structuring a title, (ii) graphics and photographs: axis labelling, composition, composing 
effective legends, (iii) tables: layout, column and row headings, effective titles, and (iv) 
considerations for manuscript versus PowerPoint presentations.  

Workshop format: The workshop will mix didactic elements, individual exercises, and small 
group work. 

Workshop materials: Participants will receive lecture materials, hardcopy worksheets, and 
checklists for effective figures and tables. 

Organizers: The workshop leaders are Dr. Barbara Nowak and Dr. Sarah Poynton. Dr. 
Nowak is Associate Editor of the Journal of Fish Diseases, and a member of the editorial 
boards for a number of other journals. Dr. Poynton is a reviewer for a diversity of aquatic 
animal health journals, teaches scientific and biomedical writing, and is a freelance editor. 
Dr. Nowak and Dr. Poynton taught the well-attended student workshop on scientific 
publishing at the EAFP conference in Las Palmas in 2015. 
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Introduction: Like many enterobacterium, Yersinia ruckeri has the ability to invade non 
professional phagocytic cells. Intracellular location might protect the bacterium from the 
immune system and play a role as a route of entry into the host.  

Methodology: In the present study, we applied a gentamycin assay to investigate the 
susceptibility of several cell culture types (Atlantic Salmon Kidney -ASK- and Chinook 
salmon embryos -CHSE- cells at both low and high passage number) to intracellular infection 
with either a biotype I or a biotype II isolate of Y. ruckeri. 

Afterwards, we investigated change in the intracellular bacterial loads over time. Finally, the 
ability of several chemical blockers (Cytochalasin D, N-acetylcysteine, Vinblastine, 
Genistein and Colchicin) to hinder the internalization of the bacteria was confirmed. 

Results: Both the bacterial strain and the tissue culture type had a significant effect on the 
cells’ sensitivity to infection. Cultures of CHSE with a low passage number were the most 
sensitive to infection by Y. ruckeri, significantly more than CHSE cells with a high passage 
number. Furthermore, our biotype I isolate displayed a higher invasiveness than the biotype II 
isolate in all three cell culture tested.  

Bacterial loads at the end of the gentamycin assay were reduced when the incubation time 
increased and all five of the blockers tested resulted in a significant reduction of bacterial 
invasiveness. 

Conclusions: The results from the present study suggest that Y. ruckeri has the ability to 
invade a wide range of fish cells. CHSE cells with a low passage number were more sensitive 
than older CHSE cultures. This finding is possibly related to older CHSE cells being less 
adherent as integrins constitute a known target for the mechanisms of entry of several 
members of the Yersinia family. Furthermore, the lower invasiveness of the biotype II strain 
might have been a consequence of the role that the bacterial flagellum plays in adhesion. The 
inverse relationship between bacterial number and incubation time suggests that the bacteria 
do not efficiently multiply intracellularly. Finally, the efficacy of the various blockers at 
hindering infection indicates that several host mechanism are being exploited by Y. ruckeri. 

Funding of presentation: 
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Introduction: Epitheliocystis is a fish disease characterized by cysts formed in the gill and 
skin epithelium containing intracellular bacteria. Although the aetiological agents were 
initially thought to be members of the Chlamydiae, recent advances in molecular diagnostics 
and imaging technologies have added various species of beta- and gamma-proteobacteria to 
the list of the agents which can cause the disease. Here, we present data on the distribution of 
epitheliocystis in Greek aquaculture describing the bacteria through microscopy and genome 
analysis. 

Methodology: Farmed juvenile gilthead seabream, European seabass and greater amberjack 
were sampled from commercial fish farms in Greece during epitheliocystis epizootics. The 
sampling sites are representative of the aquaculture activity in Greece and cover the majority 
of the country. Gills were sampled for histology, fluorescent in situ hybridization, TEM, FIB-
SEM and PCR analysis of the 16S rRNA gene. Morphological differences of the inclusions 
were recorded and combined with the results from the molecular analysis. Phylogenetic 
analysis was used to study the evolutionary relationships of these bacteria. 

Results: The dominant bacterial species causing epitheliocystis in Greece are members of the 
newly described genus of Ca. Ichthyocystis belonging to the beta-proteobacteria, found in all 
three fish species examined. In addition, Ca. Endozoicomonas cretensis was found in gilthead 
seabream and in several incidences, gills were co-infected by Chlamydia. Members of the 
Similichlamydia but also Piscichlamydia and Parilichlamydia were found to cause distinct 
inclusions in the affected gills. Four types of cysts were identified based on morphology. In 
most cases, cysts elicited mild host responses, including epithelial proliferation with 
squamous metaplasia. Generally, Ca. Ichthyocystis was associated with bigger cysts 
compared to the cysts caused by Chlamydia. 

Conclusions: Epitheliocystis is a widespread disease affecting almost all cultured fish in 
Greece, although it mainly affects juvenile fish after their transition from the hatchery to the 
sea cages. Caused by a wide variety of intracellular bacteria, so far uncultured in vitro, 
implies they arise from diverse environmental eukaryotic hosts. Recent genomic studies have 
started to shed light on the biology and evolution of these bacteria. 

Funding of presentation: 
FP7-KBBE-2013-07 single stage, GA 603121 DIVERSIFY. 
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Whole-genome analysis of Piscirickettsia salmonis reveals structural genomic difference 
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Introduction: Piscirickettsia salmonis is the causative agent of piscirickettsiosis, disease that 
seriously affects salmon production in various parts of the world, with a significant negative 
impact in southern Chile. Despite the importance of this pathogen in the industry, there is 
little information about its life cycle, pathogenesis, diagnosis, treatment and control. 

Methodology: Bioinformatic tools were used. Genomic information was obtained from 
NCBI, gene prediction through GLIMMER 3.02 and TransDecoder and the functional 
annotation through DIAMMOND against Gene ontology database. The core- and pan-
genome is obtained by GET_HOMOLOGUES software. Seven constitutive genes were used 
for the phylogenetic tree and the phylogenomics tree all the concatenated core-genes were 
used. Finally, the ribosomal operons were identified by RNAmmer and a manual search was 
identified their reordering. 

Result: Through the comparison of genetic information available from 19 complete genomes 
of P. salmonis the construction of the core-genome and accessory genome (components of 
the pan-genome) was achieved. The 19 strains were isolated from Chilean salmon industry 
from 1989 to 2015.  The strains are from different hosts (S. salar 68.4%; O. kisutch 15.8%; 
O. mykiss 15.8%) and the genome size range between 3.04 to 3.21 Mbp. The existence of 2 
strongly genogroups was confirmed by means of phylogenetic and phylogenetic 
relationships, associated to the strains of LF-89 and EM-90. In addition, the variation in the 
functional annotations of the pan-genome, through of Gene Ontology and KEGG databases, 
and the structural configuration of the ribosomal operons present differences, confirm the 
different rearrangements in each subgroup, confirming the existence of 2 genogroups. 

Conclusions: The use of bioinformatic tools and comparative genomic analysis of 19 strains 
of P. salmonis provide an idea of the relationship between the different genogroups, 
corroborated by the different configurations of the ribosomal operons. This analysis allows as 
to identify genes related to the survival, pathogenicity, metabolism and basic functions 
(present in the core-genome). Also, these results will be useful for the understanding of host-
pathogen interactions and to design new strategies for disease control and for the 
development of diagnosis kit. 

Funding of presentation: 
FONDAP-INCAR (number 15110027). FIE 2015 – V014.  
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Skin ulcerations in wild flatfish: A mystery to be resolved 
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Skin ulcerations in wild flatfish often have a complex etiology involving various causal or 
contributing factors, and the knowledge on mechanisms involved is meagre. A compromised 
skin barrier may be associated with reduced survival, which in itself may jeopardize the 
amount of seafood that can be harvested from the sea. Therefore, we aim to gradually 
construct the etiological spectrum of skin ulcerations in flatfish by gathering data both on 
monitoring campaigns at sea and carrying out experimental trials in the laboratory.  

During a monitoring campaign in the Belgian part of the North Sea, pure cultures of Vibrio 
tapetis and Aeromonas salmonicida were retrieved in high numbers from several common 
dab (Limanda limanda) displaying ulcerative skin lesions. 

To investigate the role of both bacterial species in the initiation and further development of 
skin ulcerations, the highly variable and dynamic character of the marine environment, and 
the migratory behavior of many wild fish species (including the common dab), need to be 
taken into account. This urges for a step-by-step approach in controlled conditions. 
Therefore, in first instance, two experimental challenge studies on common dab were 
performed using both bacterial species separately. Furthermore, the role of a pre-existing 
lesion in the skin barrier was also investigated using a split-plot design.  

Building on the experimental results it may be concluded that both V. tapetis and A. 
salmonicida are able to cause skin ulcerations in common dab, with a pre-existing skin lesion 
facilitating their invasive impact. These results hence suggest that a breach of the skin barrier 
may be a major contributing factor for the development of skin ulcerations.  

Further research is ongoing to elucidate other (environmental and host related) factors that 
may play a contributing or triggering role in skin ulcerations in flatfish and how these may 
interact. 

Funding of presentation: 
European Fisheries Fund (EVF), the Flemisch Government, the research foundation- Flanders 
(FWO), the European Marine Biological Resource Centre (EMBRC), and the Flanders 
Marine Institute (VLIZ). 
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Introduction: Production of Atlantic salmon (Salmo salar) in Norway amounts to about 1.4 
million tons yearly. New and improvement production methods are constantly being 
developed to meet demands of further increased production rates and efficiency. Further 
growth is, however, currently limited by disease during the growth period at sea, caused 
mainly by the parasitic salmon lice Lepeophtheirus salmonis and viral pancreas disease (PD). 
One approach to deal with these problems is to shorten the production time at sea by keeping 
the fish longer in facilities on land after smoltification. This approach has, however, been 
challenged by the development of ulcers. The bacterium Moritella viscosa has long been 
known to cause winter ulcers, but lately also Tenacibaculum spp. has frequently been isolated 
from sick and diseased fish suffering ulcers, indicating that also Tenacibaculum spp. play an 
important part. Mortality rates due to ulcers are variable, but ulcers are problematic as they 
may lead to declassification of the fish and reduced growth, and thereby economical losses. 
More importantly, however, ulcers represents a serious fish welfare problem that must be 
addressed to ensure sustainable production.  

Methodology: In this project, we are working closely with a commercial fish farm to identify 
the bacteria causing ulcers in their facilities. The results are used to enhance the production 
protocol to limit development of ulcers. Both bacteriological and histological samples have 
been taken in addition to registration of ulcers. 

Results and Conclusion: Preliminary results from this ongoing research will be presented. 
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T cell response in gilthead sea bream after exposure to the myxozoan parasite 
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The study of T cell responses in fish has been hampered by the lack of specific antibodies and 
molecular tools. Nowadays, several T cell specific antibodies have been developed for a few 
fish species. However, our knowledge on fish T cell responses is mainly derived from gene 
expression analyses of signature genes characterized as a result of the recent availability of 
genomic and transcriptomic information. Enteromyxum leei is a myxozoan intestinal parasite 
that produces a slow-progressing intestinal disease leading to anorexia, cachexia and 
mortalities. This parasite invades the paracellular space of the intestinal epithelium and 
progresses from the posterior to the anterior intestinal segment. In this study, we define the T 
cell populations in different intestinal segments and in immune relevant tissues of gilthead 
sea bream after E. leei infection by anal inoculation. Data mining of the gilthead sea bream 
transcriptomic database (Nutrigroup-IATS) allowed the construction of a PCR-array 
composed of 20 different T cell signature transcription factors, cytokines and effector 
molecules. Our results show that upon E. leei infection, the transcription of the pan T cell 
markers zap70 and cd3ζ, the helper T cell (Th) specific cd4 and the cytotoxic T cell (Tc) 
specific cd8α and cd8β decreased in head kidney and increased in anterior intestine. The 
parasite induced a shift from a Th2 to a Th1 response in infected anterior intestines, 
characterized by down-regulation of the transcription factor gata3 and up-regulation of t-bet, 
respectively. Significant up-regulation of gzmA and prf1 expression also supported the 
increase of Tc cells in infected intestines. However, the posterior intestine showed a mixed 
profile skewed to the anti-inflammatory side, characterized by up-regulation of foxp3, gata3, 
il10 and il6, still with significant presence of t-bet and ifnγ transcripts. The expression of 
il17A/F was significantly up-regulated in infected posterior intestines. Analyses of the overall 
expression of these signature molecules separated groups of fish by their infection status. In 
conclusion, E. leei infection activated different T cell phenotypes depending on the intestinal 
segment and the intensity of infection. This could be due to the chronology of the parasite 
establishment along the intestinal segments. 

Funding of presentation: 
This work was funded by EU H2020 program through ParaFishControl Project (634429) and 
Spanish MINECO through project AGL2013-48560 and partially supported by the 
“Generalitat Valenciana” (PROMETEOII/2014/085). M.C.P. was contracted under CSIC PIE 
project no. 201740E013 and FPDI-2013-15741 and I.E. under APOSTD/2016/037 grant by 
the “Generalitat Valenciana”. 
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Introduction: Meagre (Argyrosomus regius) is an emerging species in aquaculture and as 
such little is known about its immune system. In an effort to prevent future disease outbreaks 
key components of the meagre immune system need to be studied. One important aspect is 
the antibody response, which it is critical to measure in order to effectively design vaccines 
and acquire specific immunity, and to understand the behaviour of the two main secreted 
forms in teleost fish, IgM and IgT, during homeostasis. Hence there is a need to develop 
tools, such as monoclonal antibodies, to these molecules. Therefore this study developed 
monoclonal antibody reagents against meagre IgM and IgT and used them alongside gene 
expression data to provide a clearer understanding of antibody homeostatic conditions and the 
antibody immune response in this species.  

Methodology: Samples were taken during trials assessing the following: immunostimulant 
injection/assays, ontogeny, early and late vaccination and from healthy fish, providing a wide 
range of scenarios. QPCR was performed to monitor gene expression and monoclonal 
antibodies against meagre IgM and IgT have been developed, using a peptide immunisation 
approach, the latter allowing for a variety of techniques to monitor protein expression (such 
as Western blotting and Immunohistochemistry).  

Results: IgM and IgT nucleotide sequence has been identified in meagre and qPCR primers 
developed. The obtained sequence was also used to successfully develop monoclonal 
antibodies against IgM and IgT. QPCR revealed the expression profiles following the 
introduction of immune stimulants and during the ontogeny of the immune system. 
Monoclonal antibodies were used to confirm the presence of immunoglobulin protein 
expression during these studies as well as visually revealing the distribution of 
immunoglobulin proteins using immunohistochemistry.  

Conclusions: Identification of IgM and IgT sequence has facilitated the first insight into the 
meagre humoral response. qPCR primers and monoclonal antibodies have been successfully 
developed against meagre IgM and IgT showing cross reactivity with other species. Antibody 
mRNA and protein levels fluctuate during the early ontogeny of meagre. 
Immunohistochemistry has shown expected IgM and IgT behaviour in the gills, spleen and 
head kidney, but shows an unexpected protein distribution in the mid-gut. 

Funding of presentation: 
European Union’s Seventh Framework Programme for research, technological development 
and demonstration (KBBE-2013-07 single stage, GA 603121, DIVERSIFY). 
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Dendritic cells (DCs) are highly specialized antigen presenting cells that bridge innate and 
adaptive immune responses in vertebrates, being key modulators in the initiation of specific T 
cell responses. Although teleost fish constitute the most ancient animal group presenting 
adaptive immunity, DCs have not been clearly identified. Our previous studies demonstrated 
the presence of DC-like cell type co-expressing CD8α and MHC IIβ in the rainbow trout 
(Oncorhynchus mykiss) skin. These CD8+MHC II+ cells were demonstrated to be a 
functional and phenotypical equivalent of mammalian CD8+ DCs, a subset of DCs with an 
important role in antigen presentation and activation of CD8+ T cytotoxic lymphocytes.In the 
current study, we have identified a similar DC subset in rainbow trout gills. Hence, we have 
undertaken a broad phenotypical and functional characterization of this new DC subset. 
Interestingly, in gills, this DCs subset has some different phenotypic and functional 
characteristics when compared to the equivalent cells in the skin, suggesting an adaptation of 
the cells to different mucosal tissues or different maturation status depending on localization. 
Our findings contribute to increase our knowledge on fish DCs, an important cell population 
to take into account for the future design of mucosal vaccination strategies. 
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Teleost fish express three different immunoglobulin isotypes: IgM, IgD and the teleost 
specific IgT, which is attributed a more mucosal role similar to mammalian IgA. In this 
study, we describe the complete sequence of gilthead sea bream IgM and IgT in both, their 
soluble (s) and membrane bound (m) forms and study their differential expression in different 
tissues and upon infections of different etiology, vaccination and dietary interventions. 
Gilthead sea bream IgM and IgT show the prototypical structure known for teleost and, while 
sIgM was the overall highest expressed isoform, mIgT was highest expressed in mucosal 
tissues such as gills and intestine. IgM and IgT were differentially regulated upon infection. 
IgT was highly upregulated locally upon infection with the intestinal parasite Enteromyxum 
leei or systemically after Nodavirus infection. Long-term intestinal parasitic infections 
increased the serum titer of both isotypes. Mucosal vaccination against Photobacterium 
damselae subsp. piscicida finely regulated the Ig response inducing a systemic increase of 
IgM titers in serum and a local IgT response in skin mucus when animals were exposed to the 
bacterial pathogen by bath challenge. Interestingly, when fish were fed for a long term with 
plant-based diets, the significant upregulation of sIgT observed in parasite infected intestines 
and head kidneys of control fed fish was completely inhibited. Fish fed plant-based diets also 
presented a worse disease outcome reflecting the importance of this immunoglobulin in the 
maintenance of intestinal health. All these results corroborate the mucosal role of IgT and 
emphasize the importance of a finely tuned regulation of Ig isotypes upon infection, which 
could be of special interest in vaccination studies. They also highlight the importance of the 
dietary conditions as significant regulators of the immune response and disease resistance. 

Funding of presentation: 
This work has been carried out with financial support from by the Spanish MINECO under 
projects AGL2013-48560-R to JP-S and AS-B and AGL2014-51773-C3-3-R to EG-C. 
Additional funding was provided by the European Union, through the Horizon H2020 
research and innovation program under grant agreement 634429 (ParaFishControl) and 
through the FP7 under grant 311993 (TargetFish). This presentation reflects only the authors’ 
view and the European Union cannot be held responsible for any use that may be made of the 
information contained therein. Additional support was provided by Generalitat Valenciana 
(PROMETEOII/2014/085). MP was supported by the Spanish grant Formación Postdoctoral 
2013 (FPDI-2013-15741). 
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When infected by pathogens, endotherms and ectotherms can both increase their body 
temperature to limit the infection. Ectotherms do so by moving to warmer places, hence the 
term “behavioral fever”. We studied the expression of behavioral fever by common carp 
infected by cyprinid herpesvirus 3 (CyHV-3) using multi-chamber tanks encompassing a 
24°C-32°C gradient. We showed that carp maintained at 24°C all died from the infection, 
whereas those housed in multichamber tanks all survived as a consequence of their transient 
migration to the warmest compartment. As the expression of behavioral fever occurred only 
at an advanced stage of the disease, we hypothesized that the virus might delay this 
phenomenon in order to promote its replication. This hypothesis was proved correct, and the 
delay mechanism was found to rely on the expression of a soluble viral decoy receptor for 
Tnfα encoded by CyHV-3 ORF12. This conclusion relied on three complementary 
observations: (i) a CyHV3 ORF12 deleted recombinant induced an early onset of behavioral 
fever in comparison to wild-type CyHV-3; (ii) ORF12 expression product binds and 
neutralizes carp Tnfα; and (iii) injection of anti-Tnfα neutralizing antibodies suppressed 
behavioral fever, and decreased fish survival in response to infection. This study provides a 
unique example of how viruses have evolved to alter host behavior to increase fitness. It 
demonstrates that behavioral fever in ectotherms and fever in endotherms are evolutionarily 
and functionally related through common cytokine mediators that originated more than 400 
million years ago. Finally, this study stresses the importance of the environment in the host-
pathogen-environment triad.  
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Introduction: The king scallop Pecten maximus L. is the fastest growing fishery in the UK 
and currently the second most valuable. Mass mortality events in scallops have been reported 
associated with rickettsia-like organisms (RLOs) world-wide, however the causative agents 
are uncharacterised. In May 2013 and 2014 two mass mortality events affecting king scallops 
were recorded in the Lyme Bay Marine Protected Area (MPA) South West England. 
Histopathological examination showed gill tissues infected with RLO at varying intensity 
with large extracellular masses also presented. In addition, ultrastructural examination 
confirmed the intracellular location in affected epithelial cells and haemocytes.  

Methodology and Results: Partial 16S rDNA sequences of a putative RLO obtained from 
infected king scallop gill samples collected from both mortality events were identical. The 
sequencing of the 16S rDNA gene placed the Scallop RLO in the γ subgroup of the 
Proteobacteria and had 95% identity to 16S rDNA sequences obtained from Candidatus 
Endonucleobacter Bathymodioli and Endozoicomonas spp. The 16S rDNA gene also shared 
similarity to the intranuclear pathogen, nuclear inclusion x (NIX), associated with massive 
mortalities of the Pacific razor clam Siliqua patula.  

In situ hybridisation assays using 16S rDNA probes confirmed the presence of the sequenced 
RLO gene in the gill tissues. Additional DNA sequences of the bacterium were obtained 
using high-throughput (Illumina) sequencing and bioinformatic analysis identified over 1000 
genes with high similarity to genes of the genus Endozoicomonas: Specific PCR assays were 
developed and applied to screen for the presence of 16S rDNA RLO sequences in king 
scallop gill tissues collected in the Lyme Bay MPA during 2015. There was 100% prevalence 
of the RLO in these gill tissues and the 16S rDNA sequences identified were identical to the 
sequence found during the previous mortality event.  

Conclusions: Mollusc mass mortalities associated with RLO have been reported worldwide 
for many years, however, apart from histological and ultrastructural characterization, 
characterisation of the aetiological agents is limited. In the present work, provide the first 
detailed molecular characterisation of an RLO associated with an important commercial 
scallop species. 

Funding of presentation: 
This study was funded by the UK’s Department for Environment Food and Rural Affairs 
under contract FB002 and the EU funded project VIVALDI (H2020 programme, n°678589). 
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The King scallop, Pecten maximus, is the second most valuable commercially exploited 
mollusc in Scotland with landings fluctuating between 9,000 and 10,000 tonnes over the last 
decade. The majority of the landings in the UK are exported to France, Italy and Spain with 
an export value of £90 million in 2012.  

An apicomplexan-like parasite was associated with abnormal mortality in Iceland scallops 
(Chlamys islandica) and consequent collapse of the stock. Although no mortality records 
were reported in Scotland, the Icelandic researchers found an identical parasite on Scottish 
scallops during a research study. The prevalence was high but light infestations were 
observed. Following these reports a concern regarding the health of wild scallops was raised 
by the industry and a survey was performed. Samples from the Shetland Islands, west and 
east coasts of the Scottish mainland were taken for screening of parasite presence and 
recording of macroscopic changes within the adductor muscle. All scallops showed good 
condition, meat color was white and no macroscopic changes in the abductor muscle were 
observed. The prevalence of the parasite was high in all areas (Shetland Isles 87 %, west 
coast 42 % and 78 % and east coast 76 %) but with light infestations. The presence of the 
apicomplexan-like parasite was confirmed by PCR and DNA gene sequencing resulted in 
100 % similarity to the previously reported Icelandic parasite. Histopathology examination 
revealed no lesions in the tissues. However, clusters of parasites were observed in the 
adductor muscle from scallops collected from the 2nd trawl on the west coast (8/43) and also 
from the east coast scallops (12/50). The histology also revealed minor muscular 
degeneration limited to the fibers at the vicinity of the parasite clusters. 

In summary, the apicomplexan-like parasite seems to live commensally, i.e., at low levels of 
infestation. It appears that the parasite may not cause any harm to the host, the scallop, but 
further investigation would be required to categorise the parasite and the effects it might have 
on meat quality. 

Funding of presentation: 
Scottish Government. 
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Introduction: Pinna nobilis ranks among the largest bivalves in the world - up to 120 cm - 
and is the largest of the Mediterranean Sea, where it is endemic. The populations have been 
greatly reduced due to anthropogenic and environmental threats and it has been listed as an 
endangered and protected species under the European Council Directive 92/43/EEC. 
Abnormal mortality events were detected in Western Mediterranean Waters in October 2016.  

Methodology: Four specimens were collected from Alicante (Spain) during a mortality event. 
Samples from nearly all organs were processed for histopathological analyses. Portions of 
digestive gland were taken out from the paraffin blocks and processed for transmission 
electron microscopy (TEM). Digestive gland pieces, preserved in ethanol, were used for 
DNA isolation. PCR reactions with generic primers for haplosporidian group were 
performed. 

Results: Light microscopy observation of stained sections (H&E) showed that three out of the 
four P. nobilis were infected by a haplosporidan-like parasite. The infection was systemic. 
Abundant uni-nucleated cells and less abundant plasmodial stages (2 to 4 nuclei) were spread 
throughout all the organs processed, in the connective tissue. Sporogonial plasmodia were 
observed inside the epithelial cells of the digestive tubules. The sporulation stages collapsed 
epithelial cells leading the disintegration of digestive diverticula and free spores appeared in 
the lumen of many tubules. By TEM, spores were pleomorphic, usually elongated ovoid, with 
round to elongated haplosporosomes in the cytoplasm, the nucleus in the basal zone and an 
external lid covering the apical orifice. Spore ornamentation was not observed. The PCR 
reactions with the degenerated primers HAPF1-HAPR3 produced consistently positive results 
in three of the four specimen analyzed confirming that the parasite is a haplosporidan 
parasite. 

Conclusion: This is the first report of a haplosporidan protist infecting the superfamily 
Pinnoidea. Histopathological study was the key for the diagnosis of the most probable cause 
of the mortality event, but further studies are required to identify the species. Taking into 
account that this is the first mortality event of the endangered and protected P. nobilis 
associated with a parasite; pathogens must be included as a new threat for this species. 
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Introduction: The great intensification in the 1980s of perkinsosis in oysters caused by 
Perkinsus marinus along the USA Mid-Atlantic coast, persisting today, has long defied easy 
explanation. While initially attributed to multi-year drought increasing salinities and creating 
conditions more favourable to the parasite, the question remained as to why intervening 
periods of environmental conditions unfavourable to the parasite did not reset the system to a 
lower level of infection and disease. Following the observation that the histological 
presentation of the parasite in contemporary material differed from the early 1960s, we began 
a retrospective analysis of archival histology that predated the intensification of perkinsosis to 
better understand whether changes in parasite life history may have underpinned the 
intensification event.  

Methodology: Slides archived at the Virginia Institute of Marine Science representing 
Chesapeake Bay samples from 1960-2013 were re-examined (n = 6050). Complementary 
material from Delaware Bay maintained by Rutgers University (n = 100) and from South 
Carolina maintained by the South Carolina Department of Natural Resources (n = 255 from 
1986-1993) were added for geographical perspective. Infections were characterized as 
representing “original” or “emergent” phenotypes based on parasite cell size and tropism. To 
quantitatively track changes in parasite phenotypic presentation, the diameter of schizonts 
was determined over time in a subset of samples. 

Results: A phenotype change characterized by a change in tropism from connective tissues to 
digestive epithelia, and a reduction in cell size from > 6 microns to < 4 microns, was 
identified, with the original phenotype replaced by the emergent at all three locations within 
less than two years between 1985 and 1990. At each location, the phenotype change was 
concurrent with significant local intensification of disease. 

Conclusions: The increase in disease associated with the emergence of the new phenotype we 
interpret as an increase in virulence, though it is unknown whether this represents a change 
(e.g., mutation) in a local parasite, introduction to the systems of an exotic variant, or some 
other event. Whatever the case, the system illustrates the dynamic nature of host-parasite 
relationships and represents a model for the evolutionary ecology of marine parasitic disease. 
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In January 2015 the haplosporidian parasite Bonamia ostreae was reported for the first time 
in New Zealand infecting the New Zealand flat oyster Ostrea chilensis where it was 
associated with high mortalities. In New Zealand, B. ostreae has only been detected in the 
Marlborough Sounds whereas Bonamia exitiosa is endemic. Previously only reported from 
the Northern Hemisphere, this report of B. ostreae represents a significant geographic range 
extension and new host for this parasite that raises questions of dispersal.  

We present new internal transcribed spacer (ITS) rDNA sequences of New Zealand B. 
ostreae to investigate whether B. ostreae is a contemporary arrival to New Zealand and 
which Northern Hemisphere population it arrived from. To prevent the spread of B. ostreae to 
other New Zealand oyster beds a Controlled Area Notice (CAN) was enforced. The CAN 
restricts intentional movements of bivalve molluscs but cannot account for natural dispersal 
events. Using ITS rDNA sequences of New Zealand B. exitiosa and mitochondrial CO1 
sequences of O. chilensis, we compare the genetic structure of parasite and host to test the 
hypothesis that Bonamia parasites can co-disperse with O. chilensis during its pelagic larval 
phase. 

The analysis of ITS rDNA sequences of New Zealand and Northern Hemisphere B. ostreae 
showed significantly lower levels of genetic diversity in New Zealand B. ostreae which 
suggests a contemporary arrival, and the high genetic diversity of the Northern Hemisphere 
isolates prevent inferences of dispersal origin. The B. exitiosa-O. chilensis co-structure is 
congruent, except for O. chilensis gene flow within central New Zealand.A failure to detect 
Bonamia parasites within these genetically connected O. chilensis populations suggests 
natural long distance co-dispersal of Bonamia parasites with O. chilensis is unlikely. Instead, 
the dispersal of Bonamia parasites is most likely influenced by anthropogenic factors, which 
underscores the purpose of the CAN. 

Funding of presentation: 
*EAFP student award.  
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Detection of aquaculture pathogens Flavobacterium columnare and F. psychrophilum 
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Introduction: Decreasing sequencing costs and availability of high-throughput platforms 
allow us to develop methods for detection of pathogens before an outbreak occurs and 
potentially track the source of infectious agent(s). Aquatic bacteria of the genus 
Flavobacterium include species such as F. columnare and F. psychrophilum which can cause 
high mortality in the aquaculture industry. Here, we use 16S rRNA gene amplicon deep 
sequencing to investigate disease outbreaks in a trout-producing facility in the US.  

Methodology: Water was collected and filtered from the inflow into the facility and raceways 
containing morbid and healthy fish. Gill and intestinal samples were collected from fish in 
these raceways. DNA was extracted from filters and fish tissue and the V4 region of the 16S 
rRNA gene was sequenced on an Illumina MiSeq. Sequencing-reads of the genus 
Flavobacterium, were identified using the Qiime analysis package. To categorize them to the 
species level, V4 sequences were aligned to reference type strain sequences and those that 
matched 99.99-100% to pathogen reference sequences were quantified.  

Results: This technique allowed us to discriminate between, detect, and determine the relative 
abundance of F. columnare and F. psychrophilum sequences in each sample. Phylogenies 
constructed of this gene region showed greater diversity in F. psychrophilum than F. 
columnare reads. By sequencing 10,000 molecules per sample, we were able to detect F. 
psychrophilum and F. columnare in water entering the raceways and in gill samples from sick 
fish (up to 1,764 sequences per 10,000 reads). Fewer F. columnare sequences were detected 
in the facility. 

Conclusion: While this method allows us to determine the microbial community composition 
of different samples, it also shows great potential for identifying pathogens at aquaculture 
facilities. We are currently developing an independent assay involving the amplification of 
different gene targets to confirm these results. Amplicon sequencing may allow us to survey 
raceways before outbreaks occurs so that early detection of pathogens can ultimately inform 
treatment measures. 

Funding of presentation: 
United States Department of Agriculture. 
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Introduction: Nucleic acid characterization by High Resolution Melting (HRM) is a simple, 
flexible, low-cost and powerful technique for identifying sequence variations, making it 
attractive for a broad range of diagnostic and research applications, including infectious 
diseases, oncology, epigenetics and even metabarcoding. Current procedures for analyzing 
HRM curves mostly rely on unsupervised methods, principally via subtraction (difference) 
plots against a known control sample, and less commonly on supervised methods through the 
use of discrimination analyses. If these procedures have proven useful for discriminating a 
small number of variants, they are yet limiting for analyzing large HRM data sets and do not 
provide precise feedback to the user.  

Methodology: We have developed an innovative method that enables the simultaneous 
discrimination of a large number of variants from their HRM profile. This method relies on 
the establishment of a melting profile library, computes new descriptors from the HRM 
curves for an optimal discrimination and offers a fully automated analysis of melting profiles. 
The output consists in the possibility to assign a given melting profile to an existing group 
included in the reference library (assorted with a confidence index) or to reject any 
assignment in case of an unknown profile.  

Results: This method was applied to a set of 19 nontuberculous mycobacterial species. Each 
species was represented by 3 to 20 biological samples consisting of genomic DNA extracted 
either from animal tissues or from cultivated isolates. Samples were amplified with a unique 
pair of Mycobacterium-specific primers targeting the 16S-ITS region and yielding amplicons 
with sizes ranging from ~230 to ~350 bp. Melting profiles of the corresponding amplicons 
were generated using 3-9 replicates per sample. Automatic group rationalization led to split 
two species into two subgroups. On a total of 95 tested samples, 91 were allotted to the right 
species. The remaining four samples were considered as outliers with an unreliable allocation 
with regards to the reference library.  

Conclusions: These results underline the high potential of this novel HRM-based method for 
the simultaneous detection and identification of a large number of nucleotide sequences, in 
both simplex and multiplex formats. 

Funding of presentation: 
This project is funded by SATT AxLR. 
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Introduction: Proliferative kidney disease is a parasitic disease with significant economic 
impact on rainbow trout farms. The disease is caused by a myxozoan parasite 
Tetracapsuloides bryosalmonae, which there currently are no licensed vaccines or treatments 
against. Proper infection diagnosis is important for research, management and confirmation 
of the disease, thus, a good toolbox of methods is essential. As part of the Horizon 2020 
project ParaFishControl “, an inter-laboratory proficiency test has been delivered to 
diagnostic laboratories.  

Methods: The aim of the proficiency test was to compare and assess different molecular and 
histological laboratory procedures and provide recommendations for optimized techniques 
for detection of T. bryosalmonae in diagnostic samples. This presentation only includes the 
histological part of the test.  The immunohistochemical method for detection of T. 
bryosalmonae in formalin fixed kidney tissue using a monoclonal antibody (mAb) against T. 
bryosalmonae (P01, Aquatic Diagnostics Ltd.) has been evaluated and optimized for use at 
DTU VET. As part of this evaluation, the parasite level in the kidney has been assessed by 
counting parasites using a calibrated ocular grid. The mAb used is commercial antibody and 
the most frequently used antibody in pathology papers. However, most histopathology 
laboratories will usually have a preferred detection system and have optimized their own 
protocols. In order to find the most optimal protocol for a shared European toolbox, a 
proficiency test was designed offering the possibility for direct comparison of the various 
protocols in use with the mAb anti T. bryosalmonae as the primary antibody. Furthermore, 
the participating laboratories had a unique possibility both to submit slides and IHC protocols 
for new or old in-house developed procedures for detection of T. bryosalmonae and for 
describing any special stains used as a support in PKD diagnosis. 

Results: Results from the immunohistochemical optimization and evaluation of specific 
histological detection of T. bryosalmonae are presented and discussed along with results from 
the proficiency test. 

Conclusions: By comparing the different protocols used by participants and assessing the 
results, an optimized protocol for histological diagnosis of PKD will be presented. 

Funding of presentation: 
Horizon 2020 ParaFishControl. 
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Despite the increasing use of novel molecular techniques in pathology, histology remains the 
standard method for monitoring tissue alterations and for assessing pathology. 
Histopathological evaluation is generally laborious and subjective with risk of discrepancies 
in semi-quantitative scoring between pathologists. To overcome these limitations, computer 
assisted image analysis (CAIA) has been developing rapidly in both human and veterinary 
medicine. CAIA is potentially faster, more objective than manual appraisal and thus suitable 
for routine health screening. The goal of CAIA in histopathology is not to replace the 
pathologist, but to increase the amount and quality of data derived from a pathological 
specimen, providing quantitative measurements to assist in the future the pathologist in the 
slide interpretation. Limited research has been done on the application of CAIA in crustacean 
histopathology. Therefore, the aim of the present study was to develop CAIA in whiteleg 
shrimp (Penaeus vannamei) for the study of the hepatopancreas (HP). The HP is the main 
digestive organ of the gastro-intestinal tract in crustaceans, responsible for enzyme 
production (F-cells), intracellular digestion (B-cells), absorption and storage of nutrients (R-
cells). As a first step, fixation protocols for paraffin and frozen sections were optimized for 
image analysis processing. Then paraffin sections were immunohistochemically stained with 
monoclonal antibodies WSH8 against haemocytes and counterstained with Mayer´s 
haematoxylin for detection of haemocytes and B-cell vacuoles, and modified Toluidine Blue 
protocol was used for detection of F-cells; frozen sections were stained with Oil Red O for 
detection of lipid droplets within R-cells. Visiopharm® software was used to develop and 
validated protocols for the quantification of specific morphological parameters of the HP 
(areas of haemocyte infiltration in the intertubular spaces, F-cells, B-cell vacuoles, lipid 
droplets and their ratios to total tissue area and total lumen area). These protocols can be used 
in the future for determination of the nutritional and pathological condition of this organ. In 
particular, haemocytic infiltration area and lipid droplet area have the potential to be used to 
describe the morphological changes occurring in the HP during diseases outbreaks and 
adverse environmental conditions, facilitate early diagnosis and study the pathophysiology of 
the organ. 
  



165 
 

159-O 

Survey of the occurrence of notifiable viral diseases in farmed and feral salmonids in 
Switzerland 

Diserens N1, von Siebenthal B1, Wahli T1 

1Centre for Fish and Wildlife Health (FIWI), Bern, Switzerland 

Viral Haemorrhagic Septicaemia (VHS), Infectious Haematopoietic Necrosis (IHN) and 
Infectious Pancreatic Necrosis (IPN) are considered important viral diseases in Switzerland 
and are regularly diagnosed. All three are notifiable in Switzerland. While major losses can 
occur, particularly in rainbow trout (Oncorhynchus mykiss) farms, IPNV and to a lesser 
degree IHNV and VHSV can cause covert infections without any disease signs or losses 
mainly in older fish. Switzerland only features a passive surveillance system, thus the real 
presence of these diseases is not known. Consequently, the aim of this study was to determine 
the prevalence of the above mentioned three viral diseases in farmed and feral salmonids in 
Switzerland. 

A total of 38 aquaculture facilities either importing fish from abroad or/and delivering live 
fish to other facilities were selected and sampled. Up to a maximum of 50 fish per farm were 
extracted. Organs of five fish were pooled resulting in a total of 210 samples. To evaluate the 
prevalence of VHS, IHN and IPN in natural habitats, ovarial fluid and semen from 298 
mature salmonids were sampled from 59 different sampling sites. Additionally, the organs of 
28 salmonids from 6 sampling sites were extracted. All samples were analysed by RT-qPCR. 
To investigate the prevalence of IHN and IPN at tanks level, 25 fish per tank were selected on 
known positive farms and analysed individually by RT-qPCR. A total of four tanks for IPN 
and three tanks for IHN were considered. 

The results of the sampling showed a relatively wide distribution of IPN in farmed fish, while 
only single cases of VHS and IHN could be found. All cases were found on clinical healthy 
fish. In contrast, no notifiable viral diseases were detected in feral fish. Finally, a high 
variation in numbers of IPN infected fish at tank level was found, depending on the sampled 
organs and the involved fish species, while no fish was tested positive for IHN despite 
contact with diseased fish. 

These results provide the authorities with important information for the establishment of 
disease free zones and the implementation of an efficient risk based surveillance of aquatic 
animal diseases. 

Funding of presentation: 
Federal Food Safety and Veterinary Office (FSVO). 
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Introduction: Emerging aquatic animal diseases (EDAA) have caused significant economic 
impact in farmed aquatic animals and declines in wild populations. In this paper, we explore 
how well EDAA have been reported. 

Methodology: Exceptional epidemiological events (EEE) reported to the OIE by Member 
Countries (MC) was extracted from the World Animal Health Information System database. 
At Cefas reports of new or emerging diseases (emerging diseases incidents – EDI) are 
identified by a routine daily surveillance of the electronic sources. Entries for the period 
2005-2014 have been analysed and compared with the EEE data. Reports from both sources 
was categorised by year, country, reason for reporting, host and pathogen type. 

Results: A majority of 125 EEE reported to the OIE originated from Europe (61%), there 
were few reports from the Asia-Pacific region (12%). Only 16 of the EEE (13%) were 
categorised as ‘emerging diseases’ (all others were listed diseases). A total of 316 EDIs were 
recorded by Cefas from 2005 to 2014, in almost equal number of events from the Americas 
as Europe, 124 and 120, respectively. In both datasets viral pathogens were most commonly 
reported but in shellfish parasites were most commonly reported. Reports from finfish 
aquaculture dominate both datasets. Most EEE were categorised as ‘first occurrence’ or 
‘reoccurrence’ (76%) which is consistent with the Cefas data (75% of EDIs were in a ‘new 
location’). A comparison of the two datasets indicated under-reporting of new pathogens to 
the OIE (five compared with 18 reports in the Cefas data).  

Conclusions: At a global level, we have failed to prevent the global spread of many EDAA, 
in part due to poor reporting. Thus, diseases such as white spot syndrome virus have achieved 
a widespread global distribution, and negative impacts. Reporting newly emerging diseases to 
the OIE provides the basis for internationally recognised standards to be implemented for 
their control. It is in the interests of developed economies, which rely heavily on imports of 
aquatic animal products, to work with their trading partners in developing countries to build 
capacity in aquatic health management and specifically to improve reporting and control of 
EDAA. 

Funding of presentation: 
Defra, UK Government. 
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Introduction: Previous work has shown that water temperature is an important factor in the 
replication of certain pathogens affecting fish in the freshwater environment. The current 
study examines the possible impacts of climate change on water temperatures in 
geographically diverse locations in the United Kingdom and aims to project the impact these 
temperature changes may have for disease occurrence. 

Methodology: A baseline model of catchment characteristics and environmental conditions 
has been compiled, within a Geographical Information System, for three UK river 
catchments: River Lochy (western Scotland) and Rivers Frome and Stour (southern England).  
Hydrological and water quality data (Scottish Environment Protection Agency; Environment 
Agency, England and Wales) are supplemented by on-site monitoring of variables, including 
water temperature, flow rate, biological oxygen demand and oxygen saturation. Spatial and 
statistical analysis techniques are being used to identify baseline relationships between 
geographical location and environmental characteristics. In conjunction with published 
projections of climate-related changes in river flow (hence consequences for water 
temperature and oxygen saturation), we assess likely implications for pathogen spread under 
future climate scenarios.  

Results: Surface water temperature is known to respond to air temperature, but local 
characteristics such as topography, water depth and land cover are important in determining 
the magnitude and speed of that response. Marked local variations arise from both natural 
processes (e.g. groundwater contribution to surface water flow) and human interventions (e.g. 
modification of river channels or removal of tree cover), many of which alter temperature, 
flow and/or chemistry of water bodies. Our findings are key to assessing site-specific risk of 
pathogen spread in the context of a changing climate.   

Conclusions: Future projected climate-related changes in river temperature are likely to 
increase the prevalence of certain pathogens and expand their geographical spread to areas 
where warmer waters provide favourable conditions for their establishment. However, there 
are important local differences between rivers in different parts of the UK, that will influence 
the risk of pathogen spread and severity of impact. This suggests that a spatially-targeted 
approach will be necessary to inform future implementation of control measures for risk 
management of fish pathogens. 

Funding of presentation: 
This work is supported by the Biotechnology & Biological Sciences Research Council and 
Natural Environment Research Council grant number BB/M026566/1. Presentation of this 
work is funded by the Centre for Environment, Fisheries & Aquaculture Science. 
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Introduction: Cardiomyopathy syndrome (CMS) is endemic in Norway, and has also been 
detected in the Faroe Islands, Scotland and Ireland. The disease is caused by the totilike 
Piscine myocarditis virus (PMCV), and is one of the most important causes of mortality and 
economic losses in the farming of Atlantic salmon (Salmo salar) in Norway. Clinical cases 
typically occur in the second year after sea transfer, but field accounts now report cases 
occurring earlier in this phase of the production cycle. 

It is still unknown when the fish are infected with PMCV, how long the incubation period of 
the virus is, and which factors influence the course of infection and disease. 

The purpose of this study was to investigate the infection dynamics of PMCV and CMS 
during the sea phase of salmon production. 

Methodology: Two fish groups from each of 12 sea sites producing Atlantic salmon were 
tracked from sea transfer until slaughter. The sites were located along the full length of the 
Norwegian coast line. 

Based on their previous CMS disease history, the sites were classified as high-risk or low-
risk. The high-risk locations were sampled each month, while low-risk locations were 
sampled every other month.  

From each fish group, 20-30 samples were collected from the heart and screened for PMCV 
using RT-PCR. 

Upon detection of PMCV at a location, an extended sampling was performed with the aim of 
establishing whether pathological changes characteristic of CMS were present. 

Results: So far, PMCV has been detected in the majority of the locations, and several of these 
have developed clinical CMS. Two locations have run a full production cycle, and results 
revealed continued viral presence from disease outbreak until slaughter. There was no 
observable difference in viral levels between fish groups of different hatchery origins.  

PMCV has also been detected shortly after sea-transfer, in fish groups which were PMCV-
positive in the hatchery.  

Conclusion: The preliminary findings indicate that PMCV may follow fish groups from 
hatcheries and into the sea water phase. 

Funding of presentation: 
The Norwegian Seafood Research Fund (FHF).  
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Introduction: Cardiomyopathy syndrome (CMS), is a severe cardiac disease of Atlantic 
salmon with a significant economic impact at both company and industry level in Norway. 
The disease is also found in Ireland, Scotland, and previously in the Faroe Islands. Since 
2011, CMS has been linked to the totivirus-like piscine myocarditis virus (PMCV), which is 
found in diseased fish, but also by screening of apparently healthy broodfish. It has 
occasionally been found in hatcheries, but there have been no reports of CMS in fry. 
Recently, though, reports of CMS have been made from smolts a few months after sea-
transfer, and virus has been detected in sexual products of broodstock. Therefore it has been 
speculated that transmission from broodfish to progeny could be a possible route for 
transmission of PMCV, in addition to the established horizontal transmission ways.  

Methodology: We set up a study, where we followed seven family groups from two large 
salmon producers, from broodfish through the egg-, larvae-, fry- and until the smolt stage. At 
pre-testing of the broodfish, we identified parents with different PMCV status, from none to 
high loads of virus detected in hearts. We then took samples from milt and ova, and from 
eggs before and after disinfection and from larvae and fry at different timepoints during the 
production time in hatcheries. 60-120 samples were taken from each group at each timepoint, 
and all samples were tested with PCR.  

In addition, we sampled four groups of smolt from a third producer before and after transfer 
to sea. 

Results: In 128 of 130 tested broodstock, PMCV was found in the hearts, and the prevalence 
of PMCV was 69% in roe and 60% in milt. We were able to detect PMCV in all stages of the 
progeny, but with prevalences <25% and with low viral loads. PMCV was also detected in 
smolt groups both before and after seatransfer. 

Conclusion: This study indicates that PMCV can be and perhaps is transmitted from 
broodfish to smolt under production conditions, but results must be interpreted with caution. 

Funding of presentation: 
An Epidemiological study of Cardiomyopathy Syndrome (CMS): Transmission, risk factors 
and disease development in Norwegian salmon farming’ (CMS-Epi), funded by the 
Norwegian Seafood Research Fund, project number 901118. 
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Introduction: Cardiomyopathy syndrome (CMS) of Atlantic salmon is a disease affecting 
primarily large fish, characterized by a necrotizing myocarditis involving the atrium and the 
spongious part of the heart ventricle. 

The causal agent is piscine myocarditis virus (PMCV), which has a presumable relationship 
to the Totiviridae family, although with unique genome characteristics. The first two open 
reading frames (ORF1 and 2) is believed to encode the capsid and RNA dependent RNA 
polymerase with similarity to and organization as in totiviruses, but PMCV has a third ORF 
downstream of the capsid/polymerase genes not seen in any of the related viruses. 

Viruses assigned to Totiviridae are generally transmitted to new cells during cell division, 
sporogenesis or cell fusion, while Giardia lamblia virus and more recently discovered toti-
like viruses are known/presumed to transmit extracellularly. These viruses all have extra 
protein-coding sequences that have been suggested to encompass all/some of their cell entry 
and exit machineries, which for the new toti-like viruses also includes more advanced 
infections routes in multicellular organisms. The lack of similarity between totiviruses with 
the extra ORF3 and also the low homology with any known protein have opened several 
speculations as to what role the ORF3 encoded protein would have for pathogenesis and/or 
replication of the virus. 

Methodology: The characteristics of ORF3-encoded protein was studied through recombinant 
expression in cell culture, with specific studies on expression morphology and effect on cells, 
processing characteristics of the protein for activation, and mutation studies. Expression via a 
VHSV viral vector was also included. 

Results: The results show that ORF3 is an enigmatic protein. The protein seems to aggregate 
into structures with size larger than cells and with no cell relation or only cell remnants 
attached. The expression characteristics is dependent on a proteolytic procession of the 
protein. The protein increase in vitro virulence and viral titer of an attenuated model virus. 

Conclusions: ORF3 protein is toxic to the cells expressing it. The toxic activity is linked to 
proteolytic processing of the protein. The toxic activity might be a mechanism to release viral 
progeny from infected cells. 

Funding of presentation: 
Norwegian research council (NFR) and Norwegian Seafood Research Fund (FHF). 
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Introduction: Heart and skeletal muscle inflammation (HSMI) has been one of the most 
prevalent viral diseases in Norwegian salmon farming since the first description in 1999. The 
disease is associated with infection by Piscine orthoreovirus (PRV). No studies of genetic 
variation in resistance to the disease have been published. This study aimed to estimate the 
heritability of disease resistance and to examine if marker-assisted selection can be used to 
strengthen resistance to HSMI. 

Methodology: A cohabitant challenge trial including 887 Atlantic salmon smolts from 541 
different families of the AquaGen breeding nucleus was performed at VESO Vikan, Norway. 
As expected there were no mortalities. Sampling of heart tissue for histopathology, qPCR and 
genotyping was performed at 10 weeks after challenge. Histology sections of the heart were 
examined, and HSMI-lesions were classified into four categories ranging from 0-3 in 
severity. Three different qPCR’s were performed; for PRV, for CD8 T-cell marker and for 
Receptor transport protein 3 (RTP3). Genotyping was performed on a SNP-chip from 
Affymetrix, developed by AquaGen and partners, this chip comprises 50 000 single 
nucleotide polymorphisms evenly distributed across the whole genome. 

A field verification sampling was performed at a salmon farm in Middle Norway 
experiencing a classical outbreak of HSMI. The sampling comprised heart tissue from 84 
mortalities and 103 live fish. 

Results: The histopathology lesions showed a heritability of 0.74, while the three traits 
studied by qPCR ranged from 0.06-0.26. The genetic correlation between histopathology and 
CD8 was very high (0.91). 

The genome scan revealed two areas (QTL’s) that together explains a significant part of the 
genetic variation in pathological lesions in heart and the inflammatory response demonstrated 
by qPCR for CD8. 

The strongest QTL was verified in the field outbreak demonstrating significant reduction of 
mortality.  

Conclusions: This study has shown that there is a large potential for improving the salmons 
resistance to HSMI through breeding. The QTL’s detected will be implemented in the egg 
production of AquaGen from 2017. The importance of the QTL’s with regard to HSMI 
pathogenesis will be studied in future projects. 
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Piscine orthoreovirus infection reduces susceptibility of Atlantic salmon (Salmo salar L.) 
to highly virulent infectious haematopoietic necrosis virus (IHNV) 

Vendramin N1, Farias Alencar A1, Iburg T1, Dahle M2, Olsen A3, Olesen N1 

1DTU-VET Eurl for Fish Diseases, Frederiksberg C, Copenhagen, Denmark, 2Norwegian 
Veterinary Institute, Oslo, Norway, 3Norwegian Veterinary Institute, Bergen, Norway 

Introduction: Piscine orthoreovirus is a double stranded RNA virus, widely detected during 
the sea phase of Atlantic salmon production in Norway. The virus has been described as the 
causative agent of heart and skeletal muscle inflammation (HSMI) which is characterized by 
inflammatory lesions of heart and red skeletal muscle. Gene expression analysis conducted 
on samples from experimental infection show that the infection by PRV elicits an innate 
immune response in Atlantic salmon.  

Infectious haematopoietic necrosis virus (IHNV) is a negative single stranded RNA virus that 
currently affects the production of rainbow trout in continental Europe, causing severe losses 
and mortalities, and is considered a potential threat for the salmon production in northern 
Europe. 

Double stranded RNA viruses are associated with viral interference.  

The aim of this study was to investigate the interference induced by PRV infection, by 
comparing the resistance to IHNV of PRV infected and uninfected fish under experimental 
conditions.   

Methodology: A cohabitation challenge was performed with Atlantic salmon in order to 
produce sub-clinical HSMI under experimental conditions. Once the infection with PRV 
peaked, the fish were infected by bath with IHNV. Clinical signs and mortality were 
monitored and target organs were sampled at selected time points to assess viral loads of both 
pathogens. Histopathological lesions and antiviral immune response were also investigated.  

Results: PRV infected salmon did not suffer any mortality and showed negligible level of 
infection with IHNV, whereas, on the contrary, the non PRV infected group suffered 
significant mortality caused by IHNV. Our study further characterize the immune response 
elicited by PRV in Atlantic salmon and provides evidence that antiviral responses in the PRV 
infected fish can protect from IHNV challenge. 

Conclusion: Experimental PRV-infection protects Atlantic salmon from mortality caused by 
IHNV, most likely due to innate antiviral responses. 
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Cellular models are long standing tools in the fields of medical and veterinary research and 
together with an increased awareness of the 3R principles (Reduce, Refine, Replace), 
developing new, alternative approaches to the use of live animals is further encouraged. 

In recent years, a number of viral salmonid cardiomyopathies have been reported, such as 
those caused by Piscine Cardio Myopathy Virus (PCMV), Piscine Reo Virus (PRV) and 
Salmon Pancreatic Disease Virus (SPDV). Cardiac models for in vitro study of the immuno-
pathological mechanisms underlying infections are therefore of interest.  Factors that improve 
a model applicability to the target species and translatability to the whole organism, include 
isolation from the target species and inclusion of all possible cell types present on the target 
organ. In previous work we proposed an in vitro 3D heart primary culture from Atlantic 
salmon embryos (SCPCs) for assessment of host pathogen interactions of cardiotropic agents.  

The SCPCs model was now used to study the kinetics of infection by a virulent SAV isolate 
(F07-220).  SCPCs were developed from commercial embryos of two different genetic traits: 
Atlantic Ova IPN sensitive (S) and Atlantic QTL-innOva® IPN/PD resistant (R). 
Measurement of SAV-nsP1 and mx genes by qPCR was conducted at 1, 5, 10 and 15 dpi on 4 
SCPCs /time point/group. In addition, the viral tropism at 3h, 24h, and 7-10 days post 
infection was studied using transmission electron microscope. 

A different response between groups was observed as measured by the relative expression to 
elf (housekeeping gene) of the mx and SAV-nsP1 genes. A strong opposite response in S and 
R is observed temporarily and up to the second time point, after which a delay response on 
the S group appears as effective as the R group. These preliminary results indicate differences 
in the infection kinetics on these 2 groups as early as the pre-hatched embryo stage. 

The ultrastructure analysis further showed most features of the viral replication cycle can be 
observed using the SCPCs model. 

Together these results expand the potential of SCPCs as a model with applications in line 
with aquaculture scientific interests. 

Funding of presentation: 
This work was performed under SG-MSS AQ0030. 
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The evolutionary origin of Cnidaria is dated approximately 200 million years before most of 
the stem bilaterian lineages arose. Hence, the Myxozoa, a large group of parasitic cnidarians 
with still enigmatic origin had to occur later in the cnidarian evolution when suitable hosts 
became available. To determine the date of origin of these parasites we performed molecular 
clock analysis. 

The alignments used for our phylogenetic and molecular clock analyses contained 147 
metazoans taxa including 10 myxozoans and four fungal outgroups. The alignment includes 
seven nuclear housekeeping genes: aldolase, methionine adensolytransferase, ATP synthase, 
catalase, elongation factor 1 alpha, triosephosphate isomerase and phosphofructokinase. We 
used available and newly obtained genome and transcriptome data to mine the protein coding 
myxozoan genes. Molecular clock analysis was performed using a Bayesian approach with 
several relaxed clock models that allow the molecular rate to vary among species.  

The autocorrelated-rates model revealed that Cnidaria originated some 700 million years ago 
(Ma) which is in agreement with most of published analyses. According to our analysis the 
last common ancestor of Polypodium hydriforme and Myxozoa is dated to 515 Ma, 
approximately two hundred million years after the origin of Cnidaria. The origin of the 
Myxozoa is thus in correlation with a dramatic rise of all bilaterian stem-classes in the late 
Edicarian and early Cambrian and happened before the divergence of bony fish, the typical 
host of extant myxozoans.  

We suggest that the first myxozoan parasites firstly infected an invertebrate host, presumably 
the common ancestor of bryozoans and annelids, in a single host life cycle. Since 
cartilaginous fishes (chimaeras, sharks, skates, and rays) are hosts of most basal myxosporean 
lineages, we assume that acquisition of the second host happened before the cartilaginous 
fishes representing the oldest living group of jawed vertebrates diverged from a common 
ancestor of bony vertebrates. In accordance, we demonstrate that the origin of Malacosporea 
and Myxosporea as well as the three main myxosporean phylogenetic lineages happened 
before the radiation of most teleost orders. We revealed that parasitism in Cnidaria evolved 
early in the evolution and Myxozoa probably represent the first metazoan parasitic group. 

Funding of presentation: 
Czech Science Foundation (#505/12/G112, #16-20744S). 
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Myxozoans are a radiation of endoparasites that comprises a substantial proportion of 
cnidarian biodiversity. Their intracellular organelles (polar capsules) are homologous the 
nematocysts of free-living relatives. However, polar capsules function in transmission 
(enabling host attachment) while nematocysts are used for prey capture and defense. 
Envemonation is achieved when nematocysts deploy toxins with diverse functions that can be 
highly divergent between cnidarian clades. Do myxozoans express the same types of toxins 
as their free-living relatives? To assess the diversity and homology of toxic compounds 
across the phylum and to ascertain whether toxins have been co-opted to support 
endoparasitic lifestyles we are generating genomic, transcriptomic and proteomic data from 
four key lineages of Cnidaria (Staurozoa, Malacosporea, Myxosporea and Polypodium 
hydriforme). Our preliminary results reveal similar ‘toxins’ to those identified in other 
myxozoans (e.g. Myxobolus pendula) as well as in free-living cnidarians (e.g. Acropora 
digitifera and Chrysaora fuscescens). Functional annotation of these proteins implies that 
myxozoan venoms are composed of toxin protein families with predominantly cytolytic 
activities including astacins, lectins, kunitz-type serine inhibitors and coagulation factors. Our 
emerging data support other studies, suggesting high sequence homology between cnidarian 
toxins and those of other venomous animals as revealed by hidden Markov models, 
phylogenetic analyses and protein modelling. This rigorous scrutiny enables us to eliminate 
false positives – a complication that is often overlooked. Our research could lead to improved 
understanding of how myxozoans cause tissue damage, inflammation and mortality and 
hence drive disease dynamics in aquaculture. 

Funding of presentation: 
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Unambiguous mitochondrial gene sequences of myxozoan parasites have been elusive, even 
for universal genes such as cox1, the “barcode of life’. The recent sequencing of complete 
mitochondrial (mt) genomes of several Kudoa species and Enteromyxum leei has finally 
given myxozoan researchers insight into their divergent sequences and complex structural 
characteristics. We have recently completed an annotated, whole-genome assembly of 
Ceratonova shasta – a pathogenic, freshwater, myxozoan parasite of salmonid fishes, and a 
close cousin of the marine Kudoa and Enteromyxum species. We assembled the nuclear 
genome using multiple software pipelines (Velvet, SOAP, Platanus, dipSPAdes, IDBA-UD 
and Trinity) and as part of assessing quality and completeness of each assembly, we searched 
for homologs of Kudoa genes. We identified five mt genes in C. shasta (cox1, cox2, cob, 
nad1 and nad5), but could only recover these genes in the CLCbio, IDBA-UD and Trinity 
assemblies. Despite the superior whole-genome assembly obtained using Velvet, we suspect 
that the low DNA coverage observed for the mt genes, and intergenic sequence variation 
prohibited their proper assembly by some software pipelines. We designed PCR primers 
using the cox1 sequence, and amplified this gene from samples previously identified as 
representing different C. shasta ITS-1 genotypes (O, I, II) and biotypes (II-rainbow, II-coho). 
We demonstrated that there was concordance between ITS-1 and cox1 sequence types, and 
their associations with specific salmonid hosts. The cox1 locus had higher resolution of 
genotypes than ITS-1, and revealed genetic differences between geographical isolates of the 
same ITS-1 genotype. Specifically, cox1 could separate genotype II-coho versus II-rainbow 
sequences, and thus enabled host-species-specific assay development. A complete structural 
solution for the mitochondrial genome is in progress, and preliminary data show that it 
comprises multiple circular chromosomes that share non-coding sequences. 

Funding of presentation: 
United States Department of the Interior, Bureau of Reclamation (#R15PG00065). 
  



177 
 

171-O 

Morphological convergence in distantly related myxozoans: Are spores ecotypes? 

Born-Torrijos A1, Feix AS1, Holzer AS1 

1Institute of Parasitology, Biology Centre of the Czech Academy of Sciences, České 
Budějovice, Czech Republic  

The incongruence of spore morphology and phylogenetic clustering of myxozoans has been 
known for more than a century now. Different spore morphotypes, i.e. genera, can be 
extremely closely related while other morphotypes appear to have emerged more than once 
during the myxozoan evolution. Biological characteristics such as host tissue location, 
invertebrate host group or geography have been shown to mirror phylogenetic clustering, but 
what influences spore shape, size and ornamentation? Apart from enduring unfavourable 
conditions outside the host, spore morphology should favour rapid/easy exit from the host, 
dispersion in the environment and should guarantee reaching the adequate invertebrate host. 
As such, spores likely represent ecotypes. 

The aim of the present study was to determine whether a relationship exists between the 
morphological features of myxozoan spores and their habitats, both within the host and the 
environment. We produced a large database of around 300 taxa and including most known 
genera, which was used to compare spore dimensions, -shape, -size, -organisation, -surface 
structure and -appendages as well as plasmodial characteristics to host organ localisation and 
aquatic habitat characteristics. The performed statistical analyses included linear and 
generalized linear models (R, package lme4). 

Our results show that the intrapiscine and external environment account for the majority of 
morphological spore features defined here, and that some genera that are strongly 
polyphyletic (e.g. Myxidium), in reality represent multiple groups of similar but differentiable  
spore morphotypes with characteristic spore dimensions and surface ridges. The results of 
this study identify characteristics of myxozoan spore morphology that are useful for 
myxozoan taxonomy as they mirror phylogenetic clustering. At the same time, it unveils 
some presently used taxonomic features as redundant as they clearly represent ecological 
adaptations. 

Funding of presentation: 
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The Myxozoa is a major group of cnidarian parasites with some species significantly 
impacting aquaculture and fisheries. However, parasitism among the Cnidaria takes several 
forms. While myxozoan development typically occurs within hosts, and free-living life stages 
are spores, other parasitic cnidarians such as Polypodium hydriforme and Edwardsiella 
lineata can continue their development in the absence of a second host. Our research seeks to 
understand the origin, evolution and diversity of cysteine protease inhibitors (cystatins and 
stefins) in cnidarians with a special interest in parasitic taxa. These proteins are important 
pathogenicity factors of parasites as they act as key elements involved in host-parasite 
interactions.  

Cystatin superfamily homologs were identified from newly produced and published cnidarian 
data by a combined motif- and sequence similarity-based blast search strategy. We performed 
a comprehensive phylogenetic analysis based on the amino acid sequences of cnidarians and 
other metazoans. The gene structure evolution was traced by a more detailed phylogenetic 
analysis restricted to cnidarians. The gene organization was studied by comparison of 
sequences obtained from cnidarian genomes and transcriptomes.  

Cystatins were lost in the myxozoans included in the analysis, while they are present in free-
living cnidarians as well as in P. hydriforme and E. lineata. Stefins were identified in both 
free-living and parasitic cnidarians, including myxozoans. Moreover, some myxozoan species 
additionally evolved stefins with acquired signal peptides indicating secretion and transport 
outside of the parasite (typical feature of true cystatins) possibly as a novel defense or host 
immune system interference adaptation. Cystatins and stefins form two separate phylogenetic 
groups with no strict separation of myxozoan stefins with/without signal peptide. The gene 
organization of stefins is very similar among cnidarian species with two introns delimited by 
GT and AG pairs, as is also found in trematodes and mammals. 

Our findings suggest functional diversification and lineage-specific adaptations of cysteine 
protease inhibitors, potentially in relation to the parasitic lifestyle of this primitive metazoan 
group. Future functional and biochemical characterization of myxozoan stefins will identify 
their roles in host-parasite interactions and aid their evaluation as candidates for the 
development of novel therapeutic targets to control myxozoan diseases in fish. 

Funding of presentation: 
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Ceratonova shasta is a deadly parasite causing enteronecrosis and mortality in salmonids 
from the Pacific Coast of North America. After invading through the gills and dispersing by 
blood it infects all layers of the intestine. C. shasta represents a complex of genotypes with 
different degrees of virulence: from low virulence genotype 0, with no mortality and chronic 
infection, to a high virulence genotype II, with up to 100% mortality and systemic infections. 
C. shasta developmental stages are motile, showing three different types of cell protrusions: 
filopodia, lamellipodia and blebs, which have different functions: anchoring (without 
displacement), blebbing (non-directional exploration) and crawling (directional movement). 
In May 2016, naïve rainbow trout were exposed to C. shasta at two different locations: Keno 
Eddy for genotype 0 and Williamson River for genotype II. Blood, gills and gut were 
sampled for DNA and RNA at days 1, 7, 15, 22 and 29 p.e. Motility genes were mined from 
our reference genotype II transcriptome using Uniprot and Cell Migration Knowledge 
database. 8 genes were selected by their relevance as motility factors in the literature: β-actin, 
coactosin, talin (filopodin), coronin, myosin10, β-integrin, Rac1 and RhoA. Quantitative gene 
expression assays were developed using three reference genes and data was analyzed using 
the ΔΔCt method (log fold change). Genotype II was more active earlier (day 7) in the 
infection than genotype 0 (day 15) as evidenced by larger fold change of coronin, β-actin and 
myosin10, presumably linked to a more rapid invasion of that genotype. On later days of 
infection (day 22 & 29), genotype II showed a larger fold change of most of the actomyosin 
machinery related factors, probably associated with a higher rate of proliferation and 
spreading. Later in the infection, mesenchymal motility seems to be promoted for genotype II 
by means of higher fold change in β-integrin, talin (filopodin) and Rac1 expression. These 
results reveal the relevance of the parasite motility for proliferation, spreading and virulence 
of C. shasta. 

Funding of presentation: 
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Thelohanellus spp. are freshwater myxozoan parasites causing myxosporiosis in common 
carp (Cyprinus carpio). A member of this group, Thelohanellus kitauei, causes intestinal 
giant cystic disease, especially in common carp ponds in the Far East (China, Korea and 
Japan). The aim of our investigation was to find the myxospore stage of T. kitauei in fish in 
Hungary, because its actinospore stage, an aurantiactinomyxon has already been detected in 
2011 from Branchiura sowerbyi oligochaetes in the Kis Balaton Reservoir, Hungary.  

During the past years Thelohanellus spp. samples were collected from common carp 
specimens from Hungarian pond cultures and natural waters (Lake Balaton and its tributaries) 
and the oligochaete intermediate hosts (Branchiura sowerbyi) collected from different 
sampling sites were also examined. Both myxospores and actinospores were analysed by 
morphological (histology, native microscopy) and molecular methods (18S rDNA sequences) 
to identify the parasites. 

Plasmodia of T. kitauei have not been observed yet, although its actinospore stage was 
detected once again. Other Thelohanellus spp. have been isolated from the fins, scales, buccal 
cavity and gut serosa of the inspected carp specimens. Besides the well-known Thelohanellus 
nikolskii and T. hovorkai, undescribed species were also detected, which can increase the 
phylogenetic complexity within the genus. Differences in the pathogenicity of Thelohanellus 
spp. to the common carp hosts were also observed by comparing the same parasites from 
different geographical regions. 

Funding of presentation: 
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Introduction: The infectious salmon anemia virus (ISAV) is an important viral disease of 
farmed Atlantic salmon that has caused considerable financial losses for salmon farmers 
around the world, including Atlantic Canada. It is listed as a notifiable disease by the World 
Animal Health Organization and to this day, culling of infected cages or farms remains the 
current practice in many countries to mitigate the spread of the virus. In Atlantic Canada, 
ISAV was first detected in 1996 and continues to be detected.   

Methodology: This study provides a description of the detected ISAV isolates in Atlantic 
Canada between 2012 and 2016, and explores the phylogenetic relatedness between these 
ISAV isolates.   

Results: A key finding is the detection for the first time of a North American-HPR0 ISAV 
subtype, which was predicted to exist for many years. While some outbreaks seemed to have 
arisen from isolated infections of unknown source, others were local clusters resulting from 
horizontal spread of infection. We also observed at least 3 outbreaks where an apparently 
related non-virulent form of ISAV had previously been detected, giving support to the notion 
that non-virulent ISAV (HPR0) can mutate to virulent forms. Through phylogenetic analysis, 
a scenario emerges with at least 3 separate “introductions” of ISAV in Atlantic Canada. An 
initial ISAV separation between North America and Europe resulted in the NA and EU 
genotypes known today; this separation predates the salmon aquaculture industry. The second 
introduction of ISAV from Europe to North America led to a sublineage in Atlantic Canada 
consisting of EU-HPR∆ isolates detected in Nova Scotia and New-Brunswick, and the 
predominant form of ISAV HPR0 (EU).  Finally, we observed what could be the third and 
most recent introduction of ISAV in Newfoundland, in the form of an isolate highly similar to 
ISAV EU-HPR0 isolates found in the Faroe Islands and one isolate reported from Norway.   

Conclusions:  Since the first period of ISAV outbreaks in the Bay of Fundy (1996 to 2007), 
changes in the dynamic of ISAV outbreaks have been observed. Mitigation and viral 
adaptation are discussed as explanatory factors for the present ISAV situation in Atlantic 
Canada. 
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Introduction: Salmon gill pox virus (SGPV) is of growing concern to the salmon farming 
industry and has likely been highly overlooked as a primary pathogen in cases diagnosed as 
multifactorial gill disease. The main objectives of this study were to determine the prevalence 
and origin of SGPV in Faroese salmon freshwater smolt farms, to investigate the transmission 
route of the virus and to determine the potential role of biofilters in maintaining viral load 
within recirculation aquaculture systems (RAS). 

Methodology: Prevalence of SGPV was studied by screening 2062 fish from nine freshwater 
smolt farms, sampled over a two-year period, using a real-time PCR assay. The major capsid 
protein gene was sequenced for phylogenetic analysis. SGPV transmission route was studied 
in a cohabitation field experiment, where naïve fish were placed into two cleaned tanks in a 
SGPV positive epidemiological unit and sampled every 10 days for PCR screening and 
histological examination. Lastly, PCR screening was also used to examine biofilter swabs 
from seven of the farms. 

Results: SGPV was detected at four of the farms (median Ct-values of 26, 28, 31 and 31). 
Sequence analysis revealed a close genetic relationship between Faroese and Norwegian 
SGPV isolates. After ten days, fish in the cohabitation study tested positive for SGPV with a 
median Ctvalue of 21, indicating high virus concentrations. Albeit subsequent samplings 
showed declining virus concentrations and clinical outbreaks were not observed, histological 
examinations of gill tissue revealed classical signs of SGPV in the pre-mortal stage, for 
example epithelial cell apoptosis in the secondary lamella of the gills and widespread fusion 
of the lamella. SGPV was detected in biofilters at four farms and there was 100 % 
concurrence between farms with SGPV positive fish and positive biofilters.  

Conclusions: Our results provide the first evidence of horizontal transmission of SGPV and 
highlight the potential role of biofilters as virus reservoirs, thus emphasising the importance 
of biosecurity protocols, such as quarantine measures, disinfection of tanks and maintenance 
of biofilter function, to prevent spread of SGPV between fish groups. 

Funding of presentation: 
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Introduction: Salmonid alphavirus subtype 3 (SAV3) causes pancreas disease (PD) and 
adversely affects salmonid aquaculture in Europe. A better understanding of disease 
transmission is currently needed in order to manage PD outbreaks. The relationship between 
viral dose and the outcome of SAV3 infection, and further spread would enable better 
management practices. 

Methodology: Atlantic salmon post-smolts were challenged with three different SAV3 doses 
and the relationship between viral dose and outcome of SAV3 infection was studied using a 
bath challenge model. Quantification of the SAV3 shed by infected fish was measured in 
filtered/concentrated tank-water using qPCR and by titration of live infectious virus.  

Results: The outcome of SAV3 infection, evaluated by the prevalence of viraemic fish, 
SAV3-positive hearts, and the virus shedding rate positively correlated to the original SAV3 
dose. A maximal shedding rate of 2.4x104TCID50 L-1 of seawater h-1 kg-1 was recorded 10 
days post-exposure (dpe) from the highest dose group. A dose of as little as 7 TCID50 L−1 of 
seawater was able to induce SAV3 infection in the challenged population with a substantial 
level of variation between replicate tanks and, therefore, likely represents a dose close to the 
minimum dose required to establish an infection in a population.  

Conclusions: The data from this study confirm the highly infectious nature of SAV through 
horizontal transmission. The outcome of SAV3 infection, evaluated by the prevalence of 
viraemic fish, SAV3-positive hearts, and the virus shedding rate, was positively correlated to 
the original SAV3 dose. The method reported here, for the quantification of infectious SAV3 
in seawater, could be useful to monitor PD status or obtain data from SAV3 outbreaks at field 
locations. Quantification of infectious SAV in seawater can be used to monitor SAV3 at 
marine sites and can be incorporated into pathogen dispersal models to improve risk 
assessment of SAV spreading during outbreaks. 
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Introduction: Heart- and skeletal muscle inflammation (HSMI) is an emerging disease in 
Atlantic salmon (Salmo salar) farming. HSMI is associated with Piscine orthoreovirus (PRV) 
infection, but PRV is ubiquitous in farmed Atlantic salmon and thus present also in 
apparently healthy individuals. This has brought speculations if additional etiological factors 
are required, and experiments focusing on the causal relationship between PRV and HSMI 
are highly warranted.  

Methodology: A major bottleneck in PRV research has been the lack of cell lines that allow 
propagation of the virus. To bypass this, we propagated PRV in salmon, bled the fish at the 
peak of the infection, and purified virus particles from blood cells by gradient centrifugation. 
Electron microscopy, western blot and high-throughput sequencing all verified the purity of 
the viral particles. Two doses of purified PRV particles were inoculated into Atlantic salmon, 
which were cohabitated 50:50 with naïve individuals for eight weeks. PRV load and antiviral 
responses were examined by RT-qPCR, and histological analysis and immunostaining for 
PRV was performed in heart and muscle. 

Results: The purified virus replicated in inoculated fish, spread to naïve cohabitants, and 
induced histopathological changes consistent with HSMI. PRV specific staining was 
demonstrated in the pathological lesions. A dose-dependent response was observed; a high 
dose of virus gave earlier peak of the viral load and development of histopathological 
changes compared to a lower dose, but no difference in the severity of the disease.  

Conclusions: The experiment demonstrated that PRV can be purified from blood cells, and 
that PRV is the etiological agent of HSMI in Atlantic salmon. 
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Introduction: Heart and skeletal muscle inflammation (HSMI) is associated with Piscine 
orthoreovirus (PRV) infection and is an important disease in Atlantic salmon (Salmo salar) 
aquaculture. Since PRV infects erythrocytes, and farmed salmon frequently experience 
environmental hypoxia, effects of PRV infection and HSMI on hypoxia tolerance, 
cardiorespiratory performance and blood oxygen transport were studied.  

Methodology: A cohabitation trial with PRV-infected fish was performed, and one group 
(PRV-H) was exposed to periodic hypoxic stress for 2h at 40% O2 at 4, 7 and 10 weeks post-
infection (WPI). We analyzed the effects of PRV infection on individual incipient lethal 
oxygen saturation (ILOS) in an hypoxia challenge test (HCT). Maximum heart rate (fHmax), 
hemoglobin-levels and hemoglobin-oxygen affinity measurements were also performed. 

Results: Periodic hypoxic stress did not influence the infection levels or histopathological 
changes in the heart. At 7 WPI (peak level of PRV infection) and 10 WPI (peak HSMI 
pathology) the PRV-infected group exhibited reduced hypoxia tolerance compared to non-
infected fish. This was in line with maximum heart rate (fHmax) measurements at 10 WPI, 
showing a lower temperature optimum (Topt) for aerobic scope for PRV-infected fish, which 
may indicate reduced cardiac performance and thermal tolerance. Although the PRV-H group 
had reduced hemoglobin-oxygen affinity compared to non-infected fish, this group performed 
equal to non-infected fish in hypoxic stress tests and heart rate measurements at 10 WPI, 
suggesting a preconditioning effect of previous hypoxic stress.  

Conclusions: Hypoxia tolerance and cardiac performance are impaired during HSMI. This 
effect can be improved by preconditioning from short-term hypoxic stress episodes. 

Funding of presentation: 
Norwegian research council. 
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Introduction: The Norwegian salmon aquaculture produce 1 million tonnes of salmonid fish 
annually at almost 1000 fish farms located along the 2000 km long Norwegian coastline. The 
number of individual fish is more than 200 million, which is significantly higher than the 
wild salmonid fish stock (2-5 million individuals).  

Although the farmed fish are monitored and treated for parasites and diseases, a substantial 
amount of waterborne pathogens are being released from the fish farms to the natural 
ecosystems. The Norwegian authorities has decided recently that the growth of the salmon 
aquaculture will be based on sustainability of the wild ecosystems, and at present the 
infection pressure of salmon lice from farmed to wild fish is the most critical measure of 
sustainability.  

Methodology: To estimate regional distribution of pathogens with high resolution in time and 
space, we use a combined set of numerical models. A high resolution atmosphere model, a 
coastal ocean model and a hydrological model all feed a fjord model producing current and 
hydrography on a spatial scale of O (100m) every hour for any period the last 50 years. Based 
on results from the fjord model we simulate particle dispersion where particles will have 
vertical behaviour, mortality and infectivity depending on the pathogen. Observations for 
model validation are taken from e.g. current measurements.  

Results: We find that the currents are highly variable when realistically forced by wind, tide, 
freshwater runoff and the interaction with coastal water. Thus the regional distribution of 
pathogen concentrations will also have a large variability (hourly to daily) and potentially a 
long dispersion distance from the source (several tens of km). 

Conclusions: It is necessary to include the effects of the current and other environmental 
variables like salinity and temperature in order to precisely determine the regional 
distribution of pathogens in Norwegian coastal waters. 
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The identification of risk factors for parasite introduction into and amplification within fish 
farms is crucial in order to design effective biosecurity and parasite control management 
strategies. Currently, there is a substantial lack of knowledge about such risk factors. 

A structured review of the available literature on risk factors for selected parasites was 
undertaken with the aim to bring together relevant knowledge on characteristics of host and 
parasite biology and risk factors for infection and amplification of parasites on fish farms. 
This process helped to assess the level of data available and identification of data gaps. 

Questionnaires were designed to provide parameter estimates on the relevance of risk factors 
for initial parasite infection and risk factors for infection causing impact for infection of 
gilthead seabream (Sparus aurata) with Enteromyxum leei and Sparicotyle chrysophrii, and 
of European seabass (Dicentrarchus labrax) with Ceratothoa oestroides and Amyloodinium 
ocellatum. Separate questionnaires were developed for each of parasite. 

Highly experienced experts were then invited to participate in a two-stage consultation 
process: participation in an online questionnaire, followed by a physical meeting. 

The responses obtained provide quantitative estimates for the relevance of risk routes of 
infection with the respective parasites, the relevance of management procedures for reducing 
or increasing mortality due to parasite infection, relevance of environmental factors, such as 
water exchange rate. Examples of risk factors that were relevant for development of infection 
causing impact were frequency of removal of mortalities from rearing units, number of cage 
farm sites in a production area. Management procedures that were identified to significantly 
reduce losses are separation of year classes during production, and fallowing.  

Furthermore, important quantitative estimates of impacts of parasite infection on aquaculture 
production in terms of delay in reaching harvest size or cumulative mortality during certain 
phases of production were obtained. 

The literature reviews and outcomes from the expert consultations are now forming the basis 
for planning further data collection through field studies. The information brought together 
will also feed into the development of biosecurity and integrated pest management strategies 
and assessments of the most economic management strategies of parasite infections. 

Funding of presentation: 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 634429. This output reflects the views only 
of the author(s), and the European Union cannot be held responsible for any use which may 
be made of the information contained therein. 
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Introduction: Koi herpesvirus (KHV) disease outbreaks in England and Wales (E&W) are 
officially controlled by the Fish Health Inspectorate (FHI) based at the Centre for 
Environment, Fisheries and Aquaculture Science (Cefas) laboratory in Weymouth, UK. As 
the temperatures rise each summer the Inspectorate responds to increasing reports of 
mortalities in angling waters and places legal controls on affected sites to prevent further 
spread of KHV.   

Method and Results: The first case of KHV in a fishery in E&W occurred in 2003 and the 
disease became notifiable in 2007, between 5 and 32 confirmed cases in carp fisheries in 
E&W have been confirmed by the FHI each year (a total of 138 cases have been confirmed). 
The disease has reoccurred on 3 sites in this period. Some geographic clustering of outbreaks 
was observed, suggesting potential transmission by anglers. Experimentally, pathogen 
transmission has been demonstrated on angling equipment. Risk pathway analysis highlight 
match and pleasure fisheries as the highest risk sites for spread (due to angler behaviour). 
Other work has indicated that use of disinfectants on fisheries is not always effective. 
However, molecular analysis of the KHV isolates did not support spread of a single isolate 
between neighbouring sites. The evidence suggests that multiple introductions occur.    

Conclusions: Whilst the evidence from the field suggested that local spread of the virus was 
important in its epidemiology, the molecular epidemiology clearly indicates that multiple 
introductions occur. Clustering of cases may arise due to raised awareness amongst anglers 
and fishery owners after an initial confirmation of disease. Many questions remain about the 
epidemiology of the disease. Importantly the prevalence of infection and diversity of virus 
genotypes in fisheries in E&W is not known. 
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Anguillid herpesvirus-1 (AngHV-1) is one of the most important viral pathogens of cultured 
eels, but few reports exist of disease in wild fish populations. Here we detail four mortalities 
of AngHV-1 in wild eels from still water fisheries in England. Gross pathological changes, 
consistent with AngHV-1 disease, included skin lesions and haemorrhaging in the fins. 
'Histopathological changes were characterised by necrosis, haemorrhage and cellular 
inflammation, primarily of the gills, but also in the kidney, skin, liver and spleen. Affected 
eels were lethargic, aged between 19 and 27 years old and exhibited morphological 
characteristics consistent with silvering. It is proposed that temperature combined with 
physiological stressors of silvering and the inability for eels to escape these landlocked 
waters could serve as triggers for AngHV-1 disease.   

In order to establish the distribution of AngHV-1, a survey was conducted between 2011 and 
2013, with capture of glass, yellow and silver eels during Environment Agency monitoring 
activities. Blood samples were taken from 685 eels (and tissues from an additional 429 glass 
eels) from 36 rivers, across 11 River Basin Districts and tested for antibodies to AngHV-1. 
Results indicate that the virus is relatively widespread in all life stages of eels, but at a very 
low prevalence. The importance of this virus to the health, survival and spawner quality of 
wild eels is discussed.  
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With increasing culture in net pens around Iceland, the need for information on the status 
regarding pathogens that are common in aquaculture around the North-Atlantic Ocean is 
obvious. The aim of the survey was to screen groups of wild and cultured Atlantic salmon for 
three viruses. These are infectious salmon anemia virus (ISAV), piscine myocarditis virus 
(PMCV) and piscine reovirus (PRV). 

The survey groups included juveniles and adult fish and were divided into three categories. 
The first category included juveniles that were released into the rivers where the broodfish 
had been caught. Returning broodfish were sampled the following year. In the second 
category there were juveniles, offspring of an old sea-ranching brood stock that were released 
into a river and fish returning to that river the following year. In the last category there were 
cultured juveniles that were transferred to net pens in two different areas and sampled again 
after 8 and 18 months at sea. Heart and kidney samples from individual fish (N=710) were 
placed in RLT-buffer (RNeasy Mini kit, Qiagen). RNA was isolated and used for RT-qPCR 
virus assays. PRV positive samples were examined further using RT-PCR for the S1 gene. 
Samples from all groups were selected for sequencing. 

All samples tested were negative for PMCV and ISAV, but PRV was detected in all groups 
except one. In the wild fish category, PRV frequency ranged between 0-100%, while in the 
sea-ranching and cultured category it was 95-100%. The distribution of cycle threshold (Ct, 
RT-qPCR) values varied in the groups, representing variable levels of virus in the samples. 
The lowest levels of virus (high Ct) were observed in the wild fish. 

The results show that PRV is widespread in Atlantic salmon in Iceland. Similar observations 
have been reported in surveys elsewhere. Interestingly, there was a great difference between 
the wild salmon groups assayed and that may reflect differences between geographical areas. 
Sequence analysis is in progress. The PRV sequences obtained will be aligned and compared 
to detect possible sequence differences within Iceland as well as in comparisons to viral 
sequences published in other countries.  
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Introduction: Infectious pancreatic necrosis (IPN) is a highly contagious disease of young 
salmonid fish, and is one of the most serious economic diseases in aquaculture. In Turkey, an 
increase in IPN virus (IPNV) outbreaks in fresh water rainbow trout, has been reported in 
recent years. The aim of this study was to analyse the VP2 gene from recent IPNV isolates 
from Turkey, to determine whether there are epidemiological links between IPNV isolates 
from rainbow trout (62) and sea bass farms (1), wild fish (turbot) (1) and the environment in 
order to investigate potential wild and farmed fish interactions.  

Methodology: In this study, 62 Turkish IPNV isolates collected over 10 years (2005–2014) 
from rainbow trout, sea bass and turbot were genotypically characterized. Trout samples were 
obtained from freshwater in Turkey. 

Results and Conclusions: The phylogenetic analysis indicated that Turkish IPNV isolates are 
closely related to strains from the Iran and Spain and that all Turkish IPNV isolates belong to 
genogroup V, serotype A2 strain Sp. Furthermore, low genetic diversity was found between 
the Turkish isolates (identity, 95.5–100% nucleotides and 97.8–100% aminoacids). The result 
of the analysis of the amino acid residues found at positions 217, 221, and 247 (proline, 
threonine, and alanine/glutamic acid, respectively) could be associated with virulence, 
although the expression of virulence factors is more complex and may be influenced by the 
agent and host factors. The high percentage of identity among the VP2 genes from 
geographically distant IPNV isolates and the evidence of wide distribution in the country 
might have been facilitated by carrier trout. This hypothesis is supported by the identification 
of the amino acid threonine at position 221 in all Turkish isolates, a factor related to the 
carrier state for IPNV, as reported by other studies. In addition, this study represents a 
comprehensive IPNV phylogenetic study that indicates that there are closely related or 
identical isolates in circulation in the marine environment, which adds evidence that disease 
interactions between wild and farmed fish may occur. This type of analysis is a useful tool in 
the management and control of fish diseases because it can assist in the identification of 
epidemiological links and highlight potential risks to aquaculture.  

Funding of presentation: 
This work was supported by The Scientific and Technological Research Council of Turkey 
(TUBITAK), Project no: 213O156. 
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Introduction: A previously unknown bacterial disease occurred on a sea water Atlantic 
salmon farm, in 1992 and 1993, in Ireland, causing mortalities of up to 60% in some stocks. 
The causative agent of the disease was subsequently named Oceanivirga salmonicida. There 
has been no reported recurrence of the disease, elsewhere. Aspects of the epidemiology 
remained unknown, including origins of the infection in the stocks. Studies are being 
conducted on possible epidemiological links between the microbiota of marine mammals and 
the salmon mortalities. 

Methodology and Results: Histopathology of affected salmon showed distinctive features, 
including high numbers of intracellular Gram-negative bacteria. In particular, kidney 
endothelial cells, were enlarged with densely packed bacteria within cytoplasmic vacuoles. A 
slow growing, facultative anaerobe was isolated on supplemented agar media. Laboratory 
infectivity trials reproduced the disease in pre-smolts. Early 16S rRNA sequence analysis 
indicated a possible relationship to Streptobacillus moniliformis (Leptotrichiaceae), an agent 
of rat bite fever in man. However, recent studies, including whole genome sequence analysis, 
mass spectrometry (MALDI-TOF-MS) and further biochemical analyses, supported the 
affiliation of the bacterium to the Leptotrichiaceae, but demonstrated it was distinct from the 
described genera. The novel taxon O. salmonicida gen. nov., sp. nov. was formally proposed.  

Recent 16S rRNA database searches have shown high similarities (>99%) of O. salmonicida 
to uncultured bacterial clones from oral and gastric samples of marine mammals, including 
bottlenose dolphins and California sea lions. In the current study, swab samples were taken 
from stranded dolphins and seals. Samples were used for 16S rRNA microbiome analyses 
and for isolation of O. salmonicida and related bacteria. Swabs were cultured on semi-
selective media, based on antibiotic sensitivity profiles. Selected bacterial isolates were 
examined by biochemical profiling, 16S rRNA analysis and mass spectrometry. An isolate 
from an oral sample of a common dolphin (Delphinus delphis) was identified as O. 
salmonicida, by mass spectrometry; with molecular confirmation in progress. Animal 
sampling and microbial analyses are continuing. 

Conclusions: Studies are ongoing on possible epidemiological links between the microbiota 
of marine mammals and past losses in Atlantic salmon, due to O. salmonicida. The 
significance of the findings is discussed. 
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Our understanding of myxozoans as a group and of Ceratonova (Ceratomyxa) shasta as a 
species has changed dramatically in the past decade. At the genus level, it is now clear that C. 
shasta is distinct from other Ceratomyxa species and that it clusters with at least two other 
histozoic myxozoans that infect freshwater fish. At the species level, we have discovered that 
C. shasta is comprised of several genotypes with differing host specificity. Just as the 
distribution of the parasite is defined by the range of its invertebrate host, the distribution of 
C. shasta genotypes is defined by salmonid species composition, and by anthropogenic 
factors such as stocking policies and construction of barrier dams. Some of the host 
relationships appear to be exclusive; for example, genotype 0 is detected in native trout and 
steelhead (Oncorhynchus mykiss), and genotype I is detected in Chinook salmon (O. 
tschawytscha). Genotype II, although predominant in coho salmon, is detected more broadly 
across species. We have recently used single-spore genotyping to show that types II and III 
are intra-genomic variants of the same parasite. Using population genetic analyses, including 
bayesian coalescent phylogenetics, we have used ITS-1 sequence data to show more about 
the evolutionary relationships of C. shasta with its host species in the Klamath river basin. 
The historic distribution of fish species within the basin is the strongest correlate with C. 
shasta genotype and disease phenotype patterns, suggesting that access to host species is the 
most important driver of C. shasta genotype evolution. Although ribosomal rDNA sequences 
have defined most of these genotypes, they don’t correlate with all disease patterns. 
Sequencing of the parasite genome, which was initiated to identify targets for molecular 
assays, is helping to clarify host-parasite-disease relationships and inform our understanding 
of factors related to their host specificity. 

Funding of presentation: 
United States Department of the Interior, Bureau of Reclamation (#R15PG00065). 
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S. molnari is the agent of skin and gill sphaerosporosis in common carp. We recently detected 
emerging numbers of presporogonic blood stages in European carp cultures and aimed at 
determining the host reaction to this massive presporogonic development in controlled 
laboratory experiments. 

Specific pathogen-free carp were IP injected with S. molnari blood stages and sampled on 
day 1, 2, 4, 7 and thereafter weekly until week 9 post infection (p.i.). Sampling included full 
hematological analyses and the collection of DNA/RNA samples from a number of organs to 
determine the whereabouts and concentration of parasite stages by qPCR as well as the 
expression of secreted IgM (sIgM) and membrane-bound IgM (mIgM) in different organs, as 
an indicator for acquired immunity.  

S. molnari blood stages were first detected on day 14 p.i. and the highest blood stage 
concentration was found 28 days p.i. Thereafter, the parasite was found to invade several 
organs, with highest parasite levels detected in the liver, on day 42 p.i. These were found to 
be six times higher than those present in the blood. A strong immunological response was 
raised by the host, characterized macroscopically by reno-, hepato- and splenomegaly and 
microscopically by massive proliferation of lymphocytes from day 21 onwards. Significant 
changes over time were also detected in the number of neutrophils, monocytes and 
thrombocytes. The sudden increase in sIgM expression strongly points to the development of 
a specific host immune response, which could provide some protection to reinfection. While 
less prominent in the experiment, in carp from different ponds, S. molnari infection was 
related to significant hemolysis, with visible blood color change and a reduction of 
hematocrit and hemoglobin levels to 36% of the normal values. 

Our results indicate that presporogonic stages of S. molnari cause a strong immunological 
response in common carp. The observed hemolysis is of special importance as it likely causes 
a serious problem for carp survival in the summer months, when ponds are deprived of 
oxygen and algal blooms occur, causing additional nightly oxygen loss and the accumulation 
of nitrite, which competes with oxygen for the hemoglobin binding sites. 

Funding of presentation: 
EC (RIA, ParaFishControl, #634429), Technology Agency of the Czech Republic 
(#TG02010016) and the Czech Science Foundation (#505/12/G112). 
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Introduction: Enteromyxoses, caused by intestinal myxozoanparasites, are diseases with a 
great economic impact for turbot and gilthead sea bream aquaculture. The parasitic forms 
invade the paracellular space of the mucosa of the digestive tract, producing a cachectic 
syndrome in both species, nonetheless, the pathological picture they pose is quite different. 
Turbot infected by Enteromyxum scophthalmi develop severe catarrhal-desquamative 
enteritis, reaching mortality rates of 100%. In gilthead sea bream infected by E. leei, the 
inflammatory reaction is not associated with a marked sloughing of the mucosa, and mortality 
rates are low. The alteration of the intestinal barrier, whose preservation depends on the 
integrity of cell-cell junctions, is considered to be involved in the onset of the clinical signs 
(anorexia and emaciation), but the mechanisms underlying the different changes in intestinal 
architecture are still unclear.  

Methodology: We investigated the expression changes at protein and gene level of E-
cadherin, the main protein constituting the adherens junctions between enterocytes, by 
immunohistochemistry (IHC) and quantitative PCR (qPCR). E-cadherin is a highly conserved 
protein, a characteristic that allowed us the optimization of an immunohistochemical 
technique using the same primary heterologous antibody for turbot and gilthead sea bream, as 
well as the design of common primers to perform the qPCR.  

Results: The IHC showed a specific basolateral membrane staining, with a regular pattern in 
healthy fish of both species. On the contrary, the staining was markedly irregular in 
parasitized fish, and especially in turbot an intensely immunoreactive area was observed in 
the junction between the parasitic stages and the surrounding enterocytes. The gene 
expression analysis also revealed a distinctive pattern in the two hosts, with turbot showing a 
tendency to up-regulation of E-cadherin expression, whereas a significant down-regulation 
was detected in severely parasitized gilthead sea bream. 

Conclusions: The results indicate that the parasitization by Enteromyxum spp. induces 
modulation of E-cadherin expression and changes in its distribution pattern, distinctive for 
the two studied species. This suggests the disruption of the cellular junctions as one of the 
factors contributing to the different pathogenesis of the disease in turbot and gilthead sea 
bream. 

Funding of presentation: 
This work has been funded by the projects AGL2015-67039-C3-1-R, AGL2015-67039-C3-3-
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by EU H2020 program through ParaFishControl Project (634429). I.E. was contracted under 
APOSTD/2016/037 grant by the “Generalitat Valenciana” and G.P.-C. under the “Juan de la 
Cierva” program.  
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Kudoa thyrsites encysts within myocytes of more than 35 species of marine fish. While 
infected fish appear unharmed, parasite derived enzymes degrade the skeletal muscle post-
mortem. Atlantic Salmon farms in affected regions of Canada’s Pacific can harvest between 
4-7% of fish with post-mortem effects. Infections are detected in blood by PCR 
approximately 500 degree days (dd) post entry to infectious seawater, and pseudocysts are 
visible within myocytes after 1500 dd. Once pseudocysts become visible, detection in blood 
decreases, suggesting a migratory blood stage and a decrease in new infections. Neither the 
duration of this putative migratory stage, nor the relationship between detection in blood and 
downstream infection intensity in skeletal muscle are known.  

To determine a correlation between detection of K. thyrsites in blood with severity of 
myocyte infections 2100 dd later, uniquely identified individual fish were sampled and 
tracked. Between 500 and 1000 dd, 30 fish per week (n=208) were sampled for blood, 
tagged, weighed, and released.  Blood wasscreened for K. thyrsites by RT-qPCR and 
compared to pseudocyst counts and fillet quality from 68 surviving individuals at 3100 dd. 

Detection of K. thyrsites in blood by RT-qPCR predicted the industry standard for fillet 
discard with 82% accuracy. Blood infected fish averaged 0.518 pseudocysts/mm2 compared 
to an average of0.099 pseudocysts/mm2 from blood negative fish (p<0.05). Of the 42 blood 
negative fish, 36 had commercially viable fillets and pseudocyst counts below 0.026/mm2. 
Identification of infected blood prior to myocyte encystment provides a new non-lethal tool 
for early detection. Correspondence between detection in blood and myocyte infection 
suggest that variation in host susceptibility may be related to responses to the early invasive 
or migratory stages of K. thyrsites. Improved understanding of the physiological interactions 
between the host and parasite within 1000 dd of exposure may lead to better fillet quality. 
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In British Columbia, Canada, severe infections with Kudoa thyrsites in farmed Atlantic 
salmon are associated with an economically significant reduction in fillet quality caused by 
post-mortem proteolysis of skeletal muscle. Neither vaccines nor chemotherapeutants are 
available and infections are managed through the optimization of husbandry measures. Our 
earlier research showed that salmon which have recovered from the infection are less 
susceptible to reinfection than naïve controls, suggesting acquired immunity. The research 
also suggested risk of infection was increased in small smolts, a hypothesis which was tested 
in the present study.  

Two groups of smolts were exposed to infectious seawater approximately 6-months apart. 
Each group was graded to form small (68 – 80 g), medium (100 – 118 g) and large (142 – 
157 g) size classes, all of which were exposed in duplicate tanks. Fish were sampled at 1000, 
1500, 2000 and 2500 degree-days (DD) after exposure and histological preparations of 
muscle were microscopically screened for infection.  

In the first smolt group examined, the infection was only seen in one fish (large class) at 1000 
DD. Subsequently the prevalence in each size class (n=40) was 12.5%, 25.0% and 20.5% 
(1500 DD), 15.0%, 20.0% and 32.5% (2000 DD) and 17.5%, 42.5% and 40.0% (2500 DD). 
Median severity values (plasmodia/square mm tissue) in infected fish among size classes 
were 0.029, 0.048 and 0.104 (1500 DD), 0.051, 0.182 and 0.242 (2000 DD) and 0.125, 0.135 
and 0.969 (2500 DD). Analysis of the second group is presently underway.  

The data did not support the hypothesis and indicated risk of infection was greater in larger 
smolts. The relationship between size-associated risk in post-smolts and the acquisition of 
immunity in harvest size fish is not known and should be assessed by repeating this research 
under production conditions.  
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Optimizing bead based multiplex immunoassays for detection of Piscine orthoreovirus 
specific antibodies in Atlantic salmon (Salmo salar) 

Teige L1, Subramaniam K1, Lund M2, Haatveit H1, Røsæg M1,3, Wessel Ø1, Storset A1, 
Rimstad E1, Boysen P1, Dahle M2 

1NMBU - Norwegian University of Life Sciences, ÅS, Norway, 2Norwegian Veterinary 
Institute, Oslo, Norway, 3SalMar ASA, Kverva, Norway 

Introduction: Future growth in aquaculture relies strongly on the control of diseases and 
pathogens. Vaccination has been a successful strategy for controlling bacterial diseases in 
fish, but optimal vaccines for viral diseases are still highly warranted. Effective long-term 
protection against viral infections is not yet fully understood, and tools to monitor adaptive 
immune responses are few. Assays that can detect specific antibodies produced in response to 
viral infection in fish are still in their early development. Multiplex bead based assays are 
sensitive, and allow detection of multiple antigen-specific antibodies simultaneously in very 
small amounts of plasma or serum. Lipid modification of antigens to increase their antibody 
binding is a potential strategy to further increase assay sensitivity. Here, we aim to optimize 
assays for detection of antibodies targeting Piscine orthoreovirus (PRV), the virus associated 
with the disease Heart and skeletal muscle inflammation (HSMI) in farmed Atlantic salmon. 

Methodology: A bead-based multiplex assay has previously been developed for detection of 
PRV-specific antibodies. Here, PRV antigens and other salmonid virus antigens were lipid 
modified using the Twin Arginine Translocase (Tat) pathway in recombinant E. coli to 
increase their binding to antigen-specific IgM. 

Results: Using the bead based immunoassay we detected plasma IgM directed against 
recombinant outer capsid protein µ1 and the non-structural protein µNS of PRV. Results 
from using this assay on plasma from a PRV cohabitation challenge trial indicated that 
antibody production was initiated approximately two weeks after the peak phase of PRV 
infection, coinciding with typical HSMI pathology. Other outer capsid proteins from PRV 
and other salmonid virus antigens has been tested in the assay, but failed to bind specific 
antibodies. Lipid modified versions of these antigens were tested for increased binding of 
specific IgM. 

Conclusions: Sensitive bead based multiplex immunoassays combining several viral antigens 
would be a valuable tool for disease control in salmon aquaculture. Antigen modification may 
further increase the sensitivity of such assays. 

Funding of presentation: 
NMBU. 
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A study of the skin immune response of rainbow trout, Oncorhynchus mykiss, to puffy 
skin disease 

Christie L1, van Aerle R1, Paley R1, Verner-Jeffreys D1, Feist S1, Cano I1 

1Cefas, Weymouth Laboratory, UK 

Introduction: Puffy skin disease (PSD) is an economically significant, emerging skin 
condition, affecting rainbow trout. Direct-cohabitation challenges with PSD affected fish 
have shown that PSD is a transmissible condition (Cano et al., 2016). However, the causative 
infectious agent(s) responsible for PSD remain(s) unknown. This study aimed to characterise 
the rainbow trout epidermal immune response to PSD. 

Skin samples from rainbow trout, classified as mild, moderate or severe PSD, based on gross 
pathology and histological assessment, were selected from previous cohabitation challenges 
for this study. 

Methodology: The levels of expression of 26 immune-associated genes including, cytokines, 
immunoglobulins and cell markers were examined using TaqMan qPCR analysis. In parallel, 
high-throughput transcriptome sequence analysis was performed using skin tissue from 
control fish and PSD affected fish. 

Additionally, RNA in-situ hybridisation of seven immune genes was carried out using 
histological sections of PSD affected skin tissue. Histological sections were examined to 
determine the number of eosinophil cells in PSD affected skin tissue.  

Results: The qPCR analysis showed significant upregulation of interleukin 1 beta (il1b), 
complement component c3 (c3), major histocompatibility class I (mhc1), T-bet and lysozyme 
(lyz) and significant down-regulation of toll-like receptor 3 (tlr3) and TGFβ in rainbow trout 
with PSD lesions. Transcriptome analysis showed upregulation of MHC1 and 
immunoglobulins in PSD-affected fish. RNA in-situ hybridisation showed mhc1, major 
histocompatibility class II (mhc2), interleukin 4 (il4) and il1b positive cells in PSD skin 
sections. Histological examinations showed a significant increase in the number of eosinophil 
cells in PSD affected skin tissue (P<0.05).  

Conclusions: Taken together, these results indicate the epidermal immune response of 
rainbow trout to PSD follows a Th2/Th17 inflammatory pathway, typical of a response to 
extracellular pathogens and allergens. 

Funding of presentation: 
DEFRA (Department for Environment, Food & Rural Affairs). 
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Proliferative kidney disease transcriptomics: Host-specific parasite biomarkers of 
infection and testing of novel vaccine candidates for rainbow trout aquaculture 

Faber M1, Secombes C1, Holland J1 

1Scottish Fish Immunology Research Centre, University of Aberdeen, Aberdeen, UK 

Proliferative kidney disease (PKD) is one of the most serious diseases affecting salmonid 
aquaculture. Caused by the myxozoan parasite, Tetracapsuloides bryosalmonae, fish 
recovering from chronic infection have protective immunity to re-infection, providing the 
impetus for vaccine development. Thus, we believe, that antigens that may convey immune 
protection are those that exhibit a dominant expression profile in kidney tissue relative to 
other parasite stages. We have addressed this by the sequencing and assembly of parasite 
transcriptomes from both heavily infected kidneys and bryozoan spore sacs. Therefore 
providing the opportunity to uncover antigens that can serve as host-specific parasite 
biomarkers of infection and for vaccine development. Furthermore, to study early host 
immune-response in the gill infection trials were undertaken.  

Host-specific parasite transcriptome assemblies, filtered using a draft parasite genome, have 
been fully annotated and compared by reciprocal BLAST analysis. Transcripts in common 
with both assemblies have been further disseminated using an in silico antigen selection 
pipeline to identify putative extracellular proteins (ECPs). Predicted target transcripts were 
PCR verified and host specific expression profiles examined by qRT-PCR. Full length 
transcripts were cloned into a secretory eukaryotic expression vector and prepared for DNA 
immunization. Vaccinated fish were immunised for three months (ca. 900 degree days) prior 
to a natural parasite exposure. Sampling was undertaken when advanced clinical disease was 
attained. Protective efficacy was assessed using the Clifton-Hadley system of measuring 
gross kidney pathology, parasite load, and the expression of parasite antigens and host 
immune genes by qRT-PCR.  

Reciprocal BLAST analysis revealed 7362 parasite contigs to be in common with both 
parasite transcriptomes and the host-specificity of shortlisted vaccine candidate verified by q-
RT-PCR. Full annotation, gene expression data, and results from our vaccine studies will be 
presented. 

Here, for the first time, we report the development of novel vaccination targets for PKD. In 
combining in silico selection of putative ECPs and their relative expression levels in both 
infected hosts, we have uncovered novel vaccine candidates and novel host-specific parasite 
biomarkers of infection. 

Funding of presentation: 
ParaFishControl, EU H2020-funded project. 
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The BAFF/APRIL axis plays an important role in virus-induced peritoneal responses in 
rainbow trout 

G. Granja A1, Castro R1, Abos B1, Tafalla C1 

1Inia, Valdeolmos, Spain 

IgM+ B cells have been recently demonstrated to be key regulators of peritoneal 
inflammation in teleost. Despite this, the number of studies addressing the mechanism 
through which this cell population expands and differentiates in response to stimuli has been 
scarcely addressed. Because the BAFF/APRIL axis is known to play a major role in B cell 
survival and differentiation in mammals, we hypothesized that it could be 
modulated/disrupted in the peritoneal cavity in response to a viral stimulus. To verify this 
hypothesis, we studied how BAFF, APRIL and the fish-specific related cytokine BALM as 
well as their putative receptors, namely BAFF receptor (BAFF-R), B cell maturation antigen 
(BCMA) and calcium modulator and cyclophilin ligand interactor (TACI), are regulated in 
rainbow trout after intraperitoneal (i.p.) injection of viral hemorrhagic septicemia virus 
(VHSV). VHSV provoked an up-regulation of both BAFF, APRIL, BALM, BAFF-R and 
TACI mRNA levels in isolated peritoneal IgM+ B cells suggesting an important role of the 
BAFF/APRIL axis in the B cell responses observed in the peritoneum in response to the 
virus. Finally, to gain further insight on the role that these cytokines play in the peritoneum, 
we have studied their effect on the survival of peritoneal IgM+B cells. Survival of peritoneal 
IgM+ cells was significantly promoted by APRIL and BALM in vitro. This work 
demonstrates a key role for the BAFF/APRIL axis in the peritoneal antiviral immune 
response and contributes to further understanding how IgM+ B cells are regulated at this 
specific peripheral site. 

Funding of presentation: 
This work was supported by the European Research Council (ERC Starting Grant 2011 
280469), the European Commission under the 7th Framework Programme for Research and 
Technological Development (FP7) of the European Union (Grant Agreement 311993 
TargetFish) and by project AGL2014-54456-JIN from the Spanish Ministry of Economy and 
Competitiveness (MINECO). 
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Use of the reporter cell line RTG-P1 for detection of viral fish pathogens  

Lester K1, Collet B1, Collins C1 

1Marine Scotland, Aberdeen, UK 

Introduction: As fish farming continues to increase worldwide, the related research areas of 
fish disease is also expanding aided by the recent genomic revolution. While there are 
numerous stable cell reporter assays for different mammalian cell pathways, and for fish 
pathways targeting detection of environmental or pharmacological toxicants, there are few 
stable cell reporter systems in fish relating to study of fish disease or pathogens. In 2003, a 
transgenic rainbow trout cell line based on the Rainbow Trout Gonadic cell line (RTG-2) was 
generated and submitted to the ATCC collection (Collet et al., 2004). The RTG-P1 (Rainbow 
Trout Gonad) cell line expresses the firefly luciferase gene under the control of the promoter 
of the rainbow trout mx1 gene. Mx protein is one of numerous anti-viral proteins produced by 
cells when exposed to viral pathogens; therefore when the RTG-P1 cell line produces Mx in 
response to infection it also produces luciferase which is measurable on a luminometer.  

Methodology: In order to investigate the potential benefits of using a reporter cell line as a 
replacement for detection of viraemia by traditional methodologies; such as virus isolation in 
culture, quantification of virus by endpoint dilution assay (TCDI50) and virus neutralisation 
assay, these tests were adapted to measure the expression of luciferase on the RTG-P1 cell 
line instead of observing cytopathic effect (CPE).  

Results: Serum samples were pre-screened for the presence of salmon pancreatic disease 
virus (SPDV) before isolation of the virus in cell culture. RTG-P1 titrations were comparable 
to the standard TCDI50 method; however in those viruses which show little or no CPE the 
RTG-P1 titration was particularly useful. Finally the cell line was used to detect the presence 
of fish antibodies in serum using an adapted neutralisation assay.  

Conclusions: The RTG-P1 reporter cell line is a useful tool for studying viraemia. The small 
volume of material required makes these assays compatible with non-lethal sampling and in 
addition, as this method does not rely on the visible observation of CPE or specific 
monoclonal antibodies, it is also suitable for the detection of unknown viral agents. 
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Red mark syndrome – A novel but serious problem in Danish rainbow trout fish farms 

Henriksen N2, Schmidt J1 

1DTU National Veterinary Institute, Kgs. Lyngby, Denmark, 2The Danish Aquaculture 
Organisation, Silkeborg, Denmark 

Red mark syndrome (RMS) is an infectious skin disease affecting almost exclusively rainbow 
trout of more than 50 g. The causative agent has not yet been fully established, but a 
bacterium from the recently described group Midichloriaceae is the primary suspect. In most 
cases RMS is not affecting the growth and mortality of the fish, but the main problem from 
the point of view of the fish farmer is that the characteristic symptoms (large red marks on 
the flanks) typically appear at market size, which leads to down-grading and financial loss. 
RMS has been a growing problem for Danish fish farmers since it was first observed in 
Denmark a decade ago. Now about one third of Danish rainbow trout farmers experience 
occasional or continuous problems with RMS. Puffy skin disease is only observed on few 
farms, but where it occurs it has a serious impact on economy and fish welfare. On the 
workshop the situation of skin diseases on Danish fish farms will be discussed based on field 
experiences and on questionnaire answers from trout farmers in 2015 and again in 2016/2017. 
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The current state of red mark syndrome 

Metselaar M1, Thompson K2, Adams A3 

1Benchmark Animal Health, Sheffield, UK, 2Moredun Research Institute, Penicuik, UK, 
3University of Stirling, Stirling, UK 

Red mark syndrome (RMS) is a skin condition affecting rainbow trout (Oncorhynchus 
mykiss) in freshwater. Although the disease does not result in significant mortalities, it does 
cause considerable economic losses to the trout industry due to the downgrading of the fish at 
the time of harvest. RMS first appeared in the UK in late 2003 and has since spread to over 
more than 50% of trout farms in the UK. It has also now been reported in many European 
counties, and as far as Japan and Chile. A similar skin condition to RMS, known as 
strawberry disease (SD), has been present in rainbow trout in USA since the mid-1940s. 
Single or multiple skin lesions, usually appearing slightly raised and well demarcated, are 
evident during disease episodes of both RMS and SD. The lesions are usually located across 
or below the lateral line, and can appear haemorrhagic with scales missing from the centre of 
the lesion.  

The aetiology of both RMS and SD remains unknown, but the cause is believed to be 
bacterial in nature. Two pathogens have been associated with RMS, a rickettsia-like organism 
(RLO) and Flavobacterium psychrophilum, with an association made between RMS and F. 
psychrophilum in 2006. Fish affected by SD tested negative for F. psychrophilum, however. 
In 2008, Lloyd et al found a strong correlation between SD lesions and the presence of a 
RLO 16S rRNA sequence. This led us to compare RMS samples from UK with SD samples 
from USA, and we conduced that RMS and SD are, in fact, the same condition based on 
results from qPCR (for the RLO 16S rRNA sequence) and immunohistochemistry. Our 
studies conclude that there is no association between F. psychrophilum and RMS, while there 
is a positive correlation between the RLO and RMS-affected tissue. Subsequent phylogenetic 
analysis of the 16S rDNA sequence of the RLO associated with RMS/SD indicates that it 
belongs to the recently described family Midichloriaceae, within the order Rickettsiales. No 
RLO has yet been cultured from RMS fish, however, and further information is needed about 
the role of the RLO is the disease process. This presentation reviews the current state of RMS 
in rainbow trout aquaculture. 
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Red mark syndrome: Observations on disease development in a cohabitation model 

Schmidt J1, Iburg T1, Madsen L1, Henriksen N2, Boutrup T3, Olesen N1 

1DTU National Veterinary Institute, Kgs. Lyngby, Denmark, 2The Danish Aquaculture 
Organisation, Silkeborg, Denmark, 3Aquapri A/S, Egtved, Denmark 

Red mark syndrome (RMS) is a skin disease affecting rainbow trout. The distinguishing 
feature is large non-ulcerative, raised, haemorrhagic lesions mainly on the flanks. The disease 
has been known for several decades in North America as Strawberry disease, but has only 
been observed in Europe (where it is called Red Mark Syndrome) since the turn of the 
century. The disease has now spread over much of Europe to the extent that it is now a major 
health problem facing rainbow trout aquaculture – at least in the United Kingdom and 
Denmark. 

In order to characterize the disease progression and identify the causative agent(s), we have 
attempted to transmit the disease to naive fish via direct and indirect cohabitation as well as 
by injection of tissue homogenate from RMS-affected fish. While the other approaches did 
give some disease transmission, direct cohabitation has been the most successful approach so 
far, and we now have an ongoing infection model. This model has provided valuable insights 
into the development of RMS symptoms. All experimental fish have been PIT tagged to 
allow individual identification. Acquisition of digital images of the cohabitants at regular 
intervals has allowed monitoring of the development of individual lesions. A number of cases 
will be presented at the workshop to show a palette of the different visual manifestations of 
RMS. 

Funding of presentation: 
European Maritime and Fisheries Fund and H. Henriksens Fund. 
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Puffy skin disease in rainbow trout Oncorhynchus mykiss 

Cano Cejas I1, Verner-Jeffreys D1, van Aerle R1, Peeler E1, W. Feist S1 

1Cefas, Weymouth, UK  

Introduction: In 2002 a new skin condition in farmed rainbow trout Oncorhynchus mykiss 
(Walbaum) in England was recognised by the Cefas Fish Health Inspectorate (FHI), and 
became known as puffy skin disease (PSD). The condition persisted on affected farms but the 
apparent rate of spread to new sites was low until 2006, when reported cases increased 
substantially.  From 2012 onwards, PSD has been also reported in rainbow trout fisheries. 

In the water, affected fish appear grey in colour and affected areas of skin, normally on the 
flank, show excessive mucous and dermal opacity. In advanced cases, a thick mucous layer 
covers areas of raised scales and skin. Affected fish may lose their appetite and become 
emaciated. Mortality is not usually observed but economic losses arise from increased 
production costs, culling and downgrading of carcasses. 

Methodology and Results: Two separate challenges were conducted using Trojans sourced 
from two different sites and diploid (first trial) or triploid (second trial) naïve fish. PSD-
specific clinical signs were observed in both groups of naïve fish, with 66% (65 out of 98) of 
the fish sampled during the challenges showing signs of varying severity. The first clinical 
features of PSD presented as white oval skin patches on one or both flanks 15-21 days post-
challenge (dpc). The extent of the lesions ranged from 10 to 90% of the body surface, 
depending on the severity of the lesion. Both the severity and number of affected fish 
increased with dpc. Macroscopically, dermal hyperplasia and multifocal petechial 
haemorrhaging were observed towards the end of the trials. Abnormal fish behaviour 
(e.g.“flashing”) and excessive mucous production was noted from 15 dpc. Fish with severe 
PSD were inappetent and became emaciated. 

Histologically epidermal oedema was observed in 30.7% of the naive fish showing gross 
pathology, with an additional 12.3% displaying epidermal hyperplasia, at the end of the 
challenge (42 dpc). Epithelial erosion and sloughing, and occasionally mild or focal 
inflammation were also observed. No consistent pathology of internal organs was observed. 
The parasites Ichthyophthirius multifiliis and Ichthyobodo necator were observed in skin 
samples of a proportion of naïve challenged fish and Trojans but not in control fish. The 
presence of these and other known fish pathogens in the skin of PSD-fish was confirmed by 
high-throughput sequencing analysis.   

Conclusions: Under laboratory conditions, PSD was transmitted to rainbow trout by co-
habitation challenges with PS-affected fish collected from the field. However further work is 
required to definitively identify the causative infectious agent(s). 

Funding of presentation: 
This study was funded by the UK’s Department for Environment Food and Rural Affairs 
under contract FB002. 
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Current situation and recent advances on petechial rash in Mediterranean aquaculture 

Padros F1, Varvarigos P2, Thompson K3, Gustinelli A4, Zarza C5, Girons A6, Metselaar M7 

1Fish Diseases Diagnostic Service, Universitat Autonoma de Barcelona, Catalonia, 
2AQUAHEALTH Diagnostic Services, Athens, Greece, 3Moredun Research Institute, UK, 
4Department of Veterinary Medical Sciences. Alma Mater Studiorum University of Bologna, 
Italy, 5Skretting, Norway, 6Ictiovet, Barcelona, 7Fish Vet Group  

Several recent or emerging skin diseases have been described in freshwater salmonids, such 
as red mark syndrome, warmwater strawberry diseases and puffy skin disease, but other 
similar dermatopathies have also been described in marine species. Among these, petechial 
rash, also known as red spot disease, is emerging as a relevant skin disease affecting mainly 
gilthead seabream Sparus aurata, but also European seabass Dicentrarchus labrax and other 
species. The condition was first observed in 2002-2003 in seabream reared in cages in the 
West Mediterranean sea and in the following years the disease progressively expanded 
towards Eastern regions of the Mediterranean. The disease is characterized by the production 
of several focal reddish lesions in the body and fins progressing into ulcers and eventually 
self-heal. The disease is seasonal, with higher prevalence during the cold season (October-
May), when temperatures are rising (spring) or dropping (winter). In most cases, direct 
mortality is low, but morbidity and persistence of the lesions can be very high, causing 
significant disruption to management practices at a farm level and rejection of fish at the 
market. The disease also presents several characteristics, based mainly on epizootiology and 
management (apparent response to antibiotics) that strongly suggests it has an infectious 
origin and which seems to be exacerbated by stress, although the role of other factors such as 
nutrition should not be disregarded.  

In recent years, some effort has been made to define the pathology associated to this 
condition. Pathological and histopathological studies indicate that petechial rash is 
characterized as a multifocal acute to chronic dermatitis affecting mainly the spongious 
dermal layer of the skin, with a significant inflammatory reaction. Some studies using 
microbiological, immunohistochemical and molecular techniques have been carried out in 
order to identify the involvement of a specific agent associated with petechial rash, but the 
results were inconclusive. Further studies are still required to identify the primary pathogen 
involved and also the route of infection. All of these aspects will be discussed during the 
presentation.  
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Development of a DNA vaccine against KHV and characterization of immune responses 
after intramuscular and oral vaccination 

Embregts C1, Veselý T2, David L3, Tadmor-Levi R3, Wiegertjes G1, Forlenza M1 

1Cell Biology and Immunology Group, Wageningen University, Wageningen, Netherlands, 
2Veterinary Research Institute, Brno, Czech Republic, 3Department of Animal Sciences, The 
Hebrew University, Rehovot, Israel 

Introduction: Koi Herpes Virus (KHV; CyHV3) causes high mortalities in common carp and 
Koi carp but to date no safe and effective vaccine is available for worldwide use. We present 
data on the development of a DNA vaccine encoding for the KHV ORF25 that is one of three 
envelope glycoproteins of KHV and the major structural protein of the virus.  

Methodology: KHV ORF25 was expressed as a soluble and as a transmembrane protein, and 
both vaccine constructs were independently tested for their efficacy upon intramuscular 
injection of carp and protection upon subsequent lethal challenge. We used 
immunofluorescence and Western blot analysis to confirm the production of the KHV ORF25 
protein in vitro by Vero cells, and used immunohistochemistry to demonstrate the production 
of the KHV ORF25 protein in vivo after i.m. injection of the DNA vaccine. Next, we tested 
the protection induced by the vaccine when delivered intramuscularly, or orally at various 
doses and time intervals. Local and systemic immune responses after vaccination were 
further studied using antigen-specific ELISA, immunohistochemistry, RT-qPCR and virus-
neutralization assays.  

Results: While a moderate protection was observed in the initial vaccination experiment in 
the i.m. injected group expressing soluble/transmembrane ORF25, protection was not 
consistent. Similarly, oral vaccination using the DNA vaccine encoding the transmembrane 
ORF25 did not confer protection at any of the tested doses, and the addition of various 
molecular adjuvants did not improve survival in any of the tested groups.  

Conclusions: Overall, we describe the development of a DNA vaccine against KHV using the 
ORF25 protein. By the use of various techniques we confirmed the correct expression of the 
KHV ORF25 both in vitro and in vivo. Even though this antigen has been described as being 
highly immunogenic, in our hands, when used alone, it did not induce a protective immune 
response upon i.m. injection or oral administration. 

Funding of presentation: 
TargetFish, Targeted disease prophylaxis in European fish farming: FP7-311993. 
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Development of a bead-based multiplex immunoassay for detection of specific 
antibodies in Atlantic salmon after vaccination 

Lund H1, Midtlyng P1, Storset A1, Boysen P1 

1Department of Food Safety and Infection Biology, Norwegian University of Life Sciences, 
Oslo, Norway 

The future growth and sustainability of Norwegian aquaculture relies on the control of 
disease and pathogens by protective vaccination. However, tools for measuring adaptive 
immunity in fish are in need of optimization. Bead based multiplex immunoassays enables 
the simultaneous analysis of the response against multiple vaccine antigens in the same small 
sample volume, thereby reducing analysis time, cost and effort. Additionally, the bead-based 
immunoassays offer a greater dynamic quantification range and a lower detection 
limitcompared to the conventional ELISA assay.  

We have developed a multiplex bead-based semi-automated immunoassay for measuring 
specific antibodies in Atlantic salmon after vaccination. Purified native A-layer protein from 
Aeromonas salmonicida subsp. salmonicida or whole cell sonicate of either 
Aliivibriosalmonicida or Moritella viscosa was covalently coupled onto different Magplex®-
C magnetic bead sets. Non-coupled beads and positive and negative plasma pools served as 
controls. The results reported here are from plasma samples of Atlantic salmon parr 
immunized with commercially available multivalent adjuvanted vaccines, or with 
experimental multivalent formulations containing reduced A. salmonicida, M. viscosa or 
Aliivibrio salmonicida antigen content. Plasma was collected at different time-points after 
vaccination.  

The assay measured an increase in mean fluorescence intensity (MFI) for circulating 
antibodies against three bacterial vaccine antigens during the immunization period. In groups 
immunized with reduced antigen amount, the specific antibody response was lower than in 
the baseline formulation.  Non-vaccinated and PBS-injected fish were characterized by low 
MFI. Plasma dilutions series demonstrated a wide linear correlation to MFI, reducing the 
critical need to establish a narrow optimal dilution for each analyte.  

Our results confirm the assay’s dynamic robustness and versatility for multiplexing, 
suggesting that this technology will become a valuable tool for studies of humoral responses 
to vaccination in Atlantic salmon. In particular, it may provide an alternative approach to 
challenge trials for vaccine batch potency testing in the future. 

Acknowledgments and funding of presentation: 
Petter Frost and Aslaug Ness, MSD Animal Health Innovation; and Dag Knappskog, 
Vaxxinova Norway. Funded by The Research Council of Norway and Norwegian University 
of Life Sciences. 
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Relevant route of experimental challenge reveals sub potent vaccine batches in Atlantic 
salmon 

Ramstad A1, Reitan L2, Krossøy B3, Midtlyng P2 

1VESO Vikan Research Facility, Namsos, Norway, 2Norwegian Veterinary Institute, Oslo, 
Norway, 3Vaxxinova Norway AS, Bergen, Norway 

According to European medicinal product regulations, the quality control provided by batch 
potency testing of veterinary vaccines cannot be omitted and for the sake of animal welfare, 
alternatives to the injection challenge protocols currently included in the Pharmacopeia 
Europa must be developed and documented. During a research project aiming to provide 
scientific evidence that antibody response measurements by enzyme linked immunosorbent 
assays (ELISAs) are feasible for batch potency testing, we have carried out two independent 
experiments to evaluate the ability of experimental challenge models to reveal defective 
formulations of adjuvanted Atlantic salmon vaccines.  Groups of salmon were immunized 
with experimental multivalent vaccine formulations containing the intended (100%) or 
reduced (including 0%) of one of its antigen components; Vibrio salmonicida (study 1) or 
Moritella viscosa (study 2).  The experimental infection with V. salmonicida was carried out 
by injection as recommended in the corresponding Ph. Eur. vaccine monograph, while a well- 
established bath exposure model was employed for the M. viscosa challenge.  A striking 
difference was found between the two models, as the V. salmonicida inoculation challenge 
failed to reveal the defective formulations, while the M. viscosa bath exposure gave strongly 
reduced protection in fish that had received an experimental vaccine containing 25% or less 
of the full antigen amount.  The bearing of these findings for development of batch potency 
tests for Atlantic salmon vaccines will be discussed. 

Acknowledgments: 
Petter Frost, MSD Animal Health, Bergen. 
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Identifying mechanisms of protective mucosal immunity in rainbow trout, 
Oncorhynchus mykiss: immersion vs. oral vaccination against vibriosis 

Monaghan S1, Herath T2, Wang Z3, Gilaranz D1, Bron J1, Richards R1, Adams A1 

1University of Stirling, Stirling, UK, 2Harper-Adams University, Newport, UK, 3Guangdong 
Ocean University, Zhanjiang, China 

Oral vaccination offers a number of benefits over conventional vaccination strategies for fish, 
such as avoiding handling stress and the presence of adhesions associated with intraperitoneal 
vaccination. The current study was undertaken to elucidate the immune responses conferring 
protection along the length of the salmonid gastrointestinal (GI) tract following mucosal 
vaccination.  

A model Vibrio vaccine, AquaVacVibrio Oral vaccine (Listonella anguillarum and Vibrio 
ordalii) was administered to rainbow trout (Oncorhynchus mykiss) using different mucosal 
vaccination regimes (triplicate groups of 20 fish treatment-1): immersion primary – 
immersion boost (after 21 days) (II), immersion primary – oral boost (IO) (5 days vaccine 
feed, 5 days normal diet, 5 days vaccine feed), single immersion (I) or oral only (O), with 
these being compared to non-vaccinated controls (C). Fish were bath challenged 300 degree 
days post-vaccination by exposure to Vibrio anguillarum (3.7 x 106 cells fish-1 of V. 
anguillarum, VIB 39) to determine vaccine efficacy. Additional tanks were also set up to 
enable sample collection. Six separate tissue regions of the GI (oesophagus, stomach, pyloric 
caecae, midgut (anterior and posterior) and hindgut were collected and and stored in 
RNAlater or fixed in 4% buffered paraformaldehyde for analysis by gene expression and 
immunohistochemistry. In addition, the skin and gill were sampled as comparative mucosal 
organs. 

Mortality in challenged fish was significantly reduced (p<0.05) in I and II groups with 65% 
and 75% RPS, respectively, while RPS in the IO group was 50%. No protection was observed 
in the O group. Significantly up-regulated membrane bound and secreted IgT expression was 
observed post-booster immunisation (p<0.05) in the gill of the most protected group (II) as 
was the case for TCR, suggesting these genes to be useful markers of protective immunity in 
the gill. Significantly different constitutive expression levels of different immune markers 
within different gut regions were observed, with some T-cell markers being significantly 
down-regulated e.g. CD8α in pyloric caecae. Further gene expression and histological / 
immunohistochemical analysis of a number of other B-cell, T-cell and Th17 markers will 
reveal the expression and localisation of these responses through the GI following different 
mucosal vaccination regimes, and their role in protection. 

Funding of presentation: 
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Introduction: Adjuvants are used with vaccine to modify the immune responses. They may 
enhance antibody responses and provide a long-lasting protection against diseases. Freund’s 
complete/incomplete adjuvants (FCA/FIA) have been widely used in the immunological 
researches, and stimulates both humoral and cell-mediated adaptive immune responses.  

Edwardsiellosis in Japanese flounder Paralichthys olivaceus causes severe economic losses 
in Asian countries. The causative agent, Edwardsiella tarda, is an intracellular pathogen. The 
protective effects of formalin killed cells (FKC) vaccine is limited, and thus the use of 
adjuvants might be needed to improve the efficacy. Here we investigate the effects of FCA 
and FIA on the formalin-killed vaccine against Edwardsiella tarda in Japanese flounder 
Paralichthys olivaceus.  

Methodology: Fish, average total length of 12 cm, were intraperitoneally injected with 
phosphate buffered saline (PBS), 1 x 109 cells of FKC of E. tarda, and 1 x 109 cells of FKC 
mixed with FCA (FKC-FCA) or that with FIA (FKC-FIA). The injected fish were reared at 
18 °C, and then blood were taken from the fish on 2 w.p.i. to be assessed by ELISA. We 
chose three cytokine genes, IL-1β, IFNγ and IL-12p35. IL-1β is an inflammatory cytokine, 
which regulates a number of inflammatory responses. IFNγ and IL-12p35 are known as 
cytokines to promote cell-mediated adaptive immune responses. For the gene expression 
analyses, spleen were sampled at 6 h and on 3 d.p.i. 

Results and Conclusions: The antibody levels in FKC, FKC-FCA and FKC-FIA groups were 
significantly higher than that of PBS group. Moreover, the FKC-FCA and FKC-FIA groups 
showed the higher levels than FKC group. The mRNA levels of IL-1β in FKC, FKC-FCA 
and FKC-FIA groups at 6 h after injection were significantly increased in comparison with 
that before the injection. In contrast, the mRNA levels of IFNγ and IL-12p35 were only 
increased in FKC group at 6 h after the injection. These results suggest that Freund’s 
adjuvants might influence on certain signaling pathways in innate immune responses. We are 
now conducting challenge test to evaluate the protective effects of Freund’s adjuvants. 
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Introduction: Spring Viremia of Carp Virus (SVCV) is a major threat to carp production and 
currently no effective vaccines are commercially available. We report that intramuscular 
(i.m.) DNA vaccination using a DNA plasmid encoding the SVCV glycoprotein (SVCV-G) is 
very successful in carp. However, i.m. injection is less practical than oral vaccination, which 
could be stress-free, labour-extensive and easier to deliver.  

Methodology: First, we will present data on the development of a DNA vaccine encoding the 
SVCV G-protein that confers full protection when delivered through i.m. injection, even at a 
low dose of 0.1 ug/g of fish. We also report on oral delivery of the same DNA vaccine using 
various vaccination regimes.  

Results: Local responses to the injected or orally delivered DNA vaccine were studied by 
immunohistochemistry using a unique panel of G protein- and leukocyte-specific antibodies, 
and by RT-qPCR using a wide array of primers specific for immune genes. Systemic humoral 
responses to the injected or orally delivered DNA vaccine were studied by analysing the virus 
neutralization capacity of serum from vaccinated carp. Furthermore, the generation of 
immunological memory of antigen-specific B and T cell populations from vaccinated carp 
was analysed by measuring in vitro proliferation after re-stimulation with SVCV. Finally, we 
characterized the kinetics of recruitment of B and T lymphocyte populations to local sites 
after vaccination, as well as their distribution in systemic and mucosal immune organs. 

Conclusions: The combined use of leukocyte-specific antibodies, histology, molecular 
approaches and flow cytometry enabled us to characterize rapid local immune responses as 
well as long-term memory responses of carp upon i.m. or oral DNA vaccination against 
SVCV. We will discuss the efficacy of DNA vaccination against SVCV and its potential for 
oral vaccination approaches. 

Funding of presentation: 
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How does the Pacific oyster Crassostrea gigas resist to the protozoan parasite Bonamia 
ostreae? 
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Bonamiosis is an oyster disease due to the intrahemocytic protozoan parasite Bonamia 
ostreae. Because of its dramatic impact on populations of flat oysters Ostrea edulis in 
Europe, it is listed as a notifiable disease. Crassotrea gigas is the first produced oyster 
species in Europe and is commonly farmed in zones where B. ostreae occurs. However, the 
parasite has never been detected in this oyster species. Moreover, experimental work 
previously showed that C. gigas is not susceptible to B. ostreae. 

In order to explore mechanisms involved in the resistance of C. gigas to the parasite, 
experiments were carried out in vitro and in vivo and C. gigas response was compared with 
the response of the susceptible species O. edulis.  

This response was first investigated in vitro by measuring hemocyte internalization of live 
and heat-inactivated parasites. Apoptosis, a key mechanism known to be activated during O. 
edulis infection with B. ostreae, was evaluated in hemocytes by flow cytometry. Although the 
parasite was internalized by hemocytes from both oyster species, it appeared more able to 
infect flat oyster than cupped oyster hemocytes. Moreover, the apoptotic response was more 
important against live than dead parasites in the natural host than in C. gigas.  

Parasite injection in C. gigas did not yield to the development of the infection confirming the 
resistance of this oyster species in vivo. Apoptosis did not appear activated in challenged 
cupped oysters. Discrepancies between results from in vitro and in vivo experiments suggest 
that other mechanisms than apoptosis are used by C. gigas to fight against B. ostreae. 

Other barriers than hemocytes, like mucus, are known to interact with pathogens. In order to 
evaluate the potential involvement of mucus in oyster defense mechanisms against B. ostreae, 
parasite mortality was measured by flow cytometry after incubation with mucus proteins 
from both oyster species. Interestingly, mortality was higher in B. ostreae exposed to O. 
edulis mucus than C. gigas mucus suggesting an adaptive response to parasite infection. 
Comparison of enzymatic activities of mucus from both oyster species revealed significant 
differences that could partly explain their different susceptibility to bonamiosis. 
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Introduction: The cockle Cerastoderma edule fishery has traditionally been the most 
important shellfishery in Galicia in terms of biomass. An unprecedented huge mortality of 
cockles, due to infection with the protistan parasite Marteilia cochillia, led to cockle fishery 
collapse in Ria of Arousa in 2012. During 2013-2014, marteiliosis spread to the southern 
adjacent rivers (Pontevedra and Vigo) causing cockle mortality and a dramatic decrease of 
cockle production in Galicia. If a marteiliosis outbreak occurred in the Ria of Noia 
(northwards from Ria of Arousa), cockle fishery would almost disappear from Galicia. 
Epidemiological studies are being performed to understand disease patterns and which factors 
influence its dynamics. This information could help to mitigate cockle marteiliosis. 

Methodology: A surveillance programme to ascertain the spatial pattern of marteiliosis, based 
on histological diagnosis, begun in December 2012. It involved bimonthly sampling in the 
rivers adjacent to Ria of Arousa and twice a year in other Galician cockle beds. Temporal 
dynamics of the disease in the Ria of Arousa is studied through monthly assessing cockle 
health and mortality rate. During 2013, batches of sentinel cockles from a disease-free river 
were deployed in Ria of Arousa every three months and each batch was analysed monthly 
using histology to determine the period of infection acquisition. 

Results: M. cochillia outbreaks have been detected in the rivers of Arousa, Pontevedra and 
Vigo but they have not in other Galician locations. Since their first detection in 2012, 
outbreaks of marteiliosis were detected in Ria of Arousa every year causing mass mortality of 
every annual newly-recruited cockle cohort. Analysis of sentinel cockle batches suggested 
that the infection is only acquired during warmer months. The monitoring of each newly-
recruited cohort showed interannual variability in the epidemic dynamics (rates of prevalence 
increase and mortality), likely influenced by sea water temperature. 

Conclusions: M. cochillia has become endemic in the most southern rivers of Galicia. Yearly 
outbreaks in them cause the extinction of every newly-recruited cockle cohort, avoiding 
fishery recovery. Effort should be focused on avoiding further disease spreading. 
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Introduction: Bivalve hemolymph is used in a broad range of research domains such as 
eco(toxico)logy and immunology. However, the lack of a detailed description of hemolymph 
withdrawal protocols and locations (adductor muscles and heart) raises questions regarding 
the exact origin of the aspirated hemolymph and doesn’t exclude the possibility of 
contamination with other body fluids which may have led to biased conclusions. A good 
description of the species-specific anatomy is lacking for many bivalves but is essential for a 
correct hemolymph withdrawal.   

Methodology: In this study we visualized and discussed the cardiovascular anatomy of the 
blue mussel (Mytilus edulis) and generated three-dimensional (3D) reconstructions based on 
micro-CT and histological images. Other structures, such as the gastro-intestinal system, the 
muscular system and body cavities, were included as well because of their close relationship 
to the cardiovascular system.  

Results: Hemolymph withdrawn from the posterior adductor muscle originates from small 
spaces and fissures between the muscle fibers that are connected to at least one hemolymph 
supplying artery, more specifically the left posterior gastro-intestinal artery. Hemolymph 
withdrawal from the heart is less straightforward. It is possible to puncture the pericard, 
anterior aorta and ventricle to collect a limited volume of hemolymph, however caution 
should be taken for contamination from the pallial cavity. Drainage of the pallial fluid prior to 
hemolymph extraction is therefore essential. 

Conclusion: The different hemolymph extraction sites were clearly visualized in 3D. This 
study resulted simultaneously in a detailed description and visualization of the anatomy of 
Mytilus edulis useful to many research areas. Furthermore the described protocols and 
techniques to visualize the anatomy in 3D can easily be reproduced and adapted to other 
bivalve species. 
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Introduction: Prior to 2012 the Yellowhead complex of viruses contained six recognized 
genotypes (YHV1 to YHV6). Only YHV1 is highly pathogenic to prawns, causing 
Yellowhead disease (YHD) which is OIE-listed. Of the remaining genotypes, YHV2 is the 
only genotype associated with disease. In 2013 a disease investigation generated unusual 
results using the OIE YHV/GAV Protocol 2 RT-nPCR. Sequence analysis indicated the 
genotype detected was most similar to YHV-complex Genotype 1, although only 88.4% 
nucleotide similarity was observed. The newly detected virus was designated YHV Genotype 
7 (YHV7). During evaluation of new assays specific for YHV7 and YHV1, two additional 
YHV- genotypes, designated YHV9 and YHV10, were detected in commodity prawns 
imported from China. A further genotype, YHV8, has also been reported by Chinese 
scientists. The significance of YHV7, YHV9 and YHV10 in species of prawns farmed in 
Australia was unknown so research was undertaken to assess the pathogenicity. 

Methodology: Bioassays were conducted with YHV1, YHV7, YHV9 and YHV10 in farmed 
Penaeus monodon and P. merguiensis. Experimental prawns were exposed to each genotype 
by inoculation in the first infectivity trial for an initial assessment of pathogenicity and to 
generate sufficient infectious material for additional trials. The second round of infectivity 
trials involved exposure of naïve prawns by co-habitation with inoculated prawns and feeding 
of prawns generated during the first trial. Samples were analysed by histology and molecular 
assays. 

Results and Conclusions: Intra-muscular inoculation with YHV1 caused acute mortality in 
both P. monodon and P. merguiensis with high levels of YHV1 RNA detected by RT-qPCR 
and pathological changes detected by histology. Susceptibility was confirmed through 
exposure by co-habitation and feeding trials. Pathogenicity of YHV7 was more variable and 
appeared to be temperature dependent, and was only observed after exposure by inoculation. 
Exposure of prawns to YHV9 and YHV10 did not result in any mortality. 
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Introduction: Tail fan necrosis (TFN) is a disorder commonly found in some populations of 
commercially fished and aquacultured lobsters. The unsightly appearance of affected lobster 
tails not only dramatically lowers the commercial value of the lobsters, but also impacts their 
health. TFN is thought to be initiated by injuries caused by handling and containment, whilst 
factors such as temperature, pollution and nutrition. Bacterial pathogens are often assumed to 
be associated with TFN, but specific causative agents have not been consistently identified. 

Methodology: Six immune parameters in wild spiny lobsters with and without TFN (44 
versus 38) were compared, including total haemocyte count, haemocyte viability, 
phenoloxidase activity in the haemocyte lysate supernatant (HLS), haemolymph bacterial 
count, the protein content of haemolymph plasma and HLS. In addition, over 2400 bacterial 
isolates were prepared from haemolymph and tail fans of the lobsters with and without TFN 
and were analysed for proteolytic, chitinolytic and lipolytic activities. Other bacterial 
characteristics were also examined, including morphology, biofilm formation, melanin, 
ammonia and siderophore production, antimicrobial activity, and the ability to surmount any 
antimicrobial activity present in the lobster tail fan extract. 

Results: A reduced total haemocyte count and low phenoloxidase activity in the HLS were 
found to be associated with this disorder, while other immune parameters showed no 
differences. A range of bacterial isolates exhibiting proteolytic, lipolytic activities and 
especially chitinolytic activity were found to be associated with TFN in lobsters, and might 
be associated with bacteraemia. Other bacterial characteristics including biofilm forming 
capability, melanin and siderophore production, were more often associated with bacteria 
isolated from lobsters with TFN in lobsters.  

Conclusions: TFN appears to compromise lobster immunity. Isolated bacteria associated with 
TFN shared similar enzymatic activities, biofilm forming capability, melanin and 
siderophore. These results indicate that TFN is likely to be the result of opportunistic bacteria 
with characteristics well-suited to exploiting sites of damaged lobster carapace, the 
progression of which leads to TFN and potentially longer term negative outcomes via 
bacteraemia and immune suppression. 
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Introduction: Following a report from local fishers regarding an apparent collapse of the 
fishery for velvet crabs (Necora puber), a disease screening of the adult velvet crabs from 
Galway Bay, Ireland was undertaken during summer 2016. 

Methodology: N. puber were collected from inner (decline reported) and outer (no decline 
reported) Galway Bay during summer 2016 (N=170), and were sampled for molecular, 
electron microscopy and histopathological analysis. 

Results: In the samples collected from both inner and outer Galway Bay a high prevalence 
and intensity of infection with Paramarteilia sp. was observed by both histopathology and 
PCR. The parasite was observed in multiple tissues, including the gills, muscle, gonads, 
heart, hepatopancreas, cuticular epithelium, nerve tissue and antennal gland. The prevalence 
of infection and severity of disease associated with the Paramarteilia infection are 
significantly higher than that observed previously associated with Paramarteilia canceri in 
Cancer pagurus or with Paramarteilia orchestiae in the amphipod Orchestiae gammarellus. 
Preliminary results from phylogenetic analysis using ITS sequences indicate that this is a 
different genetic lineage, and possibly a separate species, from the amphipod parasite P. 
orchestiae. 

Conclusions: The finding of Paramarteilia sp. in N. puber from Galway Bay represents the 
first detection in this species. A link between infection with the parasite and any decline in 
the fishery in Galway Bay needs further investigation, with a more detailed survey being 
planned for 2017. This first detection is of importance as a possible indication of an emerging 
disease threat for the commercially exploited N. puber. 
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Introduction: Nodavirus (NNV; Nodaviridae family, Betanodavirus genus), is one of the 
most threatening virus for teleost fish and causes the viral encephalopathy and retinopathy 
(VER) disease that alters brain and retina structure and function. Among marine fish, the 
European sea bass (Dicentrarchus labrax), a very relevant species in Mediterranean 
aquaculture, is one of the most susceptible species, being larvae and juvenile stages those 
suffering highest mortalities. Though some laboratory vaccines have been tested their 
transference to the market has been much reduced and with unknown efficacy. Thus, our aim 
was to generate an inactivated NNV vaccine for sea bass and evaluate the immunity and 
protection conferred. 

Methodology: Sea bass specimens of 10 g were intraperitoneally injected with UV-
inactivated NNV (iNNV) and after 1 month infected with a lethal dose of NNV. Antiviral 
activity and specific antibody levels were determined in serum samples as well as the fish 
protection.  

Results: The vaccine elicited antiviral activity and antibody levels in sea bass specimens as 
well as increased the relative protection survival up to 57.9%. Interestingly, in specimen 
vaccinated with the iNNV vaccine the antibody levels were significantly increased in sea bass 
specimens 2 days after infection. This is one of the few NNV vaccines tested in sea bass and 
the protection conferred was very similar to other NNV vaccine types tested in other fish 
species. 

Conclusions: We have generated an effective iNNV vaccine that protects European sea bass 
specimens by increasing the antiviral activity as well as the antibody levels. More efforts are 
needed to generate potent anti-NNV vaccines that could be applied to the aquaculture sector. 
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Introduction: Pancreas disease (PD) caused by Salmonid alphavirus (SAV) subtypes 1-6 has 
adversely affected Northern European aquaculture since discovery in Scotland in 1976. In 
Norway, PD is ranked as one of the most serious diseases of farmed Atlantic salmon and 
rainbow trout, with 137-142 new annual cases for the last three years. A challenge model that 
can induce clinical signs relevant to field situation, such as reduced weight gain and 
pathology in target organs, within a realistic timeframe is vital in order to adequately assess 
potential vaccine candidate performance.    

Methodology: Elanco developed a cohabitation challenge model that uses fish 
intraperitoneally injected with SAV3 as virus shedders.  Initial set-up included a tank of fish 
that was sampled repeatedly and one that was sampled only at termination of the infectivity 
trials (84 days post challenge).  Based on data from the multiple sampling points, daily 
observations of behavior and feed responses, individual growth measurements, and mortality, 
the most relevant time points for assessing organ damage (pancreas, heart, red and white 
skeletal muscle) and weight change were chosen. Using multiple fish stocks and varying 
times of salt water entry, this model was repeated with differing ratios of protected to non-
protected fish. A control tank provided tissue controls for microscopic pathology which was 
conducted blinded and to GLP. Gross assessments were also conducted blinded.  

Results: The SAV3 cohabitation model employed 20% of total population as shedders. Fish 
were individually identified and randomly assigned to treatment at vaccination. In salt water 
after one week, two months or multiple months, the clinically relevant parameters were 
measurable in the non-vaccinated control fish. At 21 days post challenge, heart damage and 
pancreas destruction were pronounced in the controls. At 49-54 days post challenge, the 
decline in body condition was evident, with no recovery of the pancreas. By 84 days post 
challenge, the wasting and pancreatic destruction were still pronounced, albeit some signs of 
heart recovery were observed.   

Conclusions: The saltwater cohabitation SAV3 challenge model is robust and can 
demonstrate field-relevant clinical endpoints for use in evaluation of vaccine candidates.  
  



223 
 

003-P 

Vaccination against Pancreas disease – A comparative study with a monovalent and 
multivalent vaccine against two subtypes of SAV 

Vee G1, Hellberg H, Sommerset I1 

1MSD Animal Health, Bergen, Norway 

Pancreas disease (PD) is a major problem for the salmon industries in Norway. PD is caused 
by Salmonid alphavirus (SAV) and virus isolates are organized in 6 genetic groups or 
subtypes (SAV1-6) based on differences in the structural E2 gene. Until 2011, SAV3 was the 
only known subtype in Norway causing PD outbreaks on the West coast. Following the 
introduction of a SAV2 isolate to Mid-Norway, PD quickly manifested itself also in this 
region. Although SAV2 infections seem to give a milder clinical form of PD and lower 
economic loss, the disease is highly contagious. Vaccination against PD is mainly done in the 
SAV3 endemic zone. In this study we assess the efficacy of 4 vaccine regimes against 
isolates of the two subtypes. The vaccines have been administrated in concurrent vaccine 
regime (separate PD and multivalent vaccine) or as one shot vaccine regime (all components 
in one vaccine). The vaccine groups and a non-vaccinated control group were equally 
distributed in two identical challenge tanks and subjected to either SAV2 or SAV3 infection 
by adding shedder fish (cohabitation challenge).  

The main conclusion from the study is that all PD-vaccination regimes induced protection 
regardless of whether challenged by SAV3 or SAV2. Although SAV2 field outbreaks are 
appears clinically milder then SAV3 outbreaks, the severity of the PD specific lesions in this 
trial was very similar for SAV2 and SAV3 infected fish kept under identical environmental 
conditions.  
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Introduction: Viral hemorrhagic septicemia virus (VHSV) has become a problematic 
pathogen in the olive flounder (Paralichthys olivaceus) aquaculture farms of South Korea 
during the last decade. In this study, we evaluated the efficacy and safety of immersion 
inactivated vaccine with Montanide IMS 1312 VG adjuvant against viral hemorrhagic 
septicemia (VHS) in olive flounder (Paralichthys olivaceus). 

Methodology: Fish were vaccinated by immersed with containing heat-inactivated FP-
VHS2010-1 strain with Montanide IMS 1312 VG adjuvant for 5 min at 20 ± 2 °C and 
observed by hematological and histopathological analysis for test of safety. Also, 20 fish 
from each group were challenged intraperitoneally with VHSV (106 TCID50/fish/mL) on 
weeks 4 and 8 after vaccination. 

Results and Conclusions: No toxicity of immersion vaccine with Montanide adjuvant was 
observed by hematological and histopathological analysis. Immersion vaccine with adjuvant 
enhanced gene expression of immune-associated genes, i.e., genes encoding interleukin (IL)-
1ß, IL-6, IL-8, and Toll-like receptor (TLR) 3. Fish immersion-vaccinated with heat-
inactivated VHSV in the absence of adjuvant showed 70% cumulative mortality. However, 
fish immersion-vaccinated with heat-inactivated VHSV in the presence of 10 or 50 g 
Montanide adjuvant showed a considerable delay in the onset of mortality, and the 
cumulative mortalities were 10 and 25%, respectively. 

The immersion vaccination with heat-inactivated VHSV in the presence of 10 or 50 g 
Montanide adjuvant resulted in RPS values of 88 and 72%, respectively. The results 
presented in this study indicate that the tested adjuvant may indeed improve the uptake of 
antigen particles and improve the efficacy of immunization. In conclusion, we here tested and 
verified the efficacy and safety of the immersion vaccine with Montanide IMS 1312 VG 
adjuvant against VHS in olive flounder. Our data will inform further studies to enhance fish 
vaccination against VHSV, with significant positive economic impact on the local and world 
aquaculture.  

Funding of presentation: 
This work was supported by a grant from National Institute of Fisheries Science (NIFS), 
Republic of Korea (R2017067). 
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Fish pathogenic oomycetes of the genus Saprolegnia cause a fungal-like disease to numerous 
freshwater fish species around the globe. The disease, called saprolegniosis, is characterised 
by filamentous mycelial growth on the fins and body of the fish. Since 2001 (when the 
Saprolegnia control agent malachite green was banned), Saprolegnia infections have re-
emerged as a major problem in aquaculture, leading to major financial losses, especially in 
the salmonid-farming industry. Thus, new and effective control strategies are needed. This 
study focuses on the possible development of a vaccine against saprolegniosis in salmonids. 
The main aim of the study is the identification of potential vaccine candidates, with a focus 
on Saprolegnia parasitica. 

Since the S. parasitica genome has been sequenced, a reverse vaccinology approach has been 
employed. At this stage we have identified several genes for further study, selected on the 
basis of their expression at the infectious stage, that they code for secreted proteins and that 
they carry functional domains that are associated with pathogenesis. Such characteristics 
indicate that they are potential virulence factors. We plan to use them initially for DNA 
vaccination and confirm that the relevant proteins can be expressed in vivo from our 
constructs, and subsequently, whether they induce a specific antibody response. Ultimately, 
we aim to use these constructs in challenge experiments and assess the overall protection 
elicited. 

Funding of presentation: 
This project is part of the ParaFishControl consortium and has received funding from the 
European Union's Horizon 2020 research and innovation programme under grant agreement 
No 634429. 
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Flavobacterium psychrophilum is one of the most important bacterial pathogens affecting 
cultured rainbow trout (Oncorhynchus mykiss) and is increasingly causing problems in 
Atlantic salmon (Salmo salar L.) hatcheries. Recent information on the heterogeneity of F. 
psychrophilum isolates on UK salmonid farms showed country-wide distribution of several 
groups and simultaneous presence of genetically and serologically divergent clones on farms 
was reported. Such diversity of F. psychrophilum strains has hampered the development of a 
vaccine for Rainbow Trout Fry Syndrome (RTFS). The aim of this study was to identify 
unique and common proteins up-regulated in vivo as these may represent vaccine candidates, 
offering protection against RTFS. We report on the immuno-proteomic comparison of F. 
psychrophilum grown in-vivo and in-vitro. Different strains of the bacterium were implanted 
(in chambers) into the peritoneal cavity of fish (450 g Rainbow trout). The implants were 
collected from the fish after 7 days and the bacteria were separated by 1D/ 2D gel 
electrophoresis followed by western blotting with serum collected from trout with a sub-
clinical infection of F. psychrophilum. The profiles were then compared with the same strains 
of F. psychrophilum grown in-vitro.  Immuno-reactive bands were excised from the gel for 
analysis by matrix assisted laser desorption ionization-time of flight mass spectrometry 
(MALDI-TOF MS) to identify potential recombinant vaccine targets.  

Funding of presentation: 
TargetFish: Targeted Disease Prophylaxis in European Fish Farming, under FP7 (grant no. 
311993).   
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Background: Aquaculture represents the fastest growing animal husbandry in many countries 
worldwide. Intensive fish production is associated with an increased risk of infectious 
diseases. Furunculosis of salmonids, caused by Aeromonas salmonicida is one of the most 
frequent diseases affecting farmed salmonid fish. One of the promising strategies to manage 
furunculosis is a preventive vaccination of reared fish. This work was aimed at testing of 
autogenous vaccines with various adjuvants and various modes of application.  

Methodology: Autogenous vaccine against furunculosis was applied to rainbow trout farmed 
in recirculating aquaculture system. Three types of vaccines were used – adjuvant-free 
vaccine applied by immersion, intraperitoneally applied vaccine with aluminium hydroxide 
gel adjuvant and intraperitoneally applied vaccine with oil-based adjuvant. Three weeks after 
vaccination, part of experimental fish was revaccinated with the same dose used. Vaccine 
efficiency was verified by experimental challenge with Aeromonas salmonicida performed 
eight weeks after the first vaccination. After the challenge, fish were monitored for four 
weeks. Blood samples were taken regularly and a concentration of specific antibodies was 
measured by ELISA. 

Results: Immersion vaccination (both single shot and repeated application) with adjuvant-free 
vaccine did not have any protective effect against A. salmonicida infection. Similarly, 
protective effect was not observed after single shot injection application of adjuvant vaccines. 
However, repeated application of adjuvant vaccines significantly reduced mortality of 
experimental fish challenged with A. salmonicida, with the highest protective effect observed 
in vaccine with oil-based adjuvant. This vaccine also induced the highest production of 
specific antibodies.  

Conclusions: It can be concluded that booster dose of adjuvant vaccines had a significant 
protective effect on fish challenged with A. salmonicida. 

Funding of presentation: 
The study was supported by projects NAZV (QJ 1510077). 
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Bacterial pathogens are considered the major cause of infectious diseases in farmed cleaner 
fish. Recent bacteriological surveys have indicated that atypical Aeromonas salmonicida 
(aAs) and Vibrio splendidus (Vs) are predominant bacteria isolated in the Scottish Ballan 
wrasse industry. Current prophylactic treatments are based on the use of autogenous vaccines 
formulated with a broad range of bacteria isolated during disease outbreaks but information 
regarding pathogen virulence and/or specific level of protection of the vaccine antigens is 
unknown. The objectives of the present study were: to develop an in vivo infection model via 
intra peritoneal injection for ballan wrasse, to assess the susceptibility of the fish to three 
different subtypes of aAsi.e. vapA VI, vapA Vb2 and vapA Vb4 and three different Vs 
isolates and to assess the efficacy of a polyvalent autogenous vaccine when challenging with 
two different homologous strains after 700 degree days. The challenge model with aAs 
successfully reproduced internal lesions and induced adequate levels of mortality for vaccine 
efficacy testing. The i.p. injection of 10^9 to 10^10 cfu/fish of Vs did not cause clinical signs, 
internal lesions or significant mortalities over a period of 7 days. No recovery of Vs was 
achieved on suitable media from survivors and it was concluded that Vibrio splendidus did 
not play a role as a primary pathogen for the ballan wrasse population tested. The 
susceptibility i.e. LD50/LD60 values of ballan wrasse to the different aAs subtypes, the 
anaesthesia and vaccination regimes and the vaccine efficacy results i.e. specific antibody 
production, RPS values, comparative histopathology and bacterial loads will be presented and 
discussed. 

Funding of presentation: 
Scottish Aquaculture Innovation Centre. 
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Many infectious diseases of worldwide importance are not currently preventable by 
vaccination. Vaccine act by initiating the innate immune response and activating antigen 
presenting cells, thereby inducing a protective adaptive immune response to a pathogen 
antigen. The modern highly purified vaccines that have insufficient immunostimulatory 
capabilities can be improved by incorporating adjuvants or immunostimulants. Adjuvants 
stimulate the nonspecific immune responses, alone or in combination with vaccine, 
exemplified by inflammatory responses at the injection site. Their effects appear to be dose 
dependent and transient. New technologies are now available which will allow the 
development of bespoke adjuvants thus enabling improvement in vaccination and control of 
important pathogen. 

Initial screening for a range of novel formulated carbohydrate was performed using designed 
in vitro screening system, and range of comparison studies was carried out. The results 
concluded the selection of one formulated carbohydrate (fCHO), and then its effect on 
immune status was examined in carp model. fCHO was used as an adjuvant in formalin killed 
Aeromonas hydrophila vaccine and intraperitoneally injected into carp. fCHO was used at 5 
mg kg-1, either individually or in combination with the vaccine at 1×109 cell ml-1, and 
compared to vaccine alone and phosphate-buffered saline PBS as a control. 

Serum antibody titre against Aeromonas hydrophila and the complement activity was 
measured at 7, 14, 21 and 28 days post-injection. Complement activity in all injected groups 
was significantly higher than the control after 7 days. The antibody titre level increased 
significantly in all injected groups compare to control from 14 days. In addition, the 
combination of vaccine and adjuvant group boosted the antibody titre level one week earlier 
compared to the vaccine group at 28 days. This was associated with an increase in IgM gene 
expression at 14 days in the pronephros. This highlights the potential use of bespoke 
modified synthetic carbohydrates as adjuvants for vaccine development or as an 
immunostimulant in anti-infection therapies.  
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The salmon louse, Lepeophtheirus salmonis, is an ectoparasitic copepod that has a major 
economic impact upon the Atlantic salmon aquaculture industry. Although management 
currently involves use of an integrated pest management strategy, direct and prophylactic 
drug treatment remain a central component of the strategy. Development of drug resistance to 
many available treatments, however, represents an increasing threat to effective management. 
Extensive research is now focusing upon the development of more environmentally friendly 
and cost-effective approaches to sea louse management. Previously we reported upon trials of 
a number of recombinant vaccines containing antigens expressed via E. coli or baculovirus 
expression systems, which were not found to provide significant protection of sea louse 
challenged Atlantic salmon.  

As the correct conformation of antigens can be critical to successful vaccination against 
ectoparasites, the current study used an adult L. salmonis ‘native protein’ serine protease-
enriched fraction formulation for vaccination. By applying proteomic analysis to the enriched 
fraction used for immunisation, the proteins in the complex were identified and this enabled a 
standardised vaccine formulation for booster immunisation. These fractions were 
administered intraperitoneally (IP) to Atlantic salmon as vaccine formulations in Montanide 
ISA 763 before challenging the fish with larval sea lice. 

Ten groups of 15 fish were vaccinated IP with PBS only (injection control) adjuvant in PBS 
(adjuvant control) or 50 µg fish-1 serine protease-enriched sea louse extract (SPLE) in 
adjuvant (vaccinates). LC MS/MS analysis of the SPLE antigen complex revealed an 
abundance of proteins that have been vaccine targets for sea lice and other ectoparasites. 
After booster vaccination the fish were challenged with 100 copepodids fish-1.  

No significant differences in attached larval lice stages (chalimus) (mean settlement of 50 lice 
fish-1 ± 20.1) were observed between groups, with or without adjuvant, despite the antigens in 
the fractions being recognised by Atlantic salmon immunoglobulins in sea lice challenged 
fish mucus and sera.  

In line with previous IP vaccination studies for sea lice, this suggests that this vaccine 
administration route may not induce the appropriate skin mucosal immune response for 
protection against infection and that alternative mucosal routes of antigen administration may 
be more efficacious.  

Funding of presentation: 
Innovate UK - Zoetis Animal Health. 
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An improved method for the visualization of salmon louse Lepeophtheirus salmonis 
copepodids from plankton samples by fluorescence stereomicroscopy 

Fordyce M1 

1Marine Scotland Science, Torry, UK 

Introduction: The salmon louse Lepeophtheirus salmonis is an important ectoparasite of wild 
and farmed salmonid fishes in the Northern hemisphere. Monitoring of larval sea lice 
distribution and abundance is routinely performed by the sorting of material from plankton 
nets with reflected visible light under a stereomicroscope. Caligid copepodids must be 
morphologically discriminated from other abundant, similar sized and coloured copepods and 
material by eye which is very time consuming and requires great skill. 

Methodology: In this study, L. salmonis copepodids and zooplankton from other copepod 
orders were investigated using fluorescence microscopy. Autofluorescence in blue, green and 
orange channels was imaged and quantified. An optimal excitation/ emission wavelength 
combination was then added to the routine stereomicroscope setup. 

Results: Fluorescence was found to improve visualization of surface details when compared 
to visible light. L. salmonis copepodids were also found to have a resultant autofluorescence 
significantly different from other copepod orders. Lower fluorescence in blue wavelengths 
and higher fluorescence in green/ orange wavelengths allowed easier detection of copepodids 
by colour. 

Conclusions: Fluorescence stereomicroscopy presents an improved method to speed up 
detection and identification of sea lice larvae from plankton samples. 

Funding of presentation: 
Marine Scotland Science. 
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Introduction: Field studies addressing the effect of salmon lice on free-swimming salmonids 
are scarce and mostly consist on randomized control trials using anti-parasitic treatments. The 
protection provided by these treatments is however limited, making them inadequate for 
studies focusing on sea trout, which spend long periods in coastal waters with a continuous 
exposure to lice. We tested a different approach to study the effects of salmon lice on the 
survival and behavior of free-swimming sea trout post-smolts, based on the live-capture of 
fish in an area with naturally low lice infestation pressure and their posterior release either as 
control or as artificially infested fish.  

Methodology: Twenty-nine sea trout post-smolts (40-122 g) were caught in Sandnesfjord 
(Norway), a farming-free area with documented sustained low lice levels on sea trout. 
Acoustic tags with depth sensors were implanted on the fish before artificially infesting half 
of them with salmon lice. Fish movements were monitored by 56 hydrophones covering both 
marine and brackish/freshwater habitats. Survival, return to freshwater, distance to the river 
and depth use were compared between groups. Preferences in salinity were also compared by 
connecting each 3D fish position with salinity values extracted from a hydro-dynamical 
model simulation. 

Results: All fish that died (3 of 28) or returned to freshwater (2 of 28) were artificially 
infested fish, but differences between groups were statistically non-significant. Similarly, 
artificially infested fish used shallower waters and remained closer to the river outlet but only 
analyses on salinity use resulted statistically significant, showing that artificially infested fish 
preferred less saline water. 

Conclusions: In agreement with our initial hypothesis, artificially infested fish in this study 
showed higher mortality and higher probability of premature return and tended to use less 
saline waters, both by using shallower areas and being located closer to the river. The lack of 
statistical significance in this study may be attributable to the relatively small sample size 
used. Thus, it is likely that a full-scale study using a larger number of fish will provide 
statistical significance and deliver new and valuable knowledge on the effect of salmon lice 
on sea trout in the wild.  
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Introduction: Anadromous whitefish (Coregonus lavaretus L.) infested with the ectoparasite 
salmon lice (Lepeophtheirus salmonis Krøyer) were unintentionally captured during field 
sampling in the Norwegian surveillance program for sea lice on wild salmonids. Since this 
host-parasite relationship has, to our knowledge, not been previously documented, all 
captured whitefish were collected and preserved for further investigations in the laboratory. 

Methodology: Eleven whitefish were caught in pelagic fyke nets during field sampling in 
Sandnesfjorden, southern Norway, in June 2016. Immediately after capture the fish were 
killed by blow in the head, transferred to individual plastic bags and kept at -18° C until 
further examination. A full surface examination was performed in the laboratory on thawed 
fish in search of ectoparasites. All sea lice were visually identified to species and 
development stage. In addition, DNA was sequenced from 5 individuals to confirm species 
identification.   

Results: In total 108 salmon lice were found on the examined whitefish (prevalence 91%; 
mean abundance 9.8; max intensity 33). All development stages were identified, ranging 
from newly attached copepodites to adult females, but none of the adult females carried egg 
strings. The less host specific sea louse, Caligus elongatus (Nordmann) was not detected 
during the examination. Results from the PCR and the DNA sequencing supported the visual 
identification.  

Conclusions: Results from these analyses provide novel proof that anadromous whitefish can 
act as a host for salmon lice. Salmon lice has received increased attention in the last decade 
because of its major role in aquaculture management. Adding whitefish to the list of potential 
hosts will increase the complexity of the dispersal dynamics of the parasite. It might also add 
another wild fish species to be considered in management plans. Further studies on 
anadromous whitefish are suggested to better understand the scope of this newly discovered 
parasite-host relationship.  
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Falls in salmon and sea trout abundance are a common occurrence in Ireland over the last 100 
years. The frequency and extent of these declines are reflected in catch data and their causes 
explored through both public inquiry and scientific investigation. Inquiries into falls in 
abundance of Atlantic salmon (Salmo salar) were frequent and exhaustive but less so for sea 
trout (Salmo trutta). A review of these inquiries that have helped shape today’s legislation 
governing stock conservation, along with sea trout rod catch data from specific fisheries 
stretching back over 100 years were examined for the west of Ireland. Though investigation 
of long term population trends of fish stocks can be problematic when based on catch it does 
offer insight into the role pathology plays in regulating stocks. Trout subject to putative 
population collapse in migrating from nutrient depleted systems and subject to poor marine 
growth are susceptible to Ulcerative Dermal Necrosis (UDN), saprolegniasis, furunculosis, 
and sea lice amongst other threats. The role these diseases have played in the past are 
considered against a backdrop of rising temperatures known to influence sea trout migration. 
Declines in rod catch for fisheries in the Connemara and Ballinakill Districts, west of Ireland, 
allied to information from inquiries, better inform on the impacts of natural and 
anthropogenic factors, including fisheries. 
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The marbled spinefoot rabbitfish (Siganus rivulatus) is economically valuable and has 
potential for commercial production in aquaculture. To overcome challenges in sustainable 
production, a formulated diet is crucial for imparting disease resistance and robustness. This 
study evaluates effects of dietary arachidonic acid (ARA; 20:4n-6) on plasma immune 
function and fatty acid composition in red blood cells (RBCs) of rabbitfish. 

Two separate feeding trials were conducted to study effects of ARA on growth, survival and 
humoral immune function, one with juvenile fish and the other with adults. Fish were fed 
three different levels of ARA (mg/g feed); 0.6 (unsupplemented or control), 2.6 (moderate), 
and 4.7 (high).  

Fish fed with moderate ARA levels exhibited improved (p>0.05) growth over the control and 
high ARA supplemented groups. During an outbreak of Streptococcus iniae, fish fed with 
moderate ARA survived significantly (p<0.05) better (89%) compared to the control and high 
ARA groups (59% and 48%, respectively). Fish from the moderate ARA supplemented group 
exhibited elevated plasma lysozyme and complement levels, compared to high ARA and 
control groups. A significant (p<0.05) increase in total serum immunoglobulin was evident in 
both moderate and high ARA supplemented groups. However, a decrease in antiprotease 
activity was recorded in both supplemented groups as compared to the control. A significant 
(p<0.05) increase in the proportion of ARA was recorded in RBCs of both moderate and high 
ARA supplemented groups (9.5% and 11.2%, respectively) compared to 7.1% in the control. 
Concomitantly, there was a decrease in the proportion of EPA, DGLA and several 18-carbon 
unsaturated fatty acids. 

In conclusion, moderate supplementation of ARA (2.6 mg/g DW) in Rabbitfish feeds 
improved non-specific and specific immune parameters as well as enhanced growth, survival 
and immune competence. RBCs appear to be a reliable indicator to examine changes in 
incorporation of dietary fatty acids without the need to sacrifice fish. Thus supplementation 
of ARA in the diet of this species could be a valuable step towards establishing the 
commercial culture of the rabbitfish.  

Funding of presentation: 
U.S. Agency for International Development, MERC project (M33-034).   
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Feed additives and clinical diets with designed nutrient profiles can impact on susceptibility 
to various virus infections, exerting an effect through immune responses. Composition of 
polyunsaturated fatty acids can impact on inflammatory responses of salmon and thus 
potentially on responses to virus infection. Here we have explored the possibility of using 
plasma sampled from fish fed krill meal with high phospholipid content and increased sum of 
EPA/DHA to condition salmon macrophages and then test their ability to support salmonid 
alphavirus in vitro.  

Atlantic salmon macrophages were conditioned using serum from fish fed three separate 
regime, one standard salmon feed, and 2 groups given low and high content krill meal 
(phospholipids, PL). Conditioned macrophages were passages with 2% serum added to the 
medium and then infected with a virulent strain of SAV3. Samples were collected and 
examined for virus replication at 3 and 7 days post infection.  

At three days post infection there was no difference between groups while at 7 days there was 
a numerical difference in virus replication levels in the PL enriched cultures and borderline 
significant differences between PL groups and macrophages enriched with serum from fish 
fed a normal feed (p=0.07).  

While these findings are preliminary they are encouraging as they raise the possibility of 
testing effect of fish diet and impact on virus replication/ control of virus proliferation using 
in vitro models. These studies will be continued increasing number of replicates and time 
points to validate effect and interaction.  

Funding of presentation: 
Research Council of Norway.   
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Starvation is known to determine significant changes in fish physiology, especially in their 
pattern of metabolic enzymes and proteins. Feed restriction or deprivation for short periods 
may also be adopted by fish farmers as a managemental strategy to reduce mortality due to 
disease outbreaks or to solve water quality problems and reduce handling stress. 

The current study was conducted in a private fish farm at Dakahlia governorate, Egypt; in a 
polyculture earthen pond containing Oreochromis niloticus and Mugil cephalus. The aim of 
the study was to (i) access the impact of different periods of starvation followed by refeeding 
regimes in polyculture ponds containing Oreochromis niloticus and Mugil cephalus, and to 
(ii) evaluate the effect of starvation on fish growth performance and hematological 
parameters; in a trial to reduce the economic costs needed for the fish farm.  

Starvation of fish was performed for different periods; 7, 14, 21 days followed by refeeding 
on commercial fish ration (25% protein) at least 4 weeks. Fish growth parameters and 
hematological investigations were recorded for the starved fish and control group (kept 
without starvation) along the period of experiment.  

It was observed that starvation of fish for up to 14 days (Group 2) followed by refeeding did 
not have a significant negative effect on both growth and hematological parameters. Growth 
parameters of fish starved for 14 days were the best because they exceeded control levels.  

This could be of an economic profit because the final outcome of both starvation-refeeding 
regime and feeding without food restrictions will be equal. That is why the total expenses of 
feedstuff costs of the daily fish feeding will be reduced. 
  



238 
 

018-P 

Effect of starvation and refeeding on the hepatopancreas morphology in whiteleg 
shrimp (Penaeus vannamei) using light and electron microscopy 

Cervellione F1, McGurk C1, Van den Broeck W2 

1Skretting ARC, Stavanger, Norway, 2Ghent University, Ghent, Belgium 

In modern shrimp farming, shrimp can experience starvation periods during disease outbreaks 
or adverse environmental conditions. The hepatopancreas (HP), being the principal organ for 
storage of nutrients which can be mobilized during non-feeding periods, plays a fundamental 
role during starvation. Starvation affects shrimp health and leads to significant morphological 
changes in the HP. However, no research has described the effect of starvation and refeeding 
on the HP of whiteleg shrimp (Penaeus vannamei) using computer assisted image analysis 
(CAIA) and transmission electron microscopy (TEM). Therefore, the present study describes 
the morphological changes occurring in the HP of whiteleg shrimp during starvation and 
starvation followed by refeeding, using light and electron microscopy.  

Shrimp of 2 ± 1 g were divided into three groups, receiving three treatments (one treatment 
per group) for 15 days: fed, starved, and refed (starved for 5 days and then re-fed for 10 
days). Shrimp were sampled at day 0, 5, 10, and 15. For light microscopy, paraffin and frozen 
sections of the HP were prepared for image processing. Visiopharm® software was used to 
quantify the following morphological parameters, measured as ratio to the total tissue area 
(TLA): total lumen area (TLA:TTA), haemocytic infiltration area in the intertubular spaces 
(HIA:TTA), B-cell vacuole area (VBA:TTA), lipid droplet area within R-cells (LDA:TTA), 
and F-cell area (FCA:TTA).  

Significant changes were measured for the parameters HIA:TTA and LDA:TTA during 
starvation (increase of HIA:TTA associated with decreased of LDA:TTA) and refeeding 
(decrease of HIA:TTA associated with increase of LDA:TTA). For TEM, starvation induced 
a progressive increase of cellular immunity (haemocytic infiltration, both hyaline and 
granular/semigranular haemocytes), necrosis (swelling of mitochondria and other organells, 
cytolysis), and autophagy (formation of phagophores, autophagosomes, multivesicular and 
residual bodies). Depletion of lipid droplets and few signs of apoptosis (chromatin 
condensation and nuclear fragmentation) were also observed during starvation. Refeeding did 
not result in a complete recovery the ultrastrucuture of the HP.  

The present findings indicate the capacity of the HP to recover when refed for 10 days after 5 
days of starvation. Longer starvation periods severely affect the HP, determining potential 
economic losses to the famers. 
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Fishmeal was the main component of many fish diets for its nutritional value, but since some 
years its use is under question for environmental and economic reasons. In this regard, 
alternative protein sources such as soybean meal or processed animal proteins have been 
sought. Recently, insects attracted great interest as they are rich in protein, energy and lipids, 
and unlike plant ingredients, are poor in fiber and anti-nutritional factors. Some experiments 
have been conducted using black soldier fly larvae (Hermetia illucens - HI) for feeding 
various species as rainbow trout (Oncorhynchus mykiss), Atlantic salmon (Salmo salar), but 
no studies have been performed in sturgeons yet. 

The aim of this study was to evaluate the histological effects of HI meal on sturgeon liver and 
intestine. 

Forty-eight Siberian sturgeons (Acipenser baerii) were divided in four groups of 12 animals 
and fed: 1) a control diet based on fishmeal (CF), 2 and 3) two experimental diets where 
fishmeal was substituted with 25% (HI25) or 50% (HI50) of HI meal and 4) a diet based on 
soybean meal (CV). Trial lasted 118 days.  

Animals were sacrificed and samples from liver and spiral valve were fixed in 10% neutral-
buffered formalin and processed by standard paraffin wax techniques. Samples were cut in 
4±2μ sections and stained with haematoxylin-eosin and histochemical stains Periodic acid–
Schiff, Alcian blue and Masson's Trichrome. Liver was evaluated for lipid storage in 
hepatocytes and inflammatory infiltration. Intestine was evaluated for uptake capacity of 
enterocytes, increase in the number of mucous cells, widening and inflammatory infiltration 
of villar lamina propria. 

Fish fed CF and HI25 showed lower lipid accumulation compared to those fed with CV and 
HI50. Spiral valves of subjects fed with CF and HI25 displayed good preservation of villous 
structure and of absorption epithelium. Instead, in subjects fed with HI50 the intestinal 
damage and reduction of absorptive surface was evident as observed in subjects fed with CV. 

Although these are preliminary results, this study indicates that the use of HI25 can be a 
viable alternative in the breeding of Siberian sturgeon. However further histological and 
morphometric evaluations are necessary. 
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Introduction: Several zoonotic helminths can be transmitted to humans by consumption of 
raw, undercooked, marinated or cold smoked fish products, representing a relevant public 
health concern. Although up to now in Italy the presence of zoonotic helminths has been 
documented only in wild fish populations, extensive epidemiological surveys are needed in 
order to assess the possible zoonotic risks linked to consumption of national aquaculture 
products. At this purpose, a wide parasitological survey has being undertaken on rainbow 
trout Oncorhynchus mykiss (RBT), gilthead seabream Sparus aurata (GSB) and European 
seabass Dicentrarchus labrax (ESB) farmed in Italy. 

Methodology: From spring 2016 to spring 2017 a total of 2347 fish have been examined. In 
particular, 738 RBT from 4 Italian freshwater trout farms (two farms located in the area 
endemic for diphyllobothriasis in Northwestern Italy, 1 in the area endemic for 
opisthorchiasis in Central Italy and 1 in a highly productive area of Northeastern Italy) were 
subjected to methods aimed to search for larval stages of diphyllobothriid cestodes (visual 
inspection and candling) and opisthorchiid digeneans (muscular compression/artificial 
digestion followed by microscopic examination). Furthermore, 781 GSB and 828 ESB from 4 
marine farms (3 cage systems and 1 inland farm located in Tyrrhenian and Adriatic seas) 
were examined for anisakid larvae by UV-press method and artificial digestion. A seasonal 
periodicity has been applied, sampling 65 specimens/fish species/farm/season in order to 
reach a statistically significant amount of fish at the end of the survey (258 fish/farm).  

Results: No zoonotic parasites have been found in all the examined fish at the level of 
confidence of 99% with a margin of error of 5%.  

Conclusions: The results so far obtained during this survey are encouraging and seem to 
confirm that the risks linked to zoonotic helminths in Italian aquacultured fish species are null 
or negligible, when good farming practices are applied along the production chain.  

Funding of presentation: 
This project has received funding from the European Union's Horizon 2020 research and 
innovation programme under grant agreement No. 634429. This publication reflects the 
views only of the author, and the European Commission cannot be held responsible for any 
use which may be made of the information contained therein.  
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The presence of Anisakidae nematodes in muscle tissue of wild fish caught for human 
consumption is the source of concern to human health.  

The parasitological analysis of cod Gadus morhua from the southern Baltic Sea was 
performed between 2013-2017 in Polish waters and gradually expanded to Danish and 
Swedish EEZ. Samples have been collected during research surveys (Polish, Danish and 
Swedish EEZ) and commercial cruises (Poland). Detection of the presence of the nematodes 
with zoonotic potential in the muscle tissue of cod was two-step. Fillets of cod were screened 
using transilluminator, nematode parasites were counted and fillets were frozen. Then thawed 
fillets were digested with artificial digestive juice, parasites were collected and counted.  

Recent results obtained in this study reveal marked increase of the prevalence of infection of 
cod with anisakid nematodes as compared with the 1987−1993 period. Third stage larvae of 
Anisakis simplex and Pseudoterranova sp. were found in musculature of cod. Digestion 
revealed presence of parasites, that were not visible using transilluminator. Prevalence of cod 
infection with Anisakidae nematodes (A. simplex + Pseudoterranova sp.) differs between 
sampling areas as follows:  in cod collected during research surveys in Polish EEZ was 1.2 in 
2013, 1.5 in 2014, 0 in 2015, 0.7 in 2016, 0 in 2017; in Danish EEZ 4.7 in 2016 and 0.7 in 
2017; in Swedish EEZ 10.2 in 2017. In cod sampled from the commercial cruises, the 
prevalence of infection with these parasites was 0.5 in 2015 and 0.3 in 2016.   

Increasing prevalence of cod infection with anisakid nematodes might be associated with the 
increasing number of the grey seal Halichoerus grypus in the Baltic. Sufficient monitoring of 
economically important fish species for the presence of anisakid nematodes is very important 
for food safety. 

Funding of presentation: 
This research was supported by The National Centre for Research and Development under 
the Strategic Program Biostrateg II (grant no. 296211/4/NCBR/2016). 
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Microsatellites, also known as short sequence repeats (SSRs), are tandemly repeated 
nucleotide motifs (1-6 bp) found in nuclear genomes of many taxa. Great variations in the 
number of basic repeated units are characteristic for these loci, resulting in high 
heterozygosity and the presence of multiple alleles making them the markers of choice for 
various population and evolutionary genetic studies.  

We have used available genomic resources of Anisakis simplex hosted at WormBase ParaSite 
to conduct in silico screening for SSRs and develop first marker set for this nematode, the 
cause of zoonotic fish-borne anisakiasis. Genus Anisakis is comprised of nine species with 
low level of morphological differentiation at species level. It is generally assumed that A. 
simplex senusu stricto (s.s.) is more pathogenic to humans than other species, emphasizing 
the importance of correct species identification and possible occurrence of hybridisation 
between A. simplex s.s. and A. pegreffii in sympatric areas of parasitation.  

In total, 23,574 microsatellites were identified in non-coding and coding regions, covering 
0.31% of A. simplex genome inspected. When considering repeats from perfect and 
compound loci together, trinucleotides were most abundant followed by mono- and di-
nucleotides in all regions alike. Potentially informative non-coding loci were randomly 
selected, tested and optimised for multiplex PCR. Twenty-six primer-pairs gave a unique 
PCR product of expected size in A. simplex and A. pegreffii, three in A. ziphidarium and none 
in A. typica, reflecting their phylogenetic divergence. Twenty loci were further chosen to 
assess the relationship between individuals showing mito-nuclear signatures of both A. 
simplex and A. pegreffii, inferred through PCR-RFLP analyses of the ITS region and 
sequencing of the cytochrome oxidase 2 (cox2) mtDNA, in allopatric area of the Adriatic 
Sea.  

Using our panel of microsatellite loci, we inferred general admixture of all tested populations, 
except in North Sea-originating "pure" A. simplex s.s. Estimates of ancestry and interclass 
heterozygosity place most recombinant genotypes with parental class of A. pegreffii, 
indicating that observed mito-nuclear mosaicism is likely retention of ancestral 
polymorphism; also questioning if pure A. simplex was ever recorded in the Adriatic Sea. 

Funding of presentation: 
The study was funded by Croatian Science Foundation through the AnGEl project (Project 
No. 5576) and *EAFP student award to JH. 
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Introduction: In Europe, autochthonous ciguatera food poisoning outbreaks have been 
reported in Spain (Canary Islands) and Portugal (Madeira). The epidemiological Surveillance 
System for ciguatera poisoning in the Canary Islands has recorded outbreaks of ciguatera 
poisoning between 2008 and 2016, accounting for 106 cases. The outbreak in Madeira 
occurred in 2008. In the Canary Islands the former outbreaks were due to eating fish that had 
not been officially controlled. The aim of this communication is to introduce project 
EUROCIGUA funded by EFSA (European Food Safety Authority) in order to characterize 
the risk of this disease in Europe. 

Methodology: In this EU project 14 specialized organizations are participants. 

Project is divide in the next 4 specifics grants: 

1- Management and scientific coordination (Leader: AECOSAN)   

2 - Specific grant 2: Epidemiology (Leader: Instituto de Salud Carlos III, CNE (National 
Centre of Epidemiology, Spain) 

3 - Specific grant 3: Evaluation of ciguatoxins (CTXs) in seafood and the environment for the 
risk assessment of ciguatera fish poisoning (CFP), with the consequent obtention of reference 
material (Leader: IRTA, Spain) 

4 - Specific grant 4: Characterization of CTXs present in EU contaminated profiles by 
LC_MS/MS and HRMS: Development of Standards and Secondary Reference Materials 
(Leader: University of Vigo). 

Results and Conclusions: There are many obscure points over the global impact of ciguatera, 
mainly due to the lack of a valid methodology to quantify CTX. The proposal will have to 
develop harmonized and validated methodologies for the screening and the quantification of 
CTX, this will allow the risk characterization of ciguatera food poisoning in fish and in the 
environment of EU territories. 

The main aims of the project will be to: i) Respond to the scarcity of standards and reference 
material; ii) Establish a reliable methodological approach to identify and quantify ciguatoxins 
(CTXs) in fish and microalgae; iii) Understand the spatial and temporal distribution of 
Gambierdiscus spp. in EU waters; iv) Evaluate the CTX-like toxicity of Gambierdiscus spp. 
Populations; v) Evaluate possible presence of CTXs in fish in EU waters, and vi) Improve 
recording of Ciguatera cases in the EU.  

Funding of presentation: 
We thanks the grant of European Food Safety Authority (EFSA).  
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During the past fifteen years, we have conducted two studies on the presence of the non-
tuberculous mycobacteria (NTM) in aquarium fish, which may represent a risk to human 
health. 

Between 2001 and 2004, 35 fish of 13 species collected at the pet-shops were investigated 
with classical (colony morphology, biochemistry) and molecular methods (GenoType 
Mycobacterium CM and AS Culture Identification Kits, restriction enzyme analysis of the 
PCR products) and 82.9% were found to be positive. In the second survey, which was 
performed in the period from 2009 to 2011, the aforementioned methods were supplemented 
with 16S rRNA and rpoB sequencing and real-time PCR assay for the identification of 
Mycobacterium marinum.  

The results revealed that mycobacteria were recovered from 79.4% of 107 sampled fish. In 
both studies, M. fortuitum was the most prevalent NTM found (in 24.1% and 60.9%, 
respectively). M. marinum, a well-known human pathogen causing skin lesions, was detected 
in 20.7% and 10.6% of the positive fish. The list of other identified mycobacteria includes M. 
chelonae, M. peregrinum/septicum, M. gordonae, M. arupense, M. kansasii, M. ulcerans and 
M. setense; however, some of the isolates remained identified to the genus level only. With 
the cooperation from the colleagues abroad, a new species M. angelicum was recently 
described, based on the isolate from the freshwater angelfish, while one of the genus-assigned 
isolates still waits for a formal description of the proposed novel species M. aemonae.  

The results of our studies indicate a high level of ornamental fish contamination with 
environmental mycobacteria potentially pathogenic for humans. A relatively high proportion 
of M. marinum, the most important causative agent of skin mycobacteriosis in humans, calls 
for attention, especially in the light of preliminary results of a questionnaire among aquarium 
hobbyists and pet-shop sales persons, which indicates a generally poor awareness of the 
zoonotic potential of NTM isolated from fish. 

Funding of presentation: 
Slovenian Research Agency. 
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Introduction: Lumpsucker (Cyclopterus lumpus) is now widely used as cleaner fish to replace 
parasiticides in sea-lice control on salmon farms.  The welfare of the fish is a challenge and 
among diseases affecting the lumpsucker is tenacibaculosis. The Tenacibaculum-bacteria are 
associated with skin ulcers, tail rot and yellow erosions on the skin tubercles. Results from 
investigations of genetic diversity of Tenacibaculum spp. isolates from lumpsucker are 
presented. The results are compared with Tenacibaculum spp. associated with skin ulcer 
disease in Atlantic salmon. 

Methodology: Tenacibaculum spp. from disease cases in lumpsucker under farming 
conditions along the Norwegian coast line are included in the study. The bacteria are tested 
by multilocus sequence analysis (MLSA/MLST) of selected housekeeping genes 
(http://pubmlst.org/tenacibaculum/).  

Results: Preliminary results indicate genetic diversity among Tenacibaculum spp. isolated 
from diseased lumpsucker. There are examples of the isolation of the same sequence type 
(ST) from both Atlantic salmon and lumpsucker.  

Conclusions: Genetic diversity among Tenacibaculum spp. from diseased lumpsucker and 
some extent of cross species infection indicate local opportunistic strain variants. Such 
infections occur under favorable environmental conditions for the bacteria and will depend 
upon the health status of the fish. 

Funding of presentation: 
Internal funding by the Norwegian Veterinary Institute. 
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Introduction: In Norway, outbreak of disease in lumpfish (Cyclopterus lumpus) has been 
associated with bacterial infections. High mortalities and specific symptoms have been 
related to infections with atypical Aeromonas salmonicida (atypical furunculosis), 
Pasteurella sp. (pasteurellosis) and Vibrio anguillarum (vibriosis). To explore manifestation 
of these infections lumpfish were experimentally challenged with these three bacteria, 
clinically sick fish autopsied, and histopatological findings from clinical outbreaks in field 
reviewed. 

Methodology: Lumpfish experimentally challenged with atypical Aeromonas salmonicida, 
Pasteurella sp. and Vibrio anguillarum serotype O1, as well as lumpfish from clinical 
outbreaks was subject to autopsy. Tissue samples were fixed in 10% neutral phosphate 
buffered formalin and prepared for histopathological examination by standard paraffin wax 
techniques and haematoxylin and eosin (H&E) staining. Selected samples were subject to 
immunhistochemistry for detection of Vibrio anguillarum serotype O1 and Aeromonas 
salmonicida antigen.  

Results: High mortalities were obtained after experimental challenge with all three bacteria. 
Clinical ill fish, both after experimental challenge and after outbreak of disease in field, 
showed some distinct and characteristic pathological findings.  

Conclusions: Pathological findings in clinically ill fish suffering from atypical furunculosis, 
pasteurellosis and vibriosis are described. Although distinct characteristic exists, 
histopathological examination should be supported by other methods to ensure correct 
diagnosis of these bacterial diseases. 

Funding of presentation: 
FHF (900818), The Research Council of Norway (244148).   
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Lumpfish is used as cleaner-fish to remove sea lice from farmed Atlantic salmon. Due to the 
high demand from the aquaculture industry, the number of farmed lumpfish has increased 
rapidly the last two years. In Norway, approximately 24 million lumpfish were produced in 
2016. As an immune prophylactic measure, juveniles of lumpfish are being dip-vaccinated. 
To ensure good effect of vaccination, the adaptive immune system, including both T and B 
cells, must be developed.  

We have identified IgM and IgD in lumpfish and performed gene expression analyses of 
soluble IgM (sIgM), total IgM and IgD by use of real-time RT-PCR during ontogenesis. We 
have collected eggs before and after fertilization, and larvae 18 time points post fertilization 
(<796 ddg) to investigate the earliest stage of IgM and IgD expression. Further, we have 
analysed the expression level of IgM and IgD in 18 tissues of young lumpfish (100 g). We 
have also performed immunohistochemistry and stained various tissues with lumpfish anti-
IgM antibody.  

Knowledge of the immunocompetence in lumpfish is important for determination the fish 
size for vaccination. Dip-vaccination should be performed as early as an immune response 
can be expected. Dip vaccination may further enhance the effect of injection vaccination at a 
later time point. Further, identification of transcripts encoding IgM and IgD allow us to 
monitor expression of these genes in larvae that are too small to collect serum/plasma from 
and measure the effect of vaccination and immunostimulation.  

Funding of presentation: 
The Norwegian Seafood Research Fund (FHF), UiB.   
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A meta-analytical approach was followed to collect and review data on the biological and 
ecological characteristics of Amyloodinium ocellatum (AO) from the available literature 
(N=116 publications). Disaggregated data have implemented an Excel spreadsheet to be 
rapidlyextracted and evaluated. 

Milestones. AO is the only protozoan belonging to the Amyloodinium genus (class 
Dinophyceae) and the aetiological agent of amyloodiniosis. This protozoan is distributed 
worldwide in tropical and temperate regions and found in various aquatic habitats (sea and 
brackish water). AO is an obligate parasite dependent on euryhaline animals to survive and 
complete its triphasic life cycle. The AO triphasic cycle consists of a stationary parasitic 
stage (trophozoite/trophont), a free-living reproductive phase (tomont) and a free-swimming 
infective stage (dinospore). Additionally, the protozoan is not species-specific and can infect 
elasmobranchs, teleosts, crustaceans, mollusca and flatworms. AO can be diagnosed by light 
microscopy and rapid molecular diagnostic tools. Amyloodiniosis is a major threat for semi-
intensive aquaculture (lagoon and land-based farming) in the Mediterranean basin especially 
in warmer months with high mortality rates (up to 100%) and significant economic losses. 
Against this background, to mitigate amyloodiniosis effective and licensed treatments do not 
exist, but formalin and copper sulphate (toxic to fish and highly polluting) are commonly 
used, being efficacious on trophonts and dinospores. Conversely, other potentially effective 
treatments (e.g. freshwater baths) are not resolutive or exploitable in all rearing realities.  

Doubts. Tomont persistence and dinospore lifespan in critical environments or without hosts 
have not been elucidated yet. Further, there are no specific immunogenic antigens identified 
for the development of a vaccine. Additionally, the information about molecular and genetic 
aspects is lacking. No data about the efficacy of alternative therapies on the 
dinospores/trophonts are available. Besides, immunohistochemistry results should be newly 
investigated on host tissue response.  

Future goals. The literature revision was the core to generate innovative data in the 
perspective to limit AO impacts on fish rearing systems. The availability of AO genome 
sequence, host gene expression against parasite and its antigenic profile could open the door 
for targeted drugs (eco-sustainable and licensed) and vaccines discovery. 

Funding of presentation: 
The study was conducted within the framework of ParaFishControl, an EU H2020-funded 
project (634429) aimed at increasing sustainability and competitiveness of the aquaculture 
industry by controlling and mitigating parasitic species affecting the main European farmed 
fish species.   
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Routine diagnosis of amoebic gill disease (AGD) in Atlantic salmon (Salmo salar) uses non-
destructive gill swabbing as a collecting tool prior to qPCR quantification of the pathogen 
Paramoeba perurans, the causative agent of the disease. As the accuracy and sensitivity of 
this diagnostic method is critical to timely treatment in a commercial situation, the type of 
swab material should be optimised to ensure not only efficient sample capture but also 
maximum recovery of the sample organism to be subsequently analysed and quantified.  

In the present work we evaluate the transfer efficiency of a range of swab types in order to 
optimise diagnostic accuracy for the target organism, P. perurans, and sensitivity in the field. 
The transfer efficiency of P. perurans using three commercially available swabs: calcium 
alginate fibre-tipped swabs, Isohelix DNA buccal swabs and cotton wool tipped swabs were 
compared. Calcium alginate offers an advantage in that it dissolves in most sodium salts to 
give soluble sodium alginate and hence total recovery and subsequent extraction of target 
organisms.  

Preliminary studies with calcium alginate fibre-tipped swabs spiked with P. perurans showed 
no inhibition of subsequent PCR-based assays following dissolution in sodium citrate and 
extraction using Qiagen Blood and Tissue Kit. Subsequent studies compared and quantified 
the recovery rate of P. perurans from swabs spiked with predetermined amounts of the 
amoebae, as well as retrieval efficiency from the substrates using qPCR.  

This work demonstrates that swab transfer efficiency of P. perurans can be affected by the 
type of swab material and that quantitative analysis methods allow optimisation of efficiency 
and sensitivity for detection of this target organism. 

Funding of presentation: 
This study was conducted within the framework of ParaFishControl, an EU H2020-funded 
project (H2020-SFS-10A-2014) aimed at increasing sustainability and competitiveness of the 
aquaculture industry by controlling and mitigating parasitic species affecting the main 
European farmed fish species.   
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Scuticociliatosis is an important parasitic disease affecting marine aquaculture. It is 
distributed worldwide (America, Europe, East Asia and Oceania) and can be caused by many 
scuticociliate species belonging to the subclass Scuticociliatia. Scuticociliates can infect a 
wide variety of farmed and aquarium fish species. However, identification of the ciliate at 
species level is a major problem in diagnosing fish scuticociliatosis. There has been some 
controversy as to whether Philasterides dicentrarchi and Miamiensis avidus are actually the 
same species. The name P. dicentrarchi was given to scuticociliates obtained from infected 
seabass in France and the name M. avidus to scuticociliates obtained from seahorses in 
Florida. More recently, several specimens isolated from the olive flounder have been 
identified as M. avidus on the basis of morphological criteria. In addition, the findings of 
genetic analysis have led to P. dicentrarchi being currently considered a junior synonym of 
M. avidus.  

In the present study, we describe an outbreak of scuticociliatosis in the fine flounder 
Paralichthys adspersus cultured in Peru. We used morphological characteristics, SSUrRNA, 
alpha and beta-tubulin gene sequences and antigenic relationships to establish the causative 
agent of the outbreak in fine flounder as P. dicentrarchi.  

Comparison of P. dicentrarchi and M. avidus isolates by morphological, genetic and 
immunological methods, observation of tomite production and the use of prey induced 
transformation experiments enabled us to conclude that P. dicentrarchi and M. avidus are 
different ciliate species. 

Funding of presentation: 
This study was financially supported by the Ministerio de Economía y Competitividad 
(Spain) (grant no. AGL2014-57125-R), by European Union’s Horizon 2020 research and 
innovation programme (Grant Agreement 634429, ParaFishControl) and by the Xunta de 
Galicia (Spain) (grant no. GPC2014/069). 
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Philasterides dicentrarchi is a free-living ciliate that can behave as an endoparasite and cause 
scuticociliatosis, an important disease that affects farmed and aquarium fish worldwide. 
Scuticociliatosis can also be caused by other ciliates belonging to several genera of the 
subclass Scuticociliatia,  some of which have not always been correctly identified in the past. 
Although the abundance of ciliates varies greatly, seawater may contain 1-150 ciliates mL-1 
belonging to many taxa. The identification and quantification of opportunistic pathogens such 
as P. dicentrarchi is therefore not an easy task.  

The aim of this study was to develop PCR and qPCR methods for the specific detection and 
quantification of Philasterides dicentrarchi in infected fish and in seawater samples. We 
began by designing primers to amplify β-tubulin and the ITS region or rDNA genes and then 
tested these against cultures of P. dicentrarchi, Miamiensis avidus and several other fresh and 
seawater ciliate species. For each gene, we optimized the PCR conditions for the specific 
detection of P. dicentrarchi. We also determined the number of gene copies that can be 
detected per reaction as well as the detection limit of P. dicentrarchi in water samples. 
Finally, we tested the method in seawater samples obtained from fish farms, after 
concentrating the ciliates by filtration.  

This method represents a promising tool for detecting P. dicentrarchi in infected fish, 
monitoring the concentrations of ciliates and determining the relationship between the 
numbers of P. dicentrarchi in seawater and the risk of scuticociliatosis.  

Funding of presentation: 
This study was financially supported by the Ministerio de Economía y Competitividad 
(Spain) (grant no. AGL2014-57125-R), by European Union’s Horizon 2020 research and 
innovation programme (Grant Agreement 634429, ParaFishControl) and by the Xunta de 
Galicia (Spain) (grant no. GPC2014/069). 
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Ichthyophthirius multifiliis Fouquet 1876 (Ciliophora), commonly known as ich, is the highly 
pathogenic fish endoparasite responsible for white spot disease. It causes severe declines 
among natural fish populations and significant economic losses in freshwater aquaculture. 
One promising approach for controlling the disease is to strengthen the immune defence 
mechanisms of fish by prophylactic administration of immunostimulants. Non-specific 
immunostimulants attracted wide attention, since they are easily incorporated in the diet, and 
have low impact on the environment. The structural carbohydrate beta-glucan is known to 
activate innate immune mechanisms of various animals including fish. Similarly, it was 
proven that propolis, a resinous substance produced by honeybees, and especially its most 
active component, flavanone pinocembrin has antimicrobial and immunostimulant activity.  

The aim of our study was to test the effect of orally administered propolis extract E50 and 
yeast-derived β-1,3/1,6-glucan on the susceptibility of common carp fingerling to ich. Fish 
groups were fed with homogenized and re-formatted fish pellet containing 1% propolis E50, 
and 3% β-glucan, respectively. To the pellets of the control group, no extra active component 
was added. The expression of cytokine interleukin-1-beta (IL1-β) was measured with qPCR 
at different time points during the feeding experiment. On day 40, 16 fish per group were 
individually exposed with ich theronts, and the number of throphonts was counted on skin 
and fins five days post exposure.  

All fish specimens developed infection. Although there were differences among the relative 
expression of IL1-β, and the detected infection intensity was the lowest in propolis-fed fish 
group and the highest in control group, statistical analyses did not show significant 
differences among groups.  

Our results show that although the immunostimulant activity of propolis and β-glucan could 
be confirmed, the additives could not significantly decrease the infection rates of carp with 
white spot disease. 
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Ichtyophthiriasis or white spot disease, caused by the parasitic ciliate Ichthyophthirius 
multifiliis, is affecting wild and aquacultured freshwater fish worldwide. Morbidity and 
mortality due to the infection is associated with severe economic losses in aquacultured fish 
including common carp, rainbow trout, and channel catfish. Banning of malachite green as a 
therapeutic drug has accelerated the search for alternative control methods including usage of 
antiparasitic compounds with no or low toxicity and minimal environmental effects.  

The present study was undertaken to investigate the antiparasitic activity of fifteen synthetic 
and semi-synthetic natural compounds (dimetridazole, secnidazole, tinidazole, metronidazole, 
ronidazole, nitarsone, nifursol, biotin, chrysanthemic acid ethyl ester, conessine, eucalyptol, 
psoraldine, sanguinarine, tomatine, and resveratrol) against Ichthyophthirius multifiliis. We 
recorded the short term in vitro effect of the drugs to a culture of ich theronts prepared from 
tomonts released by infected rainbow trout. Serial dilutions ranging from 4 x 10-1-10-6 mM 
were tested for their immobilizing effects.  

Within 60 minutes incubation, all the drugs showed a considerable inhibitory effect on the 
viability of theronts. The three compounds (eucalyptol, nifursol, and sanguinarine) showing 
100% effect were selected for further toxicity tests using cell cultures and live fish. 
Preliminary toxicity tests showed that eucalyptol was toxic both to rainbow trout and carp. 
Both nifursol and sangunarine were tolerated by both fish species and further studies should 
investigate if these two compounds may be used for control. 

Funding of presentation: 
ParaFishControl, EU H2020 project (634429).   
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Enteromyxum spp. are obligate parasites closely related to Cnidarians. They are responsible 
of serious emaciative diseases in marine aquacultured fish worldwide. Differently to other 
myxozoans with a 2-host cycle, which develop myxospores and actinospores, Enteromyxum 
spp. are only known to develop in fish intestines, dwelling in the paracellullar space in an 
intimate relationship with host cells. Spore production may be quite limited or inexistent, 
depending on the individual fish-Enteromyxum sp. model.   

Recent studies have focused on the obtention of transcriptome data from myxozoans, mostly 
from spore stages that can be easily isolated in large quantities. Although useful for gene 
hunting and phylogenomic studies, spores presumably contain a limited amount and repertory 
of expressed genes for functional studies.  

The goal of this work is to obtain a snapshot of genes expressed by developmental stages of 
Enteromyxum spp. in the course of their trophic development, invasion and pathogenic action 
in their hosts. This strategy required specifically designed tools to sort myxozoan RNAseq 
sequences from those of the hosts. An algorithm based on the transcripts’ dinucleotide 
frequencies, and their Blastn score against specific fish/cnidarian datasets, was designed and 
tutored with curated test data. This resulted in the determination of the algorithm’s error rate 
and the assignment of a p value to each filtering decision.  

As a result, 26,071 out of 281,264 transcripts were assigned to Enteromyxum spp. (p>0.99) 
while 30,551 were assigned to the hosts (p>0.99) and 57,507 were classified in a “greyzone” 
in between. The Enteromyxum filtered dataset was enriched with 4,500 additional transcripts 
initially classified as “fish” or “greyzone” [p(myxo)<0.99] after a repechage round with a 
curated Myxobolus pendula transcriptome dataset (Foo et al., 2015). The final dataset 
contains over 30,000 sequences with very low levels of contaminating fish transcripts.  

Functional annotation and characterization of the dataset, including comparison between E. 
scophthalmi and E. leei offers a basis for the identification of key molecules related to the 
development and pathogeny of these parasites. Additional comparative analyses with other 
myxozoans and free-living cnidarians can enlighten some of the unique adaptions of 
myxozoans to their parasitic lifestyles.  

Funding of presentation: 
This study was partially supported by EU H2020 program through the ParaFishControl 
project (634429).  
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Tetracapsuloides bryosalmonae is the cause of the proliferative kidney disease (PKD) in 
salmonids. It was observed that among salmonids, there are some differences in susceptibility 
to the disease. The aim of this study was to quantify the cause of disease in tissues of 
salmonids from intensive farming in the Czech Republic using imunohistochemical (IHC) 
and molecular biological methods; also, based on the pathogen occurrence intensity in the 
renal tissue, to outline the differences in infection intensity of various categories and species 
of farmed fish; and also to outline the differences in their susceptibility to infection.  

In 2015, a total of 50 samples of renal tissue from farmed salmonids were taken: 10 samples 
from Salvelinus fontinalis (2-year-old, reared in a recirculation system (RAS) for one year), 
10 samples from the hybrid of Salvelinus fontinalis and Salvelinus alpinus (2-year-old, reared 
in a RAS for two years), and 30 samples from Oncorhynchus mykiss (10 samples – 1-year-
old; 10 samples – 2-year-old, reared in a RAS for one year; 10 samples – 2-year-old, reared 
in a RAS for two years). Samples of renal tissue were IHC examined. The DNA was obtained 
by extraction and used for qualitative and quantitative parasite examination to detect the 
presence of T. bryosalmonae in samples by PCR and qRT-PCR.  

According to the IHC results, there is an important parasite occurrence in the group of 1-year-
old O. mykiss, with 100% probability of occurrence. High parasite intensities were also 
detected in the group of 2-year-old trout reared in the RAS for one year. In the group of 2-
year-old trout reared in the RAS for two years (they were exposed to the infection 
repeatedly), the parasite detected by IHC was less numerous. Parasite occurrence was not 
imunohistochemically proven in groups of brook trout and arctic char.  

The IHC results proved differences in susceptibility to PKD among salmonids, which implies 
that in the terms of resistance to PKD, some salmonid species are more suitable for farming 
in RAS, where it is necessary to use an infectious water source. However, these results need 
to be proven molecularly. The results of PCR will be presented in the poster. 

Funding of presentation: 
This study was supported by the Internal Grant Agency of the University of Veterinary and 
Pharmaceutical Sciences Brno project 219/2017/FVHE and by project NAZV QJ 151007. 
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Proliferative kidney disease (PKD) is caused by the agent Tetracapsuloides bryosalmonae 
(Myxozoa: Malacosporea). The main target organ are the kidneys which in result of the 
infection become enormously enlarged, especially in the caudal part.  

In order to establish the efficiency of the therapy and the action of the higher concentration of 
NaCl on the fish organism, the diseased fish were experimentally subjected to gradually 
increasing NaCl concentrations for a period of 14 days up to the final concentration of 8.1‰. 
After 14 and 21 days after the NaCl application was initiated, 15 pcs of fish were taken from 
each group (treated and untreated) that were subjected to pathological-anatomical dissection 
and blood samples were taken for examinations.  

Gradual increase of NaCl decreased the mortality of treated fish by more than 50% compared 
to the untreated fish. Histology and immunohistochemistry: in both groups, proliferative 
changes in the renal tissue were found; however, in the treated fish these changes were of 
proliferative-reparatory character, whereas in the untreated fish they were reactive rather than 
reparatory changes, and the extent of parenchymal damage at the given time period was 
evidently higher than in the group treated with NaCl. The number of parasites detected in the 
kidneys using IHC were lower in the treated fish compared to control (1.6 vs 2.5).  
Haematology: after 14 days, WBC was significantly increased in the treated fish. The 
oxidative outburst of the treated fish showed higher values. The fish in the treated group had 
a lower complement activity. After 21 days the treated fish showed higher haematokrit values 
and higher haemoglobin concentrations. At both sampling dates, the NaCl bath caused a 
statistically significant decrease of the skin lysozome activity. The bath also affected some 
plasmatic indices in fish. Marked changes were found in the oxidative stress in terms of 
increased total antioxidant capacity in the treated fish (FRAP).  

In conclusion, NaCl evidently seems to be a suitable tool for decreasing mortality but not for 
a total elimination of the disease. Moreover, the bath strongly affects the physiological 
functions of the fish organism. 

Funding of presentation: 
The study was supported by projects NAZV (QJ 1510077). 
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It is likely, that the early developmental stages of the majority of histozoic myxozoans 
migrate through fish tissues, including blood until they reach the place of sporogony. 
Myxobolus cerebralis was found to be unique in this regard, as previous histological study 
revealed that sporoplasms migrate through the host’s peripheral and central nervous system, 
and avoid cardiovascular system. Latter in vitro viability challenges showed that innate 
immune system components in fish serum have a key role in the host specificity of 
myxozoans. While for Myxobolus pseudodispar, the sera of non-suitable hosts was able to 
eliminate the invasive parasite stages only, the number of viable M. cerebralis sporoplasm 
cells was significantly reduced even by susceptible host serum.  

The aim of our study was to examine whether fish blood is involved in the intrapiscine 
development of these two Myxobolus species, and if there is any difference between the 
parasite loads in blood in terms of host susceptibility. In in vivo exposure trials, we compared 
the prevalence and intensity of early developmental stages of M. pseudodispar and M. 
cerebralis in the blood of susceptible and non-susceptible fish hosts. Naive fish were exposed 
individually. The prevalence and the intensity of infections were examined using SSU rDNA-
based, species-specific qPCR assay 1 d, 1 w and 1 mo post exposure (p.e.).  

Interestingly, M. cerebralis was present in the blood of both susceptible and non-susceptible 
hosts almost all over the experiment. In the case of M. pseudodispar infections, lower 
prevalence and mean intensity was detected in the secondary fish hosts than in the primary 
host, Rutilus rutilus. However, the statistical analyses did not show significant differences 
among fish species, as extreme variability was detected in the parasite copy numbers in some 
cases. Our study also revealed the limitations of the SSU-based parasite quantification.  

As new generation sequencing has largely been used as a research tool, the identification and 
application of new genes would be required for the reliable quantification of parasite stages in 
various (often not closely related) host species.  

Funding of presentation: 
Hungarian National Research, Development and Innovation Office, project nr. K112301.  
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Digenean flukes (Platyhelminthes: Trematoda: Digenea) are known to cause several diseases 
in humans and animals. They have a complex life cycle with one or two alternate hosts. The 
metacercariae of the Apophallus genus (Heterophyidae) inflict a type of black spot disease in 
fishes. This infection is regarded as a serious condition, causing deformation of the fish body 
or even mortality in fingerlings. Odening (1973) suggested that these species are host specific 
to fish families, namely A. muehlingi infects cyprinids, whereas A. donicus percids; however, 
the host specificity of the metacercariae is under debate. The aim of our study was to examine 
the validity of this statement. 

One hundred and fifty specimens of seven cyprinid (Abramis brama, Alburnus alburnus, 
Chondrostomanasus, Squalius cephalus, Pelecus cultratus, Blicca bjoerkna, Scardinius 
erythrophthalmus) and 52 specimens of two percid (Gymnocephalus cernua, Perca 
fluviatilis) fish species were investigated by collecting metacercariae from their skin and fins. 
Experimental infections in chicks are used to obtain adult specimens of the parasite, which 
were particularly important for correct species identification. The morphology (histology, 
native microscopy) of metacercariae and adult individuals was characterised and 28 
specimens were analysed by molecular methods (sequencing the ITS region and COI). 

By phylogenetic analysis the samples were clustered into three distinct branches by both 
genes. Apophallus muehlingi from cyprinids and A. donicus from percids showed two distinct 
clades supporting Odening’s hypothesis. Unexpectedly, a third, previously unknown 
Apophallus clade was present with five individuals; it was clearly separated from A. 
muehlingi and A. donicus, possibly indicating a new species. 

Funding of presentation: 
Hungarian Scientific Research Fund (OTKA PD 108813), Bolyai Scholarship 
(BO/00417/15/4). *EAFP student award to DS. 
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Patho-serum-biochemical parameters and Caryophyllidea infection 

Kaur P1, Shrivastav R2, Mourya B3 

1Barkatullah University, Bhopal, India, 2Govt. Motilala Vigyan Mahavidyalaya College, 
Bhopal, India, 3Goa University, Goa, India 

Among endo-helminthic infestation, cestodes is one of the major group of parasites in 
aquaculture, which commonly affects the fish health and palatability. Present study was 
conducted to investigate the pathology alterations in serum biochemical due to 
Caryophyllidea infection in Clarias batrachus.  

Host fish samples was collected continuously at regular intervals from the local fish markets 
in live condition & dissected out for the collection of helminth parasites. Collected parasite 
(cestodes) were fixed in AFA solution, stained with aceto-carmine, clarified in xylene & 
mounted in DPX. Blood sample were collected in two sets. The first set with anticoagulant 
(EDTA) used for estimation of haematological parameters. The second set was left to clot for 
the collection of serum for biochemical analyses. For histo-pathological study the infected 
tissues were fixed in alcoholic bouin’s fluid & processed to prepare paraffin blocks. They 
were cut at 4-5 µm in thickness for the preparation of histological slides. The percentage of 
infection was calculated as per Margolis et al. (1982). 

The maximum prevalence of 37.2% was showed by C. batrachus against two Caryophyllidea 
species of cestodes namely, Djombangia sp. and Lytocestus indicus were collected from the 
intestine of host fishes. Examination of haematological parameters revealed significant 
decrease in the amount of haemoglobin and the number of erythrocytes, monocytes, MCV, 
MCH, MCHC in infected C. batrachus, while the number of WBC, PCV and lymphocytes 
increased significantly. Similarly the Serum Glutamic Oxaloacetate Transaminase (SGOT) 
and Serum Glutamic Pyruvate Transaminase (SGPT) in infected host fishes showed vital 
increases. Whereas, serum protein, serum albumin and serum globulin showed significant 
decreases.  

Funding of presentation: 
University Grant Commission, New Delhi, India.   
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Parasitic infections are a potential threat to endangered marine mammalian populations. Lung 
worms (Metastrongyloidea: Pseudaliidae) are one of the main reasons for the natural death of 
the dolphins. Stenurus sp., the most common species, has been reported in the harbor 
dolphins (Phocoena phocoena), in the Burmeister dolphins (P. spinipinnis) and in the 
bottlenose dolphins (Tursiops truncatus). Parasites of the Pennellidae family are ectoparasites 
found in large pelagic fishes. Their copepods exhibit persistent parasitism and are fed with 
mucus and tissue residues. Intestinal volvus is one of the frequent changes in intestines of 
marine mammals. Abnormal peristaltic movements, inflammation, parasitism, neoplasia, 
foreign bodies or vigorous exercise have been reported as the major risk factors for the 
intestinal volvulus formations in the dolphins. 

This case aimed to perform pathological and parasitological examinations on an adult male 
bottlenose dolphin, which was found dead on the coast of Kusadasi/ Davutlar (370 46’N 270 
15’ W). In the external view, 125 lesions with 3.0-5.0 mm in diameter induced by parasite 
(52 of them embedded with parasite) especially on the caudo-lateral and abdominal parts of 
skin was counted.  At necropsy, intestinal volvulus and fibrinopurulent peritonitis were 
observed. In the histopathologic examination, severe vascular changes including congestion, 
oedema and hemorrhages in the intestines and peritoneum were observed. In alveoli of the 
lungs were seen exudate and parasitic larvae. In the parasitological examination, Stenurus 
minor was observed in the lungs and ectoparasites (Copepoda: Pennellidae) on the skin were 
detected.   

This was the first study to report the presence of S. minor in the lungs of bottlenose dolphins 
in Eastern Mediterranean coast and no information was found regarding the localization of S. 
minor in the lungs of this dolphin species.  
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Cod (Gadus morhua) is one of the most important fish species in the Baltic Sea from 
ecological and economic point of view. Cod changes the diet preferences during the life time. 
Diet of young and older fish is dependent on their ability to prey. Young fish occur mostly 
near the coast and feed on invertebrates, particularly Crustacea (e.g. Saduria entomon, 
Crangon crangon). Older and larger cod prefer deeper waters, where feed mainly on fish (e.g. 
Clupea harengus, Sprattus sptattus).The parasite fauna of cod (Gadus morhus) is well 
described, but life cycles of Baltic cod parasites has been known only in general terms. The 
most abundant groups of intestinal parasites in cod from the Baltic Sea are nematodes and 
acanthocephalans. Invertebrates are important transmitters of parasites. The aim of the study 
was to detect the source of Baltic cod infection with parasites found in situ in invertebrates 
that are present in the stomach of cod. 

The research material consist of the stomachs of Baltic cod, collected during two commercial 
cruises in the Polish Exclusive Economic Zone in February and May 2015 (Wladyslawowo 
Area). The diet composition analysis has been performed. All invertebrates found in stomach 
has been collected. Thereafter, detailed parasitological analysis of collected invertebrates has 
been performed.  

Parasites have been found only in S. entomon. Larvae (L3) of Hysterothylacium aduncum 
have been reported in S. entomon for the first time in Baltic Sea. S. entomon play a role as 
intermediate hosts in the life cycles of H. aduncum in the southern Baltic Sea. 

Funding of presentation: 
This study was financed by National Science Centrum (Poland): grant number 
2015/19/N/NZ9/00173. 
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In the Baltic Sea the cod (Gadus morhua) is important from both ecological and economic 
point of view. Cod changes the diet preferences during the life time, that is dependent on the 
ability to prey. Invertebrates that are diet components of cod may be also a source of 
infection with fish parasites. The presence of parasites in cod and their general life cycles 
were well documented. The most abundant groups of intestinal parasites in cod from the 
Baltic Sea are nematodes and acanthocephalans. Invertebrates are important transmitters of 
fish parasites. Several species of crustaceans are considered as intermediate hosts for 
nematodes and acanthocephalans, but the presence of parasites directly in organisms 
representing diet components of cod (in situ) has never been analyzed before. The aim of 
studies was to determine the prevalence and intensity of infection with parasites in 
invertebrates present in the diet of cod.  

The research material consisted of 1075 stomachs of cod, collected during the research and 
commercial cruises in the southern Baltic in 2015. Food content has been determined and 
collected invertebrates has been stored for further parasitological analysis.  

Parasitological analysis of invertebrates revealed the presence of Hysterothylacium sp. and 
Echynorhynchus gadi (both at larval stages) in Gammarus sp. The results indicate that 
Gammarus sp. may play a role of intermediate host in the life cycle of Hysterothylacium sp. 
and E. gadi in the Baltic Sea. The occurrence of invertebrate Gammarus sp. infected with 
parasites Hysterothylacium sp. and E. gadi have been shown in situ in diet of Baltic cod (G. 
morhua) for the first time.  

Funding of presentation: 
This study was financed by National Science Centrum (Poland): grant number 
2015/19/N/NZ9/00173. 
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Ceratothoa oestroides (Risso, 1816), an obligate crustacean isopod parasite in marine fish, 
causes many issues in aquaculture in some parts of Mediterranean, inducing tissue damage at 
the site of parasitation (tongue), growth defects, decrease in mean host weight and size, as 
well as increase in mortalities in the population of wild fish. A generalist in the wild, in 
aquaculture is known to infect cage reared sea bass (Dicentrarchus labrax) and sea bream 
(Sparus aurata) where fish density facilitates transmission between individuals. In some 
countries it is efficiently treated by chemotherapeutics, while in others it is manually 
extracted during vaccination or sorting for the market. Nevertheless, understanding the life 
cycle and behavioral mechanism of C. oestroides could help us in establishing novel 
strategies in preventing and controlling infection outbreaks.  

Live sea bass (300 g) infected with paired isopods were transported from the fish farm to 
Institute of Oceanography and Fisheries, where they were kept in experimental tanks (2m3) 
for 46 days (17.6 ⁰C - 24⁰ C) before releasing F1 generation. Infective pulli stage (F1) were 
harvested immediately upon release from the female marsupium and were manually 
transferred to the buccal cavity of live sea bass (14 g). After 112 days (20.0 ⁰C – 25 ⁰C) 
female released pulli – F2 generation. The life cycle of the parasite was successfully repeated 
over two passages (F2 generation) in the new hosts. Some of parasite’s developmental stages 
were kept for transmission electron microscopy (TEM), assessment of feeding apparatus 
ontogeny and artificial feeding trials. Adult females fed by blood survived for 30 days in 
experimental system and a development of embryos was observed. Pulli kept in different 
feeding systems survived the same length of time, but did not undergo any development, 
surviving upon their vitelline reserves.  

Still many factors need to be elucidated before we understand more clearly the developmental 
triggers that enable infection in fish. 

Funding of presentation: 
This work was conducted within the ParaFishControl Project (634429), funded by EU H2020 
framework. 
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Introduction: The cymothoid isopod Ceratothoa oestroides (Risso, 1816) is a protandric 
hermaphrodite fish parasite. It is a ubiquitous parasite with significant impact on fish health, 
usually found in Sparidae, Carangidae, Clupeidae, Maenidae, Scorpaenidea and Mugilidae 
families (Charfi-Cheikhrouha et al., 2000). Its common effects on fish in aquaculture can 
vary from growth retardation and decreased immunocompetency to mass mortalities of 
juvenile fishes, causing significant economic consequences in aquaculture (Mladineo, 2003). 
Most studies on this parasite in the Mediterranean aquaculture have described its influence on 
sea bass and sea bream (Horton and Okamura, 2001; Bouboulis et al., 2004).  

Last few years meagre (Argirosomus regius) has been introduced in fish farming in Croatia 
(Kružić et al., 2016). In this study, we examined C. oestroides infestation in the cultured 
meagre to provide new insights into importance and incidence of this parasite in this 
geographic area, and in order to improve existing fish farm management strategies. 

Methodology: Research was carried out at two commercial fish farms in the Central Adriatic, 
Croatia. First sampling and biometry of meagre was performed at the age of seven months 
(January 2016) and afterwards in February, March, April, May and July. A total of 2.028 fish 
were sampled. The incidence of parasites and weight and growth of meagre were monitored. 

Results: Parasites were found at both commercial fish farms. A total of 2.028 fish were 
examined and 84 (4.14%) of them were infested with parasites. The percentage of infestation 
was highest in February (7.0%) and lowest in May (2.4%). Biometric measurements revealed 
that meagre infested with the parasite had a significantly (P<0.05) lower weight and length 
compared with uninfested fish. 

Conclusions: Studies on infection of seabass and sea bream caused by C. oestroides in 
Croatia fish farms were reported earlier (Šarušić, 1999; Mladineo, 2003; Mladineo et al., 
2009). The wild fish feeding around the cages, with wild bogue (Boops boops) as parasite 
carrier, was reported to be likely the source of the infection for aquaculture fish (Šarušić, 
1999). In this study we determined that cultured meagre is also infested with C. oestroides 
with significant impact of this parasite on growth and weight of meagre in the offshore fish 
farming. 
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Interactions between wild and farmed fish, in the context of parasite transmission between 
populations, remain poorly understood. Wild fish may be drawn into the vicinity of farms 
through the presence of abundant food, provision of shelter or by signals from conspecifics 
and can serve as reservoirs of parasite transmission. Similarly, cultured stocks may act to 
amplify infectious stages in the environment, as they may be present in high numbers, be 
more susceptible to disease than wild fish and may accumulate higher parasite burdens due to 
intense rearing conditions. The monogenean Sparicotyle chrysophrii and the cymothoid 
isopod Ceratothoa oestroides have been identified as the most devastating ectoparasites in 
Mediterranean aquaculture, inflicting losses primarily in gilt head sea bream Sparus aurata 
and European sea bass Dicentrarchus labrax production. Their life cycles and modes of 
transmission have not been completely elucidated and molecular resources for their 
investigation are extremely scarce.  

In order to address this, we have used a genotyping-by-sequencing approach, double digest 
Restriction-site Associated DNA sequencing (ddRAD-Seq), to generate a genome-wide SNP 
marker dataset with the long term aim of investigating the degree of differentiation among 
individuals collected from farmed and wild hosts. Initial trials were conducted with S. 
chrysophrii and C. oestroides samples collected from Croatian and Greek farms.  

Two separate ddRAD libraries for S. chrysophrii and C. oestroides were constructed (96 and 
138 samples in total), producing over 16 and 21 million reads with 26,566 and 95,697 unique 
RAD loci identified respectively. Considerable variability in number of reads, polymorphic 
loci and SNPs identified was observed between individuals for both species. SNPs genotyped 
in at least 50% of the individuals were identified (507 in S. chrysophrii and 1,364 in C. 
oestroides) and used to compare the structure between samples currently available: wild and 
farmed S. chrysophrii and F1 and F2 offspring propagated in the laboratory for C. oestroides.  

The results provide a baseline for development of new ecological and biological studies of 
these species, using new genomic tools and resources, with important implications for 
aquaculture management and practice. 

Funding of presentation: 
This work was conducted within the ParaFishControl Project (634429), funded by EU H2020 
framework. 
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The swim bladder nematode Anguillicola crassus is a common parasite of European eels 
(Anguilla anguilla). The aim of the studies was to check the level of eel infection in the 
Polish EEZ, southern Baltic Sea.  

Fish have been examined in 2014, 2015 and 2016. Parasitological analysis focused on the 
presence of nematode A. crassus has been performed (the total number of investigated eels 
was 441 in 2014; 346 in 2015; 309 in 2016). The total number of found parasites was 2808 
individuals in 2014; 2047 in 2015 and 1937 in 2016. The correlation between infection 
intensity and host length, Fulton condition factor, age of the fish, area and time of sampling 
have been analyzed. The prevalence and intensity of infection have been calculated.  

The mean prevalence was similar between years of sampling (67.8% in 2014; 67.9% in 2015 
and 63.1% in 2016). The infection intensity fluctuated between 1 and 75 parasites per fish (in 
average 9.4 in 2014; 8.7 in 2015 and 9.9 in 2016). Mean prevalence of infection was on 
slightly lower level to reported from Polish waters in 2000-2002 (73.6-76.2%).  
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Merlangius merlangus, commonly known as whiting or merling, is important for the fisheries 
in the eastern North Atlantic Ocean and adjacent seas. The aim of our studies was to describe 
the diet composition and parasite fauna of that fish species from Gadidae family.  

Sample of fish (n = 91) was collected during cruise in April 2016 in Polish EEZ, the southern 
Baltic Sea. After standard ichthyologic analysis of fish, viscera was frozen for further 
inspection. The diet composition analysis of stomachs and parasitological analysis of liver 
and digestive tract was performed.   

In filled stomachs, the dominated element of the diet was sprat (Sprattus sprattus), present in 
case of 60.71 % of fish. Only one species of invertebrates has been reported – Mysis sp., 
present in case of 21.43 % of fish with filled stomach. The dominant element of digestive 
tract parasite fauna was Echinorhynchus gadi, present in 81.32 % of examined fish with 
intensity 1-30 parasites per fish. Single representatives of Hysterothylacium sp. were found in 
stomach, pyloric caeca, intestines and liver. The most abundant parasite in the liver was 
Contracaecum osculatum, present in 16.48% of examined fish (intensity 1-29 parasites per 
fish). The diet composition and parasite fauna of M. merlangus were never studied before in 
the Polish EEZ of southern Baltic Sea. 
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The great sandeel (Hyperoplus lanceolatus) is a common fish species that inhabits sandy 
substrates in the Baltic Sea and plays an important role in the diet of marine mammals, sea 
birds and piscivorous fish. Due to the fact that in the Baltic Sea, it is neither economically 
important nor endangered, scientific interest in H. lanceolatus is limited and information on 
its parasite fauna is scarce.  

The great sandeels were sampled in April 2016 in two areas of the southern Baltic Sea (south 
of Bornholm and the Gulf of Gdansk). During standard ichthyologic analysis, visual 
inspection of the viscera and muscles surface, and then digestion in artificial digestive juice 
were conducted to detect parasites.  

Anisakid nematodes were found in both locations. Microscopic identification of parasites was 
confirmed using molecular methods. The only one species of nematode parasites has been 
detected: liver worm (Contracaecum osculatum) with average prevalence of infection 8.96%. 
This is the first study to report on infection of H. lanceolatus with anisakid nematodes in the 
southern Baltic Sea and our results suggest that the great sandeel may play a role in the 
transmission of liver worm in the food web of this marine environment. 
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Sprat (Sprattus sprattus) is one of the most important fish in the food webs of the open part of 
the Baltic Sea. It is crucial element in the diet of piscivorous predators like salmonid and 
gadoid fish, marine mammals and sea birds.  Sprat might be also a source of parasitic 
infection for these organisms.  

The level of sprat infection with nematodes with zoonotic potential in the southern Baltic Sea 
(Polish EEZ) was investigated in 2015-2016 (180 fish examined) and compared with 
previous studies 1987-1989-1990 (3511 fish examined). During standard ichthyologic 
analysis, visual inspection of the viscera was conducted to detect nematodes. Microscopic 
identification of parasites was confirmed using molecular methods. 

Our research didn’t reveal the presence of nematode parasites in sprats until 2016, when 
larvae of Contracaecum osculatum has been reported in sprat from the middle off-shore area 
of Polish EEZ.  

In the southern Baltic Sea sprat may play a role as a transmitter of that parasite to piscivorous 
organisms. 
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The European plaice (Pleuronectes platessa) is one of the flatfish representative in the 
southern Baltic Sea. Research focused on that species in the Baltic Sea are scarce.  

The aim of our study was to describe the food composition and parasite fauna of European 
plaice in that area. Samples of fish (n = 98) were collected during survey conducted in April 
2016 in Polish EEZ (southern Baltic Sea). After standard ichtyological analysis, the intestines 
of fish were frozen for further inspection. The diet composition and parasitological analysis 
of digestive tract of fish were performed.  

The dominant elements in the diet of European plaice were clam Macoma baltica (present in 
86.73% of investigated fish) and Halicryptus sp. (present in 60.2% of examined fish). The 
most abundant parasite of digestive tract was nematode Cucullanus heterochrous (prevalence 
73.47%; intensity of infection 1-20). Common were also acanthocephalans: Echinorhynchus 
gadi (prevalence 48%; intensity of infection 1-16) and Pomphorhynchus sp. (prevalence 
12.2%; intensity of infection 1-3). Our results are the first description of European plaice diet 
composition and parasite fauna in mentioned area. 
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The garfish Belone belone, known also as sea needle, is a pelagic oceanodromous needlefish 
found in brackish and marine waters in the eastern North Atlantic Ocean and adjacent seas. In 
the southern Baltic Sea is observed in coastal waters during spawning migration between 
April and June.  

The aim of our studies was to describe the diet composition and parasite fauna of that fish 
species. Sample of fish (n = 61) was bought from the fishermen in 2015. After standard 
ichthyologic analysis of fish, viscera was frozen for further inspection. The diet composition 
analysis of stomachs and parasitological analysis of liver and digestive tract was performed.  

The dominated element of the diet were Gasterosteidae fish, especially three-spined 
stickleback (Gasterosteus aculeatus) present in 54.17 % and ninespine stickleback (Pungitius 
pungitius) in 12.5% of fish with filled stomach. Parasitological analysis of the viscera of fish 
reveal the presence of parasites in 24.59 % of examined fish. In the intestines nematode 
parasite Hysterothylacium sp. was found (prevalence 3.28 %; intensity 1-2 parasites per fish) 
and tapeworm Schistocephalus solidus (prevalence 11.48 %, intensity 1-2 parasites per fish). 
In the liver single larvae of Anisakis simplex has been reported (prevalence 13.11 %).  

Presence of S. solidus, common parasite of the three-spined stickleback, could be strongly 
related with the dominance of that species in the diet of B. belone. Conducted studies are the 
first description of the diet composition of garfish from the Polish EEZ of the southern Baltic 
Sea after 1965 and first parasitological analysis after 1981. 
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Introduction: The generation of fish cell lines is a major task for specific virological studies. 
Although there are many cell lines described in fish, only one is available in the case of 
European seabass (Dicentrarchus labrax), the most important fish species in the 
Mediterranean area. Among the viruses affecting this species, nervous necrosis virus (NNV; 
Nodaviridae family, Betanodavirus genus), is one of the most threatening virus for 
aquaculture and sea bass is one of the most susceptible species. NNV causes the viral 
encephalopathy and retinopathy (VER) disease that alters brain and retina structure and 
function and mainly affect to larvae and juvenile stages. The aim of this study was to 
characterize the susceptibility of the sea bass brain derived DLB-1 cell line to NNV and 
evaluate its transcription pattern by RNA-seq analysis.  

Methodology: DLB-1 cells were infected with NNV strains belonging to the four genotypes 
at two temperatures (20 and 25ºC). The cytopathic effect was monitored and the presence of 
NNV was confirmed by RT-PCR. DLB-1 cells infected with SGWak97 strain (RGNNV 
genotype) at 25ºC were sampled at 0, 12, 24, 36, 48 or 72 h and RNA isolated. Then, RNA-
seq (Illumina) 2x100bp was performed and incorporated in an in-house pipeline to improve 
the current annotation of the seabass reference genome. Differential expression and GO 
enrichment analysis were performed on the annotated genes. 

Results: Our results demonstrated that the DLB-1 cell line is susceptible to the four NNV 
genotypes at 25ºC but only to RGNNV and SJNNV at 20ºC. Around 13,000 genes were 
annotated and several GO terms important for cellular function were assigned.  

Conclusions: Our study demonstrates that the DLB-1 cell line is susceptible to NNV and 
could be used for viral detection and studies of immunity in the European sea bass-NNV 
model. The RNA-seq reveals transcripts related to the viral infection and sea bass immunity.  

Funding of presentation: 
Financial support by grants AGL2013-43588-P and AGL2016-74866-C3-1-R (MINECO and 
FEDER), PTA2014-09515 (MINECO), PT13/0001/002 (Instituto de Salud Carlos III) and 
19883/GERM/15 (Fundación Séneca de la Región de Murcia, Spain) is gratefully 
acknowledged. 
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Viral Hemorrhagic Septicemia virus (VHSV) first appeared in the Great Lakes basin as a 
novel strain (IVb) in 2003, killing ~32 fish species in outbreaks between 2005-09. After the 
initial outbreaks, many new haplotypes have evolved approximating a “quasi-species” 
evolutionary pattern.  

Thirty-seven sites were surveyed in 2015-16, from which 2561 individuals of 55 fish species 
were screened for VHSV-IVb. Seven species and 21 individuals (2 in 2015, 19 in 2016) 
tested positive from Lakes Erie (76%) and Michigan (24%); notably, all lacked evident 
clinical signs. All 2012-16 isolates were genetically distinctive and the original haplotypes 
appear to have been eradicated, indicating that the virus has continued to evolve.  

A pairwise examination of the VHSV-IVb G-gene haplotypes in three time groups of early 
(2003-06, N=58), mid (2007-10, N=57), and late (2011-16, N=61), revealed significant 
differences in the genetic composition of isolates seen between the late and early groups (FST 
=0.159), as well as between the late and mid (FST=0.132) groups. Comparative virological 
studies examined 3 new Lake Erie isolates to the original -IVb isolate (MI03GL) from 
muskellunge (Esox masquinongy) from Lake St. Clair: from round goby (Neogobius 
melanostomus) from Fairport, OH, May 2015; from gizzard shad (Dorosoma cepedianum) 
from Sandusky Bay, OH, April 2016; from largemouth bass (Micropterus salmoides) from 
Ashtabula, OH, May 2016. New isolates were purified upon propagation on BF-2 cells. 
Infection of EPC, RTG-2 and RTgill-W1 cell lines revealed differential pathogenicity, 
kinetics of replication and profiles of antiviral gene transcription (using Type I IFN pathway 
as marker).  

In summary, our results show that VHSV-IVb remains present in the Great Lakes ecosystem 
but is continuing to mutate, still representing an emerging threat for aquaculture and to 
immunologically naïve wild fish populations in uninfected waterways. 
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Viral Hemorrhagic Septicemia Virus (VHSV) causes a highly contagious, deadly systemic 
disease to a wide range of fish (>90 species); it is an OIE notifiable disease because it 
threatens wild and cultured fish world-wide. Novirhabdoviruses (Fam. Rhabdoviridae) are 
enveloped RNA viruses that replicate in the cytoplasm and express 6 viral genes encoding 
structural and nonstructural proteins, some of which remain poorly characterized. High 
mortality outbreaks have affected up to 32 fish species in the Great Lakes watershed since 
2003, caused by the VHSV-IVb sub-genotype. Our previous studies assessed how VHSV-
IVb Matrix protein (M) acts as a potent inhibitor of host transcription.  

Using a reverse genetic system, single (D62A) or double (D62/E181A) amino acid changes to 
M were incorporated into a recombinant wild type (rWT) VHSV-IVb. Following 
amplification of M-mutants on BF-2 cells, their pathogenicity and immunogenicity were 
assessed in vitro upon EPC cells infection.  

VHSV-IVb harboring double M-mutations showed a reduced anti-transcriptional activity, but 
also decreased replicative abilities as compared to rWT. VHSV-IVb harboring a single M-
mutation showed a slight decreased anti-transcriptional action, but retained rWT replicative 
capacity. Interestingly, both M-mutants allowed elevated antiviral host responses when 
compared to rWT infection.  

Currently, sanitary prophylaxis is the only way to contain VHS outbreaks; despite decades of 
effort, commercial vaccines against VHSV are not yet available or approved for use in 
aquaculture. Infective viral strains attenuated by reverse genetic could provide a valuable 
platform towards an attenuated VHSV vaccination, thus our double M-mutant could be a 
good candidate. 
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Early detection of potential pathogens is important in the control and eradication of disease in 
fish. Efficient non-invasive concentration methods could be used for surveillance of waters to 
monitor for pathogens. Information on the presence, transmission and risks that these 
pathogens may pose can aid risk assessments and contingency plans and increases the chance 
of fast and efficient eradication of disease. However, the likely low levels of pathogens in the 
environment means that effective concentration of water samples is essential to increase the 
sensitivity and reliability of the tests performed. 

There is a wide array of concentration methods that can be used, for which efficacy will 
differ. In this study, PEG precipitation, ultracentrifugation and tangential flow concentration 
were assessed for their efficacy in concentrating viable VHS virus (genogroup 1a, isolate 
J167), and EHNV nucleic acid. The assessment was made based on a comparison of the 
recovery of viable virus by cell culture titration and or viral nucleic acid detected by qPCR. 

With PEG precipitation, considerable bacterial contamination occurred in unfiltered samples 
limiting the detection of viable virus by cell culture. However, when filtered, PEG 
precipitation resulted in concentration of VHSV (based on qPCR copy number) but decreased 
viability (based on TCID50) indicating that the virus was not lost during the process. 
Ultracentrifugation was relatively inefficient in concentrating viable VHSV and its genetic 
material. Tangential flow appeared to be the most efficient technique when considering 
sample volume, time, man power, re-use of filters, practicality, cost, repeatability, retention 
and recovery of both viable virus and nucleic acid. With tangential flow, virus recovery was 
also increased with the use of blocking agents. Additionally, different water samples had an 
impact on the efficiency of the tangential flow method, for example, VHSV could be 
effectively concentrated from spiked waste water from filleting fish if pre-filtered, however, 
concentration of VHSV from spiked waste water from gutting fish, even when pre-filtered, 
was ineffective.   

Funding of presentation: 
Cefas DP385. 
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Introduction: Infectious hematopoietic necrosis virus (IHNV) is an aquatic rhabdovirus that 
can cause devastating disease in salmon and trout species in North America, Europe, and 
Asia. In western North America, IHNV is known to be endemic over the range extending 
from Alaska to California and inland to Idaho where its hosts include multiple species of 
Pacific salmon, several trout species, and farmed Atlantic salmon. In British Columbia, 
Canada, the occurrence of IHNV mortality events in wild and enhanced Sockeye Salmon 
stocks prompted an IHNV surveillance program to better understand the epidemiology of this 
deadly virus. 

Methodology: Annual IHNV prevalence was determined in multiple stocks of Sockeye 
salmon from three geographically distinct river systems for periods up to thirty-two years 
(1984 – 2016).  Graphical methods and confidence intervals (95%) calculated using the 
Clopper-Pearson method were used in an analytic visual dashboard to allow for comparison 
of IHNV prevalence and sample sizes over time across the different stocks and genders. 

Results and Conclusions: Across multiple Sockeye Salmon stocks, wide variation in annual 
IHNV prevalence occurred over time, moving up and down in similar cyclic wave patterns, 
attaining 4-5 peaks in prevalence ranging between 40 - 80% from 1984 to 2016. As expected, 
adult females consistently showed higher prevalence of IHNV than males. The annual 
prevalence in adult females of all stocks dropped to zero for longer periods of time between 
peak years since 2002, suggesting a change in the circulating dynamics of the virus has 
occurred since that time.  This pattern change has been even more marked in juvenile salmon 
in these stocks, which have been at or very close to an annual prevalence of zero since 2002. 
We are presently gathering environmental, management and other data to determine if there 
were correlates that increase our understanding of the variation seen in the annual IHNV 
prevalence of these stocks. 

Funding of presentation: 
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Introduction: Mariculture of rainbow trout (Onchorhynchus mykiss) is being practiced 
along the southern coastal areas of Korea. Recently, infectious hematopoietic necrosis virus 
(IHNV) infection occurred in rainbow trout during seawater adaptation at a marine farm in 
2014. IHNV had never been isolated nor detected from any fish species in a marine culture 
system before 2014. Therefore, it is presumed that IHNV might have been introduced from 
land-based freshwater culture system. In this context, the present study was conducted to 
confirm the introduction of IHNV from contaminated freshwater salmonid fishes, in 
particular rainbow trout, into marine culture system. 

Methodology: Rainbow trout and masou salmon (O. masou) were sampled for IHNV 
examination before and after adding the seawater. Portions of the kidney and spleen were 
homogenized in Hank’s balance salt solution and 100 μL of the homogenate was inoculated 
into Chinook salmon embryo-214 (CHSE-214) and fathead minnow (FHM) cells in 24-well 
tissue culture plates. If cytopathic effects (CPEs) were observed, reverse transcription-
polymerase chain reaction (RT-PCR) was performed with IHNVG-F and IHNVG-R 
primers targeting the entire G gene open reading frame of IHNV. PCR products were 
subjected to nucleotide sequencing and phylogenetic analysis to evaluate their genetic 
relatedness to worldwide isolates including Korean isolates. 

Results and Conclusions: Before adding the seawater, 25% of rainbow trout (2/8) and 20% of 
masou salmon (4/20) were found to be IHNV-positive, respectively. During seawater 
adaptation, 11% of rainbow trout (1/9) were IHNV-positive. After seawater adaptation, 19% 
of rainbow trout (8/42) and 32% of masou salmon (30/95) were found to be IHNV-positive, 
respectively. The IHNV isolates were phylogenetically classified into genogroup JRt and 
were most closely related to IHNV isolates (RtUi02, RtJe00 and RtWanJu09) from 
freshwater rainbow trout in Korea. Moreover, the IHNV isolates from masou salmon showed 
100% sequence identities to each other irrespective of the water type. From these results, it 
can be concluded that IHNV would have been introduced from land-based freshwater culture 
system to marine culture system by contaminated fish. 
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Introduction: The aquatic birnaviruses are the largest and most diverse group of viruses 
within the family Birnaviridae and include a variety of viruses from numerous species of fish 
and marine invertebrates. Many of these viruses, such as infectious pancreatic necrosis virus 
(IPNV), have been proven or implicated to be the etiological agents of diseases in a variety of 
species used in fish farming and aquaculture worldwide. Infectious hematopoietic necrosis 
virus (IHNV) is a member of the family Rhabdoviridae. It causes a lethal disease in several 
salmonid species. Epizootics of the disease generally ocur in juvenile fish through waterborne 
horizontal transmission. Mortality levels from IHNV in the most susceptible species can 
reach 100%. Viral hemorrhagic septicemia virus (VHSV) is another rhabdovirus which also 
causes a serious disease in several salmonid species. The disease has been found in all age 
groups of susceptible fish, with mortality rates reaching 80 to 100%, particularly in fry and 
fingerlings. It has presented serious problems to rainbow trout culture in Europe for over 50 
years. 

The Turkey salmonid industry was developed by importing breeding materials, a practice still 
in effect due to deficits in the national supply of roe. Importation of breeding materials is 
often associated with the transmission of pathogens. In this study, the seroprevalence of 
infectious pancreatic necrosis (IPN), viral hemorrhagic septicemia (VHS) and infectious 
hematopoietic necrosis (IHN) viral agents caused significant economical losses in trout were 
investigated as serologically.  

Methodology: A total of 597 trout serum samples obtained from 18 commercial trout farm in 
Middle and East Black Sea region were tested by virus neutralization test (VNT).  

Results and Conclusions: All serum samples were negative for antibodies against IHN and 
VHSV. However, IPNV antibodies were commonly found in all trout farm. IPNV antibodies 
were detected in 11 of 18 trout farm (61.1%) and 45 of 597 serum samples (7.5%). Three 
viral agents characterized as a persistent infection were screened for the first time in Turkey 
by VNT. The main reason of high seropositivity rate of IPNV infection is estimated to 
asymptomatic carrier trout and germ cells of broodstock fish.  
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Introduction: Infectious pancreatic necrosis virus (IPNV) is the causal agent of a highly 
contagious disease that affects many species of fish and shellfish. This virus causes 
economically significant disease of farmed rainbow trout, Oncorhynchus mykiss (Walbaum), 
in Turkey. Infectious pancreatic necrosis virus (IPNV) is a bisegmented double-stranded 
RNA virus belonging to the family Birnaviridae, genus Aquabirnavirus. VP2 is a structural 
viral protein of IPNV with immunogenicity effects. VP2 carries the determinant factors for 
IPNV virulence. In virulent strains of IPNV, there are threonine and alanine at positions 217 
and 221 of VP2, respectively, whereas, moderate to low virulence strains have a proline and 
alanine at these positions. Strains with threonine at position 221 have been shown to be 
almost avirulent. The objective of this study reported here were (i) to expose rainbow trout to 
a local Turkish isolate of IPNV (KM972675) to fulfil Koch's Postulates, and (ii) to determine 
the pathogenicity of IPNV for this commercially important fresh water fish species. 

Methodology: The HAH-4 isolate of IPNV used in this study was recovered in 2010 from 
rainbow trout in Trabzon province. The epithelioma papulosum cyprini (EPC) cell line were 
grown in Leibovitz’s-15 (L-15) supplemented with 10% fetal bovine serum. The master stock 
of virus had been passed less than five times in cell culture before being frozen at -70°C. The 
titers of infectious virus in cell culture were determined via virus titration test by using 
monolayer cultures of EPC cells. An infection trial has been conducted on a number of 30 
rainbow trout with using local IPNV isolate. The dose of infection applied as 107 TCID ml-1 
for infection via intraperitoneal infection.  

Results and Conclusions: As a result of the infection trial, the average mortality rate for 
rainbow trout has been found as 33.3%. So far, all of detected Turkish IPNV had proline and 
threonine at positions 217 and 221, respectively. Despite the presence of threonine at position 
221, which is indicative of a nonvirulent nature, the mortality of Turkish rainbow trout fry 
corresponds to a moderate virulence. The moderate virulence of Turkish IPNV isolates may 
be related to alanine residue present in position 247.  

Funding of presentation: 
This work was supported by the Scientific and Technological Research Council of Turkey 
(TUBITAK), project no: 213O156. 
  



281 
 

063-P 

Isolation and expression of recombinant viral protein (VP2) from Turkish isolate of 
infectious pancreatic necrosis virus (IPNV) in Escherichia coli 

Albayrak H1, Tamer C1, Ozan E2, Kadi H2, Cavunt A2 

1Ondokuz Mayis University, Samsun, Turkey, 2Veterinary Control Institute, Samsun, Turkey 

Introduction: The most commonly utilized expression systems are based on bacterial, 
baculovirus or mammalian expression. E. coli is one of the most widely used prokaryotic 
hosts for production of foreign proteins. This is because high-level expression of protein can 
be achieved at low cost and because an increasingly large number of vectors and mutant host 
strains are readily available. Infectious pancreatic necrosis virus (IPNV), the prototype virus 
of the Birnaviridae family, is known to produce highly contagious, systemic infections in 
farmed rainbow trout (Oncorhynchus mykiss) and other species of salmonids. Bacterial based 
systems as live vectors for the delivery of heterologous antigens offer a number of advantages 
as vaccination strategies. VP2 is a structural viral protein of IPNV with immunogenicity 
effects.  

Methodology: In this study IPNV was isolated from asemptomatic rainbow trout using RTG-
2 in 2010. Then an expression vector was constructed for expression of viral protein VP2. 
The designed vector was constructed based upon pET-28a (+) with T7 promoter. A fragment 
containing the full length of the VP2 gene of Turkish Sp strain (KM972675) was amplified 
by PCR using genomic RNA of IPNV as template and cloned in pET-28a (+) plasmid. 
Recombinant structural viral protein VP2 was expressed into the Escherichia coli BL21 
(DE3). The glucose, Isopropyl-β-D- thiogalactopyranoside (IPTG) was used as a chemical 
inducer for rVP2 production in 15º C. The rVP2 was extracted and purified. The presence of 
gene in bacterial system of E. coli was confirmed by gel electrophoresis technique.  

Results and Conclusions: Overexpression however led to the formation of intracellular 
inclusion bodies. The insoluble to soluble ratio remained relatively unaffected by altering 
expression time or IPTG induction levels. Various methods are available to harvest proteins 
from inclusion bodies. The principle frequently involves denaturing the protein, purification 
of the protein utilizing the His tag and affinity to Ni2+ columns followed by renaturing and 
refolding of the protein. The resultant protein was further characterized for use as a functional 
protein in bioassays. The successful cloning and expression of the structural viral protein 
gene into E. coli can be used for developing a useful and safe vaccine and ELISA test to 
control IPNV infections. 

Funding of presentation: 
This work was supported by the Scientific and Technological Research Council of Turkey 
(TUBITAK), project no: 213O156.  
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Introduction: During the last decades, there has been a continuous growth in the aquaculture 
industry all over the world. The projections for the next decade are that there will be a 
shortage in supply of marine proteins from wild caught fish and this gives reason to believe 
that the growth in aquaculture will continue. One should also assume that new marine fish 
species will be added to the existing spectrum of fish species grown in aquaculture. However, 
any intensive bioproduction -whether on land or at sea- will experience disease problems. 
Infectious diseases that occur as a sporadic event in wild fish populations may cause high 
mortality when present in intensive fish farming. Vaccines against virus infections, including 
infectious pancreatic necrosis, have also been used in commercial fish farming. The overall 
positive effect of vaccination in farmed fish is reduced mortality. However, for the future of 
the fish farming industry it is also important that vaccination contributes to a sustainable 
biological production with negligible consumption of antibiotics. Infectious pancreatic 
necrosis (IPN), a significant disease of farmed fish worldwide, is caused by infectious 
pancreatic necrosis virus (IPNV), a member of the family Birnaviridae, a family of non-
enveloped, double-stranded RNA viruses with a bisegmented (A and B) genome encoding 
five or six proteins.  

Methodology: To develop a recombinant vaccine for IPNV, a cDNA construct of IPNV VP2 
gene was prepared and cloned into an Escherichia coli (E. coli) expression vector (pET-28a) 
to obtain recombinant protein products. A study was conducted to determine the antibody 
responses and protective capacity of this recombinant vaccine expressing VP2 protein. 
Subsequently, juvenile rainbow trout (10 g) were inoculated by injecting purified 
recombinant IPNV VP2 proteins with adjuvant (montanide), followed by challenge with 
moderate virulent IPNV (33% mortality) in rainbow trout.  

Results and Conclusions: Our results demonstrate that recombinant E. coli derived VP2 
protein induced significantly (P < 0.05) higher IgG antibody response in serum samples 
compared to control groups. Following intraperitoneal challenge, the mortality rate decreased 
from 33% to 11%. This result was confirmed by measuring the viral loads of IPNV in 
immunized rainbow trout which was drastically reduced, as analyzed by real-time RT-PCR.  

Funding of presentation: 
This work was supported by the Scientific and Technological Research Council of Turkey 
(TUBITAK), project no: 213O156. 
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Introduction: Infectious Pancreatic Necrosis Virus (IPNV) is a member of the family 
Birnaviridae which causes significant losses in the aquaculture industry. There have been few 
reports of the use of screening rainbow trout for antibody against IPNV as an epidemiological 
tool. The screening method used in the majority of those reports was virus neutralisation, 
which is generally more labour intensive than virus isolation, and may explain why the 
routine screening of fish sera for neutralising antibody has not been used more extensively. 
On the other hand, enzyme-linked immunosorbant assays (ELISAs) have a high level of 
sensitivity and reproducibility and allow for automation. They are the method of choice for 
screening a large number of serum samples. Several ELISAs using whole virus or a 
recombinant IPNV protein have been described. A recombinant protein-based enzyme-linked 
immunosorbent assay (ELISA) for the detection of infectious pancreatic necrosis virus 
(IPNV) antibodies in rainbow trout (Oncorhynchus mykiss) was evaluated.  

Methodology: To develop a recombinant protein-based enzyme-linked immunosorbent assay 
for IPNV, a fragment containing the full length of the VP2 gene IPNV was amplified by PCR 
using genomic RNA of IPNV as template and cloned in pET-28a(+) plasmid. Recombinant 
structural viral protein VP2 was expressed into the Escherichia coliBL21(DE3). The glucose, 
Isopropyl-β-D- thiogalactopyranoside (IPTG) was used as a chemical inducer for rVP2 
production in 15º C. The rVP2 was extracted and purified.   

Results and Conclusions: There was close agreement between the results of the ELISA and a 
neutralisation test for detecting IPNV antibody when fish sera were tested by both methods. 
The differences between the ELISA and virus neutralisation are most likely because 
antibodies against different virus epitopes reacted in the two methods.  

Funding of presentation: 
This work was supported by the Scientific and Technological Research Council of Turkey 
(TUBITAK), project no: 213O156 
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All viruses infecting fish must cross the surface mucosal barrier (e.g. skin, gills or 
gastrointestinal (GI) tract) to successfully enter a host. Infectious salmon anaemia virus 
(ISAV), the causative agent of the economically important, and OIE listed infectious salmon 
anaemia (ISA) in Atlantic salmon, Salmo salar L., was initially assumed to use the gills as its 
entry point. However, recent investigations using immersion (bath) challenges have shown 
evidence of early replication of virus in several mucosal surfaces in addition to the gills, 
including the pectoral fin, skin and gastrointestinal tract suggesting several potential entry 
points for the virus.  

Our observations also suggest a possible involvement of the secondary vascular system in 
ISA pathogenesis. We will present an overview of how ISAV enters the host, the early stages 
of infection and immune responses related to virus entry. Further, understanding of ISAV 
uptake and host-pathogen interactions at the port of entry may provide a better basis for both 
control of ISA, and vaccine development. 

Funding of presentation: 
Norwegian Research Council project no 244110.   
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Infectious salmon anaemia (ISA) is an important disease of farmed Atlantic salmon, Salmo 
salar L., caused by the aquatic orthomyxovirus, ISAV. The disease is listed as notifiable by 
the OIE, and appears as a disseminated, fatal infection of the vascular system leading to 
bleedings, severe anaemia, necrosis, and haemophagocytosis. The disease and the causative 
virus, may resurface at any time, resulting in major losses for the industry mainly, caused by 
regulatory restrictions. No treatment exists, and available vaccines do not give adequate 
protection.  

ISAV binds the 4-O-acetylated sialic acid receptor, expressed on endothelial cells and red 
blood cells (RBCs) in the host. Endothelial cells are the main target for ISAV replication in 
Atlantic salmon, and virus produced in infected endothelial cells buds to the circulation. Once 
in the circulation large amounts of virus are found attached to the surface of RBCs, and we 
propose that this may be of significance for disease pathogenesis. However, the literature is 
essentially devoid of descriptions considering virus-RBC interaction as a mechanism for 
disease pathogenesis for ISAV, and other haemagglutinating viruses.  

Through diagnostic investigations of ISA outbreaks, we have made observations of ISAV 
attachment to RBCs and increased haemophagocytosis in spleen and in other organs where 
this is not normally observed. Further, in situ haemadsorption of RBCs to infected endothelial 
cells and swelling of RBCs is observed, as is also increased RBC fragility. We are currently 
studying this interaction and the importance for disease pathogenesis further by investigating 
samples from natural outbreaks, experimental infections and in vitro assays, combining 
pathology, virology and immunology. Preliminary results from these studies will be 
presented. 

Funding of presentation: 
The Research Council of Norway, project number 254876. 
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In the last decade, the farming of sturgeon in Western Europe has increased exponentially 
and Italy is the first European country for sturgeon production. The annual world production 
is allocated among 4 species: White sturgeon (Acipenser transmontanus), Siberian sturgeon 
(A. baerii), Adriatic sturgeon (A. naccarii) and Russian sturgeon (A. gueldenstaedtii). The 
intensive breeding of these species has facilitated the origin and the spread of viral diseases 
including Iridoviruses. The first report of sturgeon Iridovirus dates back to the early 1980s in 
North America. Additional reports were subsequently provided in lake sturgeon (A. 
fulvescens) and in pallid sturgeons (Scaphyrinchus platorynchus and S. albus). Recently, 
Bigarré et al., (2017) have reported a new Iridovirus in different species of sturgeon farmed 
in Europe, including A. gueldenstaedtii. Authors have supported the presence of at least two 
different Iridoviruses in Europe. One virus is related to the Namao Virus described recently 
in Canada, whereas the other appears to be a new virus different from WSIV, MRSIV and 
NV and provisionally named Acipenser Iridovirus-European (AcIV-E). The pathogenesis of 
this disease is still unknown although the Italian sturgeon rearing system (in closed-off tanks) 
and the spread of disease between sick and healthy individuals allowed the suspicion of both 
horizontal and vertical transmission.  

The most severe clinical signs occurred in Russian sturgeon of different weight, from 10-15 g 
to 200-350 g, with acute mortality in juveniles. The clinical signs were specific but not 
pathognomonic and encompassed: hyperactivity followed by lethargy, uncoordinated 
swimming, mucus hyperproduction, discolouration and gills lesions. In the late phase of the 
disease, anorexia and swollen abdomen were also observed. Sturgeon Iridovirus are generally 
difficult or impossible to cultivate in vitro which makes their detection and characterization 
difficult. For this reason, a qPCR (sensibility 101 copies/ µL) based on the partial sequence of 
the MCP gene has been set up. 

Preliminary results show that the major viral load is recovered from the gills (105 copies/ µL) 
which could be considered the AcIV-E target organ. The lack of epidemiological data and the 
frequent movements of live sturgeon material requires the development of powerful 
diagnostic methods in order prevent the spreading of infectious diseases. 
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Introduction: Infections with most of known cyprinid herpesvirusesare associated with severe 
diseases causing very high mortalities in cyprinid fish. In common carp CyHV-3 was shown 
to have several variants with similarities of 97% which were associated with different 
virulence.  

Methodology: As multiple herpesviruses could be associated with infections of one species in 
higher vertebrates (e.g. humans), we decided to screen samples collected from common carp 
for the presence of additional cyprinid herpesviruses after unexplained mortalities. Initially 
10 samples were screened with end-point PCR based on universal primers binding to the gene 
encoding for the cyprinid herpesvirus DNA polymerase.  

Results: One the samples screened gave a positive signal. After sequencing of PCR product, a 
new unique sequence was obtained which showed significant (over 15%) differences to the 
known DNA and amino acid sequences of other cyprinid herpesviruses. A difference at this 
level could indicate that it belongs to a new cyprinid herpesvirus as the other members of 
Cyprinivirus genus have the same difference between each other. In order to test for the 
presence of this virus in other fish samples, two SYBRGreen qPCRs were developed and 33 
samples were screened. None of the samples were indicated to be positive for the DNA of the 
new virus. The only positive fish had low virus load which was below 100 copies of viral 
DNA per 250 ng of isolated DNA. This virus load cannot be associated with the death of the 
individual infected.  

Conclusions: The presence of a new herpesvirus in common carp could indicate that several 
herpesviruses can infect this one fish species. With only one fish infected it is impossible to 
evaluate the impact of this virus on health of common carp.   
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Introduction: Cyprinid herpesvirus 2 (CyHV-2) infection in goldfish (Carassius auratus) 
causes disease called herpesviral haematopoietic necrosis (HVHN). This disease causes very 
high mortality by inducing severe symptoms like necrosis of gills and hematopoietic organs. 
Recent detection of the CyHV-2 in several countries in Europe including France, Switzerland 
and Italy indicates its wide distribution.  

Methodology: In 2015 one German ornamental fish wholesaler suffered from a mass 
mortality of several hundreds of goldfish. The fish were purchased from a German breeder. 
Histopathological examination showed necrosis and fusion of gill lamellae, as well as 
necrosis in the kidney. An end-point PCR designed to amplify a fragment of the DNA 
helicase of cyprinid herpesvirus 2 gave a positive result in both samples collected from two 
lots of affected fish. After sequencing of the product an infection with CyHV-2 was 
confirmed. A SybrGreen based qPCR was used to evaluate the virus load. The PCR showed 
extremely low Ct (Ct=6) which confirmed that the fish died from HVHN.  

Results: In order to trace the source of the infection, fish stocks from both the wholesaler and 
the breeder were checked from presence of asymptomatic virus carriers. It appeared that all 
samples collected from the breeder were negative for CyHV-2 while 3 from 4 samples 
collected from other asymptomatic stocks of goldfish kept at the wholesaler were positive for 
CyHV-2 with Ct of 23, 25 and 32. This indicates that wholesaler’s stock was positive for 
CyHV-2 and the outbreak occurred when naïve fish from the breeder were exposed to the 
virus in the facilities of the wholesaler.  

Conclusions: The findings show that CyHV-2 is present in Germany and new outbreaks 
could occur if naïve fish are placed together with virus carriers. Indeed in 2016 a similar 
outbreak already occurred affecting another goldfish wholesaler.  
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Cutaneous epithelial tumours, such as papilloma and carcinoma, have been described in 
several fish species including carp (Cyprinus carpio). Cutaneous papilloma of carp known as 
“Carp pox” has been demonstrated to be linked to the Cyprinid Herpesvirus-1 infection. 
Cutaneous squamous cell carcinoma (cSCC) is an uncommon disfiguring disease of unknown 
aetiology. Several authors hypothesized a viral aetiology also for cSCC, but the presence of 
viral particles in these tumours of carp have not been confirmed until now. Histological, 
ultrastructural and molecular investigations were carried out aiming to investigate the 
aetiology of these tumours on archive samples. 

Surgical samples of masses collected from thirteen koi carps were included in this study. 
Grossly the masses were located in the skin of the dorsal aspect of the head, the caudal or 
pectoral fins, the lateral part of the body. Some masses involved the oral mucosa of the lips. 
They were multi-lobulated or had a plaque-like appearance, were pink to red, ranging in size 
from one to three-four cm, with distinct borders and concurrent internal areas of necrosis and 
haemorrhage. All cases shared similar histologic features and a diagnosis of cSCC was 
formulated. The ultrastructural observations confirmed the squamous differentiation of 
neoplastic epithelial cells evidencing tonofilament bundles and desmosomes. DNA and total 
RNA were extracted from cSCC formaldehyde-fixed paraffin embedded samples. DNA and 
RNA integrity was evaluated trough housekeeping genes amplification. Suitable samples 
were subjected to PCR and RT-PCR to detect the presence of CyHV-1 DNA polymerase 
gene and its transcript. Despite no virus particles were revealed by ultrastructural analysis, 
the molecular investigation detected viral DNA in five cSCC with unrelated origin. No viral 
transcripts were detected. 

Albeit a direct cause-effect relationship cannot be established between cSCC and CyHV-1, 
the evidence of their frequent combination, shown in this study, suggests a correlation 
between this kind of tumour and CyHV-1. 
  



290 
 

072-P 

Is it possible to in vitro cultivate CEV and CyHV-3 in gill primary and permanent 
cultures? 

Adamek M1, Rakers S2, Gebert M2, Velten M1, Steinhagen D1 

1Fish Disease Research Unit, University of Veterinary Medicine, Hannover, Germany, 
2Fraunhofer Research Institution for Marine Biotechnology and Cell Technology, Luebeck, 
Germany 

Introduction: Carp edema virus (CEV) and cyprinid herpesvirus 3 have several common 
features: i) both viruses are serious threats to populations of common carp, ii) both viruses 
cannot be reliably diagnosed based on cell cultivation, iii) both viruses seem to be 
epitheliotropic and were found to replicate in gills. Furthermore, the replication of CEV is 
mainly limited to this organ. Multiple attempts to re-isolate and cultivate CEV were 
performed but did not give any noticeable virus replication. In the case of CyHV-3 
fibroblastic cells from fins, brain or other organs are used successfully for virus replication 
but have limited reliability in cell cultivation-based virus diagnosis. This hampers research as 
well diagnosis of these viruses. Therefore attempts were made to develop a replication system 
for these viruses based on gill derived cells.  

Methodology: Three different approaches were taken: explant cultures of gill arches, cultures 
of primary gill cells and attempts to raise a gill (epithelial) cell culture. The presence and the 
level of viral mRNA expression were used as indicators of virus replication. Several CyHV-3 
and CEV virus suspensions were prepared from experimentally and naturally infected fish 
including CEV from both genogroup I and IIa.  

Results: The cultures of primary gill cells were showing very slow growth rate (compared to 
e.g. cultures of primary fin cells). Only a limited number of cultures started to develop a 
monolayer of cells. In these cultures a large diversity of cells was observed, but epithelial 
cells were most numerous. Early passages of gill cell line (CCAgill) were also obtained. In 
most of the cultures these cells possessed an epithelial-like morphology. At the current stage, 
all three cultivation approaches allowed quite limited CEV replication in vitro, in which virus 
suspension from fresh tissue gave better results compared to suspensions prepared from 
frozen tissues. CCAgill allowed also the replication of CyHV-3.  

Conclusions: If further development of these cell systems succeeds, it could have a 
fundamental impact on CEV research and would allow the in vitro replication of this virus 
which causes increasing economic losses among carp farm populations.  

Funding of presentation: 
Bundesanstalt für Landwirtschaft und Ernährung. 
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Outbreaks of the koi herpesvirus disease (KHVD), caused by the infection of carp with the 
Cyprinid herpesvirus (CyHV-3, also known as Koi herpesvirus, KHV) have severely affected 
carp farming in several parts of Germany. No measures for prevention or cure of KHVD are 
currently available. Thus, valid and effective tools for monitoring, controlling and effective 
combat against this viral disease are needed. 

The diagnostic procedures that have so far been used for the CyHV-3-detection relay mainly 
on in vitro virus isolation and/or detection of viral DNA. However, sensitive molecular 
methods - based on polymerase chain reaction (PCR) - do not allow recognition of infective 
virus particles. Moreover, the isolation of the CyHV-3 from environmental samples is 
handicapped due to the challenging in vitro replication of this pathogen. Therefore, an 
improvement regarding diagnostic methods for CyHV-3 based on cell cultures is needed. 
Furthermore, in order to develop effective vaccines, systems allowing efficient propagation 
of infectious particles are required. 

Hence, the aim of this study is to identify cell lines that are able to replicate the CyHV-3 to 
reach high titers as candidates for diagnostics and for vaccine production. To reach this aim, 
various fish cell lines, that are currently available for CyHV-3 replication together with a 
newly developed cell line, were examined for virus replication. Furthermore, infection 
courses with the Taiwanese and Israelian isolates (KHV-T and KHV-I) with different process 
parameters were analyzed.  

The KHV-T showed efficient replication, reaching 107 TCID50/ mL (50% tissue culture 
infective dose/ mL) and the highest virus replication, using both currently available and 
newly established cell lines. In comparison, the inoculation of the same cell lines with KHV-I 
resulted in considerable lower virus titers ranging from 103 to 105 TCID50/ mL.  

These results underline the differences between the two isolates: KHV-T is faster replicated 
and can be propagated efficiently in a number of cell lines whereas the replication of KHV-I 
is still challenging in different cells. Thus, we suggest to use KHV-T as a model for an 
optimization and simulation of future vaccine production systems and to use KHV-I, in 
contrast, for improved cell-culture-based protocols in diagnostic procedures. 

Funding of presentation: 
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Introduction: The aquaculture of carp, which is one of the most important farmed fish 
species, struggles with various pathogens causing diseases that result in high economic 
losses. Cyprinid herpesvirus-3 (CyHV-3) is one of such pathogens endangering carp farming. 
In-vitro replication of CyHV-3 enables investigation of the infection mechanism that can in 
future lead to development of treatment and/or prevention of the disease caused by this virus. 
Recent studies on the mode of entry of CyHV-3 showed that certain membrane structures, as 
well as their composition, play an important role for virus entry into cells. Cholesterol is not 
only a very important constituent of cell membranes but possesses together with its oxidation 
products (COPs) a number of functions, e.g. production of vitamin D and steroid hormones, 
signal transduction, regulation of membrane structure and function. Moreover, cholesterol 
derivates have been recently linked to immune responses against viral infections in mammals. 

Methodology: In order to elucidate the role of cholesterol and COPs during the CyHV-3-
infection, a sensitive method allowing quantitative analysis of these analytes from cell 
cultures is needed. Hence, a method based on high performance liquid chromatography 
(HPLC) coupled to atmospheric pressure chemical ionisation tandem mass spectrometry 
(APCI-MS/MS) was developed in this work. 

Results: The method used in this work is based on chloroform and methanol extraction of the 
lipids followed by separation on a C18- column and detection in positive selective ion 
monitoring mode. The method allows quantitative analysis of cholesterol and its seven 
selected oxidation products in cells and culture medium with intra- and inter-day precision 
was higher than 88 % for all analytes. Applied for the analysis of sterol and oxysterol profile 
in common carp brain cells (CCBs) under standard conditions, they showed cholesterol 
content of around 10 µg per 2*106 cells exceeding by far the concentration of oxysterols. The 
extracellular sterol concentrations resembled the intracellular profile under the same 
conditions.  

Conclusions: In summary, this is the first report of the quantification of cholesterol and its 
oxidation products from fish cell cultures. 
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Introduction: Koi herpesvirus disease (KHVD) is a notifiable disease according to OIE 
(World Organisation for Animal Health) and according EU legislation. It causes high 
mortality in aquacultured Cyprinus carpio L. worldwide. Moreover it represents a major 
threat because of a lifelong latent infection. While there are genetic variants among the 
causative agent KHV, it remains unknown how these different variants of KHV have evolved 
and how they spread or produced among carp populations. Previously, two methods were 
published targeting the KHV phylogeny. One using two genomic regions, looking for 
presence or absence of genetic markers. The other used eight variable number of tandem 
repeats (VNTR) in non-coding regions spread over the whole genome. 

Methodology: By sequencing the eight VNTR we attempted to improve this method and get a 
deeper insight into the global phylogeny of KHV and their evolution during serial virus 
passages. Additionally a new real-time PCR was developed and tested for fast and robust 
differentiation between the European and Asian lineage of KHV. 

Results and Conclusions: Findings of both method support phylogenic data collected by 
whole genome sequences. Thus both methods allow a important possibility to get a deeper 
view into KHV phylogeny and to distinguish between Asian and European lineages of KHV. 

Funding of presentation: 
*EAFP student award.  
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Koi herpes virus disease (KHVD) has spread globally, particularly to the regions and 
countries with intensive cultivation and trade of koi carp and common carp (Cyprinus 
carpio). Croatia has implemented surveillance programme for the presence of the KHVD for 
last 10 years and in 2015. the whole country has been declared free by EU Commission 
decision. The sampling for diagnostic on KHV was scheduled in the warmer period of year 
with water temperature above 20 oC.  

In the early spring of 2016, high mortalities have been notified from the common carp farm 
with the water temperature of 14 oC. Affected fish showed typical KHVD symptoms; light 
pigmentation of the skin, focal loss of scales, excess mucous secretion, and pale gills with 
extensive necrotic areas, endophthalmia. All samples tested negative for Koi herpes virus 
(KHV) using real time PCR as well as for Carp Edema Virus (CEV). During the next month 
mortalities were persistent with the same symptoms and at the end of May another clinical 
inspection and sampling were undertaken at the water temperature of 16 oC. All samples 
tested positive for KHV by means of real time PCR. The epizootiological survey and 
sampling was undertaken during June and July in all carp producing farms. Finally, two 
farms were confirmed as infected. All movements into and from two affected farms were 
assessed and two put and take fisheries which imported fish from one of the infected farms 
were also found positive. All positive results were confirmed also by conventional PCR 
targeting TK gene. All isolated viruses were submitted to partial sequencing of poly gene for 
DNA polymerase and showed 100% similarity with Cyprinid herpes virus 3. The temperature 
ranges of mortality onset make a suitability of the surveillance program during period with 
water temperature above 20 oC questionable. 
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Introduction: The family Herpesviridae contains many subfamilies that are the most 
extensively studied fish viruses. First of all they are ubiquitous in aquatic organisms, since 
they have been isolated all over the world from different species of fish.Several DNA viruses 
infecting fish have been studied to analysis the pathogenesis and for developing the effective 
methods of prevention and therapy. Also some of fish viruses have been used as models for 
studying disease mechanisms. The anguillid herpes virus 1 (AngHV-1) (Alloherpesviridae) 
was isolated from European eel in farms and also fish from natural waters in many countries. 
The skin and fin haemorrhages are a most common clinical symptoms of AngHV-1 with 
mortality rates range lower that 10 %, but after exposed on polyetiological stress rapidly 
increased to 50 %. Also the AngHV-1 in clinically healthy European eel was presented. The 
aim of this study was to evaluate of the effect of AngHV-1on the cell-mediated innate 
immunity in European eel (Anguilla anguilla).  

Methodology: In our study 50 European eel at different body weight and clinical symptoms 
were examinated. The phagocytic ability (RBA) and potential killing activity (PKA) of 
splenic phagocytes and proliferative response of pronephric lymphocytes stimulated by 
mitogens ConA and LPS isolated from eel AngHV-1-PCR-negative and AngHV-1-PCR-
positive were analysed.  

Results: The results showed that AngHV-1 induced suppressive influence on the phagocytic 
ability and potential killing activity of splenic phagocytes, compared to the eel AngHV-1-
PCR-negative. Also the AngHV-1 decreased the lymphocyte T and lymphocyte B 
proliferation isolated from pronephros of AngHV-1-PCR-positive eel, compared to eel 
AngHV-1-PCR-negative.  

Conclusions: The analyses of this study suggested that AngHV-1 inhibited of cell-mediated 
immunity and induced strong immunosuppression in European eel. 
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Since 1990s, mass mortalities have been reported in France in spat of Pacific oysters, 
Crassostrea gigas. Since 2008, increased mortality events have been observed, in association 
with the detection of a particular ostreid herpesvirus type-1 (OsHV-1) genotype (µVar). 
However, even though this pathogen and its host immunity response are studied by different 
groups, data on this viral disease and its transmission within populations is very sparse. 

We have built the first mathematical model to estimate the transmission parameters of OsHV-
1 infection among oysters, under simulated laboratory conditions. Using a protocol of 
infection based on injection of a viral suspension to non-infected oysters and individual 
recording up to 7 days, we considered different parameters: pathogen stability (capacity to 
induce an infection)  in water, latency, and infectious and persistence periods, virus shedding 
rate and LD50. Their estimations are here presented. Fitted to dedicated experimental 
infection data, the model describes development of the viral disease within a small and closed 
population under constant environmental factors. 

Such information can help to identify key transmission parameters to better estimate by 
further dedicated studies, in order to help to assess the rate of spread of OsHV-1 and its 
potential to persist in oyster populations. 
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Introduction: “Koi sleepy disease” (KSD) caused by infections with the carp edema virus 
(CEV) seems to pose a potential risk to carp aquaculture and koi trade. The disease is 
associated with lethargic behaviour (hence the name), swollen gills, sunken eyes and skin 
alterations. The isolates of CEV from common carp and koi are not uniform. Sequence 
comparisons of virus infecting koi and common carp revealed the existence of two or three 
genogroups. Genogroup I is predominantly found in cultured common carp while genogroup 
IIa mostly associated with infections in koi.  

Methodology: In a series of infection experiments, CEV from both genogroups (I and IIa) 
was transmitted to several strains of naïve common carp via cohabitation with fish infected 
with CEV at 10 - 13 °C. Different genogroups of CEV were used to evaluate possible 
differences in infection biology of the virus while several carp strains were used to study 
influences of the genetic background on the susceptibility to infection. For evaluations of 
virus load and virus replication, qPCRs were performed for detection of viral DNA and 
mRNA. The development of the disease was monitored by observation of fish behaviour and 
histopathological changes in gills.  

Results: In an infection experiment with CEV from genogroup I Amur wild carp (AS) was 
less susceptible to the infection than Prerov scale carp (PS) or koi. When CEV from 
genogroup IIa was used all common carps (AS, PS, Rop) were far more resistant to the 
infection than koi. Analyses of behavioural, histopathological and molecular indicators of 
infection revealed differences in the virulence of the two CEV genogroups. 

Conclusions: Viruses showed higher virulence towards the same fish variety as the donor fish 
(koi or in common carp) inducing rapid onset of KSD. The results from the study show that 
resistance to CEV infection is largely dependent on the genetic background of the carp. 
Furthermore significant differences in virulence and genetics of CEV genogroups rise 
questions about a better separation of these viruses by nomenclature.  
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Introduction: Over the last 20 years in Germany, Belgium and the UK, several paramyxo-like 
virus isolates were obtained from common carp suffering with gill necrosis. Still very little is 
known about this virus and its distribution in the environment.  

Methodology: In mid-2016 a diagnostic procedure was developed and introduced in disease 
consulting at the Fish Disease Research Unit, University of Veterinary Medicine in 
Hannover; which included the collection of a subset of diagnostic samples into RNAlater and 
screening by means of an end-point RT-PCR for the presence of viral RNA specific for a 
putative unclassified paramyxo-like virus, which had been isolated several years earlier in 
Germany by the Friedrich-Loeffler-Institute.  

Results: In 2016 a total of 43 samples were screened and six were positive for RNA of the 
paramyxo-like virus. An additional set of 40 samples collected in the years 2009-2015 was 
screened and found to be negative. The six paramyxo-like virus positive fish were collected 
from 4 independent cases. In two cases samples were collected from koi showing symptoms 
similar to koi sleepy disease and these fish were confirmed to be carrying moderate loads of 
the carp edema virus (from 1.13E+02 to 4.70E+04 copies). In the other two cases, low losses 
(below 10%) of common carp were indicated. The fish came from aquaculture farms and 
displayed unspecific clinical signs and were also harbouring parasite coinfections. These fish 
were negative for CEV. With the use of the paramyxo-like virus PCR we also confirmed that 
the archival paramyxo-like virus isolates 1551 and 1609 obtained in late 1990s from fish 
suffering from gill necrosis are the same paramyxo-like virus. These two isolates grow 
extremely well in current fibroblastic cell lines (CCB, KF-1, KFC) obtained from common 
carp.  

Conclusions: With the current results it is difficult to judge the epidemiological importance or 
an economic impact of the paramyxo-like virus on carp populations. The co-occurrence of the 
paramyxo-like virus and CEV can hypothetically lead to the situation in which the paramyxo-
like virus is isolated from fish which were infected with both viruses because CEV is not 
replicating in any of the currently available cell lines.  
  



299 
 

081-P 

Isolation of a new rhabdovirus from goldfish (Carassius auratus) in France 

Louboutin L1, Cabon J1, Chesnault V2, Daniel P3, Sinquin G5, Blanchard Y4, Morin T1 

1Anses, Ploufragan-Plouzané Laboratory, Unit Viral Diseases of Fish, Bretagne Loire 
University, Plouzane, France, 2Groupement de Défense Sanitaire Aquacole d'Aquitaine 
(GDSAA), Mont de Marsan, France, 3Laboratoire des Pyrénées et des Landes (LPL), Mont 
de Marsan, France, 4Anses, Ploufragan-Plouzané Laboratory, Unit Viral Genetic and 
Biosecurity, Bretagne Loire University, Ploufragan, France, 5Plateforme d'Imagerie et de 
Mesures en Microscopie, Bretagne Loire University, Brest, France 

According to European Directive 2006/88, France does not have currently an overall disease 
free status for Viral Hemorrhagic Septicemia (VHS) and Infectious Hematopoietic Necrosis 
(IHN). As required by European Commission Decision 2015/1554, acquisition and 
maintenance of this favorable sanitary status by individual fish farms or zones must be 
underpinned by clinical inspections associated with laboratory analyses. This work describes 
the detection and characterization of a new rhabdovirus-like virus in goldfish during such 
operations of VHS / IHN monitoring.  

Virological investigations were done in a disease-free pond without species susceptible to 
VHS and IHN viruses. Internal organs were sampled from goldfish and inoculated on 
Epithelioma Papulosum Cyprini (EPC) and Rainbow Trout Gonad (RTG2) cell lines.  

Clear cytopathic effects were observed within 2 days at various temperatures. 
Immunofluorescence Antibody Test (IFAT) performed using different monoclonal antibodies 
and antisera available in our laboratory did not succeed in identifying a known fish virus. 
Sensitivity to chloroform suggested the presence of phospholipidic envelope. After 
purification on sucrose gradient, some virions with bullet shaped particles characteristic of 
rhabdoviruses could be observed by transmission electron microscopy. Experimental 
infection by bath did not produce any mortality or clinical signs on goldfish. Next generation 
sequencing was carried out and generated a RNA sequence of approximately 11000 kb 
length. Blast comparison showed a nucleotide identity of 94.9% with a Tench rhabdovirus 
isolated in Germany in 1982. Our isolate clustered with this Tench rhabdovirus in a phyML 
tree and could be assigned to the genus Sprivivirus.  

Further investigations will be led in a close future to determine the tropism of this new virus 
and its potential health impact. 
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Classical furunculosis is a serious disease of salmonids caused by Aeromonas salmonicida 
subsp. salmonicida. Atypical furunculosis caused by A. salmonicida subspp. achromogenes, 
masoucida and smithia, as well as many strains not completely concordant with currently 
described taxa, has also been described in diverse species of farmed and wild fish around the 
world. As this bacterial species, as a whole, represents a phenotypically diverse, yet 
genetically relatively homogenous group, development of typing systems has proven 
challenging. Recently, Matrix-assisted laser desorption/ionization time of flight (MALDI-
TOF) spectrometry has been introduced in many fish laboratories for rapid, cost effective and 
accurate identification of bacteria. The technique is based on comparison of similarities in 
mass spectrometry profiles (spectra) from the tested bacteria with main spectra projections 
(MSP:s) in  databases, generated from reference strains. Differentiation of A. salmonicida 
subspecies using MALDI-TOF has however proven difficult.  

In the present study we investigated whether MALDI-TOF can be used to differentiate and 
subtype A. salmonicida subspecies/strains by looking for differences between spectra. Spectra 
were produced from ten isolates identified as Aeromonas salmonicida, using classical 
biochemical techniques isolated from diseased Arctic char, brown trout, Atlantic salmon and 
rainbow trout. Spectra were also produced from reference strains of A. salmonicida subspp. 
salmonicida (ATCC 33658T), achromogenes (ATCC 19261) and masoucida (ATCC 27013T). 
Differences in MALDI-TOF spectra were compared with biochemical profiles and A-layer 
(vapA) type. 

Three biochemical variants (reactions in maltose, arginine and lysine) and four A-layer types 
(I, IX, XI and XVI; the latter presently unpublished) were identified amongst the clinical 
isolates. MALDI-TOF typing revealed a unique profile for the A-layer type XI isolate, while 
only minor differences, inconclusive for a reliable differentiation, were observed in 
remaining clinical isolates or reference strains.  

This indicates that the ribosomal proteins of A. salmonicida are relatively conserved, 
although some differences do exist. We expect that further molecular investigation of A. 
salmonicida subspp. will result in a refined classification of this group of bacteria. Subtyping 
by MALDI-TOF may serve as a complement for subspecies classification. MALDI-TOF 
subtyping of Dutch isolates of Vibrio vulnificus isolated from eel and humans has also been 
initiated. In this poster, the MALDI-TOF subtyping method and some results will be 
presented and discussed.  

Funding of presentation: 
We thank the partnership of national veterinary public health institutes from The Netherlands 
and Sweden for support of the present work.   
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Following infection, polyamines are required for tissue repair and as such play an important 
role in the recovery following infection. Ornithine decarboxylase (ODC) is a rate limiting 
enzyme in the production of polyamines and catalyses the first step of polyamine synthesis 
from ornithine into putrescine. To further understand the role of ODC in fish health, we have 
characterized the genes encoding this enzyme and examined their expression following 
bacterial infection.  

Two gene duplicates of ODC (ODC1 and ODC2) were identified in salmonids that share 93% 
amino acid identity. Each duplicate share an intron-exon structure that is highly conserved in 
other vertebrate ODC genes.  

Phylogenetic analyses, taken with additional genomic evidence, suggested that ODC1 and 2 
are retained products from a salmonid-specific whole genome duplication event. The 
constitutive expression of both genes was compared across seven tissues, with highest 
transcript levels observed in the gills for ODC1 and in the head kidney for ODC2. To 
examine expression following infection, rainbow trout were injected intraperitoneally with 
Aeromonas salmonicida and compared to PBS-injected controls 24 hours post-infection. 
Real-time quantitative PCR revealed that both ODC1 and 2 were significantly upregulated in 
the liver of infected fish highlighting the importance of ODC following the immune response 
and potentially its use as a marker for fish health. 

Funding of presentation: 
BioMar and University of Aberdeen. 
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Introduction: A. hydrophila is a Gram-negative bacterium that is pathogenic not only to fish 
but also to human causing gastroenteritis. A. hydrophila strains possess a wide range of 
virulence factors that enable them to evade the host defense system and spread, eventually 
killing the host. Molecular techniques, such as PCR, can be used to solve the fish problems 
and increase sensitivity and specificity of pathogen detection. The aim of the present study is 
to isolate and identify A. hydrophila from commercial fish and to analyze with respect to the 
prevalence of virulence genes. 

Materials and Methods: A. hydrophila were isolated from 150 commercial fish samples of 
different ten fish species in Higashi-Hiroshima, using Aeromonas medium base (RYAN), a 
selective diagnostic medium. These isolates were identified by PCR using A. hydrophila-
specific 16S rRNA primers. Detection of ten virulence genes were carried out in the 
identified A. hydrophila isolates by PCR using specific primers. The virulence genes include 
hidrolipase (lip), elastase (ahyB), cytotonic enterotoxin (alt), temperature-sensitive protease 
(eprCAI), serine protease (ahp), aerolysin (aer), lipase (pla/lip), cytotoxic enterotoxin (act), 
haemolysin (hlyA) and cytotonic heat stable enterotoxin (ast).  

Results and Conclusions: PCR screening revealed 69 isolates positive for A. hydrophila-
specific 16S rRNAand the presence of six virulence genes (aerolysin, lipase, cytotoxic 
enterotoxin, cytotonic heat stable enterotoxin, temperature-sensitive protease and 
haemolysin). It also showed that the majority (65.2%) of the examined isolates carried one or 
more virulence genes and 34.8% of the isolates have no virulence genes. virulence genes act 
as a key component in determining potential pathogenicity because these factors act 
multifunctionally and multifactorially and can be used for virulence typing of A. hydrophila 
isolates. Infection experiments with the A. hydrophila isolates in fish give us important 
information about the virulence factors in A. hydrophila. 
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Six specimens of hybrids of common carp (Cyprinus carpio) and gibel carp (Carassius 
gibelio) and one specimen of gibel carp were obtained for examination from the Jehnice pond 
(Morava River basin) in May 2015. 

Pathological changes were as follows: Swollen abdomen, bristled scales, haemorrhages in 
scale capsules, lesions in the caudal fin area, transparent or haemorrhagic fluid in the body 
cavity, adhesions between internal organs and peritoneum. Samples for haematological and 
bacteriological examination were collected. Fish with clinical signs were also virologically 
examined for cyprinid rhabdoviruses and herpesviruses, using isolation in cell culture and 
PCR. 

The haematological parameters were proven to be normal, in contrast to bacteriological 
examination results, which detected Aeromonas sp. (veronii) in internal organs. Virological 
examination identified Rhabdovirus carpio and cyprinid herpesvirus in the tissues. 

The cause of edematous disease was mixed virological and bacteriological infection. 

Funding of presentation: 
Ministry of Agriculture of the Czech Republic, projects NAZV QK1710114 and MZE-
RO0517. 
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Trout farming is the most widespread type of aquaculture in Italy. The different structural and 
managerial characteristics of fish farms greatly affect the occurrence of diseases. Bacterial 
and viral diseases continues to be the leading cause of mortality within the Italian trout farms.  

The aim of this work is to provide information about the prevalence of bacterial diseases in 
trout farms of Piedmont Region (Northwest of Italy). Monitoring was performed between 
2015 and 2016 and involved 987 symptomatic individuals of rainbow trout (Oncorhynchus 
mykiss), brown trout (Salmo trutta) and brook trout (Salvelinus fontinalis) from 10 trout 
farms. The subjects were necropsied under aseptic conditions and evaluated for the presence 
of lesions such as wounds, bleeding or other pathological alterations. Collection of samples 
for bacteriological exam was taken from kidney and brain using first isolation media 
(Columbia Blood Agar or TSA). The colonies grown after 24-72 hours of incubation at 
22±2°C were selected, cloned in selective media and identified by biochemical tests using 
API galleries (bioMérieux). Furthermore, for each isolated bacteria, it was performed an 
antibiogram using the Kirby-Bauer agar diffusion method (Müller-Hinton agar).  

The bacterial exam was positive in 595 individuals (60.28%) while the remaining 392 
(39.72%) showed no bacterial growth. The isolated bacterial species were: Lactococcus 
garvieae (32.14%), Aeromonas hydrophila (27,55%), Yersinia ruckeri (20.41%), Aeromonas 
salmonicida (12.75%), Aeromonas sobria (2,55%), Pseudomonas fluorescens (2.30%). The 
remaining 2.30% were environmental bacteria.  

The health monitoring proposed during this study shows that the detected diseases are 
strongly related to scarce environmental conditions since A. hydrophila (Motile Aeromonads 
infectious, MAI) is one of the most isolated bacteria species. MAI outbreak is usually 
associated with overcrowding, high temperature, handling, low dissolved oxygen or poor 
nutritional status. Despite this, when lactococcosis occurs in farmed production, economic 
losses turn out as the mortalities exceed 50% of the population, making the infection one of 
the main risks especially for the trout farms in lowland areas. 
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Introduction: Melioidosis can occur in human and different animal species caused by 
Burkholderia pseudomallei. There are many human infection cases in Southeast Asia 
countries including Taiwan. The first case of animal melioidosis in Taiwan was recognised in 
goats in 2006. Although Burkholderia pseudomallei can infect some aquatic mammals and 
tropical fish, it has never been reported in edible fish. Surprisingly, we identified and 
characterized Burkholderia pseudomallei as a causative agent of the severe disease outbreak 
in a walking catfish (Clarias fuscus) farm in July 2015.   

Methodology: Traditional microbiologic and pathologic examinations were used to isolate the 
etiological agent and characterized the pathologic findings. Further, API20NE, 16S rRNA 
ribotyping, multilocus sequence typing (MLST), Matrix-assisted laser desorption/ ionization 
time-of-flight mass spectrometry (MALDI-TOF MS) and immunohistochemistry (IHC) 
methods were used to confirm melioidosis in walking catfish (Clarias fuscus). 

Results: Affected fish showed reddish skin, poor appetite, docking by the breeding pool side 
and died quickly. Grossly, single or multiple yellowish-white and creamy purulent spots to 
large coalescing abscesses, ranging from about 0.1 - 2 cm in diameter were widely distributed 
or localized in multiple organs and tissues including liver, spleen, kidney, ovaries, heart, 
bulbus arteriosus, and corpuscles of Stannius. Aneurysm of splenic-gastro artery was found 
near the splenic surface. Pseudomembrane on the mucosa of gastrointestinal tracts was also 
found. By using bacterial culture method, we collected 38 bacterial isolates from various 
organs of diseased fish. The results of identification showed these isolates were B. 
pseudomallei. In addition, their MLST genotypes were all ST58. Tissue sections were 
evaluated by IHC using polyclonal goat anti-B. pseudomallei antibodies, showing strong 
positive immunoreactivity in all of the abscesses and aneurysm lesions. 

Conclusions: This study is believed to be the first culture-confirmed case of melioidosis in 
catfish. The ST58 genotype of B. pseudomallei widely spread in Asia and should be put more 
attention to because it has been isolated from human melioidosis case and environmental soil 
in Taiwan. There was no any worker infected with the disease from this farm in the past 2 
years. Our results show that melioidosis is a newly emerging disease in catfish. 
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One of the most serious fish pathogens infecting both cultured and wild fish species was 
found to be Edwardsiella tarda which contains important virulence factors that enhance 
bacterial survival and pathogenesis in hosts.  

The present study aims to isolate, identify and characterize E. tarda in freshwater fishes in 
Kafr El-Sheikh governorate, Egypt using selective differential cultural medium (Rimler 
Shotts agar), morphological and biochemical tests (oxidase, catalase, methyl red, voges 
proskauer, indole, citrate utilization, gelatine hydrolysis, H2S production, Oxidation-
fermentation, nitrate reduction and sugar utilization tests). Pathogenesis of E. tarda was 
checked by experimental infection to Oreochromis niloticus fish together with screening of 
the highly virulent three virulence genes (esrB, mukF and gadB).  

The obtained results revealed the presence of the three virulence genes in the selected strain 
of E. tarda which gave severe lesions in the experimentally infected Oreochromis niloticus.  

E. tarda strain having more than one virulence gene results in more severe lesions than 
strains having one or even no virulence genes.   
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The aquaculture industry is the third largest economic activity in Chile, producing more than 
600,000 tons per year, with one of the most important species therein being the rainbow trout 
(Oncorhynchus mykiss). However, the production of rainbow trout has decreased in recent 
years due to different infectious diseases, such as Flavobacterium psychrophilum, causal 
agent of rainbow trout fry syndrome (RTFS). This disease is characterized by darkening of 
the skin, as well as the appearance of erosions and ulcerations; it also causes muscle 
degeneration and progressive necrosis of the fish's tissue. It produce an important economic 
losses in the fresh water production stage.  

The objective of this study was to evaluate the response of the intermediate metabolism in 
liver of Oncorhynchus mykiss against an experimental challenge with Flavobacterium 
psychrophilum. Fifty-four juveniles (5-7 g) of Oncorhynchus mykiss were used, divided into 
3 experimental groups: control without manipulation, fish injected intraperitoneally with 
TYES (Tryptone Yeast Extract Salt) culture medium and fish injected intraperitoneally with 
TYES + Flavobacterium psychrophilum. The experiment was performed in time course with 
sampling at 0.5, 1, 2, 4, 6, 8, 10, 15 and 30 days post infection (dpi). The enzymes glutamate 
dehydrogenase (GDH), glutamic oxalacetate transaminase (GOT), glutamic pyruvic 
transaminase (GPT) and total proteins (PT) in the liver were measured.  

Differences were observed in levels of activity between the controls and infected group, 
mainly at time 8 dpi, where GDH, GOT and GPT decreased significantly in the infected 
group. The PT level did not presented significant differences between the groups. This may 
be because of the intracellular ability of the pathogen to evade the immune system.  

Finally, we conclude that infection with Flavobacterium psychrophilum produces a metabolic 
reallocation in the liver. It is possible that stress by infection is focused on immune 
mechanisms to counteract the present infection and therefore it is necessary to modify this 
metabolism route.  

Funding of presentation: 
FONDECYT Project No. 1160877, FONDECYT 1150695 and CONICYT/ FONDAP/ 
15110027 the National Commission for Scientific and Technological Research (CONICYT, 
Chile).   
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We compared the 16S rRNA gene of 271 Flavobacterium isolates, collected from farmed 
Arctic charr (Salvelinus alpinus) and Atlantic salmon (Salmo salar) with symptoms of tail 
and fin rot, as well as Arctic charr fish eggs from a hatchery and intake water from the farms. 
We further analyzed the multilocus sequence type (MLST) profiles of 101 isolates, in order 
to analyze the relationship between different isolates and examine the route of transmission. 

The 16SrRNA data showed that Flavobacterium psychrophilum could be found in fish from 
at least four Arctic charr farms in Iceland. Comparison of the MLST profiles showed that the 
same sequence types could be isolated from geographically distinct farms, which indicates 
that either there is a common source of bacterial transmission to the farms, or the bacteria are 
widely present in the environment. 

Most farms in Iceland receive Arctic charr eggs from the same hatchery. While many 
different Flavobacteria sp. bacteria were isolated from fish eggs and water in the hatchery, 
analysis of the 16S rRNA genes and MLST profiles indicates that it is unlikely that F. 
psychrophilum is transmitted from the hatchery to the fish farms. The Flavobacteria isolated 
from the hatchery are spread widely on the 16S rRNA phylogenetic tree, which indicates that 
some of these bacteria may be waterborne environmental bacteria that may not be pathogenic 
to the fish. Surprisingly, the Flavobacteria isolated from Atlantic salmon and Arctic charr 
were phylogenetically more distant than expected, and no F. psychrophilum bacteria were 
isolated from salmon. Based on the 16S rRNA phylogeny, the salmon isolates branch as 
Flavobacterium sp., along with isolates from fish eggs, intake water and Arctic charr. MLST 
typing of these isolates did not reveal evidence of vertical or horizontal transmission of the 
bacteria. Interestingly, we isolated Flavobacteria from two Arctic charr farms that were 
phylogenetically distinct from other isolates. These bacteria were isolated from fish with 
severe tail and fin rot symptoms, and may be a previously undescribed type of tail and fin rot 
Flavobacteria. 

Funding of presentation: 
AVS R&D Fund of Ministry of Fisheries and Agriculture in Iceland. 
  



309 
 

091-P* 

Can Anodonta anatina mussels filter Flavobacterium columnare? 

Aaltonen S1, Hajisafarali M1, Pulkkinen K1, Taskinen J1 

1University of Jyväskylä, Jyväskylä, Finland 

Introduction: Columnaris disease, caused by the bacterium F. columnare, is a serious 
problem for freshwater fish farming worldwide. According to our recent results, F. 
columnare occurs commonly in natural waterbodies. The factors affecting the occurrence and 
abundance of the bacterium in lake water remain, however, unclear. F. columnare is of size 
that is suitable for consumption by filter feeding mussels (Unionionidae). Thus, we studied 
ability of the common European freshwater mussel, Anodonta anatina, to filter F. columnare. 

Methodology: A. anatina and F. columnare originated from nature were used in the 
experiment carried out in 5 L aquaria with aeration, temperature 16-17 °C and 12/ 12 h light/ 
dark period. We added a known amount of F. columnare and monitored bacterial 
concentration in aquaria with and without mussel for 96 h by a specific plate counting 
method. The activity of mussels was monitored by visual inspections and by counting the 
concentration of added shellfish feed in control treatments. In the end of the experiment, the 
tissues of mussels were checked for the presence of F. columnare. 

Results: In 96 h, the concentration of F. columnare increased from about 2 x 106 cfu/ ml to 
2.4-fold in treatment with mussel in the aquaria and to 2.9-fold in aquaria without the mussel, 
on the average. Mean peak concentrations of F. columnare (at 48 h incubation time) in 
aquaria with and without mussel were 6.9 and 11.1 x 106 cfu/ ml, respectively. Visual signals 
of filtration by mussels were observed in all treatments but addition of the relatively high 
concentration of bacteria seemed to reduce activity. F columnare was isolated from the 
tissues of mussels only in treatment where bacteria were added.  

Conclusions: A. anatina mussels decreased the growth of concentration of F. columnare in 
the water. Isolation of F. columnare from intestine of mussels indicate that A. anatina 
ingested F. columnare in the experiment. The result suggests that A. anatina could act as a 
potential sink of F. columnare, both in natural water bodies and in aquaculture conditions.  

Funding of presentation: 
Maj and Tor Nessling Foundation, Olvi Foundation, Doctoral Programme in Biological and 
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Introduction: Francisellosis is an emerging disease produced by Francisella spp. which 
affects individuals of Salmo salar present in cultures. Like other intracellular (facultative) 
pathogens, Francisella modulates the host's response to ensure their own survival. On the 
other hand, the innate immune system of the host has developed strategies to hinder and cope 
with these pathogens, one of which is the depletion of essential nutrients, such as tryptophan. 
However, this amino acid is widely administered as a dietary supplement in the aquaculture 
industry.  

Methodology: We analyze the gene expression of proinflammatory cytokines of the SHK-1 
cell line during an infection with Francisella noatunensis using MOI1 and MOI 10, in 
presence of tryptophan with a concentration of 1mM during a time kinetics (4, 12, and 24 h 
post-infection [PI]). 

Results: Immunosuppression was observed in the expression of IL-1β when it was infected 
with MOI 10 and tryptophan at 4 hours PI, however this effect was similar to the control 
group at 12 and 24 hours PI. Otherwise the MOI 10 (without tryptophan) induced IL-1β 
expression up to 12 hours PI, and subsequently at 24 hours PI it decreased until similar levels 
of control group. On the other hand the inoculum of F. noatunensis with MOI 1 (with and 
without tryptophan) showed not differences in IL-1β expression. 

Similar to the expression of IL-18, a tendency similar to IL-1β expression was observed when 
MOI 10 was used without and with tryptophan, on the contrary it was evidenced that only 1 
bacterium per single immunosuppression is the expression of IL-18 over time, but only 
statistical significance at 12 hours PI, for both groups with and without tryptophan. 

Conclusions: In this study we conclude that tryptophan facilitates the immunosuppression in 
the expression of IL-1β and IL-18 in cell culture of SHK-1 when was challenged with high 
doses (MOI 10) of F. noatunensis. However, when was challenged with low bacterial dose 
(with or without tryptophan) immunosuppression was not observed. 

Funding of presentation: 
This study was financed by FONDAP-INCAR N°15110027, FONDAP-IDEAL Grant 
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Introduction: mycobacteriosis in fish describes a chronic systemic and progressive disease 
caused by mycobacteria belonging to the genus Mycobacterium and M. marinum is 
considered the most common etiologic agent of mycobacteriosis in wild and cultured species. 
This disease is considered a real risk for both fishermen and aquarists. At present, however, 
mycobacteriosis in fish has not been properly investigated by the simultaneous application of 
different diagnostic approaches. The aim of the present work was to investigate the 
occurrence of mycobacteriosis in Mugilidae from four lagoons of Sardinia (Italy) devoted to 
extensive aquaculture by histopathological, bacteriological and molecular biology techniques.  

Methodology: four hundred and ninety-five adults of different mullet species were sampled 
twice a year from July 2013 to November 2015. Formalin-fixed, paraffin-embedded tissues 
from liver, spleen, kidney and heart were submitted to acid-fast stain, plate culture, PCR and 
sequencing of the hsp65 gene.  

Results: twenty-five mullets revealed granulomas containing acid-fast bacilli at 
histopathology. Ten out of these 25 fish were certainly affected by mycobacteriosis and 
Mycobacterium marinum was identified in 6 out of 10 specimens. The concordance obtained 
by histology, cultural evaluation and sequence analysis was 100%. In the other 4 specimens, 
Mycobacterium spp. was detected and the concordance by histology and PCR showed 100% 
of positivity. In the remaining 15 specimens, granulomas with acid-fast bacilli were detected, 
although culture confirmed the positivity for Mycobacterium spp. only in 6 cases. PCR and 
sequencing failed to identify mycobacteria. Mullets affected by mycobacteriosis were mainly 
sampled in two lagoons: Calich (10%) and San Teodoro (8%).  

Conclusions: mycobacteriosis is quite difficult to detect even because clinical symptoms are 
nonspecific. This study confirms that histopathological examination is a very important 
diagnostic screening tool for the detection of mycobacteriosis in fish. Nevertheless, PCR-
hsp65 and sequencing were essential both to demonstrate that M. marinum was the primary 
cause of mycobacteriosis and to exclude the presence of mixed infections. Our findings are 
worthy of attention because mycobacteriosis in mullets has been evidenced for the first time 
in Sardinia, suggesting that this disease should be investigated also in other cultured fish 
species. 
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Introduction: Piscirickettsiosis (SRS) is the most prevalent bacterial disease in Chilean 
salmon aquaculture and is responsible for high economic losses. The aim of this study was to 
comparatively characterize the pathogenesis of SRS in post-smolt Atlantic salmon during the 
early and late stages of infection with Piscirickettsia salmonis LF-89-like (PS-LF-89) and 
EM-90-like (PS-EM-90) using a cohabitation challenge.  

Methodology: The cohabitation challenge was concluded 61 days post-trojans inoculation 
(dpi). Five live or dying cohabitant fish were sampled from each tank at 7, 14, 16, 19, 21, 24, 
28, 35, 42, 49 and 56 dpi. Head-kidney, liver, heart, brain, skeletal muscle and gills samples 
were obtained for histopathological analysis. Total blood samples were obtained at each time 
point to identify blood biochemical markers that could reveal early infection with P. 
salmonis. The relative quantification of mRNA of the 16S rRNA gene of PS-LF-89 and PS-
EM-90 was performed using RT-qPCR.  

Results: The pathogenesis of cohabitant fish infected with the two isolates was relatively 
different due to cohabitant fish infected with PS-EM-90 showed higher cumulative mortality 
and shorter time until death compared with PS-LF-89 fish. PS-LF-89 caused an SRS infection 
characterized by kidney and liver lesions, but PS-EM-90 caused systemic and hemorrhagic 
disease characterized by kidney, liver, heart, brain, skeletal muscle and intestine lesions. 
Decreased serum concentration of total proteins and albumin as well as increased serum 
ALT, AST and creatinine levels in fish infected with both isolates confirmed that changes in 
liver and kidney function occurred during infection. Tissue damage, expressed as an SRS 
histo-score, showed a strong positive correlation with the bacterial load expressed as 
abundance of P. salmonis 16S rRNA transcripts in the livers and kidneys of fish affected with 
either isolate, but the correlation was significantly higher in fish infected with PS-EM-90. P. 
salmonis was detected in the gills of cohabitant fish of both groups at 21 dpi, confirming that 
the gills are the main entry point of the bacterium into the host. 

Conclusions: The pathogenesis of fish infected with PS-LF-89 and PS-EM-90 differs, and 
this is probably associated with the virulence of PS-LF-89 and PS-EM-90. 

Funding of presentation: 
This work was supported by the Doctorate Scholarship (21120228), Program for the 
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Introduction: Piscirickettsia salmonis is a Gram-negative intracellular bacterium that causes 
piscirickettsiosis in salmonids farms in Chile. It was recently reported that P. salmonis 
produces outer membrane vesicles (OMVs), which are 10-300 nm spherical-bilayer structures 
that play a role in the pathogenesis. Recently, we described the production of OMVs by P. 
salmonis in both, in vitro and in vivo in a zebra fish model. However, proteins involved in 
virulence and toxins contained in P. salmonis OMVs have not been identified. While some 
immune response components induced by P. salmonis OMVs have been determined, the 
reactive oxygen species (ROS) expression have not yet been characterized. Thus, the aims of 
this study were to extensively characterize the proteome of OMVs purified from P. salmonis 
LF-89, and to determine ROS induced by OMVs in fish cells. 

Methodology: P. salmonis was grown in basal broth supplemented with Cysteine and ferric 
chloride at 18° C until early stationary phase. Bacteria were removed by centrifugation and 
the supernatant were filtrated through a 0.22-μm-pore-size filter. Then, vesicles present in the 
bacterial free supernatant were isolated by ultracentrifugation (125,000 x g, 2 h at 4 °C). The 
proteome of purified OMVs was analyzed using multidimensional protein identification 
technology (MudPIT) and the production of ROS was assessed by the reduction of nitro blue 
tetrazolium (NBT) in fish cells.  

Results: 452 proteins of different subcellular origins were identified, mainly associated with 
the cytoplasmic compartment and were related to key functions for pathogen survival. In 
addition, virulence-related proteins such as, outer membrane porin Fand hemolysin were 
identified. Thus, five amino acid sequences corresponding to the Bordetella pertussis toxin 
subunit 1 and two amino acid sequences corresponding to the heat-labile enterotoxin alpha 
chain of Escherichia coli were located in a plasmid region of P. salmonis LF-89. Finally, 
purified OMVs induce the production of ROS in fish cells. 

Conclusions: Based on the identified proteins, we propose that the protein composition of P. 
salmonis LF-89 OMVs could reflect total protein characteristics of this P. salmonis type 
strain. 

Funding of presentation: 
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Renibacterium salmoninarum, the causative agent of BKD, is a Gram-positive bacterium that 
has been present in the Chilean industry since its beginning, causing a chronic and 
progressive infection that leads to immune suppression of the host, facilitating the infection 
by other pathogens. Despite more than 30 years have passed from the first report of BKD in 
Chile, little or no information available regarding Chilean isolates of this pathogen.  

The aim of the present study was to determine the differences, at the genome level, between 
two Chilean isolates (H2 and DJ2R) and type strain DSM 20767T in order to elucidate the 
genomic base of the pathogenic potential. Genomic DNA was extracted and used to prepare a 
library following the sequencing Illumina MiSeq technology. Previous to genome assembly 
Illumina reads were analyzed for quality using FASTQC, trimmed and filtered to remove 
adapters and low quality bases using prinseq-litle. Unpaired reads were removed and pair end 
reads were merged using PEAR and then used for de novo assembly with SPAdes 3.9.1. To 
evaluate the correct assembly of reads QUAST software was used. Each Chilean draft 
genome was obtained reordering contigs against the type strain genome using Mauve Contig 
Mover, and annotation was made using rapid annotation of prokatiotic genomes software 
Prokka v1.11. Once annotated, proteins associated with signal peptides, eC_numbers, 
misc_RNAs, pathogenicity islands and presence of phages between the two Chilean isolates 
and the R. salmoninarum type strain was analyzed.  

The genome-based comparison showed some proteins associated to eC_numbers or signal 
peptides that were not present in the type stain like cystein binding protein, mycothiol 
actyltransferase and L-carnitine dehydrogenase. Likewise, genomic island presented some 
genes like DNA interacting proteins, peptidases, iron acquisition EfeU not found in the type 
strain. Furthermore, differences between four phage regions were found in isolate H2, three 
DJ2R and only 2 in the type strain. All these results indicate that Chilean isolates may have 
virulence factors that could be playing important roles during virulence and disease 
development.  

These new findings contribute into a better understanding of R. salmoninarum virulence and 
give important information about Chilean isolates of which no information was previously 
available.  

Funding of presentation: 
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The aims of this study were to evaluate the protein expression among the main genotypes of 
Streptococcus agalactiae isolated from diseased fish in Brazil using a label free shotgun LC-
UDMSE approach and to compare the differential expression of proteins identified between 
fish and human strains. Six strains were used: 5 fish strains belonging to sequence typing ST-
260, ST-927 or non-typeable (NT) lineage and 1 human strain (NEM316). Biological 
triplicates of each bacteria were cultured for protein isolation and analyzed by LC-MS using 
nanoAcquity UPLC 2D system coupled to a mass spectrometer. Raw data were processed 
with the software Progenesis QIP. In silico analysis were performed to predict subcellular 
localization, orthologous group by functional category and pathogenicity.  

In total, 766 distinct proteins were identified. Of these, 743 proteins were identified in all fish 
strains (core proteome), 19 proteins in 2, 3 or 4 strains simultaneously (accessory proteome), 
2 and 1 proteins were exclusively expressed in SA16 (NT) and SA53 (ST-260) respectively. 
Therefore, 765 proteins corresponded to pan-proteome of fish strains. The core proteome 
represented 97.1% of pan-proteome, suggesting that the protein expression should be 
conserved among strains. A high similarity of proteome pattern was verified among them 
(above 87%) after correlation analysis. SurfG+ identified 646 proteins cytoplasmics, 57 
surface-exposed, 38 membrane and 25 secreted. Translation/ribosomal structure and amino 
acid metabolism were most common in functional classification of COG. Proteins involved in 
stress response, regulation of gene expression, metabolism and virulence (especially 
adhesion, invasion and immune evasion) were identified in core proteome. Proteins present in 
7 out 8 putative pathogenicity island predicted by GIPSy tool also were identified. Evaluating 
the protein expression among different host, 1 and 9 proteins exclusively expressed in 
NEM316 and fish strains, respectively, were identified. Furthermore, 108 and 132 proteins 
from fish strains were up- and down-regulated, respectively, in comparison to human isolate.  

Our study showed that core proteome of fish strains was conserved, demonstrating a high 
similarity of expressed proteins. Regardless the similarity in protein content, the global 
protein expression of NEM 316 was different from fish strains and suggests distinct 
adaptations to mammal and fish host at regulatory level.  

Funding of presentation: 
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The Nile tilapia (Oreochromis niloticus) is a cichlid fish species native of Africa that is 
amongst the most important cultured species in the world in which S agalactiae has emerged 
as a major pathogen in the past. Its been that the main entry site of GBS in tilapia is the 
gastrointestinal epithelium. Therefore, testing any products that aim to prevent or reduce the 
incidence of GBS infections should be done through gavage to ensure the isolate is deposited 
in the fish’s gastrointestinal tract.  

The main objective of this study was to develop a challenge model for a gastrointestinal 
administration of the pathogen (via gavage) with the aim of testing therapeutic products 
designed to fight or prevent GBS infections. 

The results from this experiment that a GBS challenge by a gavage route is suitable for the 
induction of streptococcosis in Nile Tilapia. 

Funding of presentation: 
AquaBioTech Group. 
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Introduction: Tenacibaculum maritimum is recognized as a major fish pathogen worldwide, 
causing external lesions, mortalities and economical losses in many fish species. 
Tenacibaculosis in sea-reared fish in Norway is usually associated with Tenacibaculum spp. 
or T. dicentrarchi. Recently also T. maritimum has been associated with disease in farmed 
marine fish. In the few recognized Norwegian cases so far, the bacterium has been isolated 
from external lesions as well as internal organs. Globally multilocus sequence analysis 
(MLSA) has revealed high number of distinct genotypes of T. maritimum and analysis of the 
population structure has indicated colonization of fish farms by local strains. We present 
results from a study of genetic diversity among Norwegian T. maritimum. 

Methodology: T. maritimum from disease cases in farmed fish in Norway are tested using 
multilocus sequence analysis (MLSA/MLST) of seven concatenated housekeeping genes 
according to the Tenacibaculum MLST database (http://pubmlst.org/tenacibaculum/). 

Results: Preliminary results indicate the detection of new sequence types (STs) of T. 
maritimum and genetic diversity within and between disease outbreaks. 

Conclusions: The genetic variety within T. maritimum from Norwegian disease cases indicate 
that the infections are caused by local opportunistic variants of the bacterium. The study has 
extended the global population of known STs of T. maritimum. 

Funding of presentation: 
Internal funding by the Norwegian Veterinary Institute. 
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The use of cleaner fish has been shown to be effective for the removal of salmon lice 
(Lepeophtheirus salmonis), and is an important alternative to chemical treatments in the 
production of Atlantic salmon (Salmo salar) in Norway. In 2015, the lumpfish (Cyclopterus 
lumpus) was the predominant species used. To supply the demand of lumpfish, there has been 
an emergence of hatcheries and culture facilities. With the production and use of this species, 
new emerging diseases have occurred. Several high mortality events have been reported both 
in hatcheries and in netpens. Skin problems causing abrasions, ulcers, petechiae and 
hemorrhages on skin, mouth and fins are a commonly observed when examining the fish 
from such events. Some of these problems are due to poor management practices, high 
stocking densities, handling of the lumpfish, while other indicate a more causal relationship 
to pathogens. Histopathological examination of lesions from such events, regularly show long 
thin bacteria similar to Tenacibaculum spp.   

In this study we describe 

 The first case of isolation of Tenacibaculum maritimum, a significant fish pathogen 
worldwide, in cultured juvenile lumpsuckers in Norway. Examined fish in the 
hatchery were lethargic, had increased mucus production and showed skin lesions 
with the presence of whitish necrotic tissue especially in the head region. Microscopy 
of skin scrapings revealed large amounts of rod-shaped Tenacibaculum-like bacteria. 
The isolated bacterium was shown to be closely related to T. maritimum type strain a 
polyphasic approach. Histopathological analysis showed that the bacteria was closely 
associated with the pathology and therefore could be the cause of the disease and/or 
mortality. 

 Tenacibaculum spp. isolated from diseases lumpfish in a salmon production netpen. 
Diseased fish were lethargic and had ventral hemorrhage and nodular skin lesions. 
Bacteriology and histopathology indicated that Tenacibaculum spp. were involved in 
the observed disease.  
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Introduction: The marine bacterium Vibrio harveyi is a primary or opportunistic pathogen 
which represent an emerging problem in marine fish. Especially the European sea bass 
(Dicentrarchus labrax) suffers from severe bacterial septicaemia and/or skin lesions due to V. 
harveyi, in warm waters above 20° C. The API20E strip is a routine test for the identification 
of aquatic bacteria. The test is based on biochemical properties of bacteria. Initially 
developed for the identification of enterobacteria in humans, the test poses problems in 
identifying certain aquatic bacteria. Indeed, environmental pathogens like V. harveyi cannot 
be detected by the API20E. This test often fails to pinpoint these bacteria or results in false 
identification in other members of the genus Vibrio. Recently MALDI TOF MS was 
introduced to distinguish the aquatic bacteria. It is realised by comparing the 
chromatographic results of these bacteria with the database of known and referral bacterial 
strains. This approach could cover the gap in identifying aquatic bacteria like V. harveyi. 

Methodology: In 2014 five clinical cases of disease in European seabass, suspected to be 
caused by V. harveyi, were observed and sampled for bacteriology. In every case bacterial 
identification was done by API20E and in parallel by MALDI TOF MS to compare the 
results of both identification techniques. 

Results: Three out of 5 samples could not be identified by API20E due to the nonexistent 
score in its database. The other two samples were identified as V. alginolyticus which is not 
reported as inducing septicemia in adult seabass. However, all samples were identified as V. 
harveyi by the MALDI TOF MS. 

Conclusions: MALDI TOF MS is a useful method for rapid, affordable and accurate 
identification of aquatic bacteria and especially of environmental pathogens like V. harveyi. 
However, to obtain satisfactory identification by MALDI TOF MS much will depend on the 
known bacterial strains in the database. For this reason the database of bacteria causing 
problems in identification due to lack of corresponding references should be improved. 
  



320 
 

102-P 

Shotgun proteomic profiling of Yersinia ruckeri biotype 1 and biotype 2 strains 

Kumar G1, Razzazi-Fazeli E1, El-Matbouli M1 

1University of Veterinary Medicine, Vienna, Austria 

Introduction: Enteric redmouth disease is one of the most important diseases of salmonids 
and causes significant economic losses. The disease is caused by Yersinia ruckeri, a Gram-
negative rod-shaped enterobacterium. There is little information about proteomics of Y. 
ruckeri. Herein, we perform whole cell protein identification and quantification of two 
biotype 1 (SP-05 and CSF007-82) and two biotype 2 (7959-11 and YRNC-10) strains of Y. 
ruckeri using a label-free shotgun proteomic approach.  

Methodology: Y. ruckeri strains were grown in tryptic soy broth. Bacterial cells were 
harvested and washed with sterile PBS. Bacterial cells were resuspended in denaturing lysis 
buffer and sonicated. Whole cell proteins were digested with Trypsin/LysC-Mix. Peptides 
were separated by a nano liquid chromatography system and analyzed with a high resolution 
mass spectrometer coupled via a nano ESI interface. The quantification of the proteins was 
performed using SWATH MS2 data independent technology and analyzed statistically. GO 
annotation, subcellular localization and virulence proteins were predicted using 
bioinformatics tools.  

Results: A total of 1395 proteins were identified in the whole cell of Y. ruckeri. These 
included proteases, chaperones, cell division proteins, outer membrane proteins, lipoproteins, 
receptors, ion binding proteins, transporters and catalytic proteins. Proteins were localized in 
cytoplasmic, cytoplasmic membrane, periplasmic, outer membrane and extracellular. Several 
virulence proteins were predicted such as HtrA protease, protein TolB, peptidyl-prolyl cis-
trans isomerase, PhoP, LuxR and AsnC family transcriptional regulators. A total of 36 
differentially expressed proteins were identified in Y. ruckeri strains. Arginine deiminase, 
anti-sigma regulatory factor, bacterioferritin, DNA protection during starvation protein, 
glutamate decarboxylase, phosphate-binding protein PstS and superoxide dismutase Cu-Zn 
were highly expressed in Y. ruckeri strains. Principal component analysis score plots showed 
that strain SP-05 differs from the three strains (CSF007-82, 7959-11 and YRNC-10). 
However, these three strains showed minor proteomic differences among each other.  

Conclusions: Our study represents one of the first descriptive and comparative proteomics of 
Y. ruckeri strains, which contributes to our understanding of proteomic mechanisms, 
proteomic changes and pathogenicity of Y. ruckeri. The proteins associated with virulence 
might be used for the construction of novel vaccines and therapeutics for yersiniosis in fish. 
Data are available via ProteomeXchange with identifier PXD005439, which would be useful 
in the field of proteome bioinformatics by providing detailed information on the proteomics 
of Y. ruckeri 

Funding of presentation: 
Austrian Science Fund (FWF) P 27489-B22. 
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Introduction: Enteric redmouth disease (ERM) or yersiniosis caused by fish pathogen 
Yersinia ruckeri, is a serious bacterial septicaemia mainly affecting salmonids worldwide. 
The acute infection may result in high mortality without apparent external symptoms, while 
the slow form shows a considerable or moderate mortality for a few weeks. Survivors of 
enteric redmouth disease outbreaks become carriers. Y. ruckeri is able to adhere and invade 
phagocytic and nonphagocytic cells with unknown molecular mechanisms. The aim of this 
study was to describe the kinetic of cell invasion of Y. ruckeri serotype O1 biotype 1 in 
rainbow trout gonads fish cell line (RTG-2).  

Methodology: The invasion assays are based on a gentamicin protection assay. In this study 
we determined the effect of bacterial concentration on invasion efficiency, the influence of 
the incubation temperature, a time course of Y. ruckeri invasion, the long-term intracellular 
persistence, the influence of antibodies on bacterial invasion, the effect of the cell metabolism 
and bacterial ligand blocking by adding sugars to the bacterial culture. In all experiments, the 
invasion efficiency was calculated as the average of the total number of colony forming units 
recovered compared to the initial inoculum adjusted previously by spectrophotometry. 

Results and Conclusions: The invasion efficiency in Y. ruckeri is temperature dependent, 
showing a m aximum invasion at 20ºC. Y. ruckeri was able to survive up to 96 h 
postinfection, and the incubation of the cell line at 4 ºC, pre-incubation of bacteria with 
sugars or heat inactivated antiserum, produced a significant decrease in the invasion 
efficiency or inability to invade RTG2 fish cell line. Our findings indicate that Y. ruckeri is 
capable of adhering, entering and surviving within nonphagocytic cells, which may 
contribute as a suitable environment for Y. ruckeri survival and play a role in the spread of 
infection and/or maintenance of a carrier state in fish. 

Funding of presentation: 
We thanks the grant of Ministerio de Economía y Competitividad “AGL2014-54683-R".  
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Yersiniosis – septic disease affecting salmonids, especially rainbow trout. Since 2010 
yersiniosis detected in Russian Federation, where did not include in the list of quarantine 
diseases, but caused mass mortality of fish at commercial farms.  

The objective of this study was to analyze the reasons lead to carp (Cyprinus carpio) and 
bighead hybrids (Hypophthalmichthys molitrix × H. nobilis) mortality in ponds at April, 
2015. A total of 25 fish samples without (n=10) and with (n=15) clinical signs of disease 
were collected along with water samples. The hydro-chemical, parasitological, 
bacteriological, histological and molecular-genetic analyses were done.  

The results of water quality parameters showed on high level of permanganate oxidation (2.4 
- 2.8 times the normal ratio), nitrite nitrogen (1.4 - 1.5). The concentration of oxygen near 
bottom was in the range of 2.0 mg/ dm3. As the result of parasitological investigations 
monogenea (Dactylogyrus hypophtalmichthys, D. extensus), trematoda (Diplostomum 
spathaceum) and mollusk (Unio pinctorum) were detected. 62 different bacterial isolates 
were identified in water (30) and fish (32). The detected microorganisms belonged to genera 
Aeromonas (carp, bighead) and Yersinia (carp). The highest indexes of bacterial 
contamination of bighead were registered for A. hydrophila (5×103 CFU/ g) and in carpY. 
ruckeri (2×103 CFU/ g). The detection of last species was not typical for our region. To prove 
our conclusion additional bacterial characterization of Y. ruckeri was made according to their 
morphological and enzymatic properties. Also MALDI TOF mass - spectrometry and PCR 
were used. All fish strains of A. hydrophila and Y. ruckeri were sensitive tociprofloxacin, 
tetracycline, chloramphenicol. 90% of aeromonas and 100% of yersinia strains were resistant 
to furasolidone.  

However, the case of carp disease was not a classic, because there were no clinical signs of 
disease - inflammation and erosion of the mouth ("red mouth"), on the gill cover, at the base 
of fins rays. Y. ruckeri was isolated for the first time from carp in ponds in southern Russia. 
The transportation of rainbow trout from neighbor region to local farm, where our study was 
conducted, could explain the appearance of Y. ruckeri in carp. The invasion of carp which 
had no immunity to this pathogen suppressed resistance of fish organism to adverse 
environmental factors and caused outbreaks in ponds. Consequently, none of the new objects 
should be infused into existing community without the confidence that it is safe. 
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Introduction: Virulence and fitness factors as well as subtle benefits for Vibrios can be 
associated with the expression of prophage-encoded genes through the process of lysogenic 
conversion. A more detailed knowledge of the genetic properties, functional dynamics and 
dispersal of temperate phages infecting V. anguillarum is required. 

Methodology: A 31-strain of clinical V. anguillarum collection was used for bacteriophage 
isolation and more than 100 aquaculture and environmental marine water samples have been 
collected from Denmark, Norway, Greece and Chile.DNA genomes of the isolated 
bacteriophages were sequenced. Viral genomes were assembled and annotated and their 
phylogenetic relationships were evaluated. Bacteriophage genomes were deposited in NCBI 
GenBank. 

Results: Nineteen V. anguillarum-specific temperate bacteriophages isolated across Europe 
and Chile from aquaculture and environmental sites were genome sequenced and analyzed 
for host range, morphology and life cycle characteristics. The phages were classified as 
Siphoviridae with genome sizes between 46,006 and 54,201 bp. All 19 phages showed high 
genetic similarity. SNPs were sporadically distributed in the genomes whereas significant 
genetic diversifications were located in 3 variable regions (VR1, VR2 and VR3). Specific 
genes, such as N6-adenine methyltransferase and lambda like repressor, as well as the 
presence of a tRNAArg, were identified suggesting a both mutualistic and parasitic interaction 
between phages and hosts. During short term phage exposure experiments, 28 % of a V. 
anguillarum host population was lysogenized by the temperate phages, and a genomic 
analysis of a collection of 31 virulent V. anguillarum showed that the isolated phages were 
present as prophages in >50 % of the strains covering large geographical distances. Phage 
sequences were also widely distributed among CRISPR-Cas arrays of publicly available 
sequenced Vibrios.  

Conclusions: These results suggest the co-existence of specific phages and bacteria on a 
global scale in groups of ubiquitous marine bacteria such as Vibrio. The observed distribution 
of these specific temperate Vibriophages and prophages across large geographical scales may 
be explained by efficient dispersal of phages and bacteria in the marine environment 
combined with a mutualistic interaction between temperate phages and their hosts which 
selects for co-existence rather than arms race dynamics.   

Funding of presentation: 
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Funds) FISHPHAGE project 131, www.gsrt.gr.   
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Introduction: Shellfish make an important contribution to human health and sustainable 
economic growth. Aquaculture in particular is becoming an increasingly important source to 
meet demand for aquatic food as the wild fisheries reach their maximum sustainable 
potential. This offers an ideal opportunity for growth of the aquaculture sector in Northern 
Ireland as its natural characteristics provide optimum factors for shellfish growth. However, a 
major constraint to the maintenance and growth of current production systems is the spread of 
disease. 

Methodology: A systematic literature review was carried out to identify and understand the 
current and emerging diseases which threaten the productivity and profitability of the 
aquaculture industry in Northern Ireland. These results were then used to construct a semi-
structured interview schedule with stakeholders in the aquaculture supply chain. The 
surveyed explored the priority diseases in each of the aquaculture production systems, 
mortality rate’s experienced and contributory factors. The stakeholders included farmers, 
processors and regulatory bodies. 

Results: The literature findings revealed that disease poses a significant risk to the 
maintenance and growth of the aquaculture sector. At present NI has a high fish health status 
and it is declared  disease free for a number of shellfish diseases. However, notifiable 
diseases exist for Bonamia in Lough Foyle and Strangford Lough and OsHV-1 µVar (Larne 
Lough  only is free). There is also one suspected case of Marteillia Refringens. With 
predictions of climate change, increased movements of aquaculture species and the 
intensification of production systems the emergence, translocation and virulence of diseases 
could prove particularly damaging to the aquaculture sector. 

Semi-structured interviews are ongoing. Results TBC. The unique opportunity to interview 
key stakeholders will allow an analysis and comparison of the diseases as prioritised by the 
literature and the stakeholder and the mitigation strategies implemented at the farm level. In 
addition, it will allow an evaluation of the contributory factors such as water temperature, 
time of the year, production system etc. during mortality events. 

Conclusions: The identification, evaluation and risk analysis of current and emerging diseases 
in the Northern Ireland aquaculture industry will contribute to an effective risk management 
strategy for the industry, assigning economically viable and effective surveillance and 
mitigation. This will prove particularly important as the industry faces uncertainties and 
increased financial loss associated with climatic events and intensified production systems. 

Funding of presentation: 
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Introduction: Mass mortality episodes in cultured mussels (Mytilus galloprovincialis) 
occurred in early February 2015 in the Gulf of La Spezia (Ligurian Sea, Italy). The mortality 
was suspected to be the consequence to dredging and excavation works of the fund to 
increase the depth of the seabed in La Spezia harbor, an important military, commercial and 
touristic port. 

Methodology: Histological and microbiological analysis were carried out in M. 
galloprovincialis of 4 different sites in the Gulf of La Spezia over a l-year period monthly 
from October 2015 to September 2016 excluding August. The histopathological examinations 
were performed on a total of 440 samples processed by standard histological techniques. The 
populations were “healthy” at the time of sampling. Histological aspects of mussels were 
evaluated considering 28 health parameters: pathogens, inflammatory and non-specific 
pathology. Bacteriological analysis were conducted for the isolation of Vibrio splendidus-
related and V. aestuarianus strains from pieces of gills and/or mantle according to a method 
previously published by IFREMER. Colonies morphologically corresponding to Vibrio were 
selected and tested for DNA presence by a Real time PCR. To identify the pathogenicity of 
the isolated V. splendidus-related strains, PCR analysis was used to detect the DNA of 
virulence factors vsm and ompU. 

Results: Parasites observed were Steinhausia mytilovum 3.9%, Proctoeces maculatus 3.4%, 
Mytilicola intestinalis 0.9%, ciliated protozoa 2%, Eugymnanthea inquilina and Urastoma 
cyprinae 31%. Of significance, a previously undescribed haplosporidian was detected in a 
single mussel sample (0.2%) and was confirmed by in situ hybridization. Biomolecular 
investigation are currently in progress to confirm the genus of observed a protozoan looking 
like Perkinsus parasite (0.7%). Different pathological aspects regressive changes, host 
defense responses and progressive changes were detected in gills, digestive gland, gonads and 
mantle. It has been observed a single case of haemocytic neoplasia (0.2%). V. splendidus 
clade was detected in 72.7% (32/ 44) of shellfish samples while all samples were negative for 
V. aestuarianus. Among the positive samples 46.8% (15/ 32) contained virulence factors: in 
particular, 14 strains tested positive for vsm and only 1 to ompU, no samples showed positive 
for both.  
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Since 2008, mass mortality outbreaks in Pacific oysters (Crassostrea gigas) spat and 
juveniles have occurred across Europe. These have been attributed to the presence of a herpes 
virus variant named Ostreid herpes virus 1-var (OsHV-1 µVar) together with a combination 
of environmental factors. More recently, mass mortality outbreaks have been reported in 
France and Ireland among adult Pacific oysters associated with Vibrio aestuarianus infection. 

Vivaldi is a Horizon2020 project involving 21 partners, led by IFREMER. The aim of 
VIVALDI is to increase the sustainability and competitiveness of the European shellfish 
industry by understanding bivalve diseases and by developing tools for the prevention and 
mitigation of diseases affecting the main European farmed shellfish species. The work carried 
out by the Marine Institute will focus on Pacific oysters (Crassostrea gigas) and its 
associated pathogens, OsHV-1 µVar and V. aestuarianus. The work will include the 
development of tools for the assessment of diversity and activity of pathogens in bivalve 
populations, as well as identifying alternative hosts and environmental compartments.  

The aim of this work is to investigate potential reservoirs for V. aestuarianus and OsHV-1 in 
the areas where repeated detections of the bacterium occur in association with mortality 
events. As well as Pacific oysters, samples of other bivalves, plankton and environmental 
samples will be collected from production sites and screened by real-time PCR.  

A second objective of the project is to define and propose practical methods and general best 
practice guidelines for infectious disease control. Field trials at different sites across Ireland 
will provide information as to whether changes to husbandry practices affect mortality rates. 
Factors that are being investigated include reducing stocking density, handling and alternative 
cultivation strategies. 

These activities will provide tools for the understanding of pathogen diversity and activity in 
bivalve populations, alternative hosts and environmental samples, which will lead to 
increased pathogen detection and facilitate the development of pathogen avoidance strategies. 

Funding of presentation: 
H2020. 
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The European shellfish production, which mostly relies on mussels, oysters and clams, is a 
promising and dynamic sector, whose growth has unfortunately been hindered over the recent 
years by mortality events, linked to pathogen organisms. The EU project VIVALDI is a 4-
years Horizon 2020 project, involving 21 partners, and aiming at better preventing and 
controlling marine bivalve diseases. VIVALDI will bring new knowledge on the interactions 
between shellfish, environment and pathogens. It will develop practical tools and approaches 
to better prevent and control the pathogens affecting the main European farmed shellfish 
species: oysters (Crassostrea gigas and Ostrea edulis), mussels (Mytilus edulis and M. 
galloprovincialis), E), clams (Venerupis philippinarum) and scallops (Pecten maximus). The 
project addresses the most harmful pathogens affecting these species: the virus Ostreid 
herpesvirus 1 (OsHV-1), Vibrio species (e.g. V. aestuarianus and V. tapetis) as well as micro-
eukaryotes such as the parasites Perkinsus olseni and Bonamia ostreae. 

Key sampling sites in VIVALDI: The main sampling sites have been chosen for their 
contrasted features and with a view to represent at best the diversity of the EU shellfish 
production, allowing the partners to gather samples from the main bivalves studied in the 
project: Dungarvan Bay (IE), Ria de Vigo and Delta del Ebro (ES) and Rade de Brest (FR).  

Progress achieved in 2016: The project started in April 2016, first results have been achieved 
in understanding the diversity of pathogens in bivalve populations and in their detection 
thanks to the elaboration of passive sensors. These tools are currently being tested for the 
detection of OsHv-1 in the natural environment. Genes involved in some key pathways 
including the Warburg metabolism and autophagy have been identified in C. gigas in 
response to an infection with OsHV61. Novel TIR-DC protein families known to play a key 
role in the regulation of the inflammatory response and the production of antimicrobial 
effectors have also been identified in M. galloprovincalis. Finally, in order to improve the 
dialogue among the parties affected by shellfish diseases and to disseminate results of the 
project, a mapping of stakeholders is currently under way. 

Funding of presentation: 
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Introduction: The oyster production worldwide is continuously threatened by Ostreid 
herpesvirus 1 (OsHV-1), being its most virulent variants the main cause of high mortality 
rates with significant economic losses. However, little is known about host-pathogen 
interactions and genetic determinants of the OsHV-1 virulence. In this work we set a protocol 
for the in vivo propagation of OsHV-1, as an essential tool to model pathogenesis and to 
investigate the mechanisms of host-resistance. 

Methodology: Surveillance activities of abnormal mortality events in Crassostrea gigas in 
Italy contributed to diagnose the presence of OsHV-1 in oysters showing clinical signs, 
farmed in Porto Tolle or set in Goro lagoon (May 2016, Po Delta basin, North Adriatic Sea). 
OsHV-1-positive oysters were used as source for in vivo viral propagation trials in OsHV-1-
free (naïve) individuals, previously acclimated in 280 L tanks for at least 10 days. OsHV-1 
inocula were freshly prepared from gills and mantel of OsHV-1-positive oysters and viral 
concentrations were assessed through a OsHV-1-specific qPCR. Naïve oysters were firstly 
anesthetized by immersion (4 h) in 25 g/ l MgCl2 seawater solution and then intramuscularly 
injected with 100-150 μl of inoculum. Before anesthesia some oysters were stressed by being 
kept out of water for 24 hours at 21°C. The observation period lasted 5 days and, eventually, 
dead or moribund animals were collected and conserved at -80°C. 

Results: The results obtained from 9 infection trials indicated low rates of oyster mortality. 
The utmost mortality levels were associated to inocula having more than 1x108 viral copies/ 
µl. Variable concentrations of OsHV-1 DNA were detected in both dead and survived 
oysters. The survival analysis underlined a higher mortality risk in stressed animals rather 
than in non-stressed individuals. 

Conclusions: Overall, starting from OsHV-1-positive C. gigas from North Adriatic sea we 
could successfully conduct nine subsequent oyster infections. It is not clear whether the low 
observed mortality levels were mostly influenced either by the virulence of the OsHV-1 
isolate or by the intrinsic strength of the Italian-native oysters. Ongoing analyses on the 
OsHV-1 isolates could provide new data useful to improve the knowledge on the virus-oyster 
interactions. 

Funding of presentation: 
This study was funded by the H2020 project VIVALDI (Scientific basis and tools for 
preventing and mitigating farmed mollusc diseases - Grant Agreement 678589) of the 
European Commission. 
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Introduction: Ostreid herpesvirus-1 is responsible for massive mortality events in 
commercially farmed Pacific oysters (Crassostrea gigas) in Australia, New Zealand, Europe, 
the UK and the United States of America. Economic losses have been severe in many 
countries since 2008, associated with a strain known as OsHV-1 microvariant (OsHV-1). 
Despite intensive studies of the virus itself, there is almost no information on its detection in 
natural seawater, how it is spread over wide geographic distance in water or on how it is 
transmitted from oyster to oyster via seawater. The aims of the current work were: i) to assess 
and compare several centrifugation methods in order to detect OsHV-1 in natural seawater 
samples using real-time quantitative PCR, in such a way that large numbers of samples could 
be processed efficiently, and ii) to assess the potential for particulate attachment of OsHV-1 
using filtration. 

Methodology: As OsHV-1 may be associated with particles in seawater, centrifugation may 
be a useful method to concentrate virus prior to examination by qPCR. Unprocessed seawater 
was compared to pelleted seawater samples in Experiment 1, and pelleted seawater samples 
to supernatant in Experiment 2. In Experiment 3, seawater samples were filtered through 5.00 
µm, 0.45 µm surfactant free cellulose acetate membrane and a 0.22 µm polyethersulfone 
membrane sterile, single use, low protein binding syringe filter unit either in series or 
individually.  

Results: Compared to testing unprocessed seawater samples, centrifugation of seawater at 
1000 x g for 20 mins with testing of the pellet improved OsHV-1 detection rates by two fold.  
Filtration of seawater using low protein binding filters could not be used to assess OsHV-1 
particle attachment, due to interactions between particles, free virus or free viral DNA and the 
membranes.  

Conclusions: OsHV-1 may exist as free virus or viral DNA and/or as virus attached to small 
particles or those in the order of 10 µm which are large enough to be pelleted at 1000 × g. 
These results support the hypothesis that the distribution and transmission of OsHV-1 in 
natural seawater might reflect attachment to some form of particulate matter, either abiotic or 
biotic.  
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Introduction: In 2010, a mortality event of the banded carpet shell (Tapes virgineus) was 
detected in Ria of Vigo (Galicia). The histopathological study carried out revealed the 
presence of high infection of Rickettsiales-like colonies in gills and some of them were 
infected by phage particles. A survey of those colonies was performed to evaluate the 
evolution of the infection. 

Methodology: Samples of 30-50 clams were collected periodically, since 2010 to 2016, from 
Ria of Vigo and from another location without mortalities (Ria of Arousa) considered as 
control bed. They were processed by histological techniques and stained with hematoxylin 
and eosin (H&E) for light microscopy observation. The infection intensity in each clam was 
calculated counting the number of colonies in gill at 400x in ten fields.   

Results: Rickettsiales-like colonies reached high prevalence (around 100%) along the period 
of the study in all the locations sampled. However, the intensity of infection in Ria of Vigo 
ranged from a very high intensity (mean = 396 cps, colonies per section) at the mortality 
event (June 2010) to a very low intensity (mean = 10 cps) at the end of 2016. The infection 
was high along 2011 (mean around 210 cps) and became to decrease in December 2011 
(mean = 131cps) reaching 34 cps in April 2015. Nevertheless, intensities in the control bed 
were low along the study. Therefore, the high prevalence of those colonies along the survey, 
even when there was not mortality, confirm that the intensity of the infection was the main 
factor associated with the mortality event. 

Rickettsiales-like colonies infected by phages showed the highest prevalence (around 100%) 
from 2010 to the end of 2011 in Ria of Vigo and then they dropped to very low prevalence. 
The highest intensity of Rickettsiales-like colonies hyperparasited by phages was achieved 
when the Rickettsiales-like colonies reached the highest level. So, they are in relation with 
the density of those colonies. 

Conclusions: Because of the high prevalence of Rickettsiales-like colonies of the T. virgineus 
in Galicia, which turn pathogenic at high intensities, the factors involved in the propagation 
of the infection need further studies.  
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Introduction: Galicia is the first European producer of mussels -more than 250,000 tons per 
year- and one of the top producers in the world. More than 3,300 rafts are spread along 
Galician coast involving around 13,000 workers in culture and pre-processing tasks. The 
monitoring programme of the INTECMAR is focused on infections with Marteilia refringens 
given that it is a listed disease -by World Organisation for Animal Health (OIE) and by 
European animal health legislation- and Mytilus galloprovincialis is a susceptible species.  

Methodology: Since 2000 until 2015, samples of 30 mussels were collected yearly (March-
April) along the Galician coast in 15 sample points. Flesh sections including the main organs 
-digestive gland, mantle, gill, kidney and gonad- were processed for histology. The parasite 
was detected by light microscope observation of sections stained with Harris’ hematoxylin 
and eosin. Data were analyzed by using software IBM SPSS Statistics v. 23 (2016).  

Results: M. refringens was detected infecting mussels in nearly all production areas (rias of 
Vigo, Pontevedra, Arousa and Ares) along the study period. Nevertheless, it was never 
detected in Ria of Noia and in Ria of Ares only isolated cases were observed. The higher 
prevalences were achieved in Ria of Vigo (mean 29.35% in period 2008-2015 and mean 
7.08% considering only advanced stages of infection in the same period) and Ria of Arousa 
(mean 21.54% in 2008-2015 and mean 11.61% for advanced stages in the same period). 
Regarding to Ria of Pontevedra, the parasite only was detected in the North coast. Statistical 
data analysis revealed that prevalences were significantly higher by comparing years 2008-
2015 versus 2000-2007 (p < 0.001). Mortality events were never claimed by the producers.  

Conclusions: M. refringens is endemic in nearly all production areas of Galicia, without 
causing negative effects in the production. Ria of Noia can be considered free of the parasite 
as well as rafts in the Southern coast of Ria of Pontevedra. The significant increase of mean 
prevalence in the last studied period highlights the importance of the monitoring programme 
of the INTECMAR to survey the zoosanitary situation of M. galloprovincialis. 
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The Limfjord in Denmark is recognized as a unique production area for European flat 
oysters, Ostrea edulis. Since 1996, flat oysters from the area have been screened for Bonamia 
ostreae, a parasite known to be the cause of devastating disease in flat oyster species.  

Due to the surveillance program initiated in 2000, the Limfjord has been recognized as being 
free from this parasite until 2015, where B. ostreae was found. The surveillance programme 
has been based on two samplings per year, each consisting of samples from three sites, a 
sample being 30 oysters. Oysters in samples from November 2014 originating from two of 
three sites in the regular sampling program were found to harbour the parasite.  

No mortalities had been seen in the batches. The levels of infection were found to be 7% and 
58%, respectively. Oysters from the third sampling site Nissum Bredning, the most western 
part of the Limfjord, were found to be negative. Sampling done in 2015 and 2016 has shown 
the same trend, oysters from Nissum Bredning being free from B. ostreae. Methods used for 
the screening are histology, heart imprints and a species-specific PCR method, and 
comparison of results by all three methods used on the same oyster samples will be presented. 
A high level of consistency among all three methods is seen. Since B. ostreae seems to be 
established in the most Eastern parts of the Limfjord, screening of e.g. other mollusc species 
like blue mussels (Mytilus edulis) and Pacific oysters (Crassostrea gigas), an invasive species 
for the Limfjord, will be done to elucidate where the parasite is hiding outside the natural 
host.  

Preliminary studies have not been able to show that these two mollusc species harbour B. 
ostreae, even though both blue mussels and Pacific oysters were kept at a mollusc site where 
B. ostreae were found in flat oysters kept at the same site. 
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Introduction: The common cockle (Cerastoderma edule) was the main commercial bivalve 
species harvested by Galician shellfishers, in terms of quantity, until the incursion of 
Marteilia cochillia in 2012 causing a lethal disease that collapsed the production in some rias. 
Nowadays, the most productive Galician area is the Ria of Noia, where no marteiliosis 
outbreak has been recorded and, thus, zoosanitary surveillance has been strengthened.  

Methodology: Since 2012, samples of common cockles were collected from Ria of Noia 
(Galicia – NW Spain) once a year for the monitoring programme of the INTECMAR and 
bimonthly for the research programme of the CIMA. A flesh portion including digestive 
gland, gills, gonad, kidney and mantle was excised and processed for histopathological 
analysis. Histological sections were examined for the detection of parasites and pathological 
conditions. 

Results: Prokaryote-like colonies, renal coccidians, gregarines, ciliates, turbellaria, and some 
copepod were observed without causing host damage. Trematode larvae were also observed – 
metacercariae and digenean sporocysts containing cercariae - causing host damage, especially 
the sporocysts, but without serious consequences at population level due to low prevalence. 
Disseminated neoplasia and granulomatosis were also observed at low prevalence. The most 
relevant pathology was the heavy haemocytic infiltration observed in digestive gland 
associated with haplosporidan-like stages found in the connective tissue. Uni and bi-
nucleated cells (around 5 µm in length) were the most frequent stages, although elongated 
plasmodia with few nuclei (3-4) were also observed. Sporogonic stages were not detected and 
abnormal high cockle mortality was not claimed by shellfishers. The prevalence ranged from 
0 to 100%. These plasmodia were smaller than those of the two haplosporidan species 
reported in C. edule in Galicia thus far, Haplosporidium edule and a Minchinia mercenariae-
like parasite, and they were only observed in the connective tissue of the digestive gland. 
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Introduction: White spot syndrome virus (WSSV) is a double-stranded DNA virus of about 
300 kb, stands out as the most threatening infectious agent in shrimp aquaculture. The first 
report in 1992 suggests that WSSV was originated in China and spread rapidly throughout 
most of the shrimp growing shrimp farms of Asia, later on, outbreaks of WSSV were also 
found in America and Europe. Several lineages have been described based on the genome 
sequence showing mutation, indels and deletion regions. 

Methodology: This study analyzes the complete genome from nine WSSV isolates from 
Litopenaeus vannamei collected from ponds with WSSV outbreaks in Northwestern Mexico. 
To sequence the genomes, viral DNA was captured by overlapping long PCR, and a next 
generation sequencing (NGS) protocol was performed using the Ion Torrent PGM platform. 
In this study, the genomes of WSSV isolated were assembled, annotated and linear and 
circular comparisons were made. 

Results: Genome sizes were in the range of 255 kb to 290 kb, and annotation of the reference 
genome revealed two zones with deletions. The comparison of WSSV from China with seven 
strains from Mexico showed a deletion of 3 kb and a large one of almost 10 kb; besides, two 
Mexican strains revealed small deletions. All the strains were quite similar in genome 
structure and shared sinteny. The phylogenetic tree revealed that WSSV from China is closer 
to WSSV Korea and are grouped with northern strains. WSSV from Taiwan and Thailand are 
distant from China as well as genomes from South region and to the two strains with shortest 
deletions. 

Conclusions: This work shows the variations between fourteen WSSV genomes and the 
diversity of Mexican WSSV populations. These variations could provide a selective 
advantage when the virus faces different selection pressures such as ambient and particular 
practices in the culture. We assume that deletion regions in the genome may not be essential 
for viral replication but represent an advantage for fitness. Further analysis to identify genes 
that might be associated with WSSV virulence for understanding WSSV pathogenesis will 
soon be examined. 
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Brown crab (Cancer pagurus) is an important commercial species in Scotland’s fishing 
industry. A total of 11,100 tonnes with an estimated value of £14.1 million was landed in 
2015. In October 2016, a mortality event occurred in Wick harbour, Scotland, where 
approximately 12 tonnes of brown crab was reported to be affected. This was investigated by 
the Marine Scotland Science, Fish Health Inspectorate (FHI).   

The affected brown crabs had been caught at sea by crab fishermen one to four days prior to 
the mortality event. The crabs were taken from a variety of local fishing grounds, within a 10-
12 mile radius from Wick harbour. The crabs were stored alive in ’keep creels’ within the 
harbour at the end of each day. Prior to the mortality event, there was a storm impeding the 
fishing effort. After the storm, a large amount of dead macro-algae was observed floating in 
the harbour and the water remained brown and turbid for a week following the storm. A fish 
health inspector collected 10 live brown crabs held within the harbour and five from Sinclair 
Bay for diagnostic purposes. The animals were transported alive and sampled at the Marine 
Scotland, Marine Laboratory, Aberdeen. Samples for histopathology, bacteriology and 
molecular analysis were collected two days after mortality was first reported. 

The carapace (size 160 to 200 mm) did not show unusual marks. There were some fouling 
organisms on the exoskeleton and six of the crabs had missing claws and/or legs. Histological 
examination revealed a thick layer of bacteria-like organisms mixed with fouling. This layer 
covered the epithelium of the secondary lamellae in 6/ 10 affected brown crabs, another two 
of the affected crabs demonstrated scattered clusters of bacteria-like organisms on the 
secondary lamellae. Gill samples from 4/ 6 crabs tested positive for the presence of 
Chlamydia-like bacteria by PCR and confirmed by 16S ribosomal RNA gene sequence 
analysis. 

The mortality event appeared to be associated with adverse weather conditions, a lack of 
water renewal in the harbour which resulted in the presence of a thick layer of bacteria-like 
organism mixed with fouling causing suffocation of the crabs stored in ‘keep creels’. 

Funding of presentation: 
Scottish Government. 
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To improve the understanding of piscirickettsiosis pathogenesis, the in vivo apoptosis 
modulation of peritoneal macrophages and lymphocytes caused by the extracellular products 
(ECPs) of Piscirickettsia salmonis in juvenile Atlantic salmon (Salmo salar) was studied. 
Fish held in fresh water tanks were either intraperitoneally injected with P. salmonis ECPs or 
sham-exposed (controls). Five fish, from each of these groups were sampled at 1, 5, 8, 20 and 
40 post-exposure days. After euthanasia, coelomic washings were obtained from each fish 
and their main leukocyte populations were analysed by flow cytometry (using the JC-1 
cationic dye), immunocytochemistry (TUNEL) and cytology to detect apoptotic cells.  

Apoptosis in lymphocytes was not affected throughout the experiment, whereas it was 
significantly inhibited in macrophages at post-exposure day 1. Hence, it is postulated that P. 
salmonis ECPs inhibit macrophage apoptosis, which, in turn, may help this bacterium to 
survive, multiply, and probably be transported inside these phagocytes, at least at the 
beginning of the disease development. In addition, ECPs induced several of the clinical signs 
and lesions associated to this disease, confirming that they contain important virulence 
factors of P. salmonis. 

Funding of presentation: 
Partially supported by Chilean Conicyt grants FONDECYT 1080692 and 21100325. 
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The present study aims to characterize and describe some cellular components and mediators 
recruited or activated in the gills during the seabass response to the infection by the parasitic 
dinoflagellate A. ocellatum. For this purpose, gill samples were collected from naturally 
infected farmed seabass and experimentally infected seabass in aquarium facilities (Univ. of 
Udine). Tissues were immediately fixed in Bouin’s solution, processed by routine histology 
methods, then 4 µm sections addressed to histological (H.E) and immunohistochemical 
evaluation. Immunohistochemical labelling was performed using an HRP-based anti-rabbit or 
anti-mouse kit (EnVisionTM FLEX, Dako) and DAB as chromogen. The procedure included a 
preliminary antigen retrieval treatment (High pH or Low pH solutions, Dako) and the use of a 
panel of mono- or polyclonal antibodies specific for the following antigens: Inducible Nitric 
Oxide Synthase (iNOS) (RB-1605, Thermo Scientific); Cytochrome P450 CYP1A (CO-226, 
Biosense Laboratories); GM-CSFRα (sc-690, Santa Cruz Biotech); seabass IgM (rabbit 
polyclonal, Univ. of Trieste, Italy); CD35 (N-19, sc-7640, Santa Cruz Biotech.); CD16 (H-
80, sc-20627, Santa Cruz Biotech.); TNF-alpha (ab6671, Abcam); TLR4 (76B357, Imgenex), 
TLR2 (ab1655, Abcam). 

These markers were selected based on their relevance as indicators of tissue reactivity in 
terms of inflammatory/ proliferative response and their previously assessed reactivity on sea 
bass tissues. The parasitic infections in seabass were confirmed by the detection of trophonts 
attached to the secondary lamellae by the stomopode, induced the modification of gills 
architecture. Specific signs were the hyperplasia of the epithelial cells and the partial fusion 
of the secondary lamellae. 

Hyperplastic lamellae revealed the presence of cell populations positive to iNOS, CYP1A, 
GM-CSFRα, CD16, CD35, IgM, TNF-alpha, TLR4, and TLR2. The localization of the 
immunolabelling will be described in order to provide information on cell populations, cell 
receptors and chemical mediators potentially involved in the host response to A. ocellatum. 

Funding of presentation: 
The study was conducted within the framework of ParaFishControl, an EU H2020-funded 
project (634429) aimed at increasing sustainability and competitiveness of the aquaculture 
industry by controlling and mitigating parasitic species affecting the main European farmed 
fish species.   
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Comparative studies in invertebrates and vertebrates have shown that that coagulation is a 
mechanism that restrict invasion of common pathogens. Local activation of the coagulation 
system in vertebrates has been found to play an important role in the early immune response 
to infection, although with some differences between fish and mammals.  

In the present study, we explored the activation of the coagulation system in turbot infected 
with the ciliate P. dicentrarchi. We also analyzed the importance of the system in controlling 
ciliate proliferation and invasion in vivo.  

We found that the presence of P. dicentrarchi in the fish induced the formation of fibrin-rich 
clots. The clots reduced ciliate movement their capacity to invade adjacent tissue and may 
also have been involved in the attack on the ciliates by complement. We present in vitro 
evidence indicating that certain ciliate components may promote blood coagulation. Finally, 
we discuss the relevance of this system in the control of scuticociliatosis. 

Funding of presentation: 
This study was financially supported by the Ministerio de Economía y Competitividad 
(Spain) (grant no. AGL2014-57125-R), by European Union’s Horizon 2020 research and 
innovation programme (Grant Agreement 634429, ParaFishControl) and by the Xunta de 
Galicia (Spain) (grant no. GPC2014/069). 
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Myxozoans are widespread and common endoparasites of fish with complex life cycles, 
infecting vertebrate and invertebrate hosts. There are two classes: Myxosporea and 
Malacosporea. To date some 2,200 myxosporean species have been described. By 
comparison, only five malacosporean species have been described although molecular assays 
provide evidence for a number of undescribed species in fish and bryozoan hosts. 
Malacosporean development in bryozoan hosts has been relatively well studied but is poorly 
known in fish hosts.  

Our aim is to investigate the diversity and development of malacosporeans infecting a range 
of Brazilian and European fish. The material examined so far was collected from a fish farm 
and a lake in São Paulo State (Brazil); the River Stour in Kent and Felbrigg and Blickling 
Lakes in Norfolk (United Kingdom); Lake Lucerne in Luzern Canton; Brübach in Canton St. 
Gallen, Wigger river in Canton Aargau and a fish husbandry facility in Bern Canton 
(Switzerland). The material examined includes 169 fish belonging variously to the 
Salmonidae, Cyprinidae, Esocidae, Percidae, and Characidae. Kidney material from each fish 
was fixed appropriately for DNA sequencing and ultrastructural study. Malacosporean 
diversity is being characterized by DNA sequence data and malacosporean development is 
being studied in kidneys positive for infection.  

Preliminary evidence reveals infections of three malacosporean species at varying levels of 
prevalence. So far we have encountered malacosporean infections in seven fish species in 
Europe, and we anticipate further discoveries from material not yet analysed. No infections 
have been detected in Brazilian fish. We will present summary data on malacosporean 
diversity, prevalences and fish hosts along with novel insights that will expand our 
understanding of malacosporean development. 

Funding of presentation: 
Post doctoral support by FAPESP - BEPE scholarship (Proc. nº 2016/08831-7 - J. Naldoni).  
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Introduction: Parasitization with Enteromyxum scophthalmi in turbot Scophthalmus maximus 
damages the lining epithelium and provokes severe inflammation throughout the 
gastrointestinal tract. Physiologically, the intestinal epithelium undergoes rapid cell turnover, 
however insults to the enterocytes can cause dysregulation of cell proliferation and 
differentiation, that impairs the renewal of the intestinal epithelium. Deviations from normal 
cell proliferation can be determined through immunohistochemical staining of proliferative 
cell nuclear antigen (PCNA) in tissues. This study aims at the effect of intestinal 
parasitization with a myxosporean on the expression of PCNA in turbot. 

Methods: Forty turbot coming from an oral E. scophthalmi infection were studied, 10 from a 
control group, and 10 fish from three groups of mild, moderate and severe infection and 
lesions. Histological sections of gastrointestinal tract, kidney and spleen were immunostained 
with PCNA antibody (PC-10 clon). 

Results: In control fish, the expression of PCNA was observed in the epithelial cells in the 
bottom of intestinal folds and within some leukocytes in the lamina propria-submucosa layer. 
In kidney and spleen, immunolabelled cells were dispersed in the parenchyma. The number 
of PCNA-positive cells in infected turbot appeared to be increased at the initial phases of the 
parasitization and progressed together with the infection until late stages of the disease, when 
significantly descended both in the intestinal epithelium and in kidney and spleen. 

Conclusions: Oral infection with the myxosporean E. scophthalmi provokes changes in the 
number of PCNA positive cells that may be related to the host-parasite interaction and 
immune response of the turbot. As well, this parasitization modifies cell proliferation in other 
tissues than the intestine. The intensity of these changes varied according to the parasitic 
burden in the gut, and reflects the cellular adaptive changes due to the pathogen. 

Funding of presentation: 
This work has been funded by the project AGL2015-67039-C3-1-R from the Spanish 
Ministry of Economy and Competitiveness.   
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Rainbow trout Oncorhynchus mykiss surviving PKD (Proliferative kidney disease) are 
reported not to develop the disease upon re-exposure to Tetracapsuloides bryosalmonae. 
Though the mechanisms involved in the immune response to re-exposure have not yet been 
investigated.  

We evaluated disease susceptibility and the immune response of naive 1+ rainbow trout when 
first exposed to T. bryosalmonae in comparison to that of 1+ rainbow trout re-exposed to T. 
bryosalmonae. PKD pathogenesis, parasite burden and transcriptional signatures of the host 
immune response were followed for 40 days P.E (post-exposure). Furthermore, we examined 
the presence of IgM+ B cells in the blood and the posterior kidney.  

The exposure of 1+ rainbow trout to T. bryosalmonae for the first time resulted in 100% 
infection prevalence, high parasite burdens and severe PKD. In contrast re-exposed fish were 
either able to avoid reinfection completely or mount a faster and more efficient adaptive-type 
immune response. This response was characterised by a greater amount of IgM+ B cells in 
the blood and elevated transcriptional signatures of secretory IgM in the posterior kidney 
which prevented high pathogen burden and kidney inflammation. Moreover, the differential 
expression patterns of p53 and IκBα in reinfected fish indicate a role in regulating tissue 
homeostasis in PKD pathogenesis.  

These results demonstrate that rainbow trout can develop a form of protection against T. 
bryosalmonae.  

Funding of presentation: 
This research was funded by the Swiss National Science Foundation (project no: 
310030_138310).   



 

342 
 

123-P 

Are older brown trout able to better cope with Tetracapsuloides bryosalmonae and 
are surviving fish resistant to re-infection? 

Strepparava N1, Schmidt-Posthaus H1, Segner H1, Wahli T1 

1Centre for Fish and Wildlife Health, Bern, Switzerland 

Introduction: Proliferative Kidney Disease (PKD) caused by Tetracapsuloides bryosalmonae, 
a parasite belonging to the Myxozoa and shifting between a vertebrate (salmonids) and an 
invertebrate host (bryozoa), is an emerging disease wide-spread in freshwater systems of the 
northern hemisphere. Partial resistance of rainbow trout was seen at re-exposure but not in 
one year old naïve fish. To date it is not known whether older fish might be potentially more 
tolerant (allometry of body size/body surface or ontogeny of immune system) and how the 
European brown trout reacts towards re-exposure  

Methodology: Naïve 1+ brown trout and naïve young of the year (YOY) were exposed to the 
same amount of parasite spores to check for “age” dependent effects on prevalence and 
infection intensity. In parallel brown trout (1+) previously infected with T. bryosalmonae 
were split in two groups: one group was re-exposed (RE) to a defined amount of parasite 
spores while the second group was used as a control (CRE). Kidney samples were taken 
routinely to assess prevalence, parasite intensity and kidney damage score. Shedding was 
calculated using DNA copy number as proxy from water samples.  

Results: Prevalence and parasite intensity were significantly higher in the YOY compared to 
the naïve 1+. Shedding occurred at the same time in both YOY and naïve 1+ with a higher 
spore dose released by the YOY and kidney damage was less pronounced in naïve 1+ 
compared to YOY. There was no difference in prevalence, parasite intensity, shedding and 
kidney damage score between the RE and CRE groups.  

Conclusions: 1+ fish were still susceptible to infection by T. bryosalmonae although at lower 
prevalence, parasite intensity and kidney damages compared to the YOY. The lack of 
differences (prevalence, parasite intensity, kidney damages) between re-exposed and not re-
exposed PKD-survivors suggests that there might be a mechanism of resistance preventing 
the parasite either to enter the fish or to establish in the kidney (acquired immunity). These 
mechanisms still need further investigations but those promising results shed light on the 
possibility to manage PKD in wild salmonid populations.  
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Proliferative kidney disease (PKD) of salmonids, caused by Tetracapsuloides bryosalmonae 
may lead to elevated mortalities at increased water temperatures. Though, it has not yet been 
elucidated how temperature affects the fish host immune response to T. bryosalmonae. 

YOY (young of the year) rainbow trout (Oncorhynchus mykiss) were exposed to identical 
amounts of T. bryosalmonae at two different temperatures (12 °C and 15 °C).  This reflects a 
realistic environmental scenario that could occur in the natural habitat of salmonids. PKD 
pathogenesis, parasite burden and the host immune response were assessed at 2, 4, 6 and 7 
weeks P.E (post-exposure). We evaluated the composition and kinetics of the leukocytes and 
their major subgroups in the anterior and posterior kidney. We measured transcriptional 
signatures of the host immune response associated with cell lineages and functional pathways 
in the anterior and posterior kidney.  

At 12 °C, both infection prevalence and parasite burden were markedly lower than the 15 °C 
infection group. The immune response at 12 °C was characterized by subtle refinements, 
mainly an increased amount of lymphocytes present in the anterior and posterior kidney, 
elevated expression of Th1-like signature cytokines and strong upregulation of the natural 
killer cell enhancement factor, NKEF at week 6 P.E. At 15 °C the immune response during 
was associated with a Th2-like switch at week 6 P.E and a profound B cell response.  

Our results detail how an increase of only 3 °C appears to have an impact on parasite 
proliferation and on the immune response of the host, upsetting the delicate host-pathogen 
system. 

Funding of presentation: 
This research was funded by the Swiss National Science Foundation (project no: 
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Digenetic trematodes play an important role in food web structure and dynamics as they are 
involved in a variety of trophic interactions within host communities and contribute with their 
feeding and biomass to energy flow through food webs. Predation on parasites has recently 
been revealed as an important mechanism reducing this biomass. Concomitant predation, a 
unique feeding link type where parasites are consumed along with their host, is especially 
suggested to have a profound structural role in food webs. However, data on its effect on 
trematode population dynamics and transmission success are completely lacking. 

In this study, we used field data from two sampling periods in August and October 2016 to 
quantify and evaluate the proportion of trematode population lost due to predation by fish on 
the snail first intermediate hosts in the subarctic lake Takvatn in Norway. Twelve snail-eating 
arctic charr Salvelinus alpinus and brown trout Salmo trutta, i.e. fish that had the lymnaeid 
snail Radix balthica in their stomach or gut content, were examined. Most snails had intact 
unbroken shells, which allowed measuring them and quantifying their trematode infections. 
Comparison of the overall trematode prevalence in 632 “free-living” and 323 “predated” 
snails, i.e. snails sampled in the lake and those predated by fish, respectively, permitted 
estimation of the proportion of lost trematode biomass from the ecosystem.  

Overall, infected snails were larger than uninfected in both the examined snail groups, and a 
positive relationship was detected between fish and snail length, i.e. larger fish preyed upon 
larger snails. The overall trematode prevalence in “predated” snails was almost three times 
higher than in “free-living” snails in August (64% vs 24%), whereas much smaller in October 
(2% vs 21%).  

Our preliminary data thus suggest that a significant fraction of the trematode population 
might be “kidnapped” through concomitant predation, thus modulating the infection rates of 
down-stream hosts and the transmission success of trematodes in general. Moreover, our 
results highlight the importance of studying the role of concomitant predation in the reduction 
of the infection risk by fish pathogens as well as in predator-prey/parasite interactions as a 
path of significant energy flow through food webs.  

Funding of presentation: 
Funded by Czech Science Foundation (17-20936Y) and the Institute of Parasitology, Biology 
Centre of the Czech Academy of Sciences (RVO: 60077344).   
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Introduction: Trypanorhynch cestodes of the genus Grillotia are commonly found as adults in 
elasmobranchs and as larvae in teleosts. Small sharks preyed by larger relatives may also play 
a role as intermediate hosts for these cestodes. In a study conducted in NW Mediterranean 
waters, infection patterns of Grillotia adenoplusia in the blackmouth catshark Galeus 
melastomus and the associated tissue damage were addressed.  

Methodology: A total of 120 specimens of G. melastomus were captured at three different 
localities of the Balearic Sea in the years 2010 and 2011. Once in the laboratory, internal 
organs and the musculature of all specimens were carefully inspected for parasites. Plerocerci 
of the cestode G. adenoplusia were identified according to their oncotaxis and quantified. 

Results: Plerocerci of G. adenoplusia were recovered from the stomach wall, mesenteries and 
muscles. These parasites showed markedly higher prevalence and mean abundance values in 
adult than in juvenile sharks (22% vs. 100% and 1.90 vs. 63.39, respectively). On average, 
88% of the larvae were located in the caudal musculature. In this area, cestodes were 
associated to damaged muscular tissues, which displayed a completely altered structure and a 
soft consistency. 

Conclusions: In adult sharks, G. adenoplusia larvae presumably reach and accumulate in the 
caudal muscles after piercing the stomach wall and migrating through the axial musculature. 
The associated tissue damage could compromise the functionality of the caudal musculature, 
maybe affecting the escape response of G. melastomus in front of larger sharks. Some authors 
have reported that the optimal attack strategy of large sharks upon their smaller relatives is by 
striking in the tail region, which might suggest that the characteristic pattern of distribution of 
these cestodes in G. melastomus responds to a strategy of the parasite to enhance its 
transmission onto its final host. This pattern seems analogous to that observed in different 
cetaceans and pinnipeds, in which tetraphyllidean larval cestodes are located in the blubber of 
the anal region, a part specifically consumed by large predatory sharks.   

Funding of presentation: 
This study was supported by the Spanish Ministry of Science and Innovation (MICYT) 
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Introduction: Freshwater mussels are bivalves which play significant functions in riverine 
ecosystems. Nevertheless, some species, like Margaritifera margaritifera (L., 1758), have 
declined dramatically in the last decades, so conservation programs have been established to 
recover this important species. In contrast with marine bivalves, larvae of M. margaritifera, 
known as glochidia, needs to parasite gills of specific salmonid fish about 9 months, in order 
to metamorphose into juvenile mussels and subsequent release into the environment. During 
this long-term parasitization, known as glochidiosis, gill lesions occurring prior to the 
juvenile detachment have received little attention. The purpose of this study was to evaluate 
the morphopathological changes in gills of Atlantic salmon during the last stages of 
glochidiosis.  

Methodology: Fish were exposed by bath immersion to M. margaritifera glochidia and, after 
six months, they were exposed to a mild increase of water temperature to synchronize the 
glochidial detachment. Ninety-six salmon were collected, euthanized, and gills were observed 
under the stereomicroscope, fixed in Bouin’s fluid and processed for histopathological 
procedures. H&E, PAS and Mallory´s trichrome stains were performed on gill sections.  

Results: Glochidia were macroscopically seen as white spots over the gill filaments. 
Stereomicroscopical visualization revealed clusters of larvae with multifocal distribution 
attached to the gill filaments by a pedunculated structure. Microscopically, a host tissue 
reaction encircling the larvae was observed, which consisted on variable epithelial 
hyperplasia leading to lamellar and filamental fusions, jointly with a moderate monocyte 
inflammatory infiltrate. Occasionally, cartilage ray deformations caused by nodular 
chondrocyte hyperplasia were observed. Moreover, juvenile mussel present a high mitotic 
index and metamorphoses was confirmed by visualization of immature organs as gill rods, 
and well-developed organs as adductor muscles, digestive tract, foot and mantle. 
Additionally, a novel collagenous structure was observed sealing the space between shell 
valves. 

Conclusions: This study supposes the first description of late stages of glochidiosis, providing 
a better understanding of the gill response and pathogenesis of the parasitization. 
Furthermore, this host-parasite interaction might constitute a good model to study gill defense 
mechanisms and recovery, contributing to the success of conservation programs.  

Funding of presentation: 
Supported by: the LIFE-Margal Ulla project (LIFE09 NAT/ES/000514) and the Fundación 
Biodiversidad (Ministerio de Agricultura y Pesca, Alimentación y Medio Ambiente). The 
work was carried out at Veral rearing facility (Consellería de Medio Ambiente, Xunta de 
Galicia).  
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Introduction: Pore-forming proteins (PFPs) include a wide family of proteins that have 
function for virulence or immune defense. Macrophage-expressed 1 (MPEG1) gene was 
first identified from human and murine macrophage and was involved in members of the 
membrane-attack complex/perforin (MACPF) protein superfamily that play a critical role 
in host immune system, which is specialized to attack the membrane of severe fish 
pathogen like bacteria. Previous studies documented that the MACPF proteins are essential 
for immune defense and homeostasis. For instance, the perforin from cytotoxic T cells and 
NK cells protects host by punching hole in the membranes of infected cells. Herein, 
macrophage-expressed 1 (MPEG1) gene was identified and characterized from big-belly 
seahorse (Hippocampus abdominalis) (designated as ShMPEG). 

Methodology: The full cDNA sequence of ShMPEG was identified from big-belly seahorse 
cDNA database. In silico analysis was carried out to determine the conserved domains and 
to compare the relationship between invertebrate and vertebrate MPEG homologs. 
Quantitative Real-Time PCR (qPCR) was performed to determine the tissue specific 
distribution and expression profile of ShMPEG in response to the pathogenic stress. 

Results and Conclusions: The full-length ShMPEG was 3732bp consisting the 2127 bp 
open reading frame which encodes the polypeptide with 709 amino acids. The deduced 
ShMPEG protein contained the MACPF domain, transmembrane region and signal peptide. 
The phylogenetic analysis showed that the ShMPEG shared significant homology with 
other teleosteans. The ShMPEG mRNA was abundantly expressed in skin and kidney 
tissues among the tissues tested. Whereas the lowest expression level was observed in liver 
tissue. After immune challenge experiment with Streptococcus iniae, LPS and 
polyinosinic:polycytidylic (poly I:C), the ShMPEG mRNA expression levels were 
significantly up-regulated in kidney. Collectively, our investigations suggest that the 
ShMPEG play an essential role in host immune defense upon the invasion of pathogenic 
microorganisms. 
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Background: Invertebrates, are primarily depend on innate immune system to protect against 
pathogenic infection, because they lack an adaptive immune system. The myeloid 
differentiation factor 88 (MyD88) is an essential adaptor molecule in toll like 
receptor/interleukin-1 mediated nuclear factor-kappa B (NF-κB) activation followed by 
intense immune responses. In this study, two MyD88 isoforms from disk abalone (denoted as 
AbMyD88-1 and AbMyD88-2) were identified and their post innate immune and 
inflammatory responses were characterized. 

Methodology: The full length coding sequences of AbMyD88-1 and AbMyD88-2 were 
identified form disk abalone transcriptome library. The mRNA expression of both MyD88 
isoforms in different tissues and early development stages were determined by qPCR. 
Temporal mRNA expression of both MyD88 molecules was determined in hemocytes and 
gills after challenged with Vibrio parahaemolyticus, Listeria monocytogenes, viral 
hemorrhagic septicemia virus (VHSV), polyinosinic:polycytidylic acid (poly I:C) and 
lipopolysaccharide (LPS). The AbMyD88-1 and AbMyD88-2 were overexpressed in 
HEK293T or RAW264.7 cells and NF-κB activation or inflammatory responses were 
detected after stimulation with LPS.   

Results: Abalone MyD88-1 and MyD88-2 were predicted to have a typical domain structural 
features known to be important for the functions of MyD88 in mammals. The AbMyD88-1 
and AbMyD88-2 mRNA was detected at all the early embryonic development stages of 
abalone with highest expression at 16 cells and morula stage respectively. Moreover, 
ubiquitous mRNA distribution of AbMyD88-1 and AbMyD88-2 was observed at all the disk 
abalone tissues analyzed with an abundance levels at muscles and hemocytes respectively.  
The AbMyD88-1 and AbMyD88-2 mRNA transcripts were differentially modulated upon V. 
parahaemolyticus, L. monocytogenes, VHSV, LPS and poly I:C in abalone hemocytes and 
gills.  Overexpression of AbMyD88-1 and AbMyD88-2 in HEK293T cells exhibited 
significantly higher NF-κB activity than mock control. Significantly upregulated nitric oxide 
production, expression of inflammatory marker genes, such as iNOS and cox-2, as well as pro 
inflammatory cytokines including, IL-1β, IL-6 and TNF-α were detected in AbMyD88-1 and 
AbMyD88-2 transfected RAW264.7 cells after treatment with LPS.  

Conclusions: Altogether these findings suggest that AbMyD88-1 and AbMyD88-2 play an 
important roles in immune defense of disk abalone during early embryonic development and 
pathogenic stress.  
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Introduction: The intestinal tract is lubricated by a continuously secreted mucus layer mainly 
comprised by highly glycosylated proteins called mucins. In mammals, it has been shown 
that mucins act as a barrier against pathogens, regulate their growth and expression of 
virulence factors, and most likely also contribute to retaining a beneficial microflora (1-3). 
The mucin glycans are vital for all of these functions (1-3). 

Methodology: We purified distal intestinal mucins from Arctic char fed either a fish meal 
(FM) based diet or a full-fat soy bean meal (SBM) known to cause enteritis, chemically 
released the mucin glycans and analyzed them using liquid chromatography-tandem mass 
spectrometry. We compared these results with the distal intestinal dataset from our previously 
published Atlantic salmon O-glycome (4).  

Results: A total of 56 glycans were identified in arctic char intestinal mucins, a majority of 
which were shorter than 4 glycan residues and was identified in all the fishes (both FM and 
SBM included). Compared to Atlantic salmon, fewer structures were identified, but with a 
higher interindividual variation. 24 of the structures were common to both species, and the 
majority of these structures were sialylated. Arctic char had a high prevalence of the di-sialic 
acid motif (~30%), which was in low abundance (1%) in salmon. In salmon intestine, only N-
acetyl neuraminic acid was present whereas FM-fed Arctic char carried both N-acetyl 
neuraminic acid and N-glycolyl neuraminic acid. N-glycolyl neuraminic acid was absent in 
Arctic char fed a SBM diet. 

Conclusions: The glycosylation of salmon and arctic char differed considerably, with di-sialic 
acid structures playing a key role. Loss of N-glycolyl neuraminic acid may be a biomarker for 
inflammation in Arctic char. 

Funding of presentation: 
The Swedish research council Formas, the Swedish Research council and the Engkvist 
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Introduction: The increasing economic importance of fish infections has led to an enhanced 
interest in the host defence mechanisms in Atlantic salmon (Salmon salar) immunity. 
Recently, studies have highlighted an important role for β-defensin proteins, a family of 
highly conserved antimicrobial peptides which are widely expressed in tissues and which are 
central players in host: microbiota interactions. The aim of this study was to clone the β-
defensin genes from salmon with a view to further investigation of the structure and function 
of β-defensins. 

Methodology: The cloning method optimised for the β-defensin genes involved polymerase 
chain reaction using the β-defensin specific cloning primers followed by enzyme digestion of 
the insert using BamHI. Ligation of the digested insert into the vector pET44a was done 
using T4 DNA ligase and this was followed by transformation into Escherichia 
coli cells. Future studies will focus on heterologously inducing the expression of all 3 β-
defensins in E. coli, with a view to purifying them using affinity chromatography and to 
assessing their antimicrobial activity against a range of Gram positive and Gram negative 
bacterial pathogens.  

Results: To date the results have shown that the β-defensin 1, 3 and 4 genes were cloned 
successfully into E. coli cells, with expression trials in progress. 

Conclusions: The production of these antimicrobial peptides may prove to be valuable 
alternatives to antibiotics for the treatment of salmon-specific infections and lay the 
foundation for the development of new antimicrobial treatments, beneficial to human health. 

Funding of presentation: 
Marine Institute.   
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Introduction: The use of external tags for identifying individuals or groups of fish is the 
oldest recorded and most widely used technique applied. Much information is available about 
the wound healing in mammals, but it is limited study about the repair of wounds in fish, 
especially after external tagging.  

Methodology: The wound healing using two different external tagging methods with Carlin 
tag were examined in salmon histologically. It was measured by the size of the wound and 
evaluated inflammation and granulation tissue. The samples were collected on day 1, 3, 7, 14, 
21, 28 post-tagging and prepared for histopathological examination. In total, 120 fish were 
included in the experiment and randomized into 4 groups of 30 fish. Groups of fish A and B 
were tagged with a 0.38 mm, fish groups C and D were tagged with a 0.31 mm and Gx1½ 
needle. The tag was immediately removed after tagging from B and D fish groups. 

Results: The study showed that wound sizes had not significant difference between the group 
of fish A and C (p>0.05), as well as in fish from B and D group (p>0.05). However wound 
size increased approximately two times in the fish, which had a tag within the whole 
experiment in comparison with the fish which tag was immediately removed after tagging: 
group A=2.45±0.57 mm; group C=2.75±0.99 mm; group B=1.18±0.5 mm; group 
D=1.21±0.43 mm. The inflammatory response appeared on the 3. day and peaked on the14. 
day in all fish. On the 14. day A group fish showed higher response of inflammation (score 3 
out of 3) than fish from C group (score 1.8 out of 3). The inflammatory infiltrate was mainly 
composed of mononuclear cells, mostly macrophages. Post-tagging complications were seen, 
including scales carried into the wound area. Moreover, complications were seen more in fish 
group A (43% of total number) than in group C (26%).  

Conclusions: Fish tagged with 0.38 mm Carlin tag have had more post-tagging complications 
which cause collateral irritation and more sever response of inflammation. It might cause 
prolongation of the wound healing, joining of infection and/or loss of the tag. 
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Introduction: In mammals, description and functional analyses of the different interleukin 4 
and 13 receptor subunits are widely known, however the available information in fish has 
been published by a handful of authors. In rainbow trout, paralogues of each receptor chain 
have been found; similar results have also been described for zebrafish. In Atlantic salmon, 
description of IL-4 receptor alpha (IL-4Rα) and IL-13 receptor alpha 2A (IL-13Rα2A) has 
been predicted from genome databases. We described for the first time, the cloning of coding 
sequences of the common gamma chain receptor (γC, Accession number KY421677), 
interleukin 13 receptor alpha 1A (IL-13Rα1A) and interleukin 13 receptor alpha 1B (IL-
13Rα1B) from Salmo salar head kidney leukocytes, along with IL-4Rα (accession number 
KY421676) and IL-13Rα2A (accession number KY432364) cloning based on previous 
predictions.  

Methodology: Coding fragments were also obtained from ASK and SHK-1 cell lines. At least 
one paralogue was predicted for each receptor by aligning rainbow trout sequences on 
Atlantic salmon genome database, but in basal conditions, we could detect and clone only the 
above-mentioned receptor chains.  

Results: Atlantic salmon γC chain shares 94% and 88% amino acid identity with trout γC1 and 
γC 2 respectively, followed with 46% identity with zebrafish γC1 and 42% identity with γC 
described for fugu. IL-13Rα1A shares 79.8% identity with trout counterpart, 44% with 
lucious and 26% with zebrafish, and finally IL-13Rα1B shares 90% amino acid identity with 
trout receptor, 57% identity with lucious and 29% identity with zebrafish. We also have 
rendered 3D modelling and structural analysis for each receptor, along with qPCR analysis 
for inductions profiles determination.  

Funding of presentation: 
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Antimicrobial peptides are a powerful innate defense tool extensively described in higher 
vertebrates, which are stabilized by disulfide bridges, characterized by having γ-core motifs 
and in some cases the α-helix domains, where potentially antimicrobial activity resides. 
Chemokines (CXC) exhibit those domains and have been reported to have direct microbicide 
activity. One of particular chemokine is the IL-8 which has a dual role as an antimicrobial 
peptide and chemoattractant, for that reason it has been called kinocidin. In lower vertebrates, 
the CXC IL-8, has a predominantly chemotactic function; however, it is not known if in 
Atlantic salmon and rainbow trout, that are the most important farmed fishes commercially, 
IL-8-derived α-helix domains has antimicrobial activity.  

Therefore, we investigated if the IL-8 α-helix domain of trout and salmon have antimicrobial 
activity and if this activity changes in these closely related species. These peptides of 17 
residues from salmon and trout were synthesized by solid phase chemical synthesis using 
Fmoc strategy. The molecular mass and conformation was confirmed by MALDI-TOF and 
circular dichroism respectively. The antimicrobial activity was determined using agar plates 
and the interaction between rhodamine B conjugated peptide and bacteria was evaluated 
through fluorescence assay and flow cytometry.  

Our results demonstrate that these peptides showed an α-helix conformation. Furthermore 
antimicrobial activity assays showed that the salmon peptide is more effective than the trout 
peptide against Aeromona salmonicidina, Vibrio ordalii and Flavobacteriurm psychrophilum 
at 30 µM concentration. In addition, fluorescence and flow cytometry analysis of these Gram-
negative bacteria exposed to trout and salmon peptides coupled with rhodamine for 1 hour 
revealed that there is an interaction between the bacterium and the peptide.  

Probably these peptides are permeabilizing the cell membrane and damaging membrane 
integrity in order to kill the microbial cell. These results offer new insights into the modular 
architecture and evolution of host defense molecules containing γ-core motifs and α-helix 
domains associated with antimicrobial activity. Thus, these peptides may provide a promising 
antimicrobial agent for therapeutic applications against Gram-negative bacteria that affect the 
salmon farming industry. 

Funding of presentation: 
Postdoctoral FONDECYT N°3150678. 
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Introduction: The competence of the fish immune system is directly proportional to their 
general health. Functional immunological assays tell us not only its current state but also its 
ability to actively react to stimulants. The lymphocyte transformation test is commonly used 
in mammals, but in fish there are some obstacles. One of the facts we need to consider is 
a different temperature optimum (in salmonids 8-16 °C). Optimization of this test includes 
determination of optimal samples, anticoagulants, mitogens and their concentrations, serum 
type, temperature during incubation and its length. 

Methodology: The samples obtained from rainbow trout (Oncorhynchus mykiss) included 
organs (the head kidney and spleen) and blood collected using different anticoagulants 
(heparin, EDTA). The organs were cut, forced through a mesh and washed. Blood was 
diluted by various media (RPMI, PBS). Subsequently, mononuclear cells were isolated by 
density gradient centrifugation. After collection, the cells were washed, counted and 
resuspended to the required concentration. The cell suspension was dispensed in triplicates 
into wells of 96-well plates together with mitogens and heat inactivated trout serum or FBS. 
The mitogens comprised PWM, ConA and PHA (LPS) in various concentrations. After the 
incubation period (2-6 days, 10-20 °C) labeled thymidine (radioactive 3H) was added and the 
cells were harvested in the next 16-24 hours. The amount of thymidine incorporated into 
DNA was measured by a liquid scintillation counter in counts per minute. 

Results: Out of the selected mitogens, PWM showed the best results, especially in 
combination with FBS. The highest levels of cell proliferation were observed after 5 days of 
incubation (15 °C). In comparison to EDTA, there were slightly better results obtained with 
heparinized blood and dilution by RPMI was proven to be the most effective. The head 
kidney showed high proliferation levels; however, as it is the major hematopoietic organ in 
fish, the non-stimulated cells' levels were also somewhat higher. 

Conclusions: Maintaining the correct temperature when handling fish cells is essential (even 
during serum inactivation). Optimization of this test improves the possibilities for examining 
the health status of salmonid fish. It will be used in trials as well as in practice. 

Funding of presentation: 
The study was supported by projects NAZV (QJ 1510077) and IGA VFU Brno 
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Introduction: Innate immunity is the main defence mechanism of fish against pathogens. 
Among the cellular component of this response, neutrophils are the first cells to migrate 
towards the site of infection and they play a major role in pathogen clearance by phagocytosis 
and the release of antimicrobial molecules. Current knowledge of phagocyte behaviour in 
mammals has been deepened by the discovery of a new cellular process, termed ETosis. This 
entails the regulated release of chromatin from the nucleus to form traps that ensnare micro-
organisms. This phenomenon has recently been demonstrated to occur in a wide range of 
species, from mammals and birds to invertebrates. This shows the response is an ancient 
defence mechanism conserved through evolution. However, the response has not been 
previously characterised in the commercially-important fish species, Atlantic salmon (Salmo 
salar). 

Methodology: Neutrophils from Atlantic salmon were obtained by centrifugation on Percoll 
gradients. Cells were exposed to different agents known to stimulate ETosis. The release of 
DNA from neutrophils was determined using a fluorescence assay. The extruded material 
was confirmed as chromatin by DNAse digestion. Immunocytochemistry was used to 
characterize some of the proteins decorating the chromatin. Infection with Aeromonas 
salmonicida, a known pathogen causing major disease on farmed salmon, was also studied in 
vitro, with particular attention paid to the trapping of this bacterium. 

Results: Exposure of neutrophils to different stimulants resulted in the formation of 
extracellular traps with an increased associated fluorescence compared to the control cells. 
Treatment of the traps with DNase I resulted in the degradation of these structures and 
decreased associated fluorescence. The interaction of externalised chromatin with A. 
salmonicida was observed under fluorescence microscope and resulted in a decreased 
bacterial recovery. 

Conclusions: Here we show that ETosis also occurs in neutrophils of Atlantic salmon 
following in vitro exposure to different agonists. This finding opens the possibility to study 
the role of these cells and the interaction of the chromatin traps with fish pathogens 
permitting a deeper understanding of host-pathogen interactions to prevent and reduce losses 
during production. 

Funding of presentation: 
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Amoebic gill disease (AGD) is emerging as an ever increasing threat to the Atlantic salmon 
aquaculture industry. Originally reported in Tasmania in the mid-1980s, it has since spread to 
become a global problem. It currently costs the salmon farming industry millions of pounds 
every year in treatment costs and fish losses. Amoebic gill disease is caused by the free-living 
marine amoeba Paramoeba perurans, which is widely distributed in the environment, only 
becoming a concern when it attaches to the gills, causing lesions and respiratory distress to 
the fish. Unless treated, it can ultimately lead to fish morbidity and mortality.  

The aim of the current project, funded by Innovate UK and BBSRC and involving the 
University of Stirling’s Institute of Aquaculture, Ridgeway Biologicals Ltd. and Marine 
Harvest, is to develop and test autogenous vaccines to control AGD in farmed Atlantic 
salmon. To date amoebae have been collected from gills of salmon infected with AGD from 
Marine Harvest sites on Scotland’s west coast. The consortium is now culturing, isolating, 
characterising and comparing these different amoeba strains and developing vaccines based 
on the results. The first autogenous vaccine will shortly be efficacy tested in Atlantic salmon 
under experimental conditions, using a cohabitation challenge. Vaccines that prove effective 
will then be used to vaccinate fish in sea cages to assess vaccine efficacy in fish following 
natural exposure to amoeba. 

Funding of presentation: 
Innovate UK and BBSRC. 
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Introduction: Piscirickettsiosis (SRS) is the main bacterial disease affecting the Chilean 
salmon farming industry and is responsible for high economic losses. The development of 
effective strategies to control SRS has been limited in part by insufficient knowledge of the 
host response. The aim of this study was to describe and comparatively quantify the innate 
and adaptive immune responses of post-smolt Atlantic salmon infected by cohabitation with 
LF-89-like (PS-LF-89) and EM-90-like (PS-EM-90) P. salmonis.  

Methodology: The cohabitation challenge was concluded 61 days post-inoculation (dpi). Five 
live or dying cohabitant fish were sampled from each tank at 7, 14, 21, 28, 35, 42, 49 and 56 
dpi. The relative quantification of mRNA of the 16S rRNA gene of PS-LF-89 and PS-EM-90 
and the expression of target genes (infg, tnfa, il1b, il8, il10, il12b, il15, il18, igm, mhci, mhcii, 
cd4, cd8, eomes, tbx21, gzma, mpeg1) was evaluated in head-kidney using RT-qPCR.  

Results: High bacterial load was observed in the head-kidney of fish infected with both P. 
salmonis isolates, although higher levels were observed in fish infected with PS-EM-90. Fish 
infected with both isolates developed SRS, but the group infected with the PS-EM-90 isolate 
showed a significantly higher cumulative mortality level than the LF-89-PS group. The gene 
expression profile revealed a clear innate immune response in fish infected with both P. 
salmonis isolates, but significant differences were observed between the groups. Fish infected 
with PS-EM-90 showed a marked upregulation of cytokine activity-related genes and an 
exacerbated inflammatory response that clearly failed to protect against the bacteria. Fish 
infected with PS-LF-89 exhibited a more moderate innate and inflammatory immune 
response, which could contribute to increased survival. The exacerbated activation of the 
inflammatory response appeared to increase the susceptibility of fish, culminating in 
progression from an acute to a chronic response, high bacterial loads, severe pathological 
lesions and low survival rates, especially in fish infected with PS-EM-90. Finally, both 
isolates would inhibit the humoral and cellular adaptive immune responses.  

Conclusions: The immune innate response of fish infected with PS-LF-89 and PS-EM-90 
differs, but both isolates inhibit the adaptive immune response probably associated with the 
virulence of each isolate. 

Funding of presentation: 
This work was supported by the Doctorate Scholarship (21120228), Program for the 
Formation of Advanced Human Capital Program, National Commission for Scientific and 
Technological Research, CONICYT, Chile; Grant to Operating Expenses (2014-2015), 
CONICYT, Chile; Chilean Economic Development Agency (CORFO) and Pathovet 
Laboratory (15ITE2-47464). 
  



358 
 

139-P 

The influence of Arbocel on nonspecific cell-mediated and humoral immunity of 
rainbow trout and anti-infection immunity 

Siwicki A1, Dąbrowska M2, Terech-Majewska E2, Schulz P2, Kaczorek E2, Zembrzuska M2, 
Szczucińska E2 

1The Stanisław Sakowicz Inland Fisheries Institute, Olsztyn, Poland, 2University of Warmia 
and Mazury in Olsztyn, Poland 

Introduction: The aim of this study was to determine the influence of Arbocel on nonspecific 
immunity of rainbow trout (Oncorhynchus mykiss) and resistance to the experimental 
Yersinia ruckeri infection. Arbocel is the source of highly purified powdered cellulose. It is 
applied as an supplement of food and fodder for pets and breeding animals because of it's 
technological and curative value. The influence of Arbocel on the organism and immunity of 
fish had never been examined before. 

Methodology: For this study the fry of rainbow trout weighing between 52 and 55 g was 
used. The fish were fed with a granulated dry feed containing Arbocel at doses of 0, 0,5, l 
and 2 g/ kg, during the period of 14 weeks. There were 8 individuals of each group randomly 
chosen; then the head kidneys, spleens and blood were taken. The influence of Arbocel was 
studied by measuring the following parameters: MTT-lymphocytes' proliferation test, RBA- 
respiratory burst activity of phagocytes, PKA-phagocyte activity of monocytes and 
granulocytes, ceruloplasmine and lyzozyme activity in the blood serum, gammaglobulins 
level and total protein level in the blood serum. The next 75 fishes were infected 
intraperitoneally with Y. ruckeri. The reaction to the infection and survival ratę in each group 
was observed. 

Results: The result of this study showed no statistically significant changes of nonspecific 
immunity parameters between the groups fed different levels of Arbocel. Also the course of 
reaction to the infection of pathogenic bacteria and the rate of survival was similar in each 
group of fish. 

Conclusions: The current study shows that Arbocel has no significant influence on the 
nonspecific immune response of rainbow trout. It was also concluded that it has no negative 
influence on the organisms of fish, but the application as an component of feeding for fish is 
not fully justified. 
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Introduction: Rhabdoviruses, including VHSV, are arguably some of the most significant 
exotic disease threats to aquaculture and fisheries. VHSV causes viral haemorrhagic 
septicaemia, an infectious lethal disease affecting many freshwater and marine fish species in 
several parts of the northern hemisphere. Different genogroups of VHSV have been shown to 
result in differing virulence to hosts, but little is known about the mechanisms behind this 
varying virulence.  Recently we have demonstrated an inhibition of the in vitro gene 
expression of the rainbow trout antiviral protein Mx associated with virulent VHSV isolates, 
indicating these isolates can interfere with the interferon (IFN) signaling cascade, a host viral 
defense mechanism (Cano et al., 2016). 

Methodology and Results: In order to investigate this inhibition of IFN pathway in teleosts, 
two rainbow trout pathogenic VHSV isolates (J167 and DK5131, belonging to genogroup Ia 
and Ic respectively) and two VHSV isolates of low pathogenicity to trout from genogroups Ib 
and II (96/43-8 and 1p53 respectively) were used to study in vitro activation of key 
components of the JAK/STAT pathway. Temporal changes in gene expression in cultured 
RTG-2 cells infected with VHSV at a MOI of 0.01 were analyzed 0, 3, 6, 14, 24 and 48h 
post-inoculation (pi) by Taqman assay for a selection of immune-response genes, including 
INF1, INF2, Mx, eIF2a-kinase (PKR), interferon regulatory factor 9 (irf9), signal transducer 
and activator of transcription 2 (stat2), nitric oxide synthase (iNOS), caspase 7 (casp7) and 
caspase 8 (casp8). Elongation factor 1 (EF1α) and B-actin were used as reference genes. 
Non-inoculated cells were used as control. 

At 12 h pi, J167 and DK5131 N gene replication was 100-fold higher than 96/43-8 and 1p53, 
at which point cytopathic effect was still not detected in the cells.  

At 3 h pi, the J167 isolate induced the greatest expression of INF type I and II. Despite the 
greater INF expression, PKR and Mx gene expression induced by J167 and DK5131 were 
significantly lower (p<0.01) than the gene expression induced by low virulent isolates, 96/43-
8 and 1p53, at 24 and 48 h pi. Activation of PKR upregulates the expression of INF cytokines 
and induces cellular apoptosis. Casp7 and casp8, two genes induced in the regulation of 
apoptotic process, were greater induced by 1p53 at 24 h pi. We are currently further 
characterising the nature of the host-pathogen interactions using high-throughput sequencing. 

Conclusions: This data strongly suggests an inhibition of PKR activation by virulent rainbow 
trout VHSV interfering in the INF cascade.  

Funding of presentation: 
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Introduction: CD4+ Th cells can differentiate into a variety of effector Th cell subsets that 
produce cytokines involved in the regulation of inflammation and immune responses against 
different pathogens. Fish contain two CD4 genes, cd4-1 and cd4-2, and reports suggest that 
both CD4 co-receptors are functionally active and will play a role in T cell development and 
activation. We proposed to develop antibody to the two trout CD4 molecules and CD3e to 
detect and isolate T cells, which will reside in discrete compartments within the trout immune 
system.  

Methodology: Using a peptide immunization approach, anti-CD4 and CD3e antibodies were 
produced. We then analyzed the percentage of cells that express CD4-1 and CD3+ in 
different immune tissues (spleen, kidney, gills, gut, blood and thymus) by flow cytometry.  

Results: CD4-1+ population represents approximately 20% and 40% of total lymphocytes in 
spleen and kidney, respectively. Cells isolated from thymus and head kidney were analyzed 
by RT-PCR and results indicated that isolated lymphoid CD4-1+ cells are T cells as they 
express phenotypic markers described in T cells of mammals. To define T CD4-1+ 
lymphocyte subpopulation, we are currently analyzing cell proliferation mediated antigen-
specific proliferation.  

Conclusions: We expect these results to go a long way towards confirming the presence of Th 
cells in fish, and establishing if they can express different cytokine repertoires in response to 
specific antigen and cytokines. 

Funding of presentation: 
RCUK MR-N02526X-1. 
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Interferon (IFN)-γ is a major effector cytokine in host-defence, and is produced mainly by T 
cells and NK cells in mammals. It drives the Th1 immune response and promotes protection 
against intracellular infections. IFN-γ orthologues have been discovered in several fish 
species and are functionally conserved suggesting that the Th1 type immune response is 
present in early vertebrates. To investigate these responses in fish, it is necessary to monitor 
IFN-γ expression at both the transcript level and protein level.  

To this end we have produced monoclonal antibodies (mAbs) against four peptide 
immunogens, V27, N2, VAB3 and V91, designed against salmonid IFN-γ. To validate and 
characterise these mAbs they were initially purified by affinity chromatography. All of the 
mAbs react specifically to their peptide immunogens in ELISA and by Western blotting. 
They can also detect recombinant and indigenous IFN-γ in rainbow trout. Among them, 
VAB3 shows the strongest ability to recognise immunogens followed by N2 and V91. 
Further methods, such as intracellular staining and ELISPOT, are being established to 
monitor IFN-γ expression in vitro and in vivo following vaccination, antigen re-stimulation 
and cytokine stimulation. 

Funding of presentation: 
EC funded TargetFish programme.   
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The effect of stress hormones cortisol, adrenocorticotropic hormone (ACTH) and adrenaline 
on inflammatory cytokine expression has been investigated in head kidney tissue of trout and 
sea bream previously exposed to Vibrio anguillarum. Since there is no evidence of whether 
antagonists for stress hormone receptors may influence the interaction between hormones and 
cytokines after bacterial administration, our study evaluated such an interaction in presence 
of stress hormones (cortisol, ACTH, adrenaline), hormone receptor blockers and inactivated 
V. anguillarum in head kidney tissue. 

A primary cell culture of head kidney (HKPCC) was prepared in DMEM–high glucose at a 
concentration of 2x106 cells/ml and left undisturbed in an incubator under optimal culture 
temperature conditions. HPCC was treated with Vibrio and stress hormones or hormones plus 
receptor antagonists. The cytokine expression (proinflammatory and anti-inflammatory) was 
measured by qPCR.  

Our results show an increase of the pro-inflammatory and anti-inflammatory response after V. 
anguillarum treatment in both species. Cortisol, ACTH and adrenaline did not modulate the 
expression of cytokine genes in rainbow trout, while in sea bream cortisol was able to reduce 
stimulated gene expression in all cytokines. This effect was only restored to basal expression 
level in IL-1β and TNF-α by mifepristone alone (GR and ACTH receptor blocker) or in 
combination with spironolactone (mineralocorticoid receptor blocker). ACTH reduced both 
pro-inflammatory and anti-inflammatory cytokine expression excluding IL-1β in sea bream. 
Adrenaline enhanced the expression of IL-1β and TGF-β1 stimulated by Vibrio in sea bream, 
and the effect was diminished by propranolol alone or in combination with phentolamine.  

Overall, other than an expected effect of the tested antagonists, our results confirm the close 
regional interaction between endocrine and immune messengers in the head kidney after V. 
anguillarum exposure, and a clear difference between the two fish species in both the 
sensitivity to V. anguillarum and to hormonal stimuli. 

Funding of presentation: 
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Introduction: Nodavirus (NNV; Nodaviridae family, Betanodavirus genus), is one of the most 
threatening virus for teleost fish and causes the viral encephalopathy and retinopathy (VER) 
disease that alters brain and retina structure and function. Among marine fish, the European 
seabass (Dicentrarchus labrax), a very relevant species in Mediterranean aquaculture, is one 
of the most susceptible species, while the gilthead seabream act as a reservoir of the RGNNV 
strain and does not suffer the disease. Thus, comparative studies between seabass and 
seabream specimens are worthy elucidating the differences in fish immunological response 
and their relation with susceptibility. Amongst the immune parameters, the cell-mediated 
cytotoxicity is very important to fight and clear the viral infections. This cytotoxic activity is 
mainly mediated by the perforin and granzyme proteins but they have been scarcely 
characterized in fish. Our aim was to characterize the granzyme B (GrB) of gilthead 
seabream and its potential implication against the NNV infection. 

Methology: Seabream grb gene was sequenced. In in vitro experiments consisting on 
cytotoxic assays using seabream leucocytes as effectors and naïve or NNV-infected cells as 
targets we evaluated the transcription of grb as well as the GrB activity. In in vivo 
experiments where seabream specimens were infected with NNV we evaluated the grb 
transcription as well as the presence and distribution of GrB+ cells in the brain.  

Results: In vitro, leucocytes under cytotoxic activity showed increased grb transcription and 
GrB activity in both cell lysates and supernatants, which was in some cases further increased 
when the target cells were infected with NNV. In the in vivo infection trial, seabream showed 
a significant up-regulation in the grb mRNA levels in the brain but a down-regulation in the 
head-kidney. Similarly, the immunohistochemical study revealed that the number and areas 
of GrB+ cells was increased in the brain upon NNV challenge. 

Conclusions: Our data demonstrate the importance of the GrB, at both mRNA and protein 
levels, in the gilthead seabream immune response against NNV infections and could 
represent one of the mechanisms involved in the NNV clearance. 

Funding of presentation: 
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European seabass (Dicentrarchus labrax) is a marine fish species with a high commercial 
value, especially in the Mediterranean countries and Europe. Since 1992, aquaculture 
production of this species has widely overcome wild stock captures. Several pathologies act 
as a bottleneck during aquaculture production process, including bacteria, viruses, parasites 
and fungi. Hence, to control rearing-associated problems such as pathologies has become 
indispensable to ensure a good production and avoid economic loses. Vibriosis caused by 
Listonella (Vibrio) anguillarum together with photobacteriosis provoked by Photobacterium 
damselae subsp. piscicida are two main bacterial diseases responsible of important outbreaks 
affecting seabass production farms. Both cause hemorrhagic septicaemias leading on to high 
morbidity and mortality rates. Therefore, development and use of preventive strategies can 
evade these associated mortalities.  

ICTHIOVAC® VR/PD is a multivalent inactivated vaccine against vibriosis and 
photobacteriosis. 

This study is intended to demonstrate the efficacy of ICTHIOVAC® VR/PD, in preventing 
mortality caused by L. anguillarum from three different serotypes (O1, O2α and O2β) as well 
as by P. damselae subsp. piscicida in seabass. Fish weighing 15 g were vaccinated 
intraperitoneally according to the established regimen of vaccination, and challenged after 42 
days with three different virulent strains of L. anguillarum (O1, O2α and O2β) and one 
virulent strain of P. damselae subsp. piscicida.  

Inducing mortalities ranging between 66-100% in control groups, the RPS values obtained 
were higher than 75% against vibriosis and higher than 60% against photobacteriosis. Deaths 
occurred within 96 hours after challenge with V. anguillarum independent from the serotype, 
whereas mortalities provoked by P. damselae subsp. piscicida were extended throughout 
almost two weeks. 

The results obtained demonstrate that ICTHIOVAC® VR/PD is effective in conferring 
protection to sea bass from 15 g onwards against vibriosis and photobacteriosis by 
intraperitoneal injection. 
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Introduction: Cell-mediated cytotoxicity (CMC) is amongst the major immune responses 
fighting viral infections but slightly characterized in fish. Nodavirus (NNV; Nodaviridae 
family, Betanodavirus genus), is one of the most threatening virus for teleost fish, being the 
European seabass (Dicentrarchus labrax) one of the most susceptible species, and causes the 
viral encephalopathy and retinopathy (VER) disease that alters brain and retina structure and 
function. The innate CMC activity is increased in seabass specimens as well as the innate and 
specific CMC activity was increased in groupers upon NNV infection. However, preliminary 
data in our lab demonstrated that seabass leucocytes were unable to kill NNV-infected cells 
in vitro and showed impaired CMC-related immunity. In an effort to throw some light into 
this host-pathogen interaction we aimed with this study to perform a RNA-seq analysis of the 
CMC activity. 

Methodology: Seabass head-kidney leucocytes (HKLs) were incubated with DLB-1 cells (a 
cell line derived from the European seabass and susceptible to NNV) as target cells: alone 
(CMC_DLB1) or infected with NNV (CMC_DLB1-NNV). After CMC assays, RNA-seq 
(Illumina) 2x100bp was performed and incorporated in an in-house pipeline to improve the 
current annotation of the seabass reference genome. Differential expression and GO 
enrichment analysis were performed on the annotated genes.  

Results: We found that seabass HKLs incubated with DLB-1 cells alone (CMC_DLB1) 
showed 1,341 transcripts differentially expressed being 874 and 469 up- and down-regulated, 
respectively. On the other hand, we detected in HKLs incubated with DLB-1 cells infected 
with NNV (CMC_DLB1-NNV) 1,578 differentially expressed genes being 878 up-regulated 
and 700 down-regulated. Interestingly, though some differences were observed in the HKLs 
from both CMC samples any of them reached significance. 

Conclusions: Our data demonstrated for the first time the transcripts important in the fish 
CMC activity. In addition, there were no differences in such transcripts when the target cells 
were infected with NNV confirming the CMC activity data. These data demonstrate that the 
innate CMC activity is not primed against NNV-infected cells in vitro and could explain why 
seabass are not able to overcome the infection and dye. 

Funding of presentation: 
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Introduction: The nervous necrosis virus (NNV), a single stranded RNA virus, produces the 
viral encephalopathy and retinopathy (VER) disease that is considered one of the most 
serious viral diseases in marine aquaculture, being the European seabass (Dicentrarchus 
labrax) one of the most susceptible species, especially, during larval development. Female 
vaccination has been claimed as a potential management tool to increase fish larval resistance 
as maternal transfer of several immune activities has been previously described. Previous 
data obtained in our laboratory point to maternal transfer of bactericidal activity. Thus, the 
aim of this work was to evaluate the transfer of several proteins related to bactericidal activity 
responses in European seabass progeny upon female vaccination.  

Mathodology: European seabass females (1,518±85 g body weight) were intramuscularly 
injected twice with a DNA vaccine against NNV (RGNNV strain) and their progeny were 
sampled at different time points through development and processed for protein levels 
analysis by ELISA using in-house produced polyclonal specific antibodies.  

Results: Our results show that all the proteins analyzed were present in eggs from 0 days 
post-fertilization (dpf) onwards. Interestingly, NK-lysin reached higher levels in the progeny 
of vaccinated females than controls through development.  

Conclusions: Our data demonstrated that some innate immune proteins are present in 
European seabass eggs. Although these protein levels were not enhanced by female’s 
vaccination in the broodstock, they did in the subsequent development of their fry, producing 
high levels of some of these proteins through their development.  
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Introduction: The nervous necrosis virus (NNV), a single stranded RNA virus, produces the 
viral encephalopathy and retinopathy (VER) disease that is considered one of the most 
serious viral diseases in marine aquaculture, being the European seabass (Dicentrarchus 
labrax) one of the most susceptible species. Several studies have suggested that the reason for 
this great susceptibility is an impairment of the local immunity response. Thus, our aim was 
to evaluate the seabass immunity at protein level, for the first time, and to compare to the 
available mRNA data. 

Mathodology: European seabass specimens (18±0.8 g) were intramuscularly injected with 
NNV (RGNNV strain). Samples were processed 1 and 5 days later for gene expression, by 
means of real-time PCR, and for protein levels, measured by ELISA using in-house produced 
polyclonal specific antibodies.  

Results: Our results show that NNV infection mainly produces significant reductions of 
CD8a, perforin, interferon gamma, NK-lysin, dicentracin and hepcidin in several tissues, 
which were more pronounced in the brain and spleen. 

Conclusions: Most of the information about immune implication against NNV infections is 
based on mRNA studies. Thus, this is the first time the protein levels were studied and they 
confirm that the immune response might be impaired and the reason for the high 
susceptibility of seabass specimens to NNV. This data suggest that the cell-mediated 
cytotoxicity and the antimicrobial responses are impaired in seabass tissues. This study 
represents an advance on our knowledge about the interaction between host and NNV, 
needed to understand the virus immune evasion strategies in adult fish.  
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The immune system of the fish is very important, since it is in charge of generating a 
response in the organism, according to different external pathogens that can cause some 
damage in its system, and some tissues such as intestine are poorly studied. In Chile 
Eleginops maclovinus, commonly known as seabass or Patagonian blennie, is a fish that lives 
around the cage of salmonids, and its interaction with salmon farming is not only for food as 
an opportunistic feeder, but it also interacts with diseases of salmon. Piscirickettsia salmonis 
is a bacteria causing high mortality of salmonids, and it was detected in some native fish as E. 
maclovinus.  

The aim of this study was to evaluate the pathogen-host interaction through the expression of 
genes (RT-qPCR) related to the innate and adaptive immune response, in intestine of E. 
maclovinus challenged intraperitoneally with two live strains of P. salmonis. The 
experimental treatments were as follows: control injection (only culture medium), bacterial 
injection with LF-89, and bacterial injection with Austral-005. The fish were randomly 
assigned in six tanks and the 3 treatments were performed in duplicate. Each fish was injected 
with 100 µL of culture medium (control) or with 100 µL at a concentration of 1 x 108 of live 
bacteria strain. The time course of sampling was at days 1, 3, 7, 14, 21, 28, and 35 post-
injection.  

The expression of Toll-like receptors (1, 5 and 8) increased slightly at the first day post 
injection and peaked by the end of experiment trial. NOD-like receptors (3 and 5) presented a 
similar pattern to Toll genes, while interleukin 1β was expressed at 1-14 days post injection. 
MHCII and IgMm heavy chain were modulated in specimens injected with bacteria compared 
to the control group, presenting highest levels at the end of experiment time, while IgMs 
peaked at the first day post injection.  

Conclusions: These results suggest a modulation immune system of the E. maclovinus in the 
presence of two bacterial strains of P. salmonis. 
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Eleginops maclovinus lives associated to the salmonid culture centers, where they are feeding 
of the pellet not consumed by the cultured animals and the feces of these fish. This 
interaction in the natural environment between native and culture fish suggest that pathogens 
are affecting the aquaculture industry (salmon farming), may be also affecting the native fish 
such as E. maclovinus. The aim of this study was to evaluate the immune and stress response 
of specimen the Eleginops maclovinus inoculated with two strains of Piscirickettsia salmonis: 
LF-89 reference strain (ATCC® VR-1361™) and Austral-005 strain (antibiotic-resistant). 
Treatment injections (in duplicate) were as follows: control (100 µL of culture medium), P. 
salmonis LF-89 strain (100 µL, 1 x 108 live bacteria), and P. salmonis Austral-005 strain (100 
µL, 1 x 108 live bacteria). The fish were sampled at various time-points during the 35-day 
experimental period for obtaining serum, plasma and spleen samples. All evaluated genes 
(TLR5, NLRC3, NLRC5, C3, IL-1β, MHCII, and IgMs chain) evidenced increases and 
decreases in transcript abundances over the course of the experimental period, with 
expression profiles dependent on the sampling time-point and injected bacterial strain. Gene 
expression of TLR1 and TLR8 revealed no significant differences in spleen during the 
experiment. The levels of serum antibodies (Anti-P. salmonis) increased from day 14 to 35 
for the Austral-005 group, and from day 14 to 28 for the LF-89 group. Plasma cortisol levels 
presented highest values in fish injected with both strains over the course of the experimental 
period compared to control group. These results suggest temporal activation of the innate and 
adaptive immune responses in spleen and, serum; in addition the bacterial strains produced 
activation of stress response in plasma of E. maclovinus when injected by distinct P. salmonis 
strains. This is the first immunological study to relate a widely studied fish bacterium with a 
native fish currently under consideration for aquaculture potential in Chile. 
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Background: Despite increasing studies regarding immune defenses in fish, there are shortage 
of monoclonal antibodies (mAbs), as a tool for recognizing target cells. Most cell markers 
have developed for fish aimed at B cells. On the other hand, a few number of mAbs were 
developed for T cells. To obtain a better understanding of the immune system related to CD4, 
we produced mAbs against CD4-1 and CD4-2 against olive flounder, Paralichthys olivaceus. 
Here, using these mAb, we investigated the population at each organs and compared the ratio 
between CD4-1 and CD4-2 population.  

Methodology: The recombinant proteins for CD4-1 and CD4-2 were made using bacterial 
expression system, and purified them, the purified proteins were intraperitoneally immunized 
to BALB/C mice to produce mAbs. Leukocytes isolated from liver, spleen, kidney and 
peripheral blood of healthy olive flounders were reacted with the mAbs, then examined under 
a fluorescence microscope and flow cytometry. 

Results and Conclusions: Examination on the population of leucocytes recognized by mAbs 
against CD4-1 and CD4-2 are undergoing.  
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Introduction: The olive flounder (Paralichthys olivaceus) shows severe mortality to viral 
haemorrhagic septicaemia virus (VHSV) in the winter and spring but no mortality over 20 ºC. 
This phenomenon proves that environmental temperature has an influential role to mount a 
successful fish immune response and liver plays a pivotal role. Our experiment, investigated 
the temperature-dependent susceptibility as well as differential expression kinetics of various 
immune-related genes in the liver of VHSV-infected olive flounder at two different 
temperatures. 

Methodology: Olive flounder were intraperitoneally injected with VHSV (107.8 TCID50/ ml) 
and were reared at 15 ºC and 20 ºC and sampled for liver tissue at different time-intervals. 

Results and Conclusions: Viral copy number in the 15 ºC group peaked at 1dpi and remained 
high until 2 dpi, whereas the other group showed lower viral copies which declined to an 
undetectable level after 2 dpi. Liver-specific genes, cathepsin expression was high at 12 hpi 
in both the groups but declines sharply at 1dpi. Hepcidin and JunB gene showed very high 
level of expression in the 20 ºC group at all time points when compared to the 15 ºC group. 
TLR2, TLR7 and MDA5 gene transcript showed enhanced expression during the peak phase 
of infection in the 20 ºC group in contrast with the 15 ºC group. The expression of IL-1β and 
CXC-chemokines was significantly high in the 20 ºC group than the 15 ºC group at early 
phase of infection. Significant upregulation of IRF3, IRF7, ISG15 and Mx genes was 
observed during the peak infection period irrespective of groups but their level of expression 
varies. The CD4 expression was very high at early and peak infection stage in the both the 
groups which gradually declines while CD8 gene showed significant upregulation at 1 dpi 
and 2 dpi only in the 20 ºC group. MHC I was under-regulated in the 15 ºC group. Apoptosis-
related genes also showed quicker and stronger expressions in the 20 ºC group. The genes of 
the complement system showed a prolonged downregulation during the entire experimental 
period in the 15 ºC group. It can be inferred that the liver has an effective role in host defense 
mechanism in VHSV-infected olive flounder which in turn results into host survival at higher 
temperature and viral pathogenesis at lower temperature. 
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Most protozoan infections are controlled using chemotherapy. Vaccination is an attractive 
alternative to chemotherapy, especially when the ciliate is located in internal organs. 
Miamiensis avidus (=Philasterides dicentrarchi) (Ciliophora: Scuticociliatida)is highly 
histophagous and causes systematic infection in brain, spinal cord and digestive tract 
followed by initial infections on gills, skin muscles and fins. Formalin-killed M. avidus alone 
or in combination with an adjuvant increase survival in olive flounder Paralichthys olivaceus. 
However, previous studies used high amount of antigen and has some side effects due to 
adjuvant. In this study we evaluated several adjuvant combinations to find effective and safe 
adjuvant for M. avidus. 

The ciliate cultured in CHSE-214 cell line then killed at -80 ˚C was uses as antigen. Adjuvant 
such as squalene (Sq), aluminum hydroxide (Al) and formalin inactivated Streptococcus 
parauberis (S. para) were used as a single component or their combinations. ‘Antigen’, 
‘Antigen+Sq+Alum’, ‘Antige+S. para’, ‘Antigen+Sq+Alum +S. para’ were intraperitoneally 
injected as vaccines. In experiment I, olive flounder were injected with adjuvant formulated 
vaccine containing 2.9×104 cells of M. avidus/ fish and challenged 5 and 10 weeks post 
vaccination (wpv). In experiment II, higher numbers of M. avidus, 1.02×106/ fish was 
injected then challenged at 5 wpv then the remaining fish were booster vaccinated at 15 wpv 
and challenged at 3 weeks post booster vaccination (18 wpv).  

Killed vaccine of M. avidus formulated with ‘Squalene + Aluminum hydroxide’ or with ‘S. 
parauberis’, confirmed highly protective against scuticociliate (82.4 and 100% RPS at 5 
wpv) than other groups (-5 to 53% RPS). S. parauberis provided higher and prolonged 
protection (for 10 weeks) when mixed with relatively low concentration of antigen (2.9×104/ 
fish). Vaccine containing adjuvant(s) had higher agglutination titers suggesting adjuvant can 
stimulate the production of specific antibody. In conclusion, among adjuvant tested in this 
study, S. parauberis was most effective, safe even formulated with less number of M. avidus.  
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Introduction: Senegalese sole (Solea senegalensis) is considered as a potential species for the 
diversification Southern European aquaculture on the basis of its high commercial value. 
However, infectious microbial diseases, both bacterial and viral in origin, are the most 
significant constraints to sustainable aquaculture production. The viral diseases are more 
difficult to control, and can produce subclinical infections, in which the asymptomatic host 
may shed viral particles into the environment, leading to rapid transmission of the disease in 
the production system.  

Methodology: In the present study, we have studied the pathogenesis of lymphocystis disease 
virus (LCDV) in Senegalese sole, and the immunogene expression profiles have been 
determined by using qPCR, RT-qPCR and an open-array approach.  

Results and Conclusions: The results obtained indicate that virus is able to spread rapidly 
from the peritoneal cavity through the bloodstream to reach target organs (kidney, gut and 
liver) establishing a systemic infection at least until 15 d post-inoculation (dpi). In addition, 
the transcription of the viral Main Capsid Protein gene (mcp) was only detected between 5-7 
dpi indicating that immune response triggered in animals was able to cope with virus 
replication and assembling to contain viral formation and/or proliferation. Fish kidney 
appeared to be as the target organ with the highest number of viral DNA at 2 dpi that 
decrease as infection progressed. The rapid clearance of LCDV virus of blood and the 
progressively reduction of viral DNA indicated that a robust immune response could be 
blocking virus replication. Transcriptomic analysis in kidney and intestine indicated the 
activation of wide set of antiviral-related transcripts, such as mx and seven IRFs (irf1, irf2, 
irf3, irf7, irf8, irf9, irf10) genes. In addition, LCDV activated the expression of a set of 
cytokines (il1b, il6, il8, il12 and tnfa) related to the clearance of viruses, and the release of 
chemokines (CXC-type, CC-type and IL-8), prostaglandins (such as PGE), lysozymes, 
antimicrobial peptides, and complement (c2, c4-1 and c4-2) as part of the inflammation 
response to a viral challenge. 
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Macrophage migration inhibitory factor (MMIF) is an important inflammatory cytokine 
which regulates the innate immune responses upon pathogenic stimuli. White blood cells 
release MMIF into the blood stream upon the stimulation of bacterial antigens. MMIF is 
known to regulate the macrophage function and involved in cell-mediated immunity.  

Here, we have identified MMIF sequence from rockfish (RfMMIF) data base and fully 
characterized with bioinformatics tools. The tissue specific mRNA expression and the 
temporal transcription pattern upon bacterial stimuli were observed via qPCR. Additionally, 
cell stimulation assay and cytokine transcripts analysis were conducted with the recombinant 
RfMMIF (rRfMMIF). Additionally, oxidoreductase activity of rRfMMIF was observed 
through the insulin reduction assay.  

Putative open reading frame of RfMMIF encoded 115 amino acids (aa) with 12 kDa 
polypeptide and a pi of 7.4. The results of pairwise alignments revealed that 93% of a highest 
identity was shared with Oplegnathus fasciatus MMIF sequence. Phylogenetic results were 
demonstrated that RfMMIF has a close evolutionary relation with O. fasciatus homolog. 
According to the spatial distribution liver tissue showed the highest expressional level and 
followed by kidney. Significant up regulations were observed in the RfMMIF upon bacterial 
stimuli. It was detected that cell stimulation with the rRfMMIF leads extensive inductions of 
other cytokines including IL 8, IL β and TNF-receptor. Time dependent, increase in turbidity 
in the insulin reductase assay showed nil activity at pH 7 where high activity was observed at 
pH 8 in the presence of rRfMMIF. 

In silico and homology analysis revealed that RfMMIF sequence is well conserved among the 
homologs and it shared relatively higher homology with teleosts than non teleosts. 
Modulation of the transcription pattern upon the bacterial stimuli suggested that RfMMIF 
involve with the immune responses in rockfish. Enzymatic redox activity of rRfMMIF 
evidenced the thiol-protein oxidoreductase activity of rRfMMIF. 
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Cytokines play an important role in the fish immune system by governing the immune cell 
proliferation and differentiation. JAK/STAT members are essential signaling molecules that 
can increase the cytokine production against the inflammation. However, suppressor of 
cytokine signaling (SOCS) proteins could regulates the JAK-STAT associated cytokine 
signaling. 

Here in, we characterized the molecular aspects of suppressor of cytokine signaling-3 from 
black rockfish (RfSOCS3). Series of bioinformatics tools were used to discover the domain 
architecture of the RfSOCS3 protein. Transcriptional variation of RfSOCS3 was determined 
under aseptic and septic conditions of rockfish. In order to analyze the STAT gene regulation 
effect of RfSOCS3, it was transfect into rockfish testis cells and evaluates the transcriptional 
variation of different STAT members and cytokines of rockfish. 

According to the in silico analysis this protein has a molecular weight of 23 kDa and a 
theoretical pI value of 9.2. Domain architecture analysis revealed that this protein has a 
conserved SH2 superfamily domain and SOCS superfamily domain which are vital for the 
cell signaling transduction process. C-terminal SOCS box and a central SH2 domain are the 
characteristic features in this SH2 family members. The target of each SOCS and CISH is 
determined by the SH2 domain after binds to phosphorylated tyrosine residues. SOCS3 is 
involved in the down-regulation of the JAK/STAT pathway and it inhibits JAK activity 
indirectly through recruitment to the cytokine receptors. There is no significant 
transcriptional modulation observed in RfSOCS3 transfected and pcDNA transfected cells in 
compared to control cells. However, there is significant up-regulation of RfSTAT genes in 
poly:IC treated cells compared to the un-treated cells. Later on the RfSTAT-1, -3 and -6 
transcripts were down-regulated in RfSOCS3 transfected, poly:IC treated cells revealing the 
inhibition of RfJAK activity by RfSOCS3. Moreover, ubiquitous expression of RfSOCS3 
transcripts was observed in healthy rock fish tissues with different magnitudes with highest 
expression in blood. In vivo immune challenge experiment revealed that the RfSOCS3 
transcripts were significantly upregulated after poly:IC injection. 

Collectively, we can suggest that RfSOCS3 play an important role in the rockfish JAK/STAT 
pathway and down-regulate the STAT genes via inhibition of JAK activity. 
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C1 inhibitor, an acute phase protein, regulates activation of both complement and contact 
systems by protease inhibition, thus controlling inflammatory processes and vascular 
permeability to maintain homeostasis and it is therapeutically beneficial against several 
inflammatory diseases. Hence, this gene was identified from Sebastes schlegelii, a 
commercially important fish in Korean aquaculture and analyzed at molecular, transcriptional 
and functional levels.  

C1 inhibitor ortholog from S. schlegelii was identified from previously constructed databases 
and designated as SsC1inh. Identified genomic and complementary DNA sequences were in 
silico characterized using several bioinformatic tools. Spatial and temporal mRNA expression 
profiles, after immune challenge with lipopolysaccharide, Streptococcus iniae, and 
polyinosinic: polycytidylic acid, were determined using RT-PCR. Then complete open 
reading frame (ORF) of SsC1inh was cloned into pMAL-c5X, transformed into Escherichia 
coli BL21, recombinant SsC1inh (rSsC1inh) protein was over expressed by IPTG induction 
and purified by maltose affinity chromatography. Then protease inhibitory potential of 
rSsC1inh against C1 esterase and thrombin, and heparin potentiation effect were assessed by 
colorimetric assays.  

SsC1inh consisted eleven exons interrupted by ten introns. Identified ORF was 1797 bp, 
encoding 598 amino acids with a signal peptide of 20 amino acids. Theoretical molecular 
weight and isoelectric point of SsC1inh were 64.8 kDa and 5.38, respectively. SsC1inh 
showed the highest identity (76.3%) and similarity (87.8%) with Oplegnathus fasciatus. 
Multiple sequence alignment revealed that serpin domain of C1inh was highly conserved 
among analyzed species. Transcriptional analysis showed the highest expression level in 
liver, with 588699-fold compared to heart, in which the lowest expression was recorded, 
under normal physiological conditions. Expression was significantly downregulated from 6 to 
24 hours, post injection for all three stimuli. After 24 hours, the levels came back to normal 
but in LPS challenge, the level remained downregulated until 72 hours, post injection. In 
protease inhibition assays, approximately 30% and 57.6% of human C1esterase and thrombin 
activity was inhibited by 50 µg rSsC1inh. Addition of heparin potentially increased the 
inhibitory capacity of C1 esterase, but the potentiation effect for thrombin was not 
significant. 

Results from this study prove the role of C1inh in regulating the complement system to 
maintain homeostasis in S. schlegelii.  
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Introduction: Lectins are a major group of Pattern Recognition Receptor (PRR) molecules 
and include structurally heterogeneous proteins with one or more characteristic carbohydrate 
recognition domains (CRDs). These non-catalytic CRDs bind reversibly and specifically to 
cognate carbohydrate residues which present on the pathogen’s membrane and triggering the 
innate immune responses, including, opsonization, phagocytosis, inflammation and 
complement activation.  

Methodology: In this study, a lily-type lectin (SsLTL) was identified from black rockfish 
transcriptome database. The critical immune role SsLTL was analyzed by in vitro and in vivo 
experiments. An immune challenge was performed by using S. iniae, lipopolysaccharide 
(LPS) and poly I:C to observe the transcriptional modulation of SsLTL. Further, the 
recombinant SsLTL (rSsLTL) was synthesized in E. coli and subjected to agglutination 
assays with bacteria and ciliate parasite M. avidus. 

Results: Initially, the temporal expression of SsLTL was observed in gill and blood tissues. In 
gill, SsLTL transcripts were significantly up-regulated at 3, 6, 12, 24 and 72 hpi with a peak 
at 3 hpi against to both poly I:C and S. iniae challenge. On the other hand, expression of 
SsLTL in blood was significantly increased at 6 and 12 hpi, and down-regulated through the 
rest of the challenge with poly I:C and S. iniae. In contrast, LPS challenge fails to up-regulate 
the expression of the SsLTL in both tissues. Altogether, the up-regulation of the SsLTL 
occurs within 3-6 h after onset of the infection.Among eight fish pathogenic bacteria, rSsLTL 
showed a definite agglutination with A. salmonicida, E. tarda, S. iniae and S. parauberis, T. 
maritimum, V. anguillarum and V. harveyi. Further, V. anguillarum, E. tarda, T. maritimum 
and V. harveyi strains were showed a stronger agglutination when compare with others. 
However, very weak agglutination was detected with the ciliate parasite. 

Conclusions: The present study implies the crucial role of SsLTL as a PRR molecule thought 
to be critical for defense against invading microbial pathogens in black rockfish.  
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Introduction: In the process of common carp domestication numerous strains of this fish were 
established creating valuable genetic resources. Importantly carp with different genetic 
backgrounds are presenting diverse susceptibility to pathogens. This was most clearly shown 
in the resistance to koi herpesvirus disease (KHVD) caused by cyprinid herpesvirus 3 
(CyHV-3) infections. In these infections carp strains of Asian origin, especially Amur wild 
carp (AS) and Ropsha scale carp (Rop) were proven to be far less susceptible to KHVD than 
strains originated from Europe like Prerov scale carp (PS) or koi from the Czech Republic. 
The basis for these differences has not yet been fully explored. We hypothesised that it can be 
associated with a higher magnitude of type I interferon (IFN) responses as a first line of 
cellular defences in the case of viral infections.  

Methodology: Three rhabdo-, pox- and alloherpesviral infection models (SVCV, CEV and 
CyHV-3) were used to evaluate the hypothesis. The development of clinical signs was linked 
with an evaluation of virus spreading through selected tissues at several time points in four 
strains of common carp (AS, Rop, PS and koi).  

Results: There were significant differences in mortality and virus load during CyHV-3 
infection where Rop and AS (mortality of 22% and 47%) were performing better than PS and 
koi (mortality of 65% and 90%). When the susceptibility to a CEV infection and the 
development of KSD were investigated, Amur wild carp showed to be more resistant to the 
infection and did not develop clinical signs for KSD. Interestingly the infection with SVCV 
did not induce high mortality however there were significant differences in virus replication 
with Ropsha being significantly less susceptible. The evaluation of type I IFN responses 
showed that there are fundamental differences between virus infection models. The 
alloherpesvirus CyHV-3 and poxvirus CEV were generally inducing low responses while 
responses to rhabdovirus SVCV were much higher.  

Conclusions: The results proved the initial hypothesis wrong as the magnitude of type I IFN 
was not a good marker of resistance because it was positively correlated with virus loads.   

Funding of presentation: 
Deutsche Forschungsgemeinschaft. 
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Introduction: Lymphocyte apoptosis has been confirmed in human pathology as an important 
mechanism in the pathogenesis of sepsis, by impairing the immune response. This study 
describes extensive lymphocytes apoptosis in post mortem examination of sandbar sharks 
(Carcharhinus plumbeus) with sepsis. 

Methodology: Histological, immunohistochemical and TUNEL analysis were carried out 
from various organs of six sandbar sharks died with sepsis.  

Results: Histological findings consisted with multifocal haemorrhages in gills, spleens, livers 
and meninges with associated severe vascular microthrombosis. Other significant 
microscopic lesions observed were: severe lymphohistiocytic meningoencephalitis with 
neuronal necrosis, severe diffuse acute tubular renal necrosis, multifocal moderate interstitial 
lymphohistiocytic gastro-enteritis, moderate diffuse lymphohistiocityc uveitis, multifocal 
lymphocytic epicarditis with necrosis and inflammation of rectal glands and gonads. Various 
clusters of Gram-negative bacteria were often observed within these microscopic lesions. All 
the sharks exhibited significant lymphocytes apoptosis within the inflamed organs and also in 
the epigonal glands. The morphological changes of apoptotic lymphocytes consisted with 
nuclear fragmentation, membrane blebbing, condensed nuclear chromatin, cellular shrinkage 
and presence of apoptotic bodies. TUNEL analysis confirmed the fragmentation of DNA in 
the apoptotic lymphocytes. Immunohistochemical staining showed significant loss of CD3 T 
lymphocytes.  

Conclusions: Studies of sepsis in murine and fish experimental models and in human patients 
confirmed that the immune response follows a biphasic pattern, with an initial 
hyperinflammatory period and a secondary extremely dangerous period characterized by 
apoptosis of immune cells, lymphocytes in particular. Thus our findings suggest that 
extensive lymphocytes apoptosis appear in elasmobranchs suffering from severe sepsis also 
as a prominent morphological features, possibly responsible for a decreased response of the 
immune cells to inflammatory stimuli.  
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Introduction: Fish have to be stunned and slaughtered for the production of food. The whole 
process of catching fish from the ponds, keeping them in special keeping facilities, transport 
and stunning and slaughtering can have an influence on fish welfare.  

Methodology: In a project financed by the Federal Ministry of Food and Agriculture stunning 
and slaughtering of rainbow trout and carp was evaluated in 24 aquaculture facilities in 
Germany. The whole process of slaughtering was evaluated. Water and blood samples were 
analyzed, and fish were examined after slaughtering for any alterations. Especially stress 
parameters were examined. By this, steps critical for animal welfare were identified in the 
harvesting procedure. After evaluation of the results, booklets with recommendations were 
prepared and are now available to all persons working with fish in Germany. Likewise videos 
for training courses were produced. 

Results: To reduce stress in fish it is recommended to change water in tanks for stunning 
regularly. Time of transport should be as short as possible and the oxygen concentration in 
the water should be sufficient at all time. Stunning of rainbow trout is recommended by a 
blow on the head (percussive stun) or by electric current. Carp can be stunned successfully by 
a combination of electric current followed percussive stun. When stunning fish by electric 
current the conductivity of the water should be adjusted to 600-1000 µS /cm and trout should 
stay in the electric current for at least 2 minutes, carp for at least 5 minutes. After stunning 
the presence of reflexes (eye movement, breathing) has to be checked immediately. Fish that 
are not successfully stunned (showing such reflexes) have to be stunned again by percussion. 
Immediately after stunning the fish should be killed by blood removal due to cutting the 
arteria of the gills of both sides or by removal of internal organs including the heart.  

Conclusions: We recommend stunning of rainbow trout by percussion or by electric current. 
Carp can be stunned successfully by a combination of electric current followed by 
percussion. 

Funding of presentation: 
Bundesministerium für Ernährung und Landwirtschaft.   
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Introduction: Farmed tropical prawn production (Penaeus monodon and Litopenaeus 
vannamei) is the largest imported seafood group into the EU but yet, as an invertebrate 
decapod, there is currently no overarching EU legislation that regulates welfare concerns; 
including methods of killing.   

Methodology: Verification of conditions in production and slaughter have been carried out 
across the Tesco (UK) global supply chain for terrestrial protein sources since 1998.   

This has been inspected by Integra Food Secure Ltd, an UKAS accredited Inspection Body 
No. 111. The instigation of comparable inspection schedules across commercial aquatic 
sectors has been a phased process with tropical prawns, commencing in 2013. Inspection 
outcomes initially reflected that the invertebrate sector struggled with embedding the concept 
of animal welfare into production practice. Specifically, most suppliers had not previously 
been challenged regarding their killing strategy. Due to the size of animal and numbers 
handled, commercially available methods in use for crabs and lobster are not suitable for 
farmed tropical prawns and hence a variety of ad hoc methods have evolved. As an 
intermediate approach the Tesco Agricultural requirements permit the use of a chill-kill 
method. Crucially, this must follow a clearly documented protocol and assessment for signs 
of unconsciousness, which follow time-bound specifics 

Results: All suppliers of tropical prawns to Tesco now use an ice- water slurry mix under 4 
ºC, rendering prawns unconscious; with standardized assessment at defined intervals to 
ensure there is no return to consciousness before death. The process is supported by staff 
trained to a Tesco approved course content and there has been an associated improvement in 
inspection outcomes (as indicated by the levels of non-conformance against the Agricultural 
Requirements as a whole). 

Conclusions: Chill-kill is a practical method for intensive and extensive systems of culture. 
While limitations are acknowledged it is the current best practice protocol available for 
farmed prawns. Importantly, supporting suppliers to develop a systematic approach to harvest 
and kill methods has helped embed an approach that recognizes animal welfare as a key 
aspect in a previously naïve sector. 
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Introduction: Laboratory animals need to be monitored to check their health and welfare 
status. Monitoring of laboratory fish is poorly developed and currently limited to direct visual 
checks of physical appearance and behaviour. Many species are held in opaque tanks where 
such visual monitoring is compromised by restricted viewing, poor visibility and provoked 
behaviour. Here we report our experience of using underwater cameras to refine monitoring 
of experimental and stock populations of salmonid and percid fish.  

Methodology: A range of cameras and lenses were investigated and trialled. A standard VGA 
resolution analogue camera with a ⅓ inch chip and 3.6 mm lens was selected on the basis of 
size, picture quality, tank coverage and cost. A shell for the camera and a mounting system 
were designed to minimise size and cleaning and enable flexible positioning within tanks. 
The cameras were connected via digital encoders to a server making images available to the 
general computer network.  

Results and Conclusions: Data collected from video recordings demonstrate provoked 
behaviour in response to direct viewing and feeding, i.e. a change in distribution and increase 
in activity of rainbow trout. The in-tank cameras provide clear lateral views and networking 
enables remote viewing of undisturbed behaviour of laboratory fish which enables increased 
frequency of monitoring. Case studies are described that illustrate how camera monitoring 
can improve laboratory fish welfare by enabling earlier detection of abnormalities in 
appearance (e.g. skin colour and state, lesions) and behaviour (e.g. posture, abnormal 
swimming, lack of feeding), facilitating changes to husbandry conditions and identification of 
earlier (more humane) end-points. Video records (and stills) can also provide a resource for 
retrospective analysis and reference. We discuss the benefits and limitations of the camera 
system as installed and potential future developments. 
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Introduction: In the last years, the use of antibiotics, immunostimulants or vaccines as 
preventive methods in aquaculture has not solved the incidence of infectocontagious diseases. 
Other methods for controlling the diseases must be explored, more careful with marine 
environment, but also integral with fish health, that it occurs with probiotics. 

Methodology: The aim of this work is to isolate bacterial strains of intestines and gills of sea 
bass, meagre and sole, and evaluate their in vitro inhibitory effect against main pathogens of 
marine and continental aquaculture (Vibrio anguillarum, Photobacterium damselae subsp. 
piscicida, Streptococcus iniae, Yersinia ruckeri, Aeromonas salmonicida and Vibrio harveyi), 
and determine their viability in contact with bile and acid pH for further study in vivo before 
being considered probiotic strains in fish.  

Results and conclusions: Only 5/ 245 strains showed inhibitory effect against one or more 
aquaculture pathogens analyzed. One of these 5 strains, strains A12C, showed spectacular in 
vitro inhibitory effect against most pathogens analyzed, which makes it ideal candidate for 
the control of infectious diseases of fish. We need testing in vivo to confirm their protective 
effect in different fish species. 

Funding of presentation: 
We thanks the grant of Ministerio de Economía y Competitividad "AGL-2014-54683-R" and 
Junta de Castilla y León.  
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Introduction: Antibiotics are currently the most effective way to control outbreaks of disease 
in aquaculture, however have disadvantages, increasing questions about their use, such as 
bacterial resistance, environmental care and consequences for human health. 
Immunostimulants, prebiotics and probiotics are actually the more promising alternatives to 
antibiotics. The plant extract are gaining special interest in order to know antimicrobial 
properties. Canary plants are used for their medicinal properties from the first inhabitants of 
the Canary Islands.  

Methodology: The main aim of this work looks for analyzing the in vitro antimicrobial 
qualities of plant native to the islands against relevant pathogens for continental and marine 
aquaculture (Vibrio anguillarum, Photobacterium damselae subsp. piscicida, Streptococcus 
iniae, Yersinia ruckeri, Aeromonas salmonicida and Vibrio harveyi). Antimicrobial 
susceptibility testing EUCAST disk diffusion method was used, adapting the medium used to 
our bacteria requirements. Ethanolic plant extracts used belong to several genera of Family 
Compositae (Daisy family): Agallopappus dichotomus subsp. dichotomus, A. dichotomus 
subsp. latifolius, Gonospermum fruticosum, Lugoa revoluta, Nauplius stenophyllus, 
Tanacetum oshanahanii, T. ptarmicaeflorum, Viera laevigata. 

Results and Conclusions: Canary plant extracts used in this study have showed antimicrobial 
activity against relevant strains of pathogens for aquaculture. Concentrations of the plant 
extracts used (mainly 100 µg/ml) resulted appropriate to test antimicrobial effect, against 
bacterial strains used, regardless the active principle they contain. It is necessary to study in 
depth, in order to reach more clear and effective results, to evaluate the possibility of using 
these extracts as prebiotics in aquaculture, which is now real and closer for controlling 
relevant pathogens.  

Funding of presentation: 
We thanks the grant of Ministerio de Economía y Competitividad "AGL2014-54683-R" and 
Junta de Castila y León. 
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In accordance with the aims of the Horizon 2020 ParaFishControl project, the present 
research focuses on the development of novel prophylactic measures suitable to promote fish 
immune responses and limit parasite infections in seabass (D. labrax). Plant derived 
compounds could be used in in vivo functional trials, however, in vitro surveys on substances 
activity using fish primary cell cultures or cell lines have to be performed preliminarily. In 
fact, this approach fulfils the 3Rs responsibilities and allows clarification on compounds 
basic mechanisms of action in fish.  

In this study, we investigated the effects of 16 plant derived candidates provided by ZF-
Screens (2I,4I - dihydroxychalcone, 7 – hydroxyflavone, artemisinin, camphor (1R), diallyl 
sulfide, esculetin, eucalyptol, garlicin 80%, harmalol hydrochloride dihydrate, palmatine 
chloride, piperine, resveratrol, rosmarinic acid, sclareolide, tomatine and umbelliferone) on 
leukocytes from sea bass head kidney (HK) in terms of respiratory burst modulation. Cells 
purified by Histopaque®gradient (1119, 1077) were tested for their viability (>98%) by 
Trypan blue exclusion method, counted, suspended in isosmotic HBSS (5×106/ ml) and 
incubated in triplicate microtitre wells with graded concentrations of substances in the 
presence of phorbol myristate acetate (PMA, 1.25 µg/ ml). Reactive oxygen species (ROS) 
production was measured immediately by a luminol-enhanced chemiluminescence assay and 
expressed as kinetic and cumulative response (RLU). 

Results indicate that five compounds show a dose-dependent antioxidant activity by reducing 
the ROS release promoted by PMA stimulation. The percentages (average ± standard error) 
of ROS reduction were (at the substance concentration of 1.56, 3.13 and 6.25 µg/ ml 
respectively): 41.7±6.40%, 79.7±2.81% and 99.0±2.18% for resveratrol; 50.2±4.31 %, 
66.0±2.82% and 84.2±3.03% for harmalol hydrochloride dihydrate; 66.2± 2.91%, 
74.5±3.21% and 80.9±2.13% for 2I,4I – dihydroxychalcone; 42.1±3.53%, 55.3±4.40% and 
58.4±4.03% for rosmarinic acid; 36.1±5.00%, 42.3±3.99% and 47.2±4.69% for esculetin. 

Further studies will be performed to determine whether these compounds can modulate other 
key immune parameters involved in the effective host response against parasites, or if they 
can act as parasiticides. Some of these compounds could be considered as candidates for 
future inclusion in functional feeds due to their potential antioxidant activities in order to 
replace synthetic additives.  

Funding of presentation: 
The study was conducted within the framework of ParaFishControl, an EU H2020-funded 
project (634429) aimed at increasing sustainability and competitiveness of the aquaculture 
industry by controlling and mitigating parasitic species affecting the main European farmed 
fish species. 
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Introduction: Nutrition plays a central role in health and high quality feed ingredients are 
therefore of great importance for feeding. Resveratrol is a natural phytoalexin and exerts 
variety of biological effects. Medaka, Oryzias latipes is a popular model organism which 
creates the possibility of testing expensive or innovative supplements in research. Therefore 
we evaluate the effect of a diet with resveratrol on cell-mediated immunity and histological 
parameters in adult medaka.  

Methodology: Medaka (2-years old, body weight BW = 0.49 g) were reared in 6 tanks (10 
fish per tank). Fish were divided into two feeding treatment groups in triplicate. Fish fed 
commercial diet or this diet supplemented with resveratrol in amount 40 µg g-1 BW day-1, 
three times daily at 3% of BW. After 14 days of feeding the liver and spleen were dissected 
and collected for immunological and histological analysis. Student’s t-test was performed on 
immunological and histological values using the GraphPad Prism program to detect 
differences between treatments.  

Results: Fish fed diet with resveratrol had significantly higher the intracellular phagocyte 
killing activity than control (p< 0.05). Feeding the fish feed supplemented with resveratrol 
slightly increased metabolic ability and potential killing activity of spleen phagocytes (p> 
0.05). The resveratrol diets had a weak influence on the size of hepatocytes and their nuclei 
(p> 0.05) and statistically differences were not found in the nucleo-cytoplasmic ratio in the 
liver between dietary treatments.  

Conclusions: Diet containing the resveratrol helps maintain disease resistance. Resveratrol in 
dosage 40 μg g-1 BW highly improved lymphocyte proliferation. Moreover resveratrol diet 
slightly involved in hepatocyte morfometric after two weeks of feeding.  
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Introduction: Enterococcus gallinarum L1 and Vagococcus fluvialis L21 had been 
demonstrated protection against Vibrio anguillarum in European seabass after an 
experimental challenge when these bacteria were added in feed during 20 days (Sorroza et al., 
2012; 2013). In the same way, Lactobacillus plantarum CLFP-3 added in the diet of rainbow 
trout had been demonstrated improve protection against L. garviae (Pérez-Sánchez et al., 
2011). In the present study the in vitro inhibitory activity of these probiotic bacteria was 
tested against Saprolegnia parasitica in order to investigate its potentially useful for the 
biocontrol of saprolegniosis. 

Methodology: E. gallinarum L1(from Sparus aurata intestinal mucus), V. fluvialis L21(from 
Solea solea intestinal mucus) and L. plantarum CLFP-3 (from Oncorhynchus mykiss 
cutaneous mucus) were tested against the Saprolegnia parasitica TRU 12 isolate obtained 
from a Salmo trutta with saprolegniosis. To test the inhibitory activity of these bacteria 
isolates, four different assays were carried out: the inhibition of hyphal growth on solid media 
(plate assay); the inhibition of hyphal growth from colonized half hemp seeds and the 
inhibition of cyst germination (broth assays); and the fungicidal effects. Plate assay was 
performed as described by Hussein and Hatai (2001) and broth assays and fungicidal effects 
followed the methods described by Carbajal-González et al. (2011).  

Results and Conclusions: Plate assays: The three bacterial isolates showed inhibitory activity 
upon mycelium growth although this action depended on the incubation time. Broth assays: 
V. fluvialis and E. gallinarum isolates inhibited S. parasitica mycelium growth from 
colonized hemp seeds, but L. plantarum can not inhibited. Conversely the three bacteria 
inhibited cyst germination, but V. fluvialis and E. gallinarum needed a lower number of 
bacteria than L. plantarum. Fungicidal effect: All bacteria had fungicidal effect when hemp 
seeds were incubated during 72 h at 20 ºC, but this effect was stronger using V.  fluvialis and 
E. gallinarum. The bacterial isolates showed inhibitory activity against S. parasitica in the in 
vitro assays, therefore could be candidates for rainbow trout saprolegniosis biocontrol.  

Funding of presentation: 
This work was financed by the research project AGL2014-54683-R from the Spanish 
Ministerio de Economía y Competitividad. C.G.P. was supported by a fellowship from 
Consejeria de Educación de la Junta de Castilla y León, cofinancied by the European Social 
Fund. A.G.F. supported by a fellowship from Programa de ayudas a la investigación de la 
ULPGC. 
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Introduction: The technology of effective microorganisms (EM) uses microorganisms to 
cooperate with the surrounding environment. Complex microbiological compounds show 
symbiotic action, combining the action of probiotics, prebiotics and synbiotics. Many 
research centres conduct research in order to reveal EM effects on aquatic organisms, 
including fish in aquaculture. The aim of the study was to evaluate effects of the EM-
Probiotic (produced by Greenland) on the morphology of the spleen in zander (Sander 
lucioperca) reared in controlled conditions. 

Methodology: Fish were reared in recirculating aquaculture systems (RAS). The 
experimental feed (Aller) was administered to three groups of fish (n=150 each) for 28 days - 
the addition of EM was: 0% (control group - C), 2% (2% EM) and 4% (4% EM) of the 
weight of the feed. Samples from spleen were collected for histopathological examination 
after 28 days of feeding with the EM-feed and two weeks later. Samples were fixed in 6% 
neutral buffered formalin. Subsequently, samples were dehydrated, embedded in paraffin and 
routinely stained with haematoxylin-eosin (HE). Afterwards, specimens were analysed by 
light microscopy and evaluated. 

Results: During microscopic examination of the spleen specimens, differences in the melanin 
pigments and melanomacrophage cells presence were observed. In C and 4% EM groups only 
small amount of barely visible conglomerates were present. What is more, in 4% EM 
hyperplasia in the melanomacrophage cells was observed. Contrary to this, in the 2% EM 
group, the presence of well-pigmented cells was significantly increased. Comparing to both 
EM groups, group C showed the increased amount of vacuolation. 

Conclusions: The results indicate that EM can have an influence on the morphology of the 
spleen in zander reared in RAS, depending on their amount in the feed. This is of particular 
interest because melanin pigments and melanomacrophage cells are involved in defence 
mechanisms against diseases and tissue damage. 
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Introduction: The influence of the microflora in fish keeping facilities as well as in fish on the 
occurrence of bacterial infections is examined since a few years. The use of feed additives 
like immunomodulators is studied in this respect. In this study β-glucans were added to the 
feed, to examine its influence on the intestinal microflora and the intestinal mucosa in the gut 
of carp after oral application of Aeromonas hydrophila.  

Methodology: Twenty-four carp were fed over a period of 14 days with a feed supplemented 
with 1% β-glucan or with a control feed without β-glucans. After 14 days the carp were orally 
intubated with 109 CfU A. hydrophila. After 12, 24, 72 and 168 h 6 fish of each group were 
euthanized and samples from the gut, liver, kidney and spleen were taken for microbiological 
and histological examinations.  

Results: Analysis of DGGE gels showed that the composition of the intestinal microflora was 
different in carp fed with control feed or β-glucan supplemented feed and that the microflora 
responded differently to the bacterial intubation depending on feed composition. At every 
examined time point there were more bands in DGGE profiles from the samples of carp fed 
with the β-glucan supplemented diet relative to samples from carp fed with the control diet. 
After bacterial intubation the number of goblet cells in carp fed with β-glucan supplemented 
feed increased and was statistically significantly higher compared to carp from the control 
group. During the next days, the number of goblet cells in carp of the β-glucan fed group 
significantly decreased compared to the goblet cell number from carp from the control group 
and reached the level of non-intubated fish 168 hours post intubation.  

Conclusions: The results show that the composition of the intestinal microflora was more 
stable in carp that were fed with β-glucans and that less bacteria could be isolated from the 
internal organs. Furthermore the bacterial diversity was higher in carp fed with β-glucans. 
Feeding of β-glucans seemed to have a positive influence on the stability of the gut 
microflora in carp and might have a protective function. 
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Introduction: Nutritional support plays an important role in promoting high activity of innate 
immunity and protection against bacterial diseases in different species of fish. The gut 
mucous membrane forms a direct protective barrier against pathogenic microorganisms. The 
intensification of commercial production of European and African catfish species may induce 
polyetiological stress and increase susceptibility of fish to infectious diseases. The aim of the 
present study was to determine the influence of different doses of 1,3-1,6--D-glucan 
(BIOLEX, Leiber GmbH Germany) on the innate immunity parameters and mortality rate in 
European catfish challenged with Pseudomonas fluorescens. 1,3-1,6--D-glucan molecules 
are able to pass through the barriers provided by the mucous membrane and the gut’s 
protective epithelia. Specific surface structures of the -glucans (epitopes) are identified as 
alien by macrophages, lymphocyte B and other immunomocompetence cells of the lymphoid 
tissue.  

Methodology: For this study 200 healthy European catfish with average weight of 50 g were 
used. The fish were fed commercial pellets containing BIOLEX at dose 200 mg and 500 mg 
per kg of feed. The control group was fed commercial pellets without immunostimulant. Four 
weeks after application of -D-glucan, blood, spleen and pronephros samples were taken for 
immunological study. The metabolic activity and potential killing activity of spleen 
phagocytes were examined. The proliferative response of headkidney lymphocytes stimulated 
by mitogens ConA or LPS were determined. Also the lysozyme and ceruloplasmine activities 
in plasma and total immunoglobulin levels in serum were examined by spectrophotometric 
assay.  

Results: The results showed that BIOLEX statistically (P<0.05) increased the innate 
immunity parameters in catfish. The higher cell-mediated and humoral-mediated immunity 
was observed in catfish fed with BIOLEX at dose 500 mg per kg of feed, as compared to the 
dose 200 mg per kg. The challenge test with P. fluorescens presented that BIOLEX decrease 
a percent of mortality and lower mortality in dose 500 mg per kg, compared to the dose 200 
mg per kg.  

Conclusions: Based on the results of our study, the use of natural immunomodulators (-D-
glucan glucan) for the prevention of catfish diseases seems to hold great promise, especially 
in intensive system of culture. 
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Introduction: The skipjack, Katsuwonus pelamis (Linnaeus, 1758) is a species of tuna which 
occurs in all oceans, mainly in tropical and subtropical waters. It is an important species for 
commercial Madeira fisheries, yet there are no studies on metazoan parasites of skipjack tuna 
from this region. 

Methodology: In this study, the gills of 30 skipjack tuna from commercial fisheries were 
examined for the presence of parasites. Correlations between parasite abundance and host 
parameters were assessed using Spearman rank correlation. Fisher’s test was used to assess 
differences in infection levels between the sexes. Parasite abundance was compared between 
the left and right gills, in total and by arch, using Wilcoxon signed ranks test, and the 
distribution of parasites on each gill arch was assessed using Friedman’s test followed by the 
Conover test, whenever significant differences were detected. 

Results: Seven species of metazoan parasites were detected: Capsala katsuwoni, 
Didymocylindrus filiformis, D. fusiforme, D. simplex, Didymocylindrus sp., Lobatozoum 
multisacculatum and Caligus bonito. The analysis focused on the 4 most prevalent and 
abundant species, D. filiformis (prevalence 66.7%, mean abundance 7.23), D. fusiforme 
(46.7%, 4.57), D. simplex (66.7%, 17.73) and Lobatozoum multisacculatum (20.0%, 0.27). 
No significant differences in infection levels of these 4 species were detected between males 
and females. Only D. simplex showed a significant negative correlation with TL of the host. 
No significant differences in abundance were detected between left and right gills. The 
didymozoids D. simplex and D. filiformis showed significant differences in distribution 
between gill arches. The first gill arch was the most parasitised, followed by arches 2, 3 and 
4. 

Conclusions: The gill parasite community of skipjack from the Eastern Atlantic was similar 
to that reported from the Mediterranean, if somewhat less diverse. The distribution pattern of 
parasites on fish gills is often related to water flow. The pattern of decreasing parasite 
abundance with gill arch order observed in this study for D. simplex and D. filiformis may be 
related to the continuous water flow over the gills produced by the ram ventilation used by 
these tunas. 

Funding of presentation: 
Margarida Hermida was financially supported by a post-doctoral grant form ARDITI 
(Regional Agency for Development of Research, Technology and Innovation of Madeira), 
Project M1420-09-5369-FSE-000001. This study was partially supported by the Oceanic 
Observatory of Madeira Project (M1420-01-0145-FEDER-000001-Observatório Oceânico da 
Madeira-OOM).   
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Introduction: Nodular gill disease (NGD) represents one of the most serious pathology 
affecting freshwater farmed rainbow trout (Oncorhynchus mykiss) in Italy. This disease has 
also been observed in arctic char (Salvelinus alpinus) and Chinook salmon (Oncorhynchus 
tshawytscha) cultured in freshwater environment. The first case of branchitis associated with 
amoebic infection is detected in farmed brown trout (Salmo trutta L.) in March 2017, during 
an investigation of NGD in rainbow trout in the province of Trento (Northern Italy). 

Methodology: In a NGD affected rainbow trout farming an outbreak of low mortality 
occurred in brown trout in one earth tank supplied by spring water with temperature of 6°C. 
The average weight of the fish was 20-25g. Twenty five fish from the affected tank were 
collected for necropsy, microscopical and parasitological analysis. Gills were dissected and 
fixed in 10% neutral buffered formalin solution for histological examination. The samples 
were dehydrated, embedded in paraffin wax, sectioned (4 µm) and stained with Hematoxylin 
Eosin and Giemsa solution. 

Results: The fish did not exhibit the typical respiratory symptoms described in NGD of the 
rainbow trout. The gill tissue appeared pale and swollen at the necropsy with whitish nodules 
in 9 out of 25 sampled trout. Microscopically numerous Gyrodactylus spp. were observed on 
the skin. The affected gills showed a proliferative reaction of some filaments, especially in 
the distal part. These lesions were typical of NGD infection. The microscopic examination of 
gill tissue revealed the presence of amoebic organisms (approximately 15 x 20 µm). The 
histology showed multi-focal epithelial hyperplasia of the gills causing lamellar fusion, 
mucous cells hypertrophy, cellular necrosis and presence of limited number of amoebae 
along the surface of the affected filaments in 6 out of 25 collected gills.  

Conclusions: Despite absence of respiratory symptoms and high mortality rate, gill 
proliferative lesions associated with amoebae shows that brown trout may be affected by 
nodular gill disease. Studies are in progress to clarify pathogenesis, biological and 
environmental determinants of NGD in brown trout and to define the involvement of this 
species in the spread of the disease in Italian trout farms. 
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Introduction: Amoebic gill disease (AGD) is a serious parasitic disease affecting salmonids 
cultured in the marine environment in Tasmania, North America, and Europe. In Far East 
Asia, amoebic gill infection was reported in cultured olive flounder (Paralichthys 
olivaceus) in 2005 in Korea and ayu (Plecoglossus altivelis) in 2008 in Japan. However, 
amoebae and amoebic infection have not been reported in olive flounder, ayu, or other 
marine fish after that time. In this study, we report amoebic infection of cultured coho 
salmon (Oncorhynchus kisutch), black seabream (Acanthopagrus schlegelii), rock bream 
(Oplegnathus fasciatus), and gray mullet (Mugil cephalus) in Korea. 

Methodology: Diseased fish (10 black seabream, 7 rock bream, 4 mullet, and 5 coho 
salmon) were collected and individually subjected to parasitologic, bacteriologic, and 
virologic examinations. The gills and body surfaces were microscopically examined for 
parasites. Pieces of the kidney, spleen, and liver were cultured in brain heart infusion agar 
plates to isolate the bacteria. The kidney and spleen homogenate were inoculated onto 
Chinook salmon embryo (CHSE-214) and fathead minnow (FHM) cells in 24-well tissue 
culture plates. Gills were used for PCR analysis (target gene: Neoparamoeba perurans 18S 
rRNA gene) and histology work.  

Results and Conclusions: 6.7–70% mortality was observed in black seabream, rock bream, 
mullet, and coho salmon farmed in the southern coast of Korea. On examination, numerous 
amoebae were found on the gills of these 4 fish species with detection rate of 100%. Some 
rock bream and gray mullet were coinfected with bacteria (Pseudomonas anguilliseptica, 
Vibrio tapetis, or V. anguillarum). Histologic examination revealed extensive hyperplastic 
epithelium and lamellar fusion in the gills. Numerous amoebae were seen between gill 
filaments. The amoebae collected from the 4 fish species had specific 630 bp of a partial 18S 
rRNA gene fragment for N. perurans. Based on our results, black seabream, rock bream, and 
gray mullet were added as new hosts for N. perurans. 
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Amoebic gill disease (AGD) is a significant threat to salmonid aquaculture, causing an 
estimated annual loss of over 80 million USD in Scotland alone. Commercial treatments rely 
upon freshwater and chemical baths, however these methods are expensive, time-consuming 
and often short-lived. Clinical diets have been proposed as a potential aid in AGD 
management. 

In this study, salmon were fed a clinical diet containing an immunostimulant for 4 weeks, 
before being infected with AGD. After 15 days of infection, the fish were removed from their 
tanks and treated with hydrogen peroxide. Lethal samples were taken from each treatment 
group at 8 different time points. Gene expression analysis of both the gill and head kidney 
tissues was performed for 45 immune-related genes.  

qPCR analysis showed that before hydrogen peroxide treatment, both anti- and pro-
inflammatory genes such as IL-1β, IL-22, IL-10 and IL-17 IFN-y were expressed at a lower 
level in the gill tissues of infected fish on the clinical diet in comparison with infected fish on 
the control. However, in the first time point, prior to infection with AGD, individuals on the 
control diet already exhibited higher expression of IL-10b, IL-22 and IL-17 in comparison to 
the other treatments. After hydrogen peroxide treatment, the putative Th-2 related gene IL-
4/13A was significantly upregulated in at 1 day, 7 days and 14 days post treatment. Few 
changes occurred in the head kidney throughout the study. 

The data suggests that fish in the control tanks experienced an unknown environmental 
change prior to infection, and were therefore pre-conditioned for a heightened immune. 
Considering this, the clinical diet would appear to favour the humoral Th2 response over the 
pro-inflammatory response, as they maintain high levels of Th2 related genes throughout, but 
did not exhibit any pro-inflammatory upregulation. Th2 genes have been associated with 
wound healing properties, which correlates with the observed reduction of gill lesions on fish 
after hydrogen peroxide treatment.   

Funding of presentation: 
BBSRC, Cargill Aqua Nutrition. 
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treatment as monitored by real time flow cytometry 

Fordyce M1, Duncan L2, Bebes A2, Collins C1 

1Marine Scotland Science, Torry, UK, 2Iain Fraser Cytometry Centre, University of 
Aberdeen, Aberdeen, UK 

Introduction: Amoebic gill disease (AGD) caused by the protozoan parasite Neoparamoeba 
perurans is a major cosmopolitan health problem in marine farmed Atlantic salmon (Salmo 
salar L.) and other finfish. Freshwater bathing and hydrogen peroxide (H2O2) are currently 
the only commercially used treatments for AGD and research into new amoebicidal agents is 
becoming increasingly more important.  

Methodology: In this study, an in vitro assay was developed to dynamically monitor viability 
of amoebae over time, allowing rapid evaluation of the treatment efficacy. Cytometric 
analysis of size and autofluorescence was used to differentiate amoebae from bacteria, 
facilitating the use of xenic amoeba culture. Live/dead staining with fluorescein diacetate and 
propidium iodide was used to quantify biochemically active membrane intact (live) amoebae 
and membrane compromised (dead). Amoeba viability was then continuously monitored over 
the course of 30 minutes exposure to heat or H2O2 at 1000 mg L-1.  

Results: While incubation at 70 ºC was observed to significantly reduce viability within 10 
minutes, exposure to H2O2 at farm treatment concentrations had no effect on the viability of 
amoebae over the 30 minutes observed. Resultant amoebae displayed a spherical floating 
form cell type which persisted in culture over several months with the absence of 
trophozoites. 

Conclusions: Flow cytometry is a fast and accurate way to assess the viability of amoeba over 
time when exposed to a treatment. Results suggest that viable amoeba forms may persist after 
successfully treating fish with hydrogen peroxide. 

Funding of presentation: 
Marine Scotland Science. 
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Introduction: Typically, recirculating aquaculture system (RAS) uses fixed film 
bioreactors to reduce fish ammonia excretes from recirculating water. Fixed film 
bioreactors use inert carrier media to support bacterial biofilm growth and biodegradation 
of nitrogen products. Aims of the experiment were to find out effects of different 
bioreactor setups on water quality, fish growth and histopathological changes in gills, 
kidney, liver and heart, thus giving a further understanding of causal relationships between 
water quality and fish health in RAS. 

Methodology: The experiment was done at the Natural Resources Institute Finland (Luke) 
Laukaa fishfarm recirculating aquaculture platform. Nine RAS units were used with three 
different treatment groups, each with three replicates. Each unit consists of a plastic 
rearing tank (500 l), a swirl separator, a drum filter, 2 bioreactor tanks, an aeration tower 
and a pump sump. Each unit has its own online water quality measurement system 
monitoring nitrite, nitrate, turbidity, suspended solids and total organic carbon, oxygen, 
carbon dioxide and pH.  

The first treatment had two consecutive fixed bed bioreactors, the second treatment had a 
fixed bed bioreactor followed by a moving bed bioreactor, and the third treatment had two 
consecutive moving bed bioreactors. Carrier elements were similar in each bioreactor, and 
the volume was the same (66 l, RK Bioelements heavy and medium). 100 rainbow trout 
(Oncorhynchus mykiss), initially weighing 110 g, were introduced in each tank. The fish 
were fed a mixture of two commercial RAS-feed for 14 weeks. Histological samples from 
5 fish per tank were collected before the experiment, twice during the experiment and right 
after the end weighing. A flow-through system was used to grow fish of the same origin 
with same feed, acting as control group to fish histology sampling. 

Results and Conclusions: The hypothesis of the experiment was that with the moving bed 
biofilters, an increasing number of small size particles would cause harmful tissue 
changes. Results showing the observed histopathological changes will be presented, 
together with a comparison with the observed water quality parameters. 

Funding of presentation: 
European Maritime and Fisheries Fund (EMFF). 
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The National Animal Health Laboratory Network (NAHLN) is a State and Federal 
partnership to safeguard animal health in the United States. The NAHLN is part of a 
nationwide strategy to coordinate the diagnostic testing in laboratories managed by 
Universities, State governments, and Federal agencies. This USDA-supported multifaceted 
network of diagnostic laboratories provides high quality testing in support of national 
surveillance efforts to detect specific endemic and emerging animal diseases. Additionally, 
NAHLN laboratories are equipped to detect incursions of certain transboundary disease 
pathogens that are not endemic in U.S. animals. The administration of NAHLN operational 
activities is managed by National Veterinary Services Laboratories (NVSL) NAHLN 
Program Office. The laboratories that make up the NVSL in Ames, IA and Plum Island New 
York serve as the U.S. reference laboratories for both the NAHLN and the USDA.   

The network utilizes standardized testing methods with known performance characteristics 
and data standards to process diagnostic requests and share information. In 2015, the NVSL 
developed and administered a proficiency testing program for aquatic animal disease 
diagnostic laboratories in the U.S. The proficiency panels are designed to assess the ability of 
participating laboratories to detect and identify transboundary or emerging disease pathogens: 
infectious salmon anemia virus, spring viremia of carp virus, and viral hemorrhagic 
septicemia virus. Panels are constructed based on the testing method being evaluated. 
Successful evaluation of the proficiency panels is required of labs approved to conduct 
testing for specific pathogens.   

This poster describes the NAHLN approach and comments on the overall performance of 
participants.  
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The growing popularity of culturing and holding the common octopus Octopus vulgaris in 
captivity raises significant animal welfare concerns under EU Directive 2010/63/EU. 
'Superinfections' regularly occur, with Aggregata octopiana and Vibrio spp. being the most 
common and problematic pathogens affecting O. vulgaris health and survival. Current 
quantification methods of A. octopiana infection levels in O. vulgaris are limited to lethal 
sampling methods as it requires the dissection and investigation of the caecum. Therefore, 
non-invasive health screening of captive O. vulgaris is required.  

Non-invasive sampling of faeces and filtered seawater, and pathogen DNA extraction 
methods for the molecular screening of pathogens were assessed and optimised in this study. 
Faeces and filtered seawater samples were collected from tanks holding O. vulgaris and PCR 
was carried out to detect the DNA of both pathogens. A second experiment tested four 
techniques to open resistant A. octopiana sporocysts prior to DNA extraction using a Chelex-
Proteinase K DNA extraction method: i) hot/cold cycles; ii) acid pepsin digestion; iii) acid 
pepsin digestion and hot/cold cycles; iv) acid pepsin digestion with varying incubation 
length. A light microscopy technique to visualise and diagnose A. octopiana infection in 
faeces was also evaluated and the sporocysts were successfully visualised in the faeces using 
these techniques.  

Both A. octopiana and Vibrio spp. DNA was successfully extracted by all extraction 
techniques with method ii) yielding the highest quantity and quality DNA. Both pathogens 
were detected in faecal and filtered seawater samples by PCR, however, a significantly higher 
detection of pathogens was observed when screening the filtered seawater samples.   

This study demonstrated that filtered seawater was an effective, inexpensive, and easy 
method of non-invasive health screening of O. vulgaris in captivity. The tested DNA 
extraction methods were successful. While method ii) yielded the highest quality and quantity 
of DNA, light microscopy analysis indicated that method iv) was ideal, as Aggregata spp. 
sporocysts in different faecal samples required different incubation lengths to open. Findings 
of this study will contribute to the development and implementation of non-invasive health 
screening of not only O. vulgaris but other aquatic species held in captivity. 

Funding of presentation: 
EU COST programme; COST Action FA1301. 
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Introduction: In the ichthyopathological field practice, particularly in farm fish health control, 
there is a strong need to compare fish condition - both in time, as well as between individual 
tanks and ponds. In this situation, standard necropsy protocol can be insufficient. Fortunately, 
Health Assessment Index (HAI) and Health Control Protocol (HCP) could lend a hand. Both 
of them are widely used for monitoring fish health in changing environmental conditions and 
for comparing the health of fish populations from different water ecosystems. 

Methodology: A total of n=7 fish of Nile tilapia Oreochromis niloticus (from one tank; a 
farm with the recirculating aquaculture system) without any clinical symptoms were 
examined. Fish underwent a routine procedure of clinical examination with the addition of 
modified HAI and HCP protocols. During necropsy samples from the liver, anterior and 
posterior kidney were collected for histopathological examination. The material was fixed in 
6% neutral buffered formalin, subsequently dehydrated, embedded in paraffin and stained 
with HE. Afterwards, specimens were analysed by light microscopy and evaluated. 

Results: The mean value of HAI was 90 (standard deviation 30). HCP showed that most of 
the changes were observed in the liver. Histopathological analysis confirmed severe 
pathomorphological lesions in the liver, mostly steatosis of a significant degree, fibrosis and 
distorted structure of the tissue. Most likely they were caused by inappropriate diet. The 
diagnosis led to modifications in the nutritional regime. 

Conclusions: From the above case, we can infer that HAI and HCP can be the valuable 
complement of standard health control procedure. They are easy to perform, results are 
almost immediate and what is more, obtained data can be collected by both farmer and DVM. 
Moreover, quantitive results allow to monitor and compare fish health, which makes them 
useful tool in the ichthyopathological field practice. 

Funding of presentation: 
Supported by KNOW (Leading National Research Centre) Scientific Consortium, “Healthy 
Animal – Safe Food”, decision of Ministry of Science and Higher Education (No. 05-
1/KNOW2/2015). 
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Introduction: Fixation is the first and most important step of histopathological tissues 
processing. Use of improper solution can result in misdiagnosis of histopathologic findings. 
In fish histology, Bouin’s fluid is quite common. Unfortunately, it contains picric acid, which 
is not only toxic but also can be an explosive during storage. What is more, samples from 
organs containing cartilage or bones, as fish gills, require decalcification to obtain best 
results. 

Methodology: Five samples of the gills (from the same gill arch) were obtained during 
necropsy of the healthy adult female rainbow trout (Oncorhynchus mykiss). Samples were 
fixated immediately in five fixatives: NBF (neutral buffered formalin), 70% alcohol, 
Dietrich’s, Davidson’s and Bouin’s solutions respectively. Subsequently, samples were 
dehydrated, embedded in paraffin and routinely stained with haematoxylin-eosin (HE). 
Afterwards, 6 specimens from each fixative were analysed by light microscopy and 
evaluated. 

Results: Samples fixated in Dietrich’s fixative were easiest to cut. Analysis of 
microphotographs revealed that the best quality of staining was obtained in samples fixated in 
Dietrich's solution. The quality of staining in Davidson’s, as well as Bouin’s solution was 
quite good. These fixatives ensured well preservation of cells and tissue as they naturally 
occur with clearly visible structure. However, in samples fixated in NBF and alcohol, we 
observed notable cell shrinking resulting in the lifting of lamellar epithelium and general 
tissue distortion. 

Conclusions: Gill tissue should not be fixated in NBF nor in alcohol, because of great 
influence on the morphology of the tissue and insufficient quality of staining. For the best 
results of fixation and HE staining, Dietrich’s solution should be used. An additional 
advantage of this fixative is its decalcifying properties, which facilitate and shorten 
histopathological procedure. Comparable results can be obtained using Davidson’s and 
Bouin’s fixative, but samples without additional decalcification can be hard to cut, which can 
aberrate microscopic evaluation. 

Funding of presentation: 
Supported by KNOW (Leading National Research Centre) Scientific Consortium “Healthy 
Animal – Safe Food”, decision of Ministry of Science and Higher Education (No. 05-
1/KNOW2/2015). 
  



401 
 

183-P 
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Introduction: Infection with the carp edema virus (CEV) is associated with an occurrence of 
“koi sleepy disease” (KSD) which has been linked to high mortalities in koi and common 
carp populations. This makes KSD a potential risk for koi keepers and carp aquaculture. 
Therefore accurate diagnostic methods for detection of CEV are required. Isolated viruses 
show a high genetic diversity and were divided into two or even three genogroups.  

Methodology: The sequencing of 139 positive samples obtained in an epidemiological study 
performed in Germany, Poland and the UK over the last several years gave 39 isolates with 
different DNA sequences of the P4a core protein fragment. Phylogenetic analyses indicated 
that 15 samples constituting a genogroup I clade were clearly separated from 22 sequences 
building a genogroup IIa clade. A third clade (genogroup IIb) was placed between these 
groups and contained only two sequences. These samples were used for checking the 
diagnostic usability of PCRs published for detection of CEV specific DNA. Five PCR 
protocols were compared: i) a probe based qPCR designed for quantification of CEV in koi 
from Germany developed by TiHo; ii) a probe based qPCR developed by CEFAS based on 
sequences obtained in the UK; iii) a SYBRGreen based qPCR used of detection of CEV in 
carp during cohabitation experiments in TiHo; iv) an end-point PCR designed in Japan; v) an 
end-point PCR developed by CEFAS. 

Results: The results showed that CEFAS PCRs are most suitable for detecting all of the 
known CEV samples, while the PCRs developed at TiHo performed well in the tasks for 
which they were designed. The probe based qPCR detected all viruses from the genogroup 
IIa and IIb while the SYBRGreen PCR worked well with CEV genogroup I samples. The 
Japanese end-point PCR worked well with genogroup IIa and IIb samples but gave multiple 
bands for genogroup I samples.  

Conclusions: Based on these results we recommend to you the use of the CEFAS qPCR/end-
point PCR for diagnostic purposes as they are the most versatile primers sets guarantying the 
highest CEV detection rate. 
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The genesig® easy q16 is a portable qPCR machine which has been designed for use in the 
field environment. The genesig® easy RNA/DNA extraction kit has also been developed for 
use with the q16 allowing complete processing and analysis of qPCR tests outside the 
laboratory. There are a number of RT-qPCR and qPCR assays available commercially for use 
with the q16 in the detection of fish pathogens including salmonid alphavirus (SAV). 
Salmonid alphavirus, the causative agent of Pancreas Disease, is an economically important 
pathogen to the Scottish aquaculture industry and a fast, reliable test method is essential to 
aid diagnostic investigations. As the virus is widespread throughout Scotland, there is also 
greater sample availability than with other pathogens, SAV was therefore chosen as the first 
pathogen assay to validate on the q16. 

Marine Scotland Science (MSS) is the National Reference Laboratory (NRL) for fish, 
shellfish and crustacean diseases in Scotland. Use of the q16 method at MSS will 
significantly reduce the qPCR result turnaround time especially during a disease outbreak, 
where the q16 could be utilised allowing testing to be carried out during the Fish Health 
Inspectorate (FHI) onsite investigations or in a FHI field office reducing time required for 
sample transportation back to MSS Aberdeen. 

MSS has a quality system accredited by the United Kingdom Accreditation System (UKAS) 
and the Disease Diagnostic Group has ISO:17025 accreditation for detection of fish 
pathogens and parasites by RT-qPCR/qPCR. All accredited tests are rigorously validated 
before use.  

Validation will be completed and compared to laboratory based qPCR testing. An initial 
benchtop comparison of the analytical specificity and sensitivity of the genesig® easy 
RNA/DNA extraction kit with the q16 qPCR machine versus the accredited laboratory 
method will be performed using all six SAV genotypes. If the genesig® easy method is 
comparable to the accredited method then field validation will be performed.  

Funding of presentation: 
The Scottish Government. 
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Development of a real time RT-PCR specific to Oncorhynchus 1 novirhabdovirus 
integrating MS2 bacteriophage as universal exogenous external control 

Baud M1, Louboutin L1, Almeras F1, Pallandre L1, Bigarré L1, Morin T1 
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Infectious Hematopoietic Necrosis (IHN) is a highly contagious disease caused by a 
rhabdovirus, Oncorhynchus 1 novirhabdovirus, discovered in the 50s in the United States and 
detected for the first time in France in 1987. This disease, responsible of large outbreaks 
associated with high economic losses in salmonid farms, is listed as one of the regulated non-
exotic fish diseases in the European Union (European Commission, 2006) and is notifiable to 
the World Organization for Animal Health (OIE). A monitoring is in place in Europe since 
the beginning of 2000s to avoid the virus spread particularly in the context of trade. Official 
methods for surveillance and diagnosis historically based on virus isolation in susceptible cell 
cultures followed by confirmation steps recently evolved to integrate direct real time RT-PCR 
detection (European Commission, 2015).  

This work describes the validation of a “one-step” real time RT-PCR method specific to 
Oncorhynchus 1 novirhabdovirus adapted from Purcell et al. (2013) and the development of 
an innovative strategy based on the use of a RNA bacteriophage as exogenous external 
control (EEC) for extraction and amplification steps. Bacteriophage MS2 is non-pathogenic, 
easy to produce and titrate in the laboratory and, on the contrary to endogenous controls, 
applicable for all fish species (Ninove et al., 2011). Quantity of bacteriophages to be added to 
fish sample (organs or culture supernatant) was adjusted and RT-qPCRs specific to MS2 and 
Oncorhynchus 1 novirhabdovirus were developed, integrating a transcript as positive 
amplification control.  

The overall method showed a high level of robustness with absence of cross reactions. Its 
characteristics (sensitivity, specificity, repeatability) were determined and a control card for 
the EEC was defined.  

This approach could be applied routinely in the context of IHN diagnostics and will be 
transposable in the future for other RNA or DNA viruses. 
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Introduction: Megalocytivirus is significant cause of mortality in more than 50 other species 
of cultured fish. It has been divided into three major subgroups: red sea bream iridovirus 
(RSIV), infectious spleen and kidney necrosis virus (ISKNV), and flounder iridovirus (FLIV 
or TBIV). A number of diagnostic methods, including cell culture, immunofluorescence and 
polymerase chain reaction (PCR), have been developed for the virus detection. However, 
there has been little information on the diagnostic method to differentiate between 
Megalocytivirus. Therefore, we screened for several genes of RSIV and FLIV and developed 
duplex PCR methods to differentiate each virus. 

Methodology: The different genes of RSIV and FLIV isolated from Korea including DNA 
polymerase (DPO), Laminin EGF repeat (EGF), LRP16 like protein (LRP) and ATPase were 
cloned. Multiple alignments were performed to design the primer sets of PCR diagnosis. The 
specificity of the PCR detection was evaluated in tissues of fish infected RSIV or FLIV. 

Results and Conclusions: We determine the nucleotide sequences of 4 genes in the different 
RSIV and FLIV isolated from Korea. Based on the multiple alignments, the universal primer 
set for detection both RSIV and FLIV was designed in the conserved nucleotide sequences of 
EGF gene. The RSIV- and FLIV-specific primer sets were designed based on the pathogen-
specific nucleotide sequences in LRP gene. The duplex PCR was performed by either 
universal primer/ RSIV-specific primer sets or universal primer/ FLIV-specific primer sets. In 
RSIV-infected tissue, we confirmed that the PCR with universal primer/RSIV-specific primer 
sets showed two bands, while PCR with universal primer/ FLIV-specific primer showed only 
one band. In FLIV-infected tissue, the PCR with universal primer/ FLIV-specific primer sets 
showed two bands, while PCR with universal primer/ RSIV-specific primer showed one 
band. Therefore, these results suggest that the duplex PCR is suitable for use as diagnostic 
assay for surveillance of RSIV and FLIV. 

Funding of presentation: 
This work was supported by a grant from National Institute of Fisheries Science (NIFS), 
Republic of Korea (R2017067).   
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Viral encephalopathy and retinopathy – Results from the first interlaboratory 
proficiency test  
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Introduction: An increasing number of molecular methods has been developed so far to detect 
betanodavirus, the causative agent of viral encephalopathy and retinopathy (VER) (syn. Viral 
Nervous Necrosis - VNN). In particular, real time RT-PCR (rRT-PCR) assays are obtaining a 
growing appreciation for their high sensitivity and rapid turnaround time. 

In 2016, a proficiency test (PT) for the molecular diagnosis of VNN through rRT-PCR was 
organized by the OIE Reference Centre for Viral Encephalopathy and Retinopathy hosted by 
IZSVe. The PT was designed to: i) make an inventory of the laboratories performing rRT-
PCR for betanodavirus detection; ii) assess their diagnostic capability; iii) obtain relevant 
information on the diagnostic approaches applied.  

Methodology: A panel of 6 lyophilized samples (3 specimens spiked with inactivated 
RGNNV betanodavirus at different dilutions and 3 negative samples) were provided to 24 
laboratories in 15 countries. Information on the real time PCR protocol applied (i.e. 
molecular target, validation/accreditation status, published/in-house developed method) were 
requested. Results provided by the participants were compared and statistically analyzed. 

Results: Sixteen out of 24 laboratories provided 100% correct answers. The remaining 8 
laboratories produced a percentage of correct answers ranging between 66.67 and 83.33%. 
The average percentage of correct answers was 90.28%, while the average overall agreement 
was 0.6746. In general, the real time RT-PCR protocols adopted by different laboratories 
showed good sensitivity. On the other hand, test specificity appeared to be the major problem 
in some cases. 

Conclusions: Proficiency tests are a quality assurance tool to monitor the diagnostic 
performances and compare the analytical results amongst different laboratories. It 
supplements the laboratory’s quality control procedure with an additional external audit for 
its testing capability, and at the same time provides laboratories with a sound basis for 
continuous improvement. Strengthening the laboratories’ diagnostic capacity is crucial to 
plan suitable disease management strategies which may contribute to the development of the 
fish industry. In this view, the organization of proficiency testing for relevant fish diseases 
such as VNN is undoubtedly of great utility. 
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Surveillance of BKD: Optimization of procedures for detection of Renibacterium 
salmoninarum 
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Introduction: Bacterial kidney disease (BKD) is an infectious disease caused by the gram-
positive bacterium Renibacterium salmoninarum. Infections with the bacterium do not 
always result in clinical disease but are often subclinical and asymptomatic. However, in 
some cases, the disease becomes overt leading to high mortality and financial losses in the 
farm. Most laboratory methods for detection of R. salmoninarum have a high sensitivity 
testing fish with clinical signs of disease but less with sub-clinical carriers. Therefore 
surveillance of a farm over a long time is necessary to claim freedom of disease. In Denmark, 
a voluntary surveillance program for R. salmoninarum freedom has been in force since 1997. 
The program is based on biannual testing by ELISA and confirmatory testing by PCR and 
cultivation. As most of the participating farms in the surveillance program are approved free 
of R. salmoninarum, very few positive or suspicious samples are found, but conflicting 
results between ELISA and nPCR occurred. In this study, we evaluate three different 
methods for detecting R. salmoninarum (ELISA, nPCR and real-time PCR). The outcome of 
the study shall lead to a suggested best set of procedures to detect R. salmoninarum in 
rainbow trout farms within the shortest time frame. 

Methodology: Samples from infected farms with clinical signs of BKD along with samples 
from non-infected farms and archived samples from suspected cases were investigated using 
ELISA, nPCR, and real-time PCR. For PCR two kinds of samples were tested and compared: 
either homogenized kidney tissue or kidney lysate after the boiling procedure in connection 
with preparation for the ELISA. On selected samples, culturing was also attempted.  

Results: The preliminary findings showed conflicting results between the three methods. To 
explore this further, we tested PCR inhibition in all samples, finding strong inhibition 
particularly in boiled lysate. This problem was overcome by sample dilution resulting in more 
congruent results among methods.  

Conclusions: No method seems to be the gold standard when testing for R. salmoninarum. 
However, the preliminary results indicate that the best results are obtained by combining 
ELISA with real-time PCR in diluted boiled lysate samples.  
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Development of new molecular diagnostic methods for edwardsiellosis, streptococosis 
and vibriosis in olive flounder (Paralichthys olivaceus)   

Kim M1, Han H1, Kim N1, Do J1, Lee D1, Cho M1, Jung S1 
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Introduction: In 2015, the production amount of cultured marine fish was recorded at about 
85 thousand tons. Olive flounder, rock fish, gray mullet and red seabream are important 
varieties in Korea aquaculture industry. Olive flounder occupied more than 50% in 
production. Major fish bacterial diseases in Korea are edwardsiellosis, streptococcosis and 
vibriosis. In this study, we have developed an accurate-rapid molecular diagnostic kits for 
detection of edwardsiellosis, streptococosis and vibriosis occurred frequently in olive 
flounder. 

Methodology: To obtain the genetic information of Streptococcus spp., E. tarda and Vibrio 
spp., we performed a comparative DNA sequencing analysis using the 16S rDNA and rpoB 
gene.PNA (peptide nucleic acid) probes were designed against genus and species specific 
genetic markers of 16S rDNA. A real-time PCR diagnostic kit based on PNA detection 
probes was developed for determination of 11 fish pathogenic bacteria, Edwardsiella tarda, 
Streptococcus parauberis, S. iniae, Lactococcus garviae, Photobacterium damselae, Vibrio 
harvey, V. ichthyoenteri, V. scophthalmis, V. splendidus, V. alginolyticus, V. anguillarium 
and V. fischeri.  

Results and Conclusions: The method was validated successfully by using DNAs purified 
from the corresponding standard strains. The diagnostic kit developed for flounder in this 
study is highly useful because it allows to diagnose diseases quickly and accurately. Disease-
causing bacteria can be investigated quickly and accurately by the molecular diagnostic kit in 
laboratory. 

Funding of presentation: 
NIFS. 
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Mycobacterium spp. is threatening pathogen found in a variety of aquatic animals including 
aquacultural and ornamental fishes. Early diagnosis and prompt treatment are important in 
preventing disfiguring complications associated with late stages of the disease progression.  

Based on use of a loop-mediated isothermal amplification (LAMP) identification protocol, 
this study attempted to detect M. marinum complex (M. marinum, M. pseudoshottsii and M. 
ulcerans) in fish. Reaction time and temperatures were optimized for 60 min at 60 °C with 
the resulting amplicons visualized by adding SYBR Green I to the reaction tube. The assay 
specificity was assessed using 100 Mycobacterium spp. and 15 different bacterial strains.  

Positive results were only observed in M. marinum, M. pseudoshottsii and M. ulcerans and 5 
M. marinum isolates from various aquatic animals. Detection limit of the LAMP assay was 
sensitive than the conventional polymerase chain reaction (PCR) 1000-fold when using 
purified M. marinum DNA. Furthermore, M. marinum in spleen of experimentally challenged 
freshwater angelfish, Pterophyllum scalare was detected using this optimized LAMP assay.  

Results of this study demonstrated the LAMP could be providing a rapid, effectiveness, and 
simple technique to detecting M. marinum complex infection in fish. 
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microsporidian causing emaciative disease in gilthead sea bream 
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Enterospora nucleophila is a microsporidian parasite causing serious emaciative disease in 
cultured gilthead sea bream (GSB), Sparus aurata, and closely related to Enterocytozoon 
hepatopenaei from shrimp. The parasite can be found within the nuclei of enterocytes and 
rodlet cells of the fish intestinal epithelium, and occasionally in the cytoplasm of phagocytes 
in more advanced infections. However, spores are the only stage that can be unmistakably 
identified but even this may require thorough histopathological examination and use of chitin 
fluorescent stains for a proper confirmatory diagnosis, due to their minute size and 
intranuclear location. In the absence of spores, the infection can be suspected from a 
remarkable hypercelullarity and the presence of altered nuclei in the epithelial layer. This 
results in a very poor correlation of disease signs with diagnosis of E. nucleophila infection, 
and to current uncertainty about its real impact in GSB culture. 

This work describes the development and application of an in situ hybridization (ISH) 
technique as a powerful tool to overcome current diagnostic limitations for this species, and 
to decipher basic data on the infection and disease onset. We designed DIG-labelled 
oligonucleotide probes targeting unique regions of the (+) strand of E. nucleophila rDNA 
gene, and we developed an ISH protocol that results in good staining of infected host cells 
prior to the development of spores or other conspicuous stages.  

On clinically infected samples, numerous ISH-positive cells are present which are not stained 
with fluorescent whiteners that bind to parasite spores. In contrast, poor staining of spores 
was obtained with the DNA probes, due to their limited penetration in these stages and the 
low number of target gene copies that they harbour. These aspects might be improved using 
specific steps (e.g., chitinase or more aggressive permeabilization strategies) but they are not 
necessary in a clinical diagnostic context.  

Due to the relevance of E. nucleophila infections it is essential to decipher unknown aspects 
of the parasite’s biology and course of infection using proper diagnostic tools. Their cryptic 
nature makes this a challenging task for microsporidians like E. nucleophila, which can 
benefit from the method hereby presented.  

Funding of presentation: 
This study was partially supported by EU H2020 program through the ParaFishControl 
project (634429). 
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The microsporidium Enterospora nucleophila is the causative agent of a parasitic emaciative 
disease in gilthead sea bream (Sparus aurata). This syndrome appears mainly during the 
winter season in 1. year juvenile gilthead seabream (GSB) as an outstanding growth 
retardation and size segregation, with serious mortality in some stocks. Diagnosis of E. 
nucleophila infection is quite challenging due to the minute size of the spores, which develop 
mainly within the nuclei of enterocytes and rodlet cells in the intestinal epithelium. A 
remarkable hypercellularity and nuclei alterations in infected cells are commonly observed in 
the histopathological analysis of infected intestines, but spores are often absent or missed, 
even in clinical infections.  

This work describes the optimization and application of a battery of methods for the 
diagnosis of E. nucleophila infections in GSB. The methods include optimised protocols for 
fluorescent stain with Calcofluor on tissue sections and smears, a quantitative PCR test, and 
in-situ hybridization (ISH) techniques. The procedures were applied to a large (>200) panel 
of clinical cases in order to compare their performance, validate routine qPCR tests, and 
obtain insights into the pathogenesis of GSB enterosporosis.  

The work generates validated methods for the diagnosis of E. nucleophila in clinical samples 
of GSB, which will be valuable for a better understanding of the epidemiology and 
pathogenesis of this disease. As a follow-up of the analytical and clinical validation covered 
in this work, a panel of samples will be submitted to diagnostic laboratories participating in 
an inter-proficiency test as a part of the H2020 project “ParaFishControl”. 

Funding of presentation: 
This study was partially supported by EU H2020 program through the ParaFishControl 
project (634429) and by AGL-2013-48560-R project from the Spanish Ministry of Economy 
and Competitiveness. 
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Introduction: Red mark syndrome (RMS) is an infectious disease so far found to only affect 
salmonids in the Oncorhynchus genus. Macroscopically, the distinguishing feature of the 
disease is the appearance of distinct, raised, red blotches up to several cm in diameter. These 
are mostly seen on the flanks, but may appear almost anywhere on the body, including the 
fins. Apart from some splenomegaly very little internal change is observed in mildly to 
moderately affected fish.  

Methodology: We have established a direct cohabitation infection model of RMS. We 
followed fish individually as the lesions developed. At regular intervals we acquired digital 
images of the fish, and sacrificed some fish for sampling. We investigated the histopathology 
with H&E stains as well as immunohistochemistry (IHC) with MAbs raised against CD8, 
MHCII, IgM and IgT. 

Results: The time from cohabitation with RMS-affected seeder fish to the first appearance of 
symptoms in the cohabitants is about 600 degree days, and the symptoms typically peak after 
900-1000 degree days at 12 ºC. Histologically the most obvious feature of RMS-related skin 
change is extensive infiltration of cells initially into the dermis spongiosum, and later into the 
dermis compactum and in severe cases into the muscle. At the peak of the symptoms scales 
are often resorbed at the center of the lesion. The epidermis often appears surprisingly 
unaffected. The timing of lesion development following cohabitation with seeder fish hints at 
an adaptive immune response being mounted towards the infectious agent. The IHC has only 
so far been completed for IgM and CD8. The results show a large increase in the presence of 
secreted IgM in RMS lesions. This is first observed in the stratum spongiosum, and as the 
lesion develops it extends into the dermis compactum and muscle. In control tissue CD8+ 
cells are rarely observed below the stratum spongiosum. Conversely CD8+ cells are very 
common in skin and underlying muscle of RMS lesions.  

The changes in staining pattern and general histopathology as the lesions develop will be 
elaborated at the conference.  

Funding of presentation: 
European Maritime and Fisheries Fund and H. Henriksens Fund. 
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Efficacy of anthelmintic properties of albendazole supramolecular complexes in carp 
(Cyprinus carpio)  

Kazarnikova A1, Ponomareva E1, Dushenko G1, Mikhaylov I1, Kovalenko M1 
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Helminthosis, caused by the cestods Bothriocehalus opsariichthydis, B. acheilognathi, 
Khawia sinensis, occurs frequently among representatives of Russian fish fauna in wild 
stocks and commercial rearing. Most often they are detected in Cyprinidae: Cyprinus carpio, 
Carassius auratus gibeliio, C. carassius, Ctenopharyngodon idella - the objects of 
aquaculture.  

Albendazole has wide spectrum of activity against nematodes, cestodes and trematodes, and 
therefore has been successfully used in medical practice and aquaculture. Albendazole 
(Albendazolum, ([5-(propylthio)-1H-benzimidazole-2yl] carbamic acid methyl ester) is a 
member of the benzimidazole compounds. It is characterized by a low level of absorption, 
and in organism it transforms into albendazolesulfodoxid, albendazole sulfone, and 
albendazole 2-aminosulfone which are presented in high concentrations in plasma and tissues 
of fish.  

The disadvantage of albendazole and it known medicinal forms is their low bioavailability. 
To improve solubilityand increasebioavailabilityof albendazole the solubleformulations 
(supramolecular complexes) are produced in order to decreasethe toxicityof the active 
substance. By density functional theory method (DFT) B3LYP/6-311++G(d,p) theoretical 
investigation of structure of albendazole and relative stability of its conformational forms as 
well as energy barriers of their interconversions via rotation about amine and amide bonds in 
gas phase and in the presence of water was fulfilled. Based on the calculations the selection 
of appropriate partners to supramolecular inclusion complexes of albendazole were made. 

75 carps (Cyprinus carpio) weighting 33.1±2.1 g obtained from a commercial fishfarm were 
put into 60 l aquarium with aeration of water. During the experiment fish were fed at 3% 
body weight with foods contained albendazole (1) and supramolecular complexes (3). One 
group from 13 fish served as control. The water quality parameters were monitored daily. A 
total of 15 fish were used for each group. The samples of blood were taken from caudal vena 
after 1, 2, 3, 6 and 12 from the last eating. The blood samples were centrifuged and plasma 
stored at -20 ºC until assayed. The determination of albendazole and supramolecular 
complexes were made with HPLC/MS by SURVEYOR LC/SURVEYOR MSQ «Thermo 
Finnigan», USA. 

Our study has shown that supramolecular complexes increases water solubility of 
albendazole through dynamic inclusion complex wherein albendazole interacts with 
hydrophobic cavity of cyclodextrin. It becomes more available for fish organism which allow 
significantly (in 9-13 times) decrease the therapeutic dose of drug. Our data will help to 
develop new schema of effective treatment of carp cesodoses with the use of albendazole 
supramolecular cyclodextrin complexes.    
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chrysophrii in gilthead sea bream  
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The therapeutic effect of a compound mixture containing mainly caprylic acid (200 mg/ kg 
fish), was evaluated in Sparicotyle chrysophrii-infected gilthead sea bream, Sparus aurata 
(197 g). The trial was carried out in a challenge environment at high water temperatures. 
Growth and gill parasitic load were measured in treated against control fish after a 10 week 
period. Differences in final weight, feed conversion ratio, specific growth rate and feed 
efficiency were not significant between the experimental groups.  

Although S. chrysophrii prevalence was not affected, total parasitic numbers were 
significantly reduced.  

In conclusion, the application of a mixture containing caprylic acid can significantly affect 
the evolution of S. chrysophrii infection in gilthead sea bream. No evident effect in respect to 
fish growth in the studied period was however apparent, potentially indicating the need for 
further improvement of the design of the alternative mixture. 

Funding of presentation: 
This work was made possible through a H2020-SFS-2014-2015 project entitled: 
ParaFishControl: Advanced Tools and Research Strategies for Parasite Control in European 
farmed fish. Grant agreement no: 634429. 
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Aeromonas spp. causing among others furunculosis in salmonids and skin ulcer in cyprinids 
are responsible for large-scale damages in fish farms, due to both the treatment and 
decontamination expenses, and the loss of production. The most widespread treatment of the 
diseases is the use of various antibiotics. The environmental impact of the treatment and the 
risk of the emergence of resistant strains are long-known problems. 

The main purpose of our research was to elaborate an antibiotic treatment protocol, which is 
easily applicable in practice, and besides the minimization of the environmental impact, it 
guarantees the delivery of the necessary dose of antibiotics. For this purpose, first we isolated 
bacteria from fish suffering from furunculosis or ulcer disease, and identified the strains. 
Based on their resistogram, we chose enrofloxacin and flumequine to accomplish the 
treatment experiments. In 10-day experiments the following administration methods were 
compared: intraperitoneal injection, medicated diet with antibiotic-coated pellet, medicated 
diet with homogenized and reformatted pellet containing antibiotic, and cracked corn seed 
soaked with antibiotic solution. Control groups were fed with antibiotic-free diet. At the end 
of the experiment, skin and muscle tissues were sampled, and antibiotic concentration was 
measured with ELISA-based technique. 

Our results show that whereas the intraperitoneal treatment eventuated a significantly higher 
drug concentration in the fish tissue, we could not detect significant difference between the 
medicated diets. But it appears from the standard deviation values that the IP method grants a 
more accurate delivery of the drug, while the cracked corn method was the least precise. The 
administration efficiency of the medicated diets was admissible, and because of the simple 
applicability in a fish farm, it is more prevalent in practice.  

Based on our results, we suggest the use of the homogenized medicated food, instead of the 
other two types of diets, since the fish often denied the ingestion of the antibiotic-coated one, 
because of the putatively high peripheral concentration of antibiotics, and the feeding with 
cracked corn seed was not accurate enough. 
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Introduction: Due to the shortage of the fingerling/juvenile mud loach, Misgurnus mizolepis 
in Korea, these fish have been imported from China. However, the mortality rate during and 
after their transportation is very high. In this study, we examined various physiological and 
histological parameters to evaluate the effect of salt treatment on the survival and recovery of 
mud loaches in holding farms during the quarantine process.  

Methodology: Glucose, osmolality, Na+, Cl−, and histological changes were assessed for 
three different salinities. Non-treated fish (control 0.0%) exhibited lower levels of osmolality, 
and Na+ and Cl− concentrations compared with those kept in solar salt solution (0.5% and 
1.0%).  

Results: Glucose levels in control fish were higher than those in fish exposed to 0.5% and 
1.0% solar salt solution. Histologically, control fish showed thinner epidermis of skin, 
branchial hyperplasia and lamellar fusion with an abundance of eosinophilic granule cell-like 
cells. After solar salt solution treatment, damaged gill structures in the fish almost recovered 
within 5 days.  

Conclusions: The present study demonstrates that mud loaches transported from China suffer 
from skin and gill damage and physiological dysfunction which may increase the mortality 
and morbidity. Moreover, saline treatment might alleviate the stress responses and 
ionic/osmotic imbalances, and help heal gill damage. 
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Introduction: Aquaculture is the fastest growing sector of food production worldwide. 
However, one of the main reasons that do not allow the effective use of it, is the development 
of infectious diseases among fish which result in enormous economic losses. Antibiotics are 
applied in treatment of such infections but with growing antibiotic resistance of bacterial 
strains other solutions shall be considered in order to protect fish against pathogens and 
minimalize the potential side-effects for humans. Bacteriophages (bacterial viruses) might be 
an important alternative to antibiotics.  

Methodology: In the presented study, bacteriophage cocktail called BAFADOR® containing 
5 bacteriophages against Aeromonas spp. (60AhydR15PP, 62AhydR11PP, 13AhydR10PP, 
14AhydR10PP, 85AhydR10PP) and 3 against Pseudomonas sp. (22PfluR64PP, 
67PfluR64PP, 71PfluR64PP) was used. The bacteriophages were isolated from sewage and 
characterized by RFLP, sequencing, spectrum of specificity and lytic activity. The main goal 
of the current study was to investigate the effect of BAFADOR® on some hematological, 
biochemical and immunological parameters in the blood of carp and rainbow trout. 
BAFADOR® was administered by immersion at a concentration of 105 PFU/ ml for 1 h. The 
analysis of selected parameters was performed before and 1, 2 and 3 days after administration 
of BAFADOR®. 

Results: BAFADOR® has demonstrated significant curative effects in experimental 
infections of carp and rainbow trout challenged with Pseudomonas spp. decreasing the 
observed mortality by 40%. The obtained results indicated that BAFADOR® has no 
influence on hematological (RBC, Ht, Hb, MCH, MCHC) and biochemical (AST, ALT, 
glucose level) parameters in fish. Moreover, no statistical difference was observed in the 
level of stress hormone cortisol. However, the parameters of non-specific cellular (metabolic 
and potential killing activity of phagocytes, lymphocyte proliferation stimulated by ConA and 
LPS) and humoral (plasma lysozyme and ceruloplasmin activity, total protein and 
immunoglobulin serum levels) immunity were significantly increased in all fish species. 

Conclusions: These results suggest that BAFADOR® has the potential to stimulate the 
nonspecific immune response in fish which can improve resistance to bacterial infection. 

Funding of presentation: 
Research was co-financed by the European Regional Development Fund under the Measure 
1.4 of the Innovative Economy Operational Programme. Project name: New veterinary drug 
against bacteria in fish. 
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Introduction: Oomycetes of the genus Saprolegnia are responsible for severe economic losses 
in freshwater aquaculture. Compounds of proven activity against Saprolegnia spp. (i.e. 
malachite green) are potentially hazardous to human health and the environment, and their 
use is forbidden by European regulations. Therefore, the demand for new treatments pushes 
towards the selection of more safe and environmentally friendly products. 

In the present work, in vitro activity of two pure compounds (Oxalic acid; Sodium 
percarbonate) and two commercial products (Actidrox®, De Marco, Italy; Virkon® S, 
Dupont) was tested on different strains of Saprolegnia. Malachite green was used as 
reference compound. 

Methodology: Preliminary trials were performed using two protocols available in the 
literature by Alderman: one screening method in Agar aimed at assessing the minimum 
inhibitory concentration (MIC) and one hour bath in aqueous solution of mycelium growing 
on polycarbonate membrane, to assess the minimum lethal concentration (MLC). Two field 
strains of Saprolegnia spp. isolated from rainbow trout (Oncorhynchus mykiss) and brown 
trout (Salmo trutta) and one reference strain of S. parasitica (CBS 223.65 furnished by CSIC-
RJB) have been tested in triplicate per each concentration. 

Results: Our results show that oxalic acid and Virkon® are effective in inhibiting the growth 
of the mycelium, although at concentrations too high to be applied in the field (MIC 1000 
mg/ L). Actidrox® showed a different activity between the two methods (MIC 5000 mg/ L; 
MLC 500 mg/ L), possibly due to its mechanism of action, that requires presence of water. 
Tested concentrations of Sodium percarbonate were effective only in slowing down the 
mycelium growth. 

Conclusions: Further in vitro trials will be necessary, considering a wider range of promising 
compounds. The combination of the two methods (inoculation in agar and contact in aqueous 
solution) represents a good investigation approach for screening the activity of different 
molecules and products against Saprolegnia spp. 

Funding of presentation: 
This project has received funding from the European Union's Horizon 2020 research and 
innovation programme under grant agreement No. 634429. This publication reflects the 
views only of the author, and the European Commission cannot be held responsible for any 
use which may be made of the information contained therein. 
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Introduction: Miamiensis avidus is one of the serious infectious disease in olive flounder 
(Paralichthys olivaceus). Bath treatment of formalin can be used as a remedial measure 
against M. avidus but it is highly toxic to host fish as well as the environment. Anti-parasitic 
natural products can be used as an effective alternative. In our previous study, we evaluated 
anti-parasitic activity of the stem bark of Rhus vernicifiua (RVS) against M. avidus. 
However, the stem bark of RVS has been reported to contain urushiol, an allergen, which can 
cause irritation, inflammation or blistering in sensitive individuals. In contrast, the lignum of 
RVS is devoid of urushiol and is considered to be safe for humans. Henceforth, we evaluated 
anti-M. avidus efficacy using the lignum of RVS both in vitro and in vivo.  

Methodology: In vitro assay involved anti-parasitic effect of lignum of RVS obtained through 
several extraction conditions against M. avidus in 96-well plate. Subsequently, in the in vivo 
experiment, the extract showing highest killing activity was freeze-dried and orally 
administered to olive flounder for 2 weeks (14.5±1.6 g) and 12 weeks (77.7±8.6 g) with 
subsequent challenge with M. avidus at a infective dose of 1x104 and 5x106 cells/ fish 
respectively. In addition, toxic effect of the extract was evaluated by histological examination 
on the group administered for 2 weeks.  

Results and Conclusions: Extraction condition exhibiting highest in vitro anti-parasitic 
activity (minimum lethal concentration of 200-225 ppm) was as follows; ethanol 
concentration 20%, extracting temperature 100 ˚C and the ratio of extraction solvent to raw 
material (v/w) 1:30. Olive flounder fed with the dose of 10 and 100 mg /kg b.wt./ day for 2 
weeks showed 73.3% and 33.3% cumulative mortality when compared to 93.3% mortality in 
control fish. RSV extract orally administrated for 12 weeks with the dose of 30, 100 and 300 
mg/ kg b.wt./ day showed 91.7%, 66.7% and 36.7% mortality in contrast to 91.7% mortality 
in control fish. Histological analysis also revealed that the extract was free from toxic effect 
to the host tissue. These results inferred that lignum of RVS can be used safely and 
effectively to reduce mortality due to M. avidus in olive flounder. 
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Introduction: Viral Hemorrhagic Septicemia virus (VHSV) is an RNA rhabdovirus that 
causes one of the most important finfish diseases, affecting over 70 marine and freshwater 
species. Pentacyclic triterpenoids are one class of triterpenoids on the basis of skeletal 
structures, which are biosynthesized from squalene containing 30 carbons and well known for 
their various biological and pharmacological activities such as antiallergic, antibacterial, 
antifungal, anti-inflammatory, antiproliferative, and antiviral, etc. In the present study, we 
selected ten pentacyclic triterpenoids (oleanane type: oleanolic acid, saikosaponin A, 
hederagenin, tenuifolin, glycyrrhizin and glycyrrhetinic acid; ursane type: ursolic acid, 
pomolic acid and pomonic acid; lupane type: betulinic acid) based on data from literatures 
and our previous study and compared in vitro antiviral activities against viral hemorrhagic 
septicemia virus (VHSV).  

Methodology: The antiviral activities of pentacyclic triterpenoids against VHSV in fathead 
minnow cells were assessed. Cell viability, plaque reduction and quantitative real time RT-
PCR (RT-qPCR) were used to evaluate the inhibitory effects of compounds.  

Results and Conclusions: Among ten compounds, hederagenin and glycyrrhetinic acid of 
oleanane type, and pomonic acid of ursane type showed significant antiviral activities against 
VHSV with EC50 values of 3-25 μM comparable to that of ribavirin used as a reference 
control. In contrast, glycyrrhizin, a glycoside of glycyrrhetinic acid showed only a plaque 
reduction of 34% at 30μM. In addition, pomonic acid, which contains an oxo group at C-3 of 
ursane skeleton, was found to be much more effective (EC50: 2.5 μM ) than pomolic acid with 
hydroxyl group at C-3. Furthermore, in time course study, hederagenin and glycyrrhetinic 
acid showed the most effective when preincubated with VHSV for 1hr. Comparably, 
pomonic acid showed more effective antiviral activity when pretreated in cell for 4hr. RT-
qPCR results showed that hederagenin, glycyrrhetinic acid and pomonic acid showed good 
efficacies in decreasing accumulation of viral RNA, where the viral genome copy numbers 
decreased by 1.5-5 fold log10 in VHSV-infected cells. These results suggested that 
pentacyclic triterpenoids exert antiviral action against VHSV through different action 
mechanisms and have potential to be used as antiviral therapeutics against VHS. 

Funding of presentation: 
This research was supported partly by Basic Science Research Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and Future 
Planning (NRF-2015R1C1A2A01053487). 
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Introduction: Fish farms are part of a traditional landscape in Germany and play an important 
role as a source of high-quality food. In spite of their importance, traditional fish farms still 
struggle for commercial viability. One significant obstacle are virus infections with e.g. koi 
herpes virus (KHV) that cause high mortality rates and great economical losses. 
Unfortunately, so far no common guidelines for disinfection measures after such outbreaks 
exist in Germany. Hence, in this work the application of commercially available, proteolytic 
enzymes as effective, environmentally friendly and cheap disinfection reagents is 
investigated. 

Methodology: In order to estimate the influence of the selected enzymes – Neutrase® and 
Alcalase® – on the cell culture that is used for the in vitro replication of KHV (common carp 
brain cells, CCBs), corresponding dose response curves were recorded. Furthermore, the 
stability of the proteases in the cell culture medium was determined for up to 9 days at 8 and 
25 °C. Next, an inactivation of KHV by the proteases was characterized under laboratory 
conditions. Virus suspensions of defined titers were preincubated for 24 h at 8 and 25 °C with 
various concentrations of the enzymes and the resulting virus titers were evaluated via 50 % 
tissue culture infective dose (TCID50).  

Results: Dose response curves obtained for both enzymes showed that their activity (and the 
influence on the cells) was not influenced by preincubation in cell culture medium. The half 
maximal effective concentration (EC50) calculated for CCB cells (at 25 °C) from dose 
response curves was around 0.1 mU/mL for Neutrase in comparison to 1x10-5 mU/mL for 
Alcalase. Thus, the latter affects cells at significantly lower concentrations. Finally, the first 
respective experiments showed that the titer of KHV can be reduced 5-fold by incubation 
with Neutrase at concentrations around the calculated EC50 value, whereas Alcalase at its 
EC50-value did not cause the same effect. 

Conclusions: Based on these results it can be concluded that proteases are promising agents 
for use as disinfectant and thus as tools to improve aquaculture economically. However, 
further investigation of their applicability is needed. 

Funding of presentation: 
This work was financially supported by the German Federal Ministry of Food and 
Agriculture (BMEL) through the Federal Office of Agriculture and Food (BLE), grant 
number 2815NA062.   
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Introduction: In our previous study, we found that an 80% methanolic extract of the stem 
bark of Rhus verniciflua Stokes (RVS) has significant antibacterial activities against fish 
pathogenic bacteria. However, the stem bark of RVS, contains urushiol congeners that cause 
irritation, inflammation, or blistering in sensitive individuals while the lignum of RVS does 
not cause allergic reaction, implying that it contains neither urushiols nor laccase.  

Methodology: To get an optimized extract (OE) from the lignum of RVS, extracting 
parameters were optimized by using Box-Behnken Design based on the single-factor 
experiments. Antibacterial activities against Edwardsiella tarda and Streptococcus iniae were 
evaluated by disc diffusion and broth microdilution methods. To investigate effects of the OE 
against E. tarda infection (immersion) in olive flounder, the OE was orally administered at 
doses of 30, 100 and 300 mg/ kg b.w./ day for 2, 6 and 10 weeks, respectively. Blood and 
tissue samples were collected from 5-7 fish in 10 weeks group and then serum aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) and histopathological changes 
were analyzed. The active compounds of OE were simultaneously quantified using a LC-
MS/MS and the method validation was performed. 

Results and Conclusions: The optimum conditions were ethanol concentration 60%, 
extracting temperature 85 ˚C and the ratio of extraction solvent to raw material (v/w) 30. 
Under these conditions, the experimental antibacterial activity and yield of the OE were 
minimum inhibitory concentration (MIC) of 250 μg/ ml and 10.0%, respectively. Fish 
administered with the OE for each 2, 6 and 10 weeks showed significant efficacies showing 
relative percent of survival of 14.3 to 83.3 % (p < 0.001). Serum parameters and histological 
changes of the fish administered with OE were similar to those of naïve control and there 
were no significant alterations at even the highest dose. Gallic acid, fustin, fisetin showed 500 
to 2000 µg/ ml of MIC against bacterial strains. The average contents of gallic acid, fustin 
and fisetin were calculated to be 1.82, 20.90 and 2.12% in OE, respectively. These results 
suggested that the OE may be used as safe and effective antibacterial alternatives in 
aquacultures. 

Funding of presentation: 
This research was a part of the project titled 'Development of antibacterial and antiparasitic 
material for aquaculture from Rhus verniciflua stokes by extraction optimization', funded by 
the Ministry of Oceans and Fisheries, Korea.   
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Introduction: Common carp (Cyprinus carpio) is a freshwater fish which is world-wide 
cultivated for human consumption. Farmed carp production was nearly 14% of the total 
global freshwater aquaculture production in 2002 (3.3 million tons) and has increased 
annually up to 4.2 million tons in 2014. In 1998, a highly contagious and virulent herpesvirus 
designated as koi herpesvirus (KHV) or Cyprinid Herpesvirus 3 (CyHV-3) caused severe 
economic losses in koi and common carp industries in Israel, Germany and the USA. Because 
of international fish trade, the virus was rapidly spread worldwide by keeping latent infected 
carriers which caused KHV disease (KHVD) outbreaks in a wide range of countries, from 
Western Europe - Belgium, Denmark, England and Wales, France, Germany, Italy, 
Luxemburg, The Netherlands, Switzerland, Poland – through South Africa to Asia - 
Indonesia, Japan, Taiwan, Thailand, China. 

In the fish farms, when an outbreak occurs, farmers sanitized and disinfected the ponds by 
using detergents, chemical disinfectants and/or UV radiation in all possible combinations 
during all seasons. However, these methods need to remove all fish from the ponds and 
additionally those methods are not environmentally friendly. 

Methodology and Results: The activity from different commercially available enzymes and 
their cell toxicity were tested in different cell lines from koi and carp:  CCB, KF-1 and KOK 
cells as well as KF-1 and KOK cell lines. The latter two cells were too sensitive for the 
experiment with the enzymes. The effective concentration EC50enzyme1 was 0.07 mU/ml and 
the EC50enzyme 2 was 7.6 nU/ml. With these reference enzyme concentrations, KHV 
inactivation by the enzymes was tested in CCB cells; for disinfection (titre reduction by 5 
folds), concentration of enzyme 1 required more than 0.2 mU/ ml while the enzyme 2 didn’t 
reach the goal because of its high toxicity for cell cultures. Therefore, both enzyme 1 and 2 
needed to be inactivated before the cell cultures were treated. Therefore, an environmental 
friendly enzyme inhibition system was needed. Ovostatin and ovalbumin from egg white 
inactivated the enzyme 2 significantly.  The toxicity of egg white extracts was also tested 
onto CCB cells. No toxicity was detected at all. 

Conclusions: Enzymes obtained from bacteria were used to treat, destroy or inactivate KHV 
before the infection of carp. The enzymes can be applied into the pond and inactivated by egg 
white extracts which are not harmful to the fish. This technique can also be applied for 
different aquaculture system. Selected commercially available enzymes were successfully 
used as alternative to chemical treatments.  

Funding of presentation: 
*EAFP student award.  
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Introduction: Olive flounder (Paralichthys olivaceus) is a commercially important marine 
flatfish species of Korea. Streptococcosis has become a problematic pathogen in the olive 
flounder (P. olivaceus) aquaculture farms of South Korea during the last decade. This caused 
by Streptococcus sp. are gram-positive, nonmotile, catalase-negative, glucose-fermenting, 
and nonspore-forming bacteria. In this study, we was evaluated the efficacy and 
pharmacokinetics after a single intramuscular injection (i.m) of ceftiofur sodium (CEF) for 
controlling field and experimental S. parauberis infections in olive flounder (P. olivaceus)  

Methodology: The minimal inhibitory concentrations (MIC) against 48 S. parauberis strains 
were determined. Olive flounder were infected intraperitoneally (i.p.) with the following 
predetermined concentrations of S. parauberis. At 2 days post infection (dpi), fish were 
administered i.m CEF at 5, 10, 20, or 40 mg/kg b.w. fish. CEF was administered 
intramuscular injection at 10, 20, or 40 mg/ kg b.w. fish for pharmacokinetics and residue 
depletion studies in different breeding water temperature (23 °C or 13 °C). Blood and muscle 
samples were collected at 1, 3, 6, 12, 24, 36, 48, 72, 96, 168, 336 and 480 h after 
administration. 

Results and Conclusions: The MIC50 against 48 S. parauberis strains was 0.375µg/ ml of 
CEF. Single intramuscular doses of ceftiofur sodium at 5, 10, 20, and 40 mg/ kg b.w. fish 
significantly reduced cumulative mortality rates to 0–42.0% for S. parauberis, whereas the S. 
parauberis-infected positive control group showed cumulative mortality rates of 100%. In a 
S. parauberis outbreak, the optimum concentration of single intramuscular administration 
was 10 mg/ kg b.w. fish of ceftiofur sodium. The pharmacokinetics of ceftiofur sodium in 
olive flounder (Paralichthys olivaceus) was investigated by LC/MS/MS with its metabolite 
(desfuroylceftiofur) following single intramuscular administration in different condition (23 
℃ or 13 ℃) of breeding water temperature. Following residual and pharmacokinetics analysis 
with serum, maximum plasma concentration (Cmax), area under the curve (AUC), and Tmax 
values etc. were determined. These results demonstrated a single intramuscular 
administration of ceftiofur sodium to be effective against streptococcosis in olive flounder. 
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Infections caused by monogenean parasite results in significant losses due to morbidity and 
mortality. The conventional treatment, bath application of organophosphates, is not permitted 
in a growing number of countries due to the toxic effect for aquaculture workers. The need to 
seek for alternative, safe solutions for the treatment against monogenea, along with the 
growing trend to move towards natural, plant-based treatments, we investigated commercial 
products of STK Aquamor Ltd., characterized by being natural-based and eco-friendly.    

Gyrodactylus turnbulli infection in guppies (Poecilia reticulata) was selected as the model 
infection in this study. The parasite infects the skin and fins of fish, thus can be effectively 
analyzed on the guppy tail, being relatively small sized and transparent. Timor C, a plant 
extract-based product of Stockton Ltd., an insecticide for agricultural crops, shown to be 
effective against G. turnbulli in an initial preliminary screening of STK Aquamor Ltd. 
products.   

Guppies infected with G. turnbulli were obtained from a commercial aquaculture farm. For in 
vitro trials, highly infected guppies were anesthetized, the tail fin was cut off and pieces 
divided between wells of 24 well plate, with 3-10 parasites per well. Timor C was added at 
concentrations ranging between 0 (control) to 100 ppm; detachment and death was 
microscopically observed and recorded over time. Results revealed that Timor C was 
effective at 20 ppm, inducing 100% detachment and about 70% mortality of the parasite 
within 4 h. Application of 50 ppm lead to 100% detachment and mortality within this time 
period. 

In vivo trials were carried out with low to moderately infected fish. Timor C was applied at 
concentrations of 10 and 20 ppm for 24 h, and G. turnbulli was enumerated on the tail fin at 
time 0 and after treatment.  

There was no evident toxicity to fish. Results revealed a significant reduction in parasite load 
in treatment groups, from an average of 3.4 parasites at time 0, to 1.3 and 0.7 parasites after 
treatment with 10 and 20 ppm, respectively. Infection prevalence, which was 100% at time 0 
dropped to 22% in both treatment groups, compared to 90% in control. 
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Flavobacterium psychrophilum is the causative agent of a systemic infection associated with 
low water temperatures in salmonids. The first incidence of a disease associated with this 
bacterium was reported by Davis in rainbow trout (Oncorhynchus mykiss) in the US in 1947, 
followed by Borg (1960) in Coho salmon (Oncorhynchus kisutch). In European eels 
(Anguilla anguilla), the existence of F. psychrophilum infection was first reported from 
Germany under the name Cytophaga psychrophila-like infection in wild diseasedanimals. 

In Scotland there were no known cases of moribund eels associated with the isolation of F. 
psychrophilum until 2015.  

In late April 2015 the River Dee Trust contacted Marine Scotland Science, Fish Health 
Inspectorate (FHI) to inform that there had been observations of dead and moribund 
European eels on the River Dee from the Dinnet to the Crathes beats. Later in May, the Spey 
Fishery Board also reported a number of moribund European eels in a rotary screw smolt trap 
on the Ballindalloch beat. In total, 10 cases from moribund eels were investigated in 2015. 
Six of these were from the River Dee and four from a tributary of the River Spey. In addition 
one case was conducted to screen for Flavobacterium psychrophilum from skin, kidney and 
spleen in healthy eels from the River Dee in 2015. In 2016 there was only one case from the 
River Dee that showed identical clinical observations to the previous year.  

The diseased eels showed external white patches in different locations of the body and two 
eels showed lesions with associated haemorrhaging at the ventral surface (head and anal fin). 
In all cases, F. psychrophilum was isolated from the lesion and/or kidney and/or spleen and 
confirmed by DNA sequencing. Histological examination of several diseased eels revealed 
erosion of the epidermal layer, moderate haemorrhage of dermis and hypodermis, scattered 
eosinophilic round skeletal fibres, and two eels showed evidence of mixed filamentous 
bacteria. The screen of F. psychrophilum on wild healthy eels tested negative by PCR. 

Further investigation is required to understand the role of this bacterium on the health of 
European eels. 

Funding of presentation: 
Scottish Government.   
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Introduction: After two consecutive years of massive disease and mortality in returning 
salmonids in the river Mörrumsån (southern Sweden) and in the river Tornionjoki, forming 
the border between Sweden and Finland, the Swedish National veterinary institute (SVA) and 
the Finnish Food Safety Authority (Evira) conducted investigations to find the problem 
source(s). One step was to create a possibility for people to report observations on sick and 
diseased salmonids. 

Methodology: A web based platform was created to enable easy reporting of observations. 
The platform is currently present in Swedish and Finnish. Coordinates are automatically 
registered or registered by SVA based on entered information about geographical location. 
Species, sex, if the fish was observed sick/dead or at catch, type of injury and localization of 
injury could be registered using pre-selection choices. Estimated length/weight and 
comments were included as free text fields. The observer also has the possibility to upload a 
picture. A map function is included for people to see where reports have been made. Entries 
were checked every day during high season, and every second day - once a week as the 
fishing season progressed to its end and during spawning time. The platform is present at 
http://rapporterafisk.sva.se.   

Results: During 15 May – 15 November, a total of 329 reports were recorded. Most reports 
were entered during early summer and late autumn. After removal of non-salmonid reports, 
double reports and observations outside the range, 312 reports remained. Some reports 
included more than one fish, in a few cases 50-100 fish. Most reports concerned salmon 
(n=240), and most fish had been observed dead or diseased (n=226). The most common 
observed injury was fungus (n=157), but skin hemorrhage, wounds and damaged fins were 
also common.  

The website has frequently been used and the reported symptoms correlate with our findings 
in the river systems.  

Conclusions: Reports were similar to external observations made during project necropsies.  

Although some reporting bias must be taken into calculation, the web site can be one 
important piece in monitoring of wild fish health. The platform is expanded to enable easy 
reporting of other species from the 2017 season and forward.  
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The humphead wrasse, Cheilinus undulatus, also known as Napoleon wrasse or Maori, is one 
of the giant coral reef fish of the Indo-Pacific Area. In public aquaria C. undulatus is 
frequently exhibited for its huge body size, longevity and as a conservation ambassador of 
reef ecosystems. The knowledge about diseases of this precious and rare fish species is very 
limited and only a few disorders have been reported in literature. 

In May 2008 one humphead wrasse was introduced to the Cattolica Aquarium, Italy and 
exhibited in a 56,000 l tank together with a mixed population of teleosts, sharks and rays. In 
February 2017 the fish, weighing 15 kg, died and no clinical signs were observed in the days 
before its death. The fish was immediately necropsied and standard parasitological, 
bacteriological and histological exams were carried out in order to investigate causes of 
death.  

At necropsy, fish showed slightly pale gill and the presence of a severe fibrinous peritonitis. 
In the posterior part of the kidney, a diffuse area of necrosis with suppurative-like aspect was 
also observed. No gross lesions were noticed in other organs and no parasites have been 
found both macro and microscopically. After 24 h of incubation at 25±1°C, from all the 
inoculated organs (kidney, spleen, liver and brain) a number of morphologically similar 
colonies grew on TSA+1.5% NaCl and TCBS plates respectively. The isolates were 
identified as Vibrio harveyi and antibiotic sensitivity test was performed by Kirby-Bauer disk 
diffusion method. Histological exams showed the presence of bacterial aggregatesassociated 
to necrosis in most of the internal organs, especially in the kidney. Macrovacuolar liver 
steatosis was also observed. Furthermore several elongated fungal hyphae were found only in 
liver blood vessels. 

This case is to our knowledge the first report of systemic infection by Vibrio harveyi in a 
humphead wrasse and highlights the potential pathogenic role of these microorganisms in fish 
kept under confined condition. 
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In the aquatic environment where the aquaculture activity takes place, there is a diverse 
wildlife, composed of native fish and introduced feral species, which can interact with farmed 
salmons, being the associated risk in disease transmission and pathogens dissemination 
among the different fish populations unknown.  

The aim of this study was to monitor the presence of salmonid pathogens in wild and feral 
fish populations captured from freshwater and seawater in five regions (administrative 
districts) along the southern Chile. The study was performed between 2010 and 2016, where 
a total of 29 sites distributed from the Araucanía Region (38°54′00''S) to Magallanes Region 
(53°09′45''S) were sampled. The fishes were collected using gillnets of 100 meters length and 
15 meters height. Then, were transferred to the laboratory for necropsy and organ sample 
collection (kidney, heart, spleen and gill), which were analyzed by RT-PCR to detect the 
presence of salmonid pathogens (virus and bacteria) causing high-risk diseases.  

A total of 22671 fishes were analyzed, 6.92% (1568) of them showed positive results, where 
77.8% (1220) were positive to Piscirickettsia salmonis, 10.8% (168) to Infectious Pancreatic 
Necrosis virus (IPNv), 8.5% (134) to Flavobacterium psychrophilum, and 2.9% (46) to 
Piscine reovirus. The species with the highest occurrence of P. salmonis were Eleginops 
maclovinus and Odontesthes regia, with 60.8% (742) and 32.1% (391), respectively. In the 
case of F. psychrophilum, the highest occurrence was Oncorhynchus mykiss with 50% (67), 
for Piscine reovirus was Salmo salar with 43.4% (20), and finally for IPNv were O. mykiss 
and the wild species Basilichthys australis with 24.4% (41) and 19% (32), respectively.  

This results suggest the need to understand the epidemiological role of wild and feral species 
in the transmission and dissemination of salmonid pathogens that cause high-risk diseases 
that could affecting different fish populations in Chile. 

Funding of presentation: 
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Introduction: Melano-macrophage centres (MMC) have been proposed as potential indicators 
of stressful conditions in aquatic environments, specifically as potential monitors of fish 
health. The increased incidence of these centres has been related not only to anthropogenic 
impacts, but also to other natural processes or stressors such as ageing, food scarcity or 
temperature-related stress. Before these parameters are used as bioindicators, it is necessary 
to evaluate the effect of environmental changes and the role of the ecology of the different 
fish species on MMCs.  

Methodology: A total of 1609 specimens of 22 fish species, including six shelf species and 16 
slope species were captured during 2007 and 2011 off Barcelona and the Balearic Islands 
(NW Mediterranean) at depths ranging from 50 to 2200 m. Spleen histology in these 
specimens was evaluated by light microscopy using traditional staining methods and 
selecting three randomly fields of view per individual section. Densities of MMC (as number 
and area per square millimetre) were measured using an image processing programme and 
the average value was used for subsequent statistical analyses.  

Results and Conclusions: Melano-macrophage centres showed high variability among 
species, seasons and depths. Common trends observed in various species included a positive 
relationship between MMC density and fish length (in 50% of shelf species and 43.8% of 
slope species), a significant effect of the season, with larger values in autumn (in 50% of 
shelf species and two slope species) and a significant increase with depth in at least two slope 
species. Present results suggest that the response of MMCs is highly influenced by 
environmental conditions, especially for slope species that are more exposed to changes. 
Differences between localities were only found for C. guentheri, with lower values at Ibiza 
coastal area. Above all, consistent differences observed among species point out the 
importance of the species-specific basis of MMC parameters. 
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Introduction: Vibriosis is a fish disease that causes important economic losses in marine 
culture worldwide. One of the etiologic agents of vibriosis is Vibrio harveyi (Vh), species that 
has been classically recognized as a secondary pathogen of multiple marine animals but 
whose epidemiology is unknown. In the last two years, Vh strains have produced septicaemic 
outbreaks in European seabass (Dicentrarchus labrax) farms located along the Iberian 
Peninsula coast. Given that fish had been vaccinated against V. anguillarum, the emergence 
of another pathogenic vibriois occurring. The aim of the present work was to characterize the 
genetic and serological variability of the Vh isolates as well as to study their host range.   

Methodology: We have characterized the Vh pathogenic isolates by using serologic (slide 
agglutination and ELISA protocols) and genotypic (specific PCR protocols) tests. Moreover, 
we have assessed their ability to survive in plasma from different cultured fish species and 
their virulent potential for them by conducting a series of challenges.  

Results: All strains virulent for seabass gave positive results for two fish virulence plasmid 
markers (vep20 and vep07 genes) well characterized in the close fish pathogen V. vulnificus. 
They successfully multiplied in plasma of seabass, rainbow trout (Oncorhynchus mykiss) and 
European eel (Anguilla anguilla) and were virulent for these three species. However, they 
were unable to survive in plasma from seabream (Sparus aurata) and none was virulent for 
this fish species. The virulent isolates were serologically heterogeneous but a serovar was 
found to be dominant (Serovar A). This serologic group included the most virulent strains. 

Conclusions: The emergent pathogen V. harveyi serovar A represents a risk of epizootics for 
fish marine farms and even for fresh/brackish water cultured species. Specific vaccination of 
the stocks would be the best option to avoid this vibriosis and to minimize economic losses in 
Aquaculture industry.  

Funding of presentation: 
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In this study, we report the first isolation, identification and characterization of a group of 
Chilean isolates of Tenacibaculum dicentrarchi recovered from a red conger eel (Genypterus 
chilensis) brood stock.  

Affected fish showed superficial lesions on the body surface, frayed fins and tail rot, 
haemorrhagic operculum and mouthand pale liver with petechial haemorrhages associated 
with the presence of large number of filamentous bacteria. The microbiological analysis of 
the diseased fish resulted in the isolation of four dominant and representative isolates from 
operculum, mouth, external lesions on the abdomen and liver, which were identified as T. 
dicentrarchi by phenotypic characterization and sequencing of 16S rRNA. Results obtained 
indicate that the geographical and host distribution of T. dicentrarchi is wider than expected, 
and that this species may have negative incidence in the culture of marine organisms.  

However, further studies on the pathogenic capacity are necessary to clarify whether this 
bacterium is a risk for the development and diversification in aquaculture. 
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Weissella ceti is a Gram-positive hetero fermentative bacterium, which belongs to the group 
of so-called lactic acid bacteria (LAB), recently identified as an emerging pathogen for 
rainbow trout (Oncorhynchus mykiss). Weisellosis, a septicemia disease has been observed in 
fish from China, Brazil and USA, where the common factor is temperature of around 18 °C.  

In this study, we present evidence confirming the presence of Weissella ceti as the cause of 
Weisellosis in Mexican trout; Gram-positive coccobacillary bacteria were isolated from fish 
with systemic disease signs that included: externally obscuration and poor body condition, 
exophthalmos and corneal opacity unilateral or bilateral, bleeding in eyes, mouth, pectoral 
fins. Internally multifocal haemorrhages in liver, kidney, swimming bladder and brain were 
observed. The isolates were characterized as Gram-positive bacteria, oxidase and catalase 
negative, haemolytic, non-mobile, with fermenting activity from carbohydrates dextrose, 
glucose, maltose and trehalose. The bacteria isolated from the affected fish were genetically 
confirmed and characterized based on comparative studies with genetic sequences reported in 
databases, confirming their genetic relationship with the sequences of W. ceti from which 
Weisellosis has previously been reported. Also, the disease was reproduced in fish inoculated 
with the bacteria obtained from the outbreak; to date the disease has been presented naturally 
in two totally independent sub-basins in fish of between 30 and 500 g.  

This is the first report of systemic disease in trout in Mexico, associated with Gram-positive 
bacteria. 
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Introduction: Proliferative kidney disease (PKD) is a widespread temperature dependent 
disease in salmonids caused by a myxozoan parasite, Tetracapsuloides bryosalmonae (T.b.), 
which has had great negative impact on both farmed and wild fish in Europe and North-
America. Recent reports, e.g. from Iceland, Norway, Switzerland and USA, suggest that it is 
an emerging pathogen of wild salmonid populations, most likely as a cause of global 
warming. PKD was first reported in Iceland in 2008 and subsequently extensive research 
have been ongoing.  

Material and methods: Since 2008, Arctic charr and brown trout from Lake Elliðavatn were 
annually sampled. Salmonids from numerous other lakes and rivers in Iceland were sampled 
over the same period. Furthermore, frozen salmonid kidneys from many lakes sampled in the 
1990s were available and usable for examination for T.b. Methods applied in this study 
consisted of macroscopic examination, general histology (H&E), immunohistochemistry, in 
situ hybridization and PCR.  

Result: The prevalence of T.b. was high in both Arctic charr and brown trout from Lake 
Elliðavatn during the years 2008-2016. Proportion of fish showing macroscopic signs of PKD 
varied between years depending on water temperature, being up to 76% in warmest summers. 
The pathogen was furthermore identified in salmonids from all other lakes and rivers 
examined over the same period, except for one cold lake, located at the basin of a glacier. 
Although many samples from numerous lakes from the 1990s tested positive for T.b., the 
prevalence and proportion of lakes infected was generally lower than observed the last nine 
years.  

Conclusions: T. bryosalmonae is common and widely spread in the Icelandic freshwater 
ecosystem. Furthermore, the results strongly suggest that PKD is a major factor of influence 
in the severe decline of Arctic charr population observed in shallow lowland lakes in Iceland. 
Results from fish sampled in the 1990s indicate that the causative agent of PKD has existed 
in the Icelandic ecosystem for a long time. However, it seems that its prevalence and 
distribution has increased over the last two decades.  
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Introduction: Cardiomyopathy syndrome (CMS) is a serious viral disease affecting farmed 
Atlantic salmon. The disease was first described in Norway in the 1980’s and has since been 
reported in Scotland, Faroe Islands and occurred in Ireland for the first time in 2012. The 
disease is caused by the piscine myocarditis virus (PMCV), a member of the family 
Totiviridae. Historically the disease has affected larger, pre-harvest fish and thus has a 
significant economic impact on the industry. The number of clinical cases of CMS has 
increased in Ireland in recent years and the virus has recently been detected in salmon shortly 
after their transfer to sea. As very little information is available on the prevalence of PMCV 
in Ireland, this preliminary study was performed to determine whether the virus was present 
in broodstock Atlantic salmon prior to first reported case in 2012 and also to determine the 
prevalence of the virus in current stocks.  

Methodology: Archived samples of broodstock Atlantic salmon, sampled from 2008 - 2016 
were screened for PMCV by real-time RT-PCR. Broodstock have been sampled on an annual 
basis as part of the national disease surveillance programme and archived samples consisted 
of pooled (5 fish) organ homogenate supernatants stored at -80oC. From 2016, heart samples 
were routinely sampled from individual fish and stored in RNAlater (Ambion) at 4 °C for 24 
h before freezing.   

Results and Conclusions: Results showed that PMCV RNA was detected in all archived 
samples from farmed Atlantic salmon broodstock from 2009 – 2014, with no positive 
samples detected in 2008 and 2015. Heart samples screened for PMCV from the 2016 
broodstock indicated that over 90% of the fish were positive, although clinical signs of CMS 
were not observed. The progeny of these fish will be screened for PMCV and results 
discussed in light of the increase in CMS cases in recent years.  
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In spring 2008, infectious hematopoietic necrosis virus (IHNV) was detected for the first time 
in the Netherlands. The virus was isolated from rainbow trout, Oncorhynchus mykiss 
(Walbaum), from a put-and-take fishery with angling ponds. From 2008-2011, we diagnosed 
a total of five IHNV infections in rainbow trout originating from five put-and-take fisheries 
(symptomatic and asymptomatic fish), and seven IHNV infections from three rainbow trout 
farms, of which one also contained a put-and-take fisheries, twice IHNV positive, at water 
temperatures between 5 and 15 °C. In 2011, two of the IHNV positive trout farms were also 
tested positive for Infectious Pancreatic Necrosis Virus, IPNV. At least one Dutch farm (with 
both put-and-take fisheries and rainbow trout culture) delivered trout to four other IHNV 
positive farms.  

Mortalities related to IHNV were mostly <40%, but at one farm increased to nearly 100% in 
case of IHNV and IPNV co-infection. Subsequent phylogenetic analysis revealed that these 
12 isolates clustered into two different monophyletic groups within the European IHNV-
genogroup E.  

One of these two groups indicates a virus-introduction event from Germany, whereas the 
second group indicates that IHNV was already (several years) in the Netherlands before its 
discovery in 2008. In August 2016 a single new outbreak was diagnosed in the Netherlands. 
In this poster, details are presented on the characteristics and epidemiology of the first IHNV 
detections in the Netherlands in 2008-2011, and on the 2016 detection. 
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Oncorhynchus 1 novirhabdovirus is among the most important pathogen impacting salmonid 
industry.  

This work aimed to investigate the molecular evolution and circulation of this rhabdovirus 
worldwide, with a special focus on the epidemiological situation in France. Phylogeography, 
the time of the most recent common ancestor (TMRCA) and nucleotide substitution rate were 
performed with 118 full length glycoprotein gene sequences isolated from 9 countries (5 
genogroups) over a period of 47 years. The TMRCA result is 1943 with the L genogroup 
identified as the probable root (67%) consistent with the first report of this pathogen in USA. 
A Bayesian inference approach was applied to partial glycoprotein gene sequences of 88 
representative strains isolated in France over the period 1987-2015.  

The genetic diversity of theses 88 sequences shows mean nucleotide and amino-acid 
identities of 97.1 and 97.8% respectively and a dN/dS ratio (non-synonymous to synonymous 
mutations) of 0.25 indicating a purifying selection. French viral populations clustered in 3 
groups with a clear spatial repartition suggesting the predominant role of local reservoirs in 
contaminations. Atypical "signature" of some isolates underlined the interest of molecular 
phylogeny for epidemiological investigations on the tracking of the Oncorhynchus 1 
novirhabdovirus spread. 
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Viral haemorrhagic septicaemia virus (VHSV) is the most important viral pathogen of farmed 
salmonids in the Czech Republic. Outbreaks of the disease have significant economical 
impact on local production of the rainbow trout (Oncorhynchus mykiss) due to their high 
mortality rates and costly outbreak control measures. Molecular epidemiology offers better 
understanding of the transmission pathways of the pathogen between individual fish farms, or 
even on international level. 

In our study we analyze 25 VHSV isolates from the Czech Republic. These samples represent 
all recorded viral haemorrhagic septicaemia outbreaks in the country from the period between 
1998 and 2016. We sequence the full-length glycoprotein gene ORF of these isolates; 
classifying them into VHSV genotype I class Ia. 

Acquired unique sequences are compared with each other, with regards to the area and year 
of origin of the virus isolate. Another comparison is drawn between Czech sequences and a 
panel of publicly available VHSV sequences from the GenBank database and the Fish 
Pathogens Database, with emphasis on countries with high fish-trade rates with the Czech 
Republic.  
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Infectious salmon anaemia (ISA), caused by an orthomyxovirus, is an important disease of 
farmed Atlantic salmon, Salmo salar L. ISA is characterized by severe anaemia and variable 
cumulative mortalities. The disease is listed as notifiable both nationally (list 2) and 
internationally (OIE) and is subject to strict regulations. In short, an area that includes a 
control zone and an observation zone is stablished after an outbreak. The Norwegian Food 
Safety Authority (NFSA) revokes the zone after two years without detecting ISA.  

Natural outbreaks of ISA have been observed only in Atlantic salmon and Coho salmon, 
Oncorhynchus kisutch (Walbaum), but ISA-virus has also been detected from apparently 
healthy individuals in other fish species, including rainbow trout, Oncorhynchus mykiss 
(Walbaum). According to the Directory of Fisheries the production of rainbow trout in 2015 
was 72 921 tons, a limited number compared to the more than 1.3 million tons of Atlantic 
salmon production.  

In February 2015, ISA was diagnosed in farmed Atlantic salmon in an endemic area where 
several ISA-outbreaks occurred during the previous two years. ISA-virus was also detected in 
apparently healthy rainbow trout at the same location and in an adjacent location where there 
was no Atlantic salmon at present. Atlantic salmon from this second farm was slaughtered 
before October 2014. Although samples were not available to be able to confirm the disease, 
virulent ISA-virus was detected in frozen salmon filets retrospectively. 

Sequential sampling of various organs from rainbow trout at both farms revealed ISA-virus 
determined by real-time RT-PCR with the matrix gene (segment 8) as target with a higher 
prevalence in skin swabs than gills, heart and kidney. Sequencing of the hemagglutinin gene 
(segment 6) in some samples revealed deletion in the hyper polymorphic region consistent 
with virulence. Characteristic lesions for ISA were not found, and ISA-virus was not detected 
by immunohistochemical investigation.  

These findings highlights that rainbow trout is susceptible for ISA-virus and that the infection 
may persist in the population without development of clinical disease. Furthermore, 
examination of skin swabs rather that gills and internal organs is considered as more 
appropriate for detection of ISA-virus in rainbow trout and is implemented by NFSA in the 
surveillance program for ISA-virus in observation zones. 
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Introduction: Viral co-infections occur frequently in nature and several viral co-infections 
have been described in salmonids so far. The aim of this study was to evaluate possible co-
infections in fresh water Atlantic salmon with three viral entities: the recently found in Chile 
Piscine Orthoreovirus (PRV), Atlantic Salmon Calicivirus (ASCV) and Infectious Pancreatic 
Necrosis Virus (IPNV). 

Methodology: Atlantic salmon samples were collected from 24 different hatcheries in 
Metropolitana, Maule, La Araucanía, Los Ríos, Los Lagos and Aysen Regions in Chile. From 
each hatchery, fourteen fishes over 50 g of live weight and showing no clinical signs of 
disease were sampled. The animals were euthanized using an overdose of anesthesia and 
organs (heart, middle kidney, pyloric caeca and skeletal muscle) were collected avoiding 
contamination among different individuals and storing the samples in RNALater® until 
analysis. For molecular diagnosis quantitative transcriptase PCR (RT-qPCR) was performed 
using specific primers: VP2 forward (5’-CCG CAA CTT ACT TGA GAT CCA TTA TGC-
3’), VP2 reverse (5’-CGT CTG GTT CAG ATT CCA CCT GTA GTG-3’) and forward (5’-
GGT TGC CTA CTT TCC ACC AA-3’), Reverse (5’-CGT TAG TTG GAT GCC ACA AG-
3’) for IPN and ASCV, respectively; and using SYBR Green as dye. Also, RT-qPCR was 
performed for PRV using the primers L1 Reverse (5’-TGC TAA CAC TCC AGG AGT CAT 
TG-3’), L1 Forward (5’-TGA ATC CGC TGC AGA TGA GAT-3’) and the probe L1 (5’-
FAM CGC CGG TAG CTC T-MGBNFQ-3’).  

Results and Conclusions: In healthy Atlantic salmon from Chilean hatcheries, IPNV, ASCV 
and PRV were detected by RT-qPCR. Percentages obtained were 35% for IPNV, 21% for 
ASCV and 40% for PRV. Co-infection with PRV and ASCV occurred in 17% of cases. And 
Co-infection with IPNV, ASCV and PRV occurred in 2.4% of cases. No co-infection with 
ASCV and IPNV was observed. 

In conclusion, we could find double (ASCV and PRV) and triple co-infections with PRV, 
ASCV and IPNV in fresh water healthy Atlantic salmon. The pathologic consequences of 
these findings need to be further evaluated. 
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Introduction: Production of sterile salmon is one of several possible measures to reduce the 
genetic interactions between wild and cultured salmon. At present, large-scale testing of 
triploid salmon on sites assigned with so-called «green» aquaculture licenses is on-going in 
Norway, primarily in the Northern regions. However, only a few studies have been published 
comparing the susceptibility to infectious diseases between triploid and diploid fish, and the 
results of these studies are inconclusive. Triploid salmon have 3 copies of each chromosome, 
1 from the father and 2 from the mother. The mechanisms for regulation of gene expression 
in triploid salmon are not fully understood, and may influence negatively on the resistance to 
disease.  

Methodology and Results: To increase the knowledge, a research project was launched, 
where the susceptibility to both Pancreas Disease (PD) and Infectious pancreatic necrosis 
(IPN) was investigated. For both IPN and PD, genetic markers (QTL’s) linked to disease 
resistance genes have been identified and QTL-eggs are commercially available. Triploid and 
diploid salmon from the same QTL broodstock were challenged with salmonid alphavirus 
(SAV, “PD-virus”) and IPNV in experimental trials. Mortality, clinical signs, pathology, viral 
load and antibody production was monitored and compared for the different groups, and the 
results will be presented at the conference.  

Funding of presentation: 
The Norwegian Seafood Research Fund - FHF.  
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Piscine myocarditis virus (PCMV) is a double-stranded RNA virus structurally similar to the 
Totiviridae family. PCMV is the causative agent of cardiomyopathy syndrome (CMS), a 
severe cardiac disease that affects farmed Atlantic salmon (Salmo salar). A recent study 
characterized the host immune response in infected salmon through a transcriptome immune 
profiling, which confirmed a high regulation of immune and anti-viral genes throughout 
infection with PCMV.  

We developed a novel model based on repeated non-lethal blood sampling, enabling the 
individual monitoring of salmonids during an infection. In the present work, we used this 
model to describe the host immune response in Atlantic salmon after intramuscular infection 
with PCMV-containing homogenate during a 77-day period. A range of key immune genes 
was monitored during infection by real-time PCR.  

Results indicated that both genes encoding type I and type II interferons (IFN), (IFN-Ia and 
IFN-γ, respectively) are up-regulated in blood cells from infected animals at different time 
points. At the terminal time point, mx, CD8a and γIP genes were found up-regulated in the 
heart tissue, the viral load increased and CMS pathology verified.  

This study confirms the importance of using a non-lethal sampling method in order to 
individually monitor host response throughout infection with a chronic disease such as CMS. 

Funding of presentation: 
Marie-Curie COFUND research funding. 
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Safeguarding Atlantic salmon: A non-invasive approach to assess viral disease 
dynamics, surveillance methods and effect of control measures 

Kjellin M1, Weli S1 
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We wish to safeguard Atlantic salmon farms by developing a new approach for detecting 
viral diseases in farmed Atlantic salmon (Salmon salar). The project aims at developing a 
reliable, understandable, non-invasive approach to assess the impact of viral disease 
dynamics, transmission and spread in farms. The current methods used for surveillance and 
detection of viruses are limited to in vivo sampling of live fish for identification of viruses. 
This is both resource-demanding and problematic in relation to animal welfare.  

The methods involve sampling water environment at various sites, concentrating viruses 
through filtration, eluting the viruses from the membrane and detection and quantification of 
viruses with reverse transcriptase droplet digital (dd-PCR) and quantitative (qPCR). 

The project will focus on two important fish viruses, Infectious salmon anaemia virus (ISAV) 
and Salmonid alphavirus (SAV), which are both notifiable pathogens. Recurrent disease 
outbreaks and increased rapid incidence of these pathogens are threats to fish-farming. New 
approaches to improve control and understanding of dynamics and spread will thus be 
particularly welcome. We will also, through studies involving infected salmon, provide virus-
specific information on shedding rates and virus stability in seawater that will be useful in 
understanding the epidemiology of ISAV and SAV. 

The methodology will be applied to develop more sensitive and effective disease surveillance 
systems; refine methods for viral transmission models used in disease control plans, and to 
evaluate the effects of infection control measures used in aquaculture. 

Funding of presentation: 
The Research Council of Norway. 
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Introduction: Biosecurity measures have been developed and implemented to reduce the risk 
of introduction and spread of parasites and pathogens. However, empirical evidence of the 
efficacy of biosecurity measures in situ is lacking, thereby preventing accurate estimation of 
the risk reduction resulting from their implementation.  

Methodology: We examined the efficacy of fishery disinfectant net dips. Specifically, we 
collected samples from disinfectant net dips on 25 fisheries in South West England and 
assessed i) the level of bacterial contamination within each sample and ii) the reduction in 
titre in target virus (Infectious pancreatic necrosis virus, IPNV) following a contact time with 
sample of two and five minutes.  

Results and Conclusions: 64% of samples had a high level of bacterial contamination and 
76% of samples were not effective against the target virus after 2 or 5 min. These results 
suggest that disinfectant net dips may not be working efficiently on up to 76% of fishery 
sites. This research raises concern over the potential for biosecurity measures to increase the 
risk of pathogen and parasite transfer, if they are ineffective, rather than mitigate risks as 
intended. In light of these results, advice for improving fishery biosecurity is discussed.  

Funding of presentation: 
Defra. 
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In Switzerland, Infectious Pancreatic Necrosis (IPN) is a notifiable viral fish disease and is 
regularly diagnosed. The disease can cause major losses in salmonid cultures, particularly in 
rainbow trout (Oncorhynchus mykiss) and char (Salvelinus sp.) fingerling. However, in older 
fish, sometimes even in young fish, IPNV regularly causes covert infections without any 
disease signs or losses. Phylogenetic analyses are quite regularly used to investigate 
transmission routes of Viral Haemorrhagic Septicaemia (VHS) and Infectious 
Haematopoietic Necrosis (IHN). But for IPN this method is rarely employed, as the disease is 
not notifiable anymore in the European Union. With the present project we aimed at 
determining the phylogenetic relationship of Swiss isolates retrieved since 2004. 

In the last 13 years the reference laboratory for fish diseases in Switzerland (NAFUS) 
diagnosed 35 IPN cases by cell culture isolation and indirect fluorescent antibody test 
(IFAT). For the phylogenetic analyses a region of 1180 bp of the VP2 region of segment A of 
these viruses was amplified by RT-PCR, sequenced and multiple sequence alignment was 
performed. To calculate the genetic distances, a phylogenetic tree was subsequently drawn 
using the neighbor-joining method. 

The results of this study suggest that fish movements represent the main way of spread and 
that natural water bodies and feral fish play a clearly minor role in the spread of IPN in 
Switzerland. As almost no data are available on the genetic diversity of IPNV from countries 
exporting fish to Switzerland, in most of the cases the effective origin of the virus could not 
be clearly determined. It seems probable that some viruses were exchanged between 
aquaculture facilities due to fish movements within Switzerland, while other isolates clearly 
ensued from import of fish from abroad. 

Phylogenetic analyses of IPNV isolates provide the Swiss authorities with important 
information for the implementation of a targeted control and risk based surveillance of IPN. 

Funding of presentation: 
Federal Food Safety and Veterinary Office (FSVO). 
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Antimicrobial resistance (AR) is acknowledged by health organizations as one of the major 
health challenges of the XXI century. In France, the “Ecoantibio” program has been designed 
to reduce the use of veterinary drugs by 25% in 5 years. Fish farming (FF) is considered as a 
minor production in France, the therapeutic arsenal available is limited.  

FF is not included in European plan of surveillance of AR. In France, the few data on AR in 
FF are provided by the national network Resapath which collects annually antibiograms from 
a network of veterinary diagnostic laboratories. In 2015, FF represented 0.4% of the 41 298 
antibiograms collected. 

In 2016, an epidemiological survey was conducted to assess the antibiogram practices in FF. 
An exhaustive panel of French veterinarians and veterinary laboratories involved in FF were 
interviewed in face to face. Three forms adapted for veterinarians, veterinarians with 
analytical activities or laboratories were used. Interviews, retranscription and data analysis 
were done by a unique investigator (PhD vet student). 

Out of the 800 antibiograms done annually in FF, only ¼ was collected by Resapath. Main 
difficulties were the diversity of species of bacteria, and the absence of harmonized methods 
for FF bacteria. In 2017, a bacteriological study was launched in collaboration with French 
veterinarians and laboratories. Its aim is to go towards a standardization of antibiogram 
methods for fish bacteria. Due to their importance in freshwater FF, Aeromonas salmonicida 
and Yersinia ruckeri were prioritized. The antimicrobial susceptibility of isolates of A. 
salmonicida and Y. ruckeri, provided by French veterinarians and laboratories, will be 
assessed using broth dilution and agar diffusion methods following CLSI guidelines, by one 
lab (Anses, Mycoplasmology-Bacteriology unit). Correlation between minimal inhibitory 
concentrations value and inhibition zone diameters will be analyzed. 

These results should be completed by large number of isolates coming from different 
geographic areas and should be extended to other bacterial species of veterinary interest. 
Such data could be useful to committees like Vetcast or CLSI which deal with the elaboration 
of epidemiological Cut Off values and clinical breakpoints for bacterial pathogens of animal 
origin and bacteria with zoonotic potential. 

Funding of presentation: 
EcoAntibio 2017.  
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Diseases of farmed eel diagnosed in Poland 
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Introduction: European eel, Anguilla anguilla L. belongs to a valuable fish species reared in 
controlled conditions (Aquatic Recirculation System – RAS) in Poland and other European 
fisheries. In order to protect the health of fish regular checks are carried out in specialized 
veterinary laboratories. Recognition of health hazards is conducted on the basis of clinical, 
pathological, microbiological, and parasitological survey. The aim of the study was to 
analyze the results of monitoring in between 2010 to 2014. 

Methodology: Samples of eel came from two aquaculture farms, and were directed to assess 
health status in the context of preventive periodic testing, in accordance with routine 
diagnostic procedures ichtiopathological. 

Results: In this period 73 samples (100%), including 5 (6.85%) of glass eels and 68 (93.15%) 
elvers were examined. The results are divided into bacterial and parasitic diseases. 
Conditionally-pathogenic microoraganisms, such as Pseudomonasfluorescens, Aeromonas 
hydrophila, Shewanella putrefaciens, A. sobria, Flavobacterium spp., Chryseobacterium 
indologenes were mostly isolated from the collected material. In case of fish infected with 
Flavobacterium spp. pathological lesions located at the base of pectoral fin and lateral body 
site as well as gill necrosis were present. The parasitological study revealed infection of 
Trichodina spp., Ichthyophtirius multiphilliis or Pseudodactylogyrus spp. Gill monogeneans 
were the most common diagnosis, 34 cases (75.55% of all positive parasitological test 
results). In 21 cases (61.8%) it proceeded as a disease. Carriers (13 cases, 38.2%) were 
asymptomatic. In case of disease gills were pale and oedematous. Hypertrophy of gill cells 
resulted in adhesion of lamellae and necrosis of tissues.  

Conclusions: The analysis shows that in controlled rearing of eel the main problem are the 
parasitic infestations. They may be endemic and thus constantly farm threatening. 
Maintaining a good health of fish stock requires systematic monitoring and prevention 
program throughout rearing process. 
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Introduction: The Fraser River is a major producer of Sockeye in British Columbia with 24 
distinct stocks that enter the Strait of Georgia (SOG).  Infectious hematopoietic necrosis virus 
(IHNV, genus Novirhabdovirus, family Rhabdoviridae) is endemic throughout the Fraser 
River watershed.  It has been postulated that IHNV is maintained in Sockeye populations by 
persisting over the life of its host and/or by residing in natural reservoirs within freshwater.  
Recently, IHNV was reported in the brains of Sockeye that survived laboratory challenge. 
However, whether persistent infections naturally occur and the ecological consequences of 
such infections are not known.  We are interested in the health and ecology of juvenile 
Sockeye during the 7 to 8 week period of early seawater residency in the SOG.  We have 
examined juveniles caught in the lower river and the SOG for a variety of infectious agents, 
including IHNV over a 6 year period (2010 – 2016).    

Methods: Juvenile Sockeye were sampled approximately 80 km from the Fraser River mouth 
and throughout the SOG. DNA analysis was used to assign Sockeye to stock of origin. 
Otolith microstructure was used to estimate marine growth rates as the increments are formed 
daily, and a visible marine entry check is formed after smolting. A validated IHNV RT-rPCR 
with specific primers to the virus nucleocapsid gene was used to evaluate IHNV presence in 
brain and head kidney. 

Results and Conclusions: Juvenile Sockeye caught in the lower river and SOG carried IHNV 
in brain and head kidney, viral loads were typically higher in the brain. IHNV prevalence 
ranged from 0 to 10.4% across all stocks, with some stocks, such as Chilko, contributing 
disproportionately to prevalence (0 to 23.8%). The majority of IHNV positive individuals fall 
within the 25th percentile of size for a given stock and year, however, the presence of IHNV 
had no significant effect on marine growth.    

Due to large differences in the stock composition between years, it is challenging to obtain 
representative samples for the majority of stocks which limits our ability to generalize with 
respect to the ecological role that IHNV plays in Fraser River sockeye dynamics.    

Funding of presentation: 
Project was funded by the Pacific Salmon Commission, Fisheries and Oceans Canada and the 
BC Salmon Farmers Association Marine Environmental Research Program. 
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Introduction: The Heart and Skeletal Muscle Inflammation (HSMI) is a viral transmissible 
disease from Atlantic salmon (Salmo salar), associated to Piscine Orthoreovirus (PRV). 
HSMI diagnose is based on histopathologic and molecular biology analysis, being the 
histopathologic findings the typical confirmation method. Therefore, the objective of this 
study was to determine the presence and incidence of PRV by RT-qPCR, using 3 cutoffs 
detection values (Ct), according to histopathologic diagnose for Atlantic salmon in fresh 
water fish farming phase, in Chile.  

Methodology: S. salar samples from 50 fresh water fish farming places were taken, located in 
7 different Regions from Chile. Fry, pre-smolt and smolt fishes were kept in open flow and 
recirculating water systems. RT-qPCR analysis was used to identify the presence of PRV, 
with specific primers directed against L1 virus segment. Then, the Ct values detected 
between positive ranges of 33, 35 and 40, were analyzed for their diagnostic interpretation, 
correlation with fish development stage and their relationship with the heart and skeletal 
muscle histopathologic findings, for each fish production center. 

Results and Conclusions: Piscine reovirus is found in Chilean fresh water S. salar, with a 
43.3% incidence (IC 39.4-46.9), 50,6% (IC 46.8-54.3) to 64% (60.8- 68.0) depending on the 
Ct (cutoff) value used 33, 35 and 40, respectively. From the heart histological analysis, in the 
majority of cases, the myocarditis was present in the compact layer of the myocardium, 
associated with lower Ct values (20.9-24.6). In skeletal muscle, no injured was observed, 
which suggests that the histopathologic results founded in the heart may not be exclusively 
related to PRV.  

From the epidemiologic point of view, it will be necessary to study these findings monitoring 
a cohort of PRV+ fry and evaluate this way the appearance of signology in the marine phase 
and the viral load evolution, to stablish a Ct value with diagnose significance and its 
association to potential HSMI outbreaks.  

Funding of presentation: 
FIPA-2014-61. 
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Introduction: Skeletal and Cardiac Muscle Inflammation (HSMI), is a disease present in 
Atlantic salmon (Salmo salar) described in Norwegian salmon farming and recently in Chile, 
generating mortality in the sea phase of the salmon. The detection of Piscine Orthoreovirus 
(PRV) is described by PCR techniques in some cases associated to HSMI in the marine phase 
and also to healthy fish in fresh and sea water. The objective of the study was to determine 
the association between (PRV) in Atlantic salmon (Salmo salar) in freshwater phase with 
demographic and environmental factors. 

Methodology: Samples of 700 Salmo salar fishes were collected from 50 freshwater phase 
centers in 7 regions of Chile. The fish were fry, pre-smolt and smolt, maintained in open flow 
systems and water recirculation. As independent variables, environmental risk factors were 
considered: Initial population at risk, incubation stage, inflowing source, water flow system 
(open and recirculation) and geographical area. In addition, we considered demographic 
factors such as: nutritional status and stage of development. Diseases detected in the last 6 
months in each center were also considered. With all these data, a descriptive and 
multivariate analysis was carried out to establish the risk and protective factors, using the 
Generalized Linear Model Mix, with the cultivation center as the random variable, utilizing 
the SAS of PROC GLIMMIX software 

Results and Conclusions: The protective factors identified were the centers of fry and smolts 
with higher populations, as well as those using open water flow. In regard to risk factors, it 
was determined that fish weighing more than 56 g, were 2 times more likely to have PRV 
infection, as well as those centers that are supplied with river water and have concomitant 
infections by BKD. Finally, depending on the origin of the fish, differences of up to three 
times in the possibility of presenting infections were determined. According to these results, 
the need to further study and determine the causes and epidemiological implications for the 
detection of PRV in freshwater production is recommended. 

Funding of presentation: 
FIPA-2014-61. 
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Introduction: In the latest years the nodular gill disease (NGD) is one of the most serious 
health problem in rainbow trout cultured in Northern Italy. This disease caused by amoebae 
has been reported to affect salmonids farmed in freshwater environment of Northern Europe 
and North America. Relatively little is known about epidemiology and pathogenesis of NGD. 

Methodology: To clarify the possible risk factors related to the occurrence of NGD, a study 
area (province of Trento - Northern Italy) was identified where an epidemiological 
investigation at farm level was planned. Data required were collected during onsite visits by a 
veterinarian. A standardized questionnaire, implemented and tested during the first steps of 
the project, is being used for data collection. Information on disease status, species stocked, 
farm activities undertaken, risk factors related to NGD introduction and spread are included 
in the questionnaire together with data on management practices and biosecurity measures 
applied at farm level. Anamnestic and clinical information related to the health status of each 
farm are reported in the questionnaire. To assess distances from case farms identified as 
hazards and upstream-downstream proximity to other farms, data on the location of farms, 
stored in a regional web GIS, will be available. A database will be implemented in order to 
validate, store and analyze the data collected during the project.  Data collection started in 
November 2017 and is still in progress. To understand the pathogenesis of NGD three tanks, 
respectively from three trout farms located in the province of Trento, were monitored every 
fifteen days from September 2016 to March 2017. Ten fish from each tank (five samples at 
the inlet and five at the outlet) were taken during each monitoring phase and subjected to 
necropsy and to microscopic and histological examination of the gills. 

Expected results: The epidemiological investigation provides information about the real 
diffusion of NGD in the province of Trento and identify the factors that may favor the 
development of disease. The study of pathogenesis could reveal the timing and mode of NGD 
development. 
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Introduction: Carp edema virus, a poxvirus, was initially described in Japan in 1974, where at 
a water temperature of 15-25 °C in particular young koi displayed clinical symptoms of a 
disease. Because mainly a lethargic behaviour of the fish was noticed, the disease was called 
„Koi Sleepy Disease“ (KSD). In recent years, CEV was also detected in several European 
countries, among others in Austria, Germany, The Netherlands and UK.  

Methodology: In Germany, we performed an epidemiological survey in order to monitor the 
presence of the infection in populations of koi and farmed carp. For this, a questionnaire, 
which could be used as an accompanying sheet for diagnostic samples, was developed in 
cooperation of FLI, Laves and TiHo.  

Results: More than 390 questioners were received, and more than 600 samples were 
processed with 40% being positive from CEV DNA. An initial evaluation of the 
questionnaires showed that in diagnostic samples submitted from all German provinces, CEV 
could be detected. Affected were koi as well as farmed carp from all age classes. In addition, 
CEV could also be detected in the tissues of single individuals from other fish species 
inhabiting carp aquaculture ponds, but always in very low copy numbers. The virus was 
mainly detected at a water temperature between 10 and 15 °C, but also at 5 or 23 °C. Infected 
fish displayed mainly non-specific symptoms like apathy, anorexia, or enophthalmus. Gill 
changes or skin lesion were observed in less than 50% of the presented fish. The percentages 
of clinically affected fish varied widely between 5 and 100%, and were leading to mortality 
rates between 0 and 100%. While in garden ponds high losses were observed only 
exceptionally, losses in affected carp farms ranged on average by 45%. In this context it has 
to be considered that in carp farms a symptomatic treatment (e.g. with salt), as it is advised in 
garden ponds, is not feasible.  

Conclusions: The preliminary results from this survey indicate that the virus can be detected 
regularly in German populations of koi and farmed carp and that in infected populations 
losses may occur at regular intervals.  
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During 2014-16, abnormally many Baltic salmon (Salmo salar) have been found dead during 
their spawning migration up the River Tornionjoki. In 2014 at least 1000-2000 fish were 
estimated to have died before spawning among ca. 100,000 migrating salmon in the river. In 
2015 about the same number of salmon were found dead, the number of migrating broodfish 
being ca. 60,000. In 2016, the mortality was lower and the number of spawners close to 
100,000. 

During 2016, there was a more concerted effort to find the reasons for the elevated mortality. 
The main lesions were in the skin, whereas internal lesions were rare. Skin lesions were often 
secondarily infected with Saprolegnia sp. or other fungi. Only one UDN (Ulcerative Dermal 
Necrosis) case was diagnosed among 88 fish where samples of skin were examined 
histologically. Necrotic lesions, different from UDN, were found in the epidermis of 14 
(18%) of the fish. Some lesions were found in broodfish caught in the sea, i.e. before the fish 
had entered the river. 

Superficial necrosis appeared in both scaleless and scaly regions. In the most acute cases only 
de-colouration and slight bulging of the skin was seen macroscopically. The typical 
histological changes were present around open ulcers, as well. 

The necrosis appeared to start from the most superficial layers of epidermis. The pale 
coloured necrotic areas extended as finger or point like projections towards the deeper parts 
of the epidermis. There was surprisingly little inflammation in or around the necrotic lesions. 
They are not judged, however, as being artefacts or post mortem changes, because they were 
seen also in samples taken from sedated, live fish. Based on their proximity to open skin 
ulcers, the superficial necrosis might had been the initial stadium of a remarkable portion of 
the lesions, which later caused the death of the salmon in River Tornionjoki. No reason for 
the necrosis is known so far.  
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Introduction: After two consecutive years of massive disease and mortality in returning 
salmonids in the river Mörrumsån (southern Sweden) and in the river Tornionjoki, forming 
the border between Sweden and Finland, the Swedish National veterinary institute (SVA) and 
the Finnish Food Safety Authority (Evira) conducted investigations to find the problem 
source(s). Salmon from some other Finnish and Swedish river systems and salmon caught in 
the Bothnian bay were also included. 

Methodology: Fish were caught live, euthanized and necropsied. Samples for microbiology 
and histology were collected. In association with the project, a web site was created to enable 
people to send in reports on sick, wounded or dead fish. 

Results: In all, 209 fish were sampled. The state of returning salmon in Tornionjoki was 
much improved during 2016. The situation in Mörrumsån was in parity with previous years 
and Umeälven (Sweden) experienced similar problems as Mörrumsån, with skin hemorrhage 
as the major problem. In Tornionjoki, Finnish rivers and the Bothnian Bay most of the 
diseased fish had ulcers or traumatic wounds. UDN-like lesions on the nose were common in 
fish from Swedish river systems.  

Viral and bacterial cultivation gave no conclusive answer, although bacteria associated with 
skin lesions were identified in some individuals. Next generation sequencing indicated 
presence of herpes- and iridoviruses in fish with skin hemorrhage. These findings need to be 
further investigated to ascertain virus presence and clarify virulence and prevalence. 
Histology showed chronic dermal inflammation even at acute hemorrhage. UDN was 
confirmed in < 50% of suspected cases, but superficial epidermal necrosis was common. 
Most ulcers and wounds were in a chronic inflammation state. Histology of heart and muscle 
identified some inflammation and necrosis that has not yet been explained. Late autumn 
samplings in diseased pre- and post-spawning salmon pointed to fungal infections due to 
spawning associated immunosuppression. The website has frequently been used and the 
reported symptoms correlate with our findings in the river systems.  

Conclusions: Problems are of multifactorial etiology and differs between rivers, but some 
common etiology seems to be present.  

The web site can be one important piece in monitoring of wild fish health. 

Funding of presentation: 
The Swedish Agency for Marine and Water Management and The Center for Economic 
Development, Transport and the Environment, Lappland.  
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Introduction: Rainbow trout gastroenteritis (RTGE) is an acute enteritic condition resulting in 
significant mortality of farmed rainbow trout in Europe and the UK. It is characterised by the 
presence of large numbers of segmented filamentous bacteria (SFB) in the gut. These 
commensals are important in the development of the host intestinal immune response and 
have been observed in the intestine of other vertebrates. However, they have also been 
associated with enteric disease in higher vertebrates and incidence can be affected by diet and 
stress. The organisms cannot yet be cultured and their role in RTGE has not been confirmed. 
Therefore, an aquarium trial was carried out to determine if trout SFB could be transferred 
artificially to naïve fish, as a first step in developing a challenge model for the disease. 

Methodology: Commercially sourced rainbow trout from a RTGE-susceptible stock were 
transferred to the Marine Laboratory aquarium and held for 4 months under conditions 
permissive to disease development. The recipient fish received untreated faeces (test fish) 
from RTGE-positive donors or heat-inactivated faeces (control fish) by oral gavage. The test 
and control fish were held in separate tanks at 16°C and sampled at intervals over 30 days. 
Pyloric and distal intestine were collected for histological analysis, detection of SFB by PCR 
and analysis of immune gene expression by RT-PCR.  

Results: In the pyloric caeca of test fish, SFB were present in 3/ 9 fish at 23 dpc and in 4/ 30 
fish at 30 dpc. No SFB were detected in any control fish. This difference in SFB presence 
was significant (p=0.008). Pathological changes were observed in the intestines of test fish. 
At 30 dpc, frequent karyorectic enterocytes were observed in 18/ 29 test fish compared with 
3/ 30 of controls. In the distal intestine, SNV were absent in 7/ 28 of test fish compared with 
1/ 27 of controls. Expression of IFN-γ, IL-17A/ F and IL-22 was significantly increased in 
test fish. 

Conclusions: SFB can be transmitted to naïve rainbow trout. A heat-labile factor in faeces 
from RTGE-positive fish is required to elicit SFB growth, and high temperature and feed rate 
alone are not sufficient. 
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Histopathological survey on farmed meagre (Argyrosomus regius) affected by Systemic 
Granulomatous Syndrome (SGS) 
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Ozzano Emilia, Italy, 2CROMARIS d.d., Zadar, Croatia, 3Department of Comparative 
Biomedicine and Food science, University of Padova, Legnaro, Italy 

Meagre (Argyrosomus regius) represents a promising fish species for the diversification in 
European aquaculture, on the basis of its rapid growth performances. Nevertheless, there are 
still several bottlenecks for optimization of meagre production, among which the Systemic 
Granulomatous Syndrome (SGS) is considered a widespread emerging threat.  

In order to evaluate the impact of SGS on the health of farmed meagre in Croatia, a 
histopathological investigation has been carried out. A total of 98 meagres were monthly 
sampled during the period July 2015-May 2016 from three cages with different feeding 
protocols: commercial pellet, hydrated commercial pellet and frozen sardines. From each 
sampled fish, portions of gills, stomach and intestine, liver, kidney, spleen and heart were 
fixed in 10% neutral buffered formalin and processed for histology. 

The SGS has been observed in the meagre from the 3 cages throughout the period under 
study. Few days after introduction of 6 g fish from a foreign hatchery, the SGS was already 
evident, with a disseminated granulomatosis in the kidney, mild granulomatosis in the liver 
and macrovacuolar hepatic steatosis. No significative differences in the fish from the three 
different cages have been observed, as well as a worsening of granulomatosis throughout the 
study period. In general, in all the examined fish the kidney and, to a lesser extent, the liver 
were the organs principally affected by SGS, with mild to severe granulomatosis, usually 
disseminated, in some case with coalescent granulomas. In the liver, the observation of 
macrovacuolar steatosis was constant.  

Based on histological observation and the few data from literature, SGS in meagre seems to 
be a pathological condition caused by concurrent factors, such as the presence of a Calcium/ 
Phosphorus imbalance (high CO2), worsened by the co-occurrence of a particularly 
susceptible life stage (0+ juvenile) and influenced by cold-water temperatures during winter 
period.When the ongrowing phase starts with fish showing an already established SGS during 
the nursery/hatchery phase, it greatly hampers health and productivity of meagre during the 
following production cycle.  

An improvement of knowledge on the optimization of diet in farmed meagre and related 
health issues is necessary to overtake one of the main bottlenecks that still limit the 
productivity of meagre. 
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Introduction: Red mark syndrome (RMS) is an inflammatory skin disorder affecting farmed 
rainbow trout (Oncorhynchus mykiss), spreading across Europe, Asia and North and South 
America. It causes important economical losses mainly due to rejection of market-size fish by 
the consumers. In fact, RMS is characterized by bright red and often raised skin lesions, 
usually observed on the flank of the trout. Microscopically, these lesions consist of a deep 
dermatitis predominantly constituted by mononuclear cells. A histological grading has been 
proposed, mainly based on the spreading of the cell infiltration, which in the most severe 
cases can involve all the skin layers including the underlying muscular tissue. Although some 
progresses have been made regarding the possible aetiological agents, the pathogenesis of 
RMS still presents many unclear aspects.  

Methodology: We carried out an immunohistochemical study with different markers aimed to 
characterize the inflammatory infiltrates. Bouin’s and formalin-fixed tissue samples from 
trout presenting lesions of different severity have been employed. The immunoassays were 
optimized mainly using commercial antibodies, recognized in mammals as markers of 
monocytes/macrophages (CD68), T- (CD3) and B- cells (IgM) as well as for the detection of 
the inflammatory mediators iNOS, interleukin 6 and interleukin 8. Furthermore, an anti- 
active caspase-3 antibody was employed to investigate the presence of apoptosis.  

Results: The antibodies tested showed a good specificity. CD3-, IgM- and CD68-positive 
cells were consistent with the respective expected cell type. The leukocytes constituting the 
cell infiltrates were the vast majority of the immunoreactive cells to the inflammatory 
mediators and caspase-3. CD3- and IgM-positive cells were scarce in trout with minor 
lesions, but their numbers increased in fish with moderate-severe lesions, also infiltrating the 
epidermal and muscular layers. Immunoreactive cells to iNOS, interleukins 6 and 8, mainly 
consistent with macrophages, were observed in large numbers also in fish with RMS initial 
lesions. Cells immunoreactive to CD68 were, in general, surprisingly scarce. Apoptotic cells 
increased according to the lesion progress.  

Conclusions: The immunohistochemical techniques optimized are useful tools to investigate 
the composition of the cell infiltrates and their changes along the disease course, helping to 
elucidate the pathogenesis of RMS. 

Funding of presentation: 
Authors want to acknowledge the Journal of Comparative Pathology Educational Trust for 
funding the visit of P.R. to the Università degli Studi di Udine. 
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