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Dear colleagues, 

On behalf of the Organizing Committee and the International Network on 
Viruses of Lower Vertebrates, we are pleased to welcome you to the 9th 
International Symposium on Viruses of Lower Vertebrates. 

The scientific programme includes oral sessions on selected topics 
introduced by expert keynote speakers, which will be held at the Rectorado 
building (University of Malaga), as well as posters sessions (these will take 
place at AC Malaga Palacio Hotel). The session’s topics are Emerging Viruses 
of Lower Vertebrates, Viral Phylogeny and Evolution, Immunology and 
Vaccination, Virus-Host Interactions, and Viral Diagnostic Tools. With more 
than 70 oral presentations and 30 posters, the conference is on its way to be a 
great meeting. We thank all those who are going to present their work at the 
conference, and also all the attendants, without whom the success of the 
meeting will not be possible. 

The Organizing Committee also wish to thank the European Association 
of Fish Pathologists (EAFP), the International Society of Fish and Shellfish 
Immunology (ISFSI), the Spanish Society of Virology (SEV), the Spanish Society 
of Microbiology (SEM) and Veterinary Research for their support, and to the 
University of Malaga and all the companies on back cover that have sponsored 
the symposium. The work as technical secretariat from the Unidad de Soporte 
para Reuniones y Eventos Científicos (USREC, FGUMA) is highly appreciated. 

Let us take the opportunity to invite you to actively participate in the 
scientific sessions and in the social programme that has been prepared. We are 
confident you will enjoy Malaga and the hospitality of its people. 

 

Juan J. Borrego and Dolores Castro 
Departamento de Microbiología 

Facultad de Ciencias 
Universidad de Málaga 
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ANTHROPOGENIC DRIVERS OF EMERGING VIRUSES IN FISH 

 
 

J. Winton 
 

USGS Western Fisheries Research Center, Seattle, Washington, USA 
 
 
Virus diseases are an important cause of mortality among both wild and 
cultured finfish in freshwater, estuaries or the open ocean and, where 
populations of wild and cultured species overlap, many of the same viral 
pathogens will be shared. In recent years, there has been a remarkable increase 
in new or emerging virus diseases in fish some caused by novel viral pathogens 
while others characterized by major host or geographic range expansions or 
significant changes in virulence or pathology. Although partially driven by 
increased surveillance activities using improved diagnostic tools, many of the 
emerging diseases affecting both cultured and wild populations of fish are due 
to the activities of man. Here, I review some of the factors that may drive the 
emergence or severity of virus diseases in fish to include: the rapid expansion of 
commercial aquaculture, increased global trade, habitat alteration, commercial 
fishing, environmental contamination, introduction of non-native species and 
climate change. Among these factors, the rapid growth of commercial 
aquaculture has resulted in the introduction of exotic pathogens, amplification 
of endemic pathogens, changes in the susceptibility of host species and 
modifications of pathogen virulence in ways that can increase the impact of 
disease on both hatchery and wild populations. Emerging viral diseases of fish 
have also resulted from increased global trade including the unregulated 
movement of live fish, bait fish or fish products and the introduction of non-
native species and their pathogens by fisheries agencies, anglers or ballast 
water. Although most viral diseases affecting fish are endemic among free-
ranging or wild populations, factors such as temperature, water quality and 
nutritional status are known to affect the host-pathogen relationship. However, 
research is needed to better understand how broad-scale anthropogenic changes 
to the aquatic environment may act synergistically with infectious diseases to 
alter levels of natural mortality among populations of both wild and cultured 
finfish. 
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RANAVIRUSES OF REPTILES – AN INCREASING PROBLEM 

 
 

R.E. Marschang*1, A.C. Stöhr2 and M.C. Allender3 

 
1Laboklin GmbH & Co. KG, Bad Kissingen, Germany 

2Institute of Environmental and Animal Hygiene, University of Hohenheim, 
Stuttgart, Germany 

3Department of Comparative Biosciences, College of Veterinary Medicine, 
University of Illinois, Urbana, IL, USA 

 
 
Ranaviruses, a genus in the family Iridoviridae, are a group of globally 
emerging pathogens infecting fish, amphibians, and reptiles. They are known to 
infect 175 species across 48 families of ectothermic vertebrates. The Global 
Ranavirus Consortium (GRC) was created to facilitate communication and 
collaboration among scientists and veterinarians conducting research on 
ranaviruses and diagnosing cases of ranaviral disease based on the recognition 
that these viruses may play a role in global biodiversity. Ranaviruses are 
classified as emerging because they appear to be expanding their ranges in both 
the number of hosts and the geographical regions affected. They are multihost 
pathogens, a number of which appear to be able to switch hosts between 
vertebrate classes. Ranaviral infection in reptiles was first reported in the 1980’s 
in tortoises in Europe. Infections have since been described in multiple disease 
outbreaks in chelonians in North America, Europe, and Asia. Reports of 
ranavirus infections in reptiles have markedly accelerated over the past decade. 
The rising awareness of these viruses in chelonians as important infectious 
agents causing ulcerative-necrotizing stomatitis may have contributed to the 
high number of case reports in these species as well as increasing the awareness 
of these viruses as pathogens in reptiles in general. It has also been surmised 
that the global trade of reptiles and amphibians in combination with the wide 
host range of ranaviruses has strengthened the emergence of the infection 
Recent reports include an increasing number of infections in squamate reptiles, 
providing further evidence for the wide host range of many ranaviruses and also 
increasing awareness of the importance of ranaviruses as pathogens in reptile 
medicine in general. Studies of the genomes of ranaviruses found infecting 
reptiles have shown that various genetically distinct viruses can infect these 
animals and indicate that multiple ranaviruses are able to switch hosts between 
amphibians and reptiles. The role of reptiles in the epidemiology of ranaviruses 
is not yet well understood and further study is necessary to understand the 
distribution and biology of ranaviruses in reptiles. 
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IS THERE ANY SPECIES SPECIFICITY OF AQUATIC ANIMAL 

HERPESVIRUSES? 
 
 

S.M. Bergmann*1, H. Schütze1, M. Cieslak1 and J. Kempter2 
 

1Friedrich-Loeffler-Institut (FLI), Federal Research Institute of Animal Health, 
Institute of Infectology, Insel Riems, Germany 

2West Pomeranian University of Technology, Division of Aquaculture, 
Szczecin, Poland 

 
 
Herpesviruses are well known to infect aquatic living animals which are kept 
for human consumption. According to the recently valid taxonomic grouping a 
newly created order Herpesvirales exists, which includes the virus family 
Herpesviridae containing the subfamilies α, β and γ Herpesvirinae as well as 
the families Alloherpesviridae (herpesviruses of fish and frogs) and 
Malacoherpesviridae (oyster and abalone herpesviruses). While most of the 
mammalian or poultry herpesviruses are very species-specific, i.e. induce a 
disease in one animal species only, this does not seem to be the case for the 
herpesviruses identified in the aquatic environment in fish, ranaids or mollusks. 
The family Alloherpesviridae comprises four virus genera: Batrachovirus, 
Ictalurivirus, Salmonivirus and Cyprinivirus. In Batrachovirus, the Ranid 
herpesvirus 1 is found in different frog species and has been identified as the 
causative agent of renal adenocarcinoma in a leopard frog, and the Ranid 
herpesvirus 2 which obviously can cause clinical infection in all species of the 
family Ranidae (pets and wild) leading to skin lesions and sometimes tumors. 
The genus Ictalurivirus contains the most famous channel catfish herpesvirus, 
CCV or Ictalurid herpesvirus 1 which infects Channel catfish, blue catfish and 
perhaps the Pacific pilchard and induces lethal disease in these species; 
Ictalurid herpesvirus 2 which so far has only been found in black bullhead; but 
also the genera Acipenserid herpesvirus 1 and 2 which infect a brought range of 
sturgeons, e.g. white sturgeon, shortnose sturgeon, Russian sturgeon and others 
and induces disease in these species. 
 
The genus Salmonivirus comprises the Salmonid herpesvirus 1, 2 and 3. While 
Salmonid herpesvirus 1 and 2 infect rainbow trout and chum salmon or rainbow 
trout, Sockeye salmon, Masu salmon and Coho salmon, respectively, and 
induce disease in these species, Salmonid herpesvirus 3 so far has only been 
identified in samples of Arctic charr. 
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In the most interesting genus Cyprinivirus the three Cyprinid herpesviruses 
(CyHV 1-3) and Anguillid herpesvirus 1 (HVA, AngHV-1) are grouped. The 
latter seems to be very different and has even been isolated from diseased eel. 
At least four subspecies have recently been recognized: HVA in Japanese eel 
from Japan, HVA from European eel in Japan, HVA from European eel in 
Taiwan, which also kills carp, and HVA from European eel in Europe, which 
infects but does not kill carp. It is discussed controversially whether all these 
viruses are identical. CyHV-1 or carp pox virus infects and induces disease in 
e.g. common carp, koi, goldfish, golden ide (cyprinids and minnows), CyHV-2 
or goldfish hematopoietic necrosis virus infects and induces disease in goldfish, 
Prussian carp and perhaps also in crucian carp where however so far no disease 
has been seen. The last species CyHV-3 or koi herpesvirus (KHV) is a special 
agent in aquatic animals and the one that is most intensively investigated. The 
disease it induces, KHV disease (KHVD), has only been recognized in the 
species Cyprinus carpio (common carp and koi) so far. It is additionally shown 
that the virus is replicated in, infectious for and released from a large number of 
species grouped into the cyprinidae (e.g. tench, crucian carp, Prussian carp, 
goldfish, Asian carp), percidae (e.g. European perch), acipenseridae (e.g. 
Russian sturgeon, Siberian sturgeon), and salmonidae families (e.g. rainbow 
trout) and obviously many more. In conclusion it must be stated that most of the 
herpesviruses detected, isolated and identified in aquatic living lower 
vertebrates are not species-specific at all. This hypothesis is supported when the 
Malacoherpesviridae infections in oysters and mollusks are taken into account. 
The oyster herpesvirus (Ostreid herpesvirus 1) infects and kills all oyster 
species recognized so far, but also clam and cockles. The abalone herpesvirus 
(Haliotid herpesvirus 1) induces a lethal disease in all known abalone species. 
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THE GENOME OF TESTUDINID HERPESVIRUS 3: 

AN INSIGHT INTO ONE OF THE MOST RELEVANT VIRAL 
PATHOGENS OF TORTOISES 
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Testudinid herpesviruses (TeHVs) comprise at least 4 genotypes detected in or 
isolated from land tortoises. Genotype 1 and 3 have been detected primarily in 
tortoises of the genus Testudo, genotype 2 in Gopherus agassizii and genotype 4 
in Chersina angulata. Of these genotypes, 1, 2 and 3 have been associated with 
obvious pathology, while genotype 4 has been detected in a clinically healthy 
tortoise. 
 
Despite the clinical relevance and diffusion of these viruses in the whole world, 
only very little genetic information is available concerning their genomes. In 
order to address this lack of data, we sequenced the entire genome of a TeHV3 
strain, the genotype that is considered to be the most virulent among those 
currently known. The genome is 142KB long, and it contains at least 97 
predicted open reading frames. The genome is composed of a unique-long and a 
unique-short region separated by terminal repeats and showing partial gene co-
linearity with members of the Alphaherpesvirinae subfamily. 
 
We are confident that the availability of these novel genetic information will 
help to unravel unknown features of the virus that might be relevant to 
understand the pathogenesis of TeHVs-associated disease, host pathogen 
interaction, biology and evolution of these viruses. 
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PISCINE REOVIRUS ON THE PACIFIC COAST: 

PATHOGENIC OR NOT? 
 
 

K.A. Garver*, J. Bradshaw, C. Van Woensel, J. Richard and S.C. Johnson 
 

Pacific Biological Station, Nanaimo, British Columbia, Canada 
 
 
Piscine reovirus (PRV) is a recently identified aquatic virus with a unique 
taxonomic placement within the family Reoviridae being related to both the 
genera Orthoreovirus and Aquareovirus. Since its discovery in Norwegian 
farmed Atlantic salmon with heart and skeletal muscle inflammation (HSMI), 
PRV has been speculated as the cause for this disease. While it has been 
demonstrated that fish with HSMI generally carry higher loads of PRV, 
clinically healthy wild and farmed Atlantic salmon collected from fresh and 
saltwater in Norway can also contain high loads of PRV. Additionally, PRV is 
geographically widespread, occurring not only in the Atlantic but also in wild 
and farmed salmon of the Pacific Ocean where HSMI has not been reported. 
The presence of PRV in asymptomatic fish raises questions concerning the 
exact relationship between PRV and the disease HSMI. To evaluate the risk 
posed to native and cultured species residing in the Pacific, we utilized 
controlled laboratory exposures to determine virulence of PRV in Atlantic and 
Sockeye salmon. Naïve Atlantic salmon challenged by intraperitoneal injection 
of a 0.2 µM filtered tissue homogenate from naturally infected fish resulted in 
development of a sustained PRV infection; however, compared to control 
groups there were no significant differences in morbidity due to PRV exposure. 
Additionally, we examined the ability of PRV to be horizontally transmitted in 
seawater. Four weeks after co-habitation with PRV donor fish, nearly 100% of 
naive Atlantic and Sockeye Salmon were positive for virus and remained 
persistently infected during the course of the study. The infected fish, regardless 
of species, did not show any morbidity or gross signs of disease. Complete 
results of these challenges including histopathological evaluations will be 
presented. Although analyses are still pending, preliminary results suggest 
Pacific Coast PRV to be of low pathogenicity in Atlantic and Sockeye salmon. 



 14 

 



 15 

 
PISCINE ORTHOREOVIRUS (PRV), REPLICATION IN 
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Piscine orthoreovirus (PRV) belongs to the Reoviridae family and is the only 
known fish virus related to the Orthoreovirus genus. The virus is the causative 
agent of heart and skeletal muscle inflammation (HSMI), an emerging disease 
in farmed Atlantic salmon (Salmo salar L.). However, the pathogenesis of PRV 
infection is largely unknown and the inability to propagate PRV efficiently in 
cell cultures has significantly delayed the study of PRV. 
 
Interestingly, circulating cells were PRV 
positive by immunohistochemistry of heart 
sections of experimentally PRV-challenged fish. 
We hypothesized that there is a cell-associated 
viremia in PRV infection. In two consecutive 
PRV challenge experiments we assessed viral 
loads in blood and confirmed high levels of 
PRV in blood. The major PRV load was found 
in erythrocytes where more than 50% of 
circulating red blood cells (RBC) were PRV 
positive in individual fish. PRV was condensed 
in large cytoplasmic inclusions resembling viral 
factories that contained PRV proteins, dsRNA 
and reovirus-like particles (Figure). These 
findings demonstrates that RBC are a major 
target cell for PRV and important in the PRV 
pathogenesis. In addition, it associates PRV with 
Erythrocytic inclusion body syndrome (EIBS), a 
disease of salmonid fish with unknown etiology. 
 
Based on these findings we tested if isolated 
RBC can be used to propagate PRV. In an ex 
vivo cultivation model we demonstrated that RBC from infected fish contain 

Electron micrographs of 
PRV infected erythrocyte 
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infectious PRV, and that supernatant from lysed RBC can be used to propagate 
PRV in RBC. In addition, RBC were shown to generate an innate antiviral 
immune response. 
 
The present study demonstrated that erythrocytes are major target cells for 
PRV. PRV could be a good model in the future for detailed virological and 
immunological studies in salmon. Most non-mammalian erythrocytes, including 
those of fish, are nucleated and contain organelles, and can therefore potentially 
serve as hosts for viral replication. The ex vivo model described in this study 
could be useful to study viral interaction with nucleated erythrocytes in lower 
vertebrates in more general terms. 
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THE NON-STRUCTURAL PROTEINS OF PISCINE 

ORTHOREOVIRUS, ORGANIZERS OF VIRUS ASSEMBLY? 
 
 

H. Haatveit*, I.B. Nyman, Ø.W. Finstad, M.K. Dahle and E. Rimstad 
 

Norwegian University of Life Sciences, Faculty of Veterinary Medicine and 
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Piscine orthoreovirus (PRV) is associated with heart- and skeletal muscle 
inflammation (HSMI) in farmed Atlantic salmon. Phylogenetic analysis of PRV 
has revealed a taxonomic placement within the family Reoviridae, most closely 
related to the genus Orthoreovirus. 
 
Reoviruses are spherical non-enveloped viruses with icosahedral capsids 
surrounding the double stranded RNA (dsRNA) genomes. The PRV genome 
consists of 10 dsRNA segments distributed in the classical orthoreoviral groups 
of three large, three medium and four small segments. Mammalian 
orthoreovirus (MRV) has been studied extensively and is currently used as basis 
for constructing a model for PRV replication. The PRV segments M3 and S3 
encode the non-structural proteins µNS and σNS. The non-structural (NS) 
proteins are believed to be involved in establishment of viral factories. Viral 
factories are intracellular compartments (inclusions) where replication, 
packaging and assembly of novel viral particles occur. Although a very low 
amino acid sequence identity (17%) is observed between the PRV NS proteins 
and the homologous proteins in MRV, some functional properties and motifs 
are conserved. 
 
In this study, we will clone the PRV NS proteins and tag them in the N- and C-
terminus for recognition by available antibodies. The tagged proteins will be 
expressed in fish cell lines, and the subcellular localization and co-localization 
between the two NS proteins will be studied by confocal microscopy. In MRV, 
a conserved motif close to the C-terminal end of µNS is required for the 
recruitment of clathrin to viral factories, while two α-helical coiled coils, also in 
the C-terminal region of µNS, have been shown necessary for inclusion 
formation. We will use in vitro mutagenesis to characterize important 
homologous motifs in the PRV proteins. In addition, we will study the ability of 
the NS proteins to assemble other structural PRV proteins including; µ2, λ1, λ2 
and σ2 by co-expression. 
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KOI SLEEPY DISEASE BY CARP EDEMA VIRUS (CEV): 

FIRST DETECTION IN THE NETHERLANDS 
 
 

O. Haenen*1, K. Way2, D. Stone2 and M. Engelsma1 
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CEV (Carp Edema Virus) is a virus of carp and koi Cyprinus carpio. The virus 
was first detected and described in Japan in the 70’s, where it caused a severe 
viral oedema of juvenile carp resulting in high mortalities. CEV was shown to 
be a poxvirus by electron microscopy, and more recently has been shown to 
cause “Koi Sleepy Disease” (KSD) in older koi. The lethargy manifests as 
sleepy behaviour, where the affected fish lie on the bottom of the pond and 
eventually die of anoxia. Losses from KSD/CEV occur in spring and autumn in 
Japan, over a temperature range of 15 - 25°C, and mortalities may reach 80%. 
In 2009 CEV was detected for the first time in Europe, in England in imported 
diseased koi, and again in 2011-2013, in diseased koi from hobby ponds. Low 
levels of CEV-like virus were also detected in healthy koi imports from Israel 
and Japan at ornamental fish wholesalers during 2013 in the UK. Furthermore, 
in 2012, a CEV-like virus was detected for the first time in common carp, 
displaying KSD-signs, obtained from a cluster of fishery sites in south- east 
England and a site in the English Midlands (Way & Stone, 2014). 
 
A modified nested PCR assay for CEV was developed at Cefas and used 
effectively to detect and confirm the presence of the virus in imported and 
hobby koi showing signs of KSD. Phylogentic analysis of the amplification 
products revealed two main lineages of CEV-like virus, obtained from UK carp. 
Lineage 1 contains the samples obtained from koi and lineage 2 consists of the 
samples from common carp. Within lineage 1 the detections that are more 
similar to the original Japanese CEV can be distinguished from the other 
detections from koi. 
 
In September 2013, the first Koi Sleepy Disease caused by CEV in the 
Netherlands was diagnosed by CVI in diseased koi kept at 20°C with “sleepy” 
behaviour and a high mortality rate. Koi showed apathy, anoxia, anorexia, 
enophthalmus, gill necrosis with oedema, and a high load of Gyrodactylus spp. 
in the gills. Internally, no abnormalities were seen. CEFAS confirmed this first 
detection of CEV in koi by PCR and analysis showed a very close similarity 
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(99.5%) to the original Japanese CEV. Further testing of Dutch koi archive 
samples since late nineties at CVI in a newly developed SybrGreen realtime 
PCR assay did not yet give positive results for CEV. However, in retrospective 
testing of Dutch archive carp samples since 2004, CEV was detected in diseased 
wild common carp. 
 
The impact of CEV infections for carp populations in Europe is still unclear. 
Therefore, surveillance and risk analysis on CEV in koi and carp, Cyprinus 
carpio, is important and should receive attention. 
 
Reference: 
Way, K and Stone, D (2014). Emergence of Carp edema virus-like (CEV-like) 
disease in the UK. Fin Fish News (T. Ellis & D. Smith eds.) CEFAS 
Weymouth, Issue No.15, 32-34. 
 http://www.cefas.defra.gov.uk/publications/finfishnews/FFN15.pdf. 



 21 

 
CHARACTERISATION OF AN UNKNOWN MYXO-LIKE VIRUS 

FROM CARP 
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Diagnostic testing of cyprinids from import checks or associated with mortality 
events in the UK for spring viraemia of carp virus and koi herpesvirus often 
result in the isolation of viruses showing a characteristic syncitial cytopathic 
effect in cell culture that represents neither of the above viruses. Analysis by 
electron microscopy, test for lipid envelope and analysis of viral genomic 
segments by gel electrophoresis indicated a number of these isolates are 
aquareoviruses. Subsequent PCR and sequencing showed 94% and 90% 
similarity to grass carp reovirus segments 2 and 10 respectively. 
 
For the remaining isolates initial characterisation by electron microscopy 
indicated large spherical virions that are released from cells by budding. The 
isolates replicate slowly on carp cell lines producing low titres. 
Bromodeoxyuridine and chloroform treatment indicated RNA genome and 
presence of a lipid envelope respectively. Together these results indicate 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 
specific or generic orthomyxovirus and paramyxovirus PCR primer sets. To 
date, genome segmentation has not been accurately determined due to the 
inability to obtain sufficient purified virus for these isolates. Viral nucleic acid 
has been prepared and submitted for next generation sequencing and it is hoped 
the results and a positive identification will be presented at the conference. 
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A NOVEL CALICIVIRUS CAUSING SYSTEMIC INFECTION 

IN ATLANTIC SALMON (SALMO SALAR L.) 
 
 

A.B. Mikalsen*1, P. Nilsen2, M. Frøystad-Saugen2, K. Lindmo2, T.M. Eliassen2, 
M. Rode2 and Ø. Evensen1 
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The Caliciviridae is a family of viruses infecting humans, a wide range of 
animals, birds and marine fish and mammals, resulting in a wide spectrum of 
diseases. We have recently identified a novel calicivirus in Atlantic salmon. The 
virus, named Atlantic salmon calicivirus (ASCV), has a genome with size 7,4kb 
and contain two open reading frames where typical conserved amino acid 
motifs and domains predict a gene order reminiscent of calicivirus genomes. 
Phylogenetic analysis performed on extracted capsid amino acid sequences 
segregated our two ASCV variants in a unique cluster, sharing root with the 
branch of noroviruses infecting humans and two unassigned viruses infecting 
rhesus monkey and pig, respectively, with relatively large distance to the marine 
calicivirus subgroup of vesiviruses. Based on the analyses presented, the ASCV 
is predicted to represent a new genus of Caliciviridae. 
A challenge experiment was run on Atlantic salmon, which showed that the 
virus replicated and caused a systemic infection. The virus has a high 
prevalence in farmed salmon and is found in fish suffering from several 
diseases and conditions and also in presumable healthy fish. 
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EFFECT OF IN VITRO ADAPTION OF SAV3 ON PANCREAS DISEASE 

DEVELOPMENT IN ATLANTIC SALMON 
 
 

E. Petterson*, T. Guo, Ø. Evensen, Ø. Haugland and A.B. Mikalsen 
 

Norwegian University of Life Sciences, Oslo, Norway 
 
 
Salmon pancreas disease virus (SPDV) is the causative agent of pancreas 
disease (PD) affecting Atlantic salmon (Salmo salar L.) and rainbow trout 
(Oncorhynchus mykiss), and is a major burden to aquaculture industry. The 
virus is also referred to as Salmonid alphavirus (SAV) and SAV3 is the 
Norwegian subtype. This study describes how a virus isolate (SAV3-H10) was 
subjected to serial passages in two different cell lines, CHSE and AGK. An 
early, intermediate and late passage (H10P3, H10P11 and H10P14) was chosen for 
further investigation, based on variation in degree and development of CPE in 
cell cultures. After plaque purification and full length sequencing of viral 
genome, several in vitro studies were performed. The results revealed four 
amino acid substitutions occurring from the early passage to the late. Cell 
viability after infection, viral replication and ability to cause morphological 
changes in CHSE and AGK cell-lines was measured and compared for the three 
passages. Further, virus from the early and late passage was tested in an 
experimental fish challenge. The results show that in vitro adaption of SAV3-
H10 effects the development of pancreas disease in Atlantic salmon (Salmo 
salar L.) parr. 
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CHARACTERIZATION OF PISCINE MYOCARDITIS VIRUS (PMCV) 

CAUSING CARDIOMYOPATHY OF ATLANTIC SALMON 
 
 

A.B. Mikalsen*, Ø. Haugland and Ø. Evensen 
 

Norwegian University of Life Science, Oslo, Norway 
 
 
Cardiomyopathy syndrome (CMS) of farmed and wild Atlantic salmon (Salmo 
salar L.) is a disease affecting primarily large Atlantic salmon in the second 
year in seawater close to harvest, causing significant economic losses in the 
aquaculture industry. CMS is characterized by a necrotizing myocarditis 
involving the atrium and the spongious part of the heart ventricle. Recently, we 
identified the causal agent, a double-stranded RNA virus with presumable 
relationship to the Totiviridae family (Haugland et al., 2011). The virus, 
subsequently named piscine myocarditis virus (PMCV), is approximately 50 nm 
in diameter and contains a genome of 6688 nucleotides and three open reading 
frames (ORFs). ORF1 encodes a putative coat protein of 861 amino acids, while 
ORF2 encodes an RNA-dependent RNA polymerase (RdRp). The putative 
ORF3 (302 aa) has not been previously described in any member of the family 
Totiviridae, and the precise role of the encoded product is unknown. 
Investigation of PMCV genome variation showed that Norwegian isolates were 
highly similar, with the most divergent isolates sharing 98.6% nucleotide 
identity. 
 
Ongoing work is focusing on characterization of the encoded proteins, with 
emphasis on the extraordinary ORF3 protein. All three ORF’s have been cloned 
into expression vectors with and without tag expression and characterized by 
transfection of permissive cell-lines and subsequent microscope and functional 
analyses. 
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FUNCTION OF PROTEINS IN PISCINE MYOCARDITIS VIRUS 

 
 

P. Nilsen, M. Bordevik, T.M. Eliassen and M. Rode* 
 

PHARMAQ, Oslo, Norway 
 
 
Cardiomyopathy syndrome (CMS) of farmed and wild Atlantic salmon (Salmo 
salar L.) is a disease of characterized by a necrotizing myocarditis involving the 
atrium and the spongious part of the heart ventricle. The virus causing the 
disease was recently characterized as a double stranded RNA virus, putatively 
in the family Totiviridae. The suggested name of the virus is piscine 
myocarditis virus (PMCV). The genome size of PMCV is 6,688 bp, with three 
open reading frames. ORF1 likely encodes the major capsid protein, while 
ORF2 encodes the RdRp, possibly expressed as a fusion protein with the ORF1 
product. ORF3 seems to be translated as a separate protein, not described from 
any previous virus members of the Totiviridae family. To further characterize 
the function of the proteins ORF1 and ORF3, we investigated which proteins 
were involved in forming the viral capsid. Results from these studies will be 
presented. 
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HAEMATOLOGY METHODS 

 
 

M.E.J. Zorriehzahra*1, V. Sarabandi2, M.R. Mehrabi1, A. Ghahghaei2, 
G.R. Motalleb2, M. Ghasemi3, K. Radkhah4 and I. Sharifpour1 

 
1Iranian Fisheries Research Organization, (IFRO), Tehran, I.R. Iran 

2University of Sistan & Baluchestan, Zabol, I.R. Iran 
3Inland Water Aquaculture Research Center, Bandar Anzali, I.R. Iran 
4Persian Gulf & Oman Sea Ecology Institute, Bandar Abbas, I.R. Iran 

 
 
Viral Nervous Necrosis (VNN) disease is a lethal emerging disease; especially 
in marine fishes by the economic lose value. Clinical signs consist of spiral 
swimming, loss of appetite, change in pigments, swim bladder inflation, belly 
up and subcutaneous bleeding. The disease has been reported worldwide except 
Africa in last decade but recently there are reports on occurrence of wild 
grouper fish at the coast of Senegal, Libya, Tunisia and Algeria. 
 
According to the isolation, identification and confirmation of VNN disease in 
Mugilidae fish in the Caspian Sea and with regard to losses of maid (Liza 
klunzingeri) fish in recent years on the coast of Bandar Abbas, investigation and 
detection of this disease in Mugilidae fish (L. klunzingeri & Mugil cephalous) 
was conducted in the Oman Sea and the Persian Gulf. About 300 fish samples 
were collected from the each area of Chabahar, Bandar Abbas and Bushehr. 
Sampling was done in fishing seasons by a period of six months. The range of 
length fish was between 8 to 18 cm and the weight between 15 to 200 gr. Target 
tissues such as eye and brain were collected for diagnostic tests. Through a 
special questionnaire, ecological characteristics such as physico-chemical 
properties of the fishing location and biometry details, clinical signs and 
autopsy findings were recorded which were used in the final analysis. Also, 
blood sampling was done before the death of the fish samples and 
immunofluorescence antibody test (FAT) was done against Viral Nervous 
Necrosis (VNN) virus antigen. 
 
In obtained results, moribund maid fish (L. klunzingeri) revealed clinical signs 
such as changing in body coloration, abnormal swimming behaviour, belly up, 
disorientation, ventral and operculum haemorrhage but in M. cephalous no 
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clinical signs of VNN were observed on none of the fish samples. FAT findings 
were negative and showed no viral antigen and apparently all slides were 
without any antibody-antigen complex. Only one slide seems positive that it 
was not sufficient findings to definite Viral Nervous Necrosis (VNN). In 
pathology specimens, all off samples revealed evidence of inflammation, 
hyperaemia and bleeding and cerebral vasodilatation, accumulation of 
macrophages (MMC), cell necrosis and severe vacuolation were seen. In 
haematological studies, WBC, Hb, Hct and RBC count in infected group were 
significantly different from control group but MCV, MCH and MCHC had no 
significant differences. In pathogenicity test challenging with the brain-
homogenate was carried out on guppy (Poecilia reticulata) as susceptible fish. 
A few challenged fishes showed the same clinical and behavioural signs with 
infected maids, and mortality was low. In some fishes abnormal and neural 
behaviours were observed and some of them showed ventral swelling. Our 
results showed that VNN disease could be one of the important probably 
reasons for recent acute mortality in L. klunzingeri and it would be approved 
with comprehensive studies and more investigations in future cases. It is 
recommended that by using epidemiological methods and continuous 
monitoring & surveillance programs in Iranian south coast and follow-up 
probably cases and based on golden test such as cell-culture and serological and 
molecular diagnostic methods (RT-PCR) and/or electron microscopy could be 
used. 
 
Keywords: Caspian Sea, VNN, Mullet, Histopathology, Haematology, Rapid 
Diagnosis kit. 
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In 2011, an outbreak of viral nervous necrosis affected wild groupers of 
Epinephelus marginatus and E. costae in the gulf of Annaba, east of Algeria 
(Kara, et al., 2014). For both fish species, the presence of betanodavirus of the 
Red-spotted Grouper Nervous Necrosis Virus (RGNNV) species was identified 
by PCR and partial sequencing of the viral genome. One year latter, between 
August and November 2012, new massive mortalities of groupers were reported 
on the Algerian coast, extending over 400 km between Dellys and El-Kala. 
Samples confirmed the abundant presence of a betanodavirus, as tested by PCR. 
The nucleic acid sequences of several samples indicated the presence of the 
same virus than the one found in 2011, suggesting that the virus persisted in the 
environment for at least one year. This virus exhibited the strongest similarities 
with betanodaviruses from farmed sea bass in Tunisia. However, it was 
genetically slightly distinct from RGNNV isolates from another outbreak 
affecting wild groupers in 2011 in the south of Italy (Vendramin, et al., 2013). 
We hypothesized that the two outbreaks occurring at the same period (2011) on 
the same fish species, but in different regions, were caused by different sources 
of virus. The temperature of the water could have played a role to stimulate the 
disease from endemic viruses. The reasons of the apparent spread of the disease 
from Annaba to the whole eastern coast are unknown. Outbreaks of VNN on 
groupers multiplied in the recent years in the whole Mediterranean. It is urgent 
to understand the factors controlling this emergence on wild fish, some species 
being endangered. The situation in Algeria is of particular importance 
considering the future development of sea bass farming, a species highly 
susceptible to VNN. 
 
References: 
Kara H, Chaoui L, Derbal F, Zaidi R, de Boisséson C, Baud M & Bigarré L 
(2014) Betanodavirus-associated mortalities of adult wild groupers Epinephelus 
marginatus (Lowe) and Epinephelus costae (Steindachner) in Algeria. Journal 
of Fish Diseases 37: 273-278. 
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Viral hemorrhagic septicemia virus (VHSV), a negative single-stranded RNA 
virus belonging to the family Rhabdoviridae, is one of the most important viral 
pathogens of salmonid fish in continental Europe. VHSV was originally 
considered an epidemic virus of cultured rainbow trout. Surveys among wild 
marine fish, however, have revealed that VHSV is endemic among a wide range 
of marine fish species. Moreover, phylogenetic studies revealed that epidemic 
isolates from cultured rainbow trout are of polyphyletic origin and have evolved 
from the marine environment. It is well supported that negative strand RNA 
viruses are pathogens with an extremely high evolutionary potential and 
capacity to occasionally cross species boundaries when new potential host 
populations become accessible. However, the biological background facilitating 
VHSV emergence and adaptation towards high virulence still needs to be 
identified. 
 
The main focus of this project was to identify potential mechanisms facilitating 
VHSV emergence from the marine reservoir into freshwater cultured rainbow 
trout by independently investigating the first two steps of viral emergence, 
namely the initial introduction to- followed by the subsequent adaptation and 
establishment in the new host species. 
 
Two in vivo laboratory infection experiments were conducted: an oral 
transmission experiment and a cohabitation experiment. For the oral 
transmission experiment a recombinant VHSV isolate, carrying a fluorescent 
reporter gene, was used to identify whether VHSV can be transmitted through 
ingestion of infected prey fish. For the cohabitation experiment turbot were 
infected by injection with a rainbow trout adapted- or marine adapted isolate 
and then cohabited with naïve rainbow trout to investigate the cross-species 
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transmission potential of VHSV. In addition, an in silico analysis of 198 full-
length glycoprotein sequences was performed to identify site-specific footprints 
of selection following emergence to cultured rainbow trout. 
 
Our findings confirm the existence of an oral transmission route and its 
potential importance as founder event for viral introduction to novel host 
species. Furthermore, cross-species transmission from turbot to rainbow trout 
was demonstrated, but for rainbow trout adapted isolated only, revealing that 
marine fish species can function as viral carriers capable of transmitting VHSV 
back to rainbow trout. Finally, several amino acid sites undergoing positive 
selection were identified. Positive selection signals were restricted to isolates of 
cultured rainbow trout, demonstrating that VHSV emergence into cultured 
rainbow trout was accompanied by rapid adaptive evolution within the 
glycoprotein following cross-species transmission. 
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One of the main aspirations for continued development of sustainable Atlantic 
salmon (Salmo salar L.) aquaculture in Europe and worldwide is to 
significantly reduce problems related with the presence of salmon lice 
(Lepeophtheirus salmonis). As an alternative to chemical treatment, a biological 
approach to controlling sea lice was developed by industry, using cleaner fish 
such as wrasse (family Labridae). Following the isolation of viral heamorrhagic 
septicaemia virus (VHSV) in close proximity to farmed Atlantic salmon in 
Shetland (Scotland) in 2012 (Munro et al., 2014, Journal of Fish Diseases) a 
potential of risk of disease transfer from cleaner fish was again emphasized. 
 
Fundamental experiments to investigate wrasse susceptibility to VHSV and 
describe histopathological changes related to presence and replication of this 
virus are needed. The present study describes experimental set up and results of 
two experimental challenges, where VHSV was administred to goldsinny 
wrasse (Ctenolabrus rupestris) by both intraperitoneal injection and immersion. 
Cumulative mortality, gross clinical signs, detection of VSHSV by real time 
PCR and histopathological changes associated with VSHV infection are 
described. In addition, design and validation of wrasse endogenous control 
(ELF-1α) will be presented. 
 
The results suggest significantly different histopathology than observed for 
rainbow trout as a reference host. This study significantly contributes to 
understanding of VHSV in wrasse especially as the complexity of mixed 
infections observed in wrasse collected during the VHSV mortality event in 
2012 in Shetland did not allow for clinical or histopathological changes to 
exclusively be attributed to VHSV. 
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Unlike in terrestrial animal husbandry viral infections in aquaculture often tend 
to evolve towards increased virulence. The understanding of why is important 
for being able to take appropriate actions to reduce the risk and the impact of 
disease outbreaks in aquatic environments. 
 
Virus evolution and virulence development depends on a combination of virus 
characteristics, host response and not the less environmental factors. 
 
With upcoming tools as NGS and deep sequencing the field of virus 
characterization has advanced significantly and knowledge on mutagenesis, 
clouding and reassortment have questioned previous undertakings on the 
presence and absence of severe viral pathogens in fish farming. With detailed 
knowledge on up- and down regulations of genes expressing proteins, peptides 
and siRNAs involved in viral infections the understanding of host response has 
evolved as well. But from an environmental point of view there is still a long 
way to go understanding and managing the factors that influence virulence 
evolution. 
 
Some of the recent studies concerning virulence evolution in fish viruses will be 
presented and discussed with focus on VHSV, ISAV and IPNV. For these 
viruses only very few nucleotide mutations, inserts or deletions suffice to 
completely change the virulence pattern in various species. Some changes 
involve the adhesion and entrance into to the fish and cells while others 
influence the virus replication and release. A review on some of the fascinating 
in vitro and in vivo studies recently conducted will be given. 
 
Virus differentiation has from a legislative point of view been disputed for 
several years. The discussions primarily concern where to set the threshold for 
discriminating between presence of viruses causing serious disease outbreaks 
and related viruses that apparently do not cause diseases in farmed fish species. 
Such examples are the ISAV HPR0 versus HPR-deletion discussions, the 
ubiquitous presence of VHSV in the marine environment in Europe, the 
presence of SVCV related viruses in SVC free zones, the significance of SAV-2 
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in SAV-3 free salmon farming areas, and the presence of a variety of CyHV-3 
like viruses apparently not causing diseases in cyprinids. 
 
Retrospective epidemiological studies combined with deep knowledge on viral 
structure and molecular features can provide the risk assessments necessary for 
taking appropriate decisions on how to manage presence of various viruses. 
And more focus on this research should definitely be given. 
 
When the understanding of virulence mechanisms has improved appropriate 
actions can include specific vaccination strategies, treatment strategies and 
operational procedures which take into consideration the risk of virulence 
evolution under aquaculture conditions. 
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The family Adenoviridae comprises 5 genera of which Mastadenovirus, 
Aviadenovirus and Ichtadenovirus appear to have narrow host ranges (each of a 
single vertebrate “class”), as they infect only mammals, birds and fish, 
respectively. Members of the remaining two genera were found in hosts 
belonging to multiple classes: members of the genus Siadenovirus were 
described in a leopard frog, in Sulawesi tortoise and in different birds; whereas 
those of the genus Atadenovirus were detected in various squamate reptiles, 
birds, ruminants and in a marsupial host. In this latter genus, the squamate 
reptilian lineage is considered to represent the ancient branch, while the 
appearance atadenoviruses in birds and mammals is explained by host-switch 
events. 
 
Several squamate atadenovirus types were found in multiple hosts (e.g. SnAdV-
1, -2 & -3 in various boid, viperid and colubrid snakes), which is an uncommon 
characteristic among the mostly host-specific AdVs. Besides the only published 
full genome, snake adenovirus 1 (SnAdV-1), we have recently sequenced two 
lizard adenovirus (LAdV) isolates (synonym: Helodermatid AdV-1 and -2) by 
cloning, PCR and traditional Sanger methods; and here we present the complete 
genome sequence of SnAdV-2 determined by the Illumina method. Based on 
these data, the squamate AdV lineage is also peculiar, as it has the largest 
diversity concerning genome size and the number of genes within the family. 
 
Interestingly, in contrast with the SnAdV-1, the atadenovirus with the shortest 
genome so far (27,751 bp), SnAdV-2 was found to have the longest genome 
(39,291 bp) known in the genus to date (both virus isolates originated from 
captive corn snakes [Pantherophis guttatus] in Germany, from 1992 and 2011, 
respectively). Two fiber genes were found in SnAdV-2, a feature seen only in 
the LAdVs of atadenoviruses previously, and an unusually long (12 kb) RH 
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region, containing 18 ORFs with a coding capacity over 50 amino acids. The 
majority, i.e. 11 of these putative genes are unique and do not have obvious 
homologues. Three ORFs have direct counterparts in SnAdV-1 and/or LAdVs 
(RH1, ORF1, ORF4), and further four ORFs were found to be similar to the so-
called 105R gene. This gene was described originally in the tree-shrew AdV-1 
genome, but was later identified in SnAdV-1 and the lizard AdVs as well. 
Based on the knowledge obtained from constructs with the sole so far 
vectorized atadenovirus, ovine AdV-7, we predict that the RH region of 
SnAdV-2 could be a suitable candidate site for deletion and transgene insertion 
in planned vector constructions. (Support: FP7-324325 AD-VEC grant). 
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Recently, with American colleagues, we have published the discovery of a 
novel adenovirus (AdV) lineage in testudinoid turtles with the use of two PCRs 
targeting the most conserved part of the gene of the viral DNA-dependent DNA 
polymerase (pol) and the major capsid protein, named hexon. Sequence 
analyses of these gene fragments have indicated the presence of hitherto 
unknown AdVs in a number of red-eared and yellow-bellied sliders (Trachemys 
scripta elegans and T. s. scripta), as well as in four box turtles (Terrapene 
carlina carolina) and in a pancake tortoise (Malachohersus tornieri). In 
phylogeny reconstructions, based on either of the two partial protein sequences, 
the newly detected AdVs appeared on an independent branch, clearly separated 
from those of the five genera of Adenoviridae recognized to date. So we have 
proposed the establishment of a sixth adenovirus genus. 
 
In the present work, further genomic characterization of one of the novel AdVs, 
detected in the internal organs of a dead red-eared slider, was carried out. Since 
our attempts to isolate any representative of this new AdV lineage remained 
unsuccessful, we chose to try a PCR and sequencing approach to acquire longer 
genomic sequences. A nested PCR, with specific primers designed for the 
recognition of the known region of the DNA polymerase and the hexon genes, 
generated a large genomic fragment of over 14,500 bp. This was further 
elongated by another PCR with a leftward-oriented reverse primer (specific for 
the pol) and a degenerate forward one designed for a conserved part of the IVa2 
gene. The entire fragment was sequenced and annotated. Thus we identified 8 
full genes between the partially sequenced ORFs of the IVa2 and hexon 
proteins. The order, orientation and relative size of the genes, constituting the 
well-conserved central part of the adenoviral genome, were roughly in 
agreement with the general scheme. Splicing of the mRNA of the terminal 
protein precursor (pTP) was predicted by finding appropriate donor and 
acceptor sites at the usual place as in every other AdV studied to date. 
Phylogeny calculations, based on several deduced protein sequences, resulted in 
tree topologies similar to those obtained with the short PCR products 
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previously, inasmuch as the red-eared slider AdV always appeared alone well 
separated from the branches corresponding to the five approved genera. The 
distinctness of the lineage, represented by this virus, was further supported by 
other derived characteristics such as for example the number and sequence of 
the protease cleavage sites on precursor proteins pVII, pX and pVI. 
 
Although the sequence of the two genome extremities, containing the majority 
of the genus-specific genes and ORFs is still missing, the present results 
confirmed unequivocally our former proposal to establish a new genus and 
name it Testadenovirus. We assume that this AdV lineage has co-speciated with 
members of the order Testudines. Since PCR screening of further samples 
indicated a relatively high prevalence in small outdoor slider colonies in 
Hungarian shelters and revealed that seemingly healthy individuals might shed 
the virus continuously for longer time intervals, the examination of the eventual 
pathogenic role of these viruses deserves further attention. (Support: OTKA 
K100163). 
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A genomic region with a constant (clocklike) substitution rate over time is an 
excellent basis for the calculation of accurate intraspecific divergence times. 
However, for regions under selection, changes in selection can influence this 
rate decisively, which is also why genes can evolve at different rates. Therefore, 
a tree of a single gene does not necessarily agree with the species tree. In such a 
case, it is necessary to use a multigene dataset for a time-scaled phylogenetic 
analysis, which usually requires distinct evolutionary models (e.g. models of 
substitution and molecular-clock) for each data subset. However, the large 
choice of such models often makes it highly challenging to select the most 
suitable one for each subset. A less complex but nevertheless effective 
alternative is the phylogenetic use of neutral sequence sites, which are largely 
unaffected by selection. Actually, their fate is only affected by genetic drift in 
smaller and isolated populations (genetic bottleneck). In short, it can be 
presumed that neutral substitutions largely accumulate in a clocklike fashion, 
which is also why evolutionary models need to be fixed only once for this 
analysis. Unfortunately, although there now is little doubt that essentially any 
novirhadovirus can undergo a considerable number of nucleotide substitutions 
without substantially changing the state of fitness, very little is known about 
how many truly neutral sites exist in their genome and where they could be 
located. Despite of this significant challenge, we succeeded in developing a new 
approach to trace phylogenetically usable neutral sequence sites within the 
genome of a novirhadovirus. Based on the example of VHSV (viral 
hemorrhagic septicemia virus), we applied this approach to create a time-scaled 
phylogenetic tree to infer divergence times in order to compare them with 
previously published data. Furthermore, remarkably, this approach may also 
have the potential to be usable for other fast evolving RNA viruses, at least for 
members of the family Rhabdoviridae such as, for example, the rabies virus. 
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The high mutation rate of RNA viruses enables a diverse genetic population of 
viral genotypes to exist within a single infected host. A high within-host genetic 
diversity could better position the virus population to respond and adapt to a 
diverse array of selective pressures such as host-switching events. The negative 
single-stranded RNA viral hemorrhagic septicemia virus (VHSV) was 
originally considered an epidemic virus of cultured rainbow trout have now 
been revealed endemic among a wide range of marine fish species on the 
Northern hemisphere. To better understand the evolution of VHSV, a deep-
sequencing methodology was established using 4 propagated VHSV isolates: 2 
isolates originating from rainbow trout (fresh water DK-3592b, DK-9895174), 
and 2 isolates originating from marine fish species (DK-4p168, DK-1p49). 
 
For full genome sequencing, 4 degenerated primer sets were designed to 
generate 4 overlapping PCR amplicons. Each amplicon was amplified 
independently, purified using affinity columns and subsequently mixed to an 
even DNA concentration (1:1:1:1). For each sample, 89-99% of the reads 
mapped to related reference sequences, and 99.4-100% of the approximately 
11.1 kb genome was successfully sequenced (Illumina platform) and analyzed 
using CLC Genomic Workbench. The average coverage varied between 0.5-2 
mio and hereby-allowed characterization of the VHSV population present in 
each sample at unprecedented depths. 
 
Variation among single nucleotide variants (SNPs) across genes and noncoding 
regions revealed that the N, P, M, and Nv genes appeared nearly fixed, while the 
G and L genes, especially in one of the marine isolates (DK-1p49), had 
significant genetically diverse populations. In DK-1p49, mixed amino acid 
variants were also found in three of the amino acid sites (aa290, aa387, aa476) 
shown to undergo positive selectiona. The revealed findings demonstrate that 
the established deep sequencing and analysis methodologies can be useful for 
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future in vivo host adaption studies of VHSV. 
 
 
aAbstract also submitted to 9th ISVLV (Session I): 
EVOLUTIONARY MECHANISMS FACILITATING EMERGENCE OF 
VIRAL HEMORRHAGIC SEPTICEMIA VIRUS (VHSV) INTO CULTURED 
RAINBOW TROUT 
A.A. Schönherz*, M.H.H. Hansen, H.B.H. Jørgensen, P. Berg, A.J. Buitenhuis, 
B. Guldbrandtsen, N. Lorenzen and K. Einer-Jensen 
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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. 
Infectious pancreatic necrosis virus (IPNV) is a bisegmented double-stranded 
RNA virus belonging to the family Birnaviridae, genus Aquabirnavirus, which 
is a major viral pathogen of salmonid fish. The virus infects wild fish and 
cultured salmonids, causing high mortality in juvenile trout and salmon. This 
virus causes economically significant diseases of farmed rainbow trout, in 
Turkey, which is often associated with the transmission of pathogens from 
European resources. 
 
In this study, moribund rainbow trout (Oncorhynchus mykiss) fry samples were 
collected during an outbreak of IPNV in a fish farm in Tokat province of 
Turkey in 2013. And also two IPNV strains were isolated from wild brook trout 
(Salmo trutta fario) in fresh water and wild turbot (Scophthalmus maximus) in 
Trabzon province of the Black Sea region of Turkey during field survey; and we 
investigated the partial genome sequences of Turkey IPNV and compared it 
with previously identified IPNV sequences. The sequences of genes were 
compared to those of other aquatic birnaviruses sequenced to date. Our results 
show that the Turkey isolates (Tokat and Trabzon) falls within genogroup 5, 
serotype A2 strain SP, having 99.2 % nucleotide identity and 98.1% amino acid 
identity with the strain 1146 from Spain and 98% nucleotide identity and 95.6% 
amino acid identity with the strain from Iran. These results suggest that the 
Turkey isolate may have originated from Europe and Iran. 
 
Keywords: Molecular characterization, IPNV, Aquatic birnaviruses, Rainbow 
trout, Turbot, Turkey. 
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Infectious pancreatic necrosis (IPN) is a highly contagious viral disease of 
salmonids that has a serious economic impact on aquaculture worldwide. 
Virulent IPN virus (IPNV) strains can cause high mortality in fry, whereas 
survivors of infection may remain asymptomatic carriers for their entire life. 
IPNV is the type species of genus Aquabirnavirus in the family Birnaviridae. It 
is a non-enveloped double stranded RNA virus with a bi-segmented genome 
that encodes five viral proteins. IPN viruses and other marine aquabirnaviruses 
can be categorised into seven genogroups based on their genetic properties.  
 
In Finnish coastal fish farms, IPNV infections occur regularly, whereas in the 
inland farms, IPN has been very uncommon – until recently. In 2012, and again 
in 2013, IPNV was detected in six inland farms from three different freshwater 
systems. The aim of this study was to investigate genetic relationships of the 
2012 and 2013 inland isolates together with other Finnish IPNV strains isolated 
in the past 13 years. Altogether more than 100 IPNV isolates were analysed 
based on partial viral capsid protein (VP2) gene sequences. The results 
indicated that the newly discovered inland isolates belonged to genogroup 2, 
whereas the isolates from the coastal fish farms belonged to genogroups 2 and 
5. Additionally, a few genogroup 6 isolates were among the viruses studied. 
Based on the VP2 sequences, representative isolates were selected for a 
complete viral genome analysis. The results of the genome analysis will be 
presented and discussed. 
 
This work was partly supported by a grant from the Finnish Foundation of 
Veterinary Research. 
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Viral haemorrhagic septicaemia virus (VHSV) and infectious hematopoietic 
necrosis virus (IHNV) are the causative agents of the most relevant viral 
diseases affecting Italian trout farming. Despite the application of the EU 
directive 88/2006 at a national level, and the implementation of eradication 
programs in some regions, nowadays disease outbreaks still occur in Italy, 
causing severe economic losses for trout farmers. 
 
To better understand the epidemiology and evolutionary dynamics of VHSV 
and IHNV in Italy, a representative collection of field isolates (n=108 VHSV 
strains coming from 62 different farms; n=89 IHNV strains coming from 63 
different farms) was selected, and detailed epidemiological information were 
gathered for each sample. Viruses were mainly isolated from rainbow trout 
specimens collected during field outbreaks occurred between 1991 and 2013 in 
Northern Italy, where most of the farms are located. For each strain, the 
complete sequence of the G-gene ORF was obtained and compared with 
representative sequences of different genotypes retrieved from GenBank. 
Maximum likelihood (ML) phylogenetic trees were inferred for both VHSV and 
IHNV to determine the phylogenetic relationships among the Italian strains 
under investigation. The BEAST software was used to estimate the rates of 
nucleotide substitutions/site/year (sub/site/y), and to calculate the time of the 
most recent common ancestor (tMRCA) of the Italian VHSV and IHNV 
isolates. 
 
The phylogenetic analysis revealed that the Italian VHSV strains belong to the 
genotype Ia, sublineages Ia1 and Ia2, and that they are distributed within 7 
different genetic clusters, suggesting the occurrence of different viral 
introductions in Northern Italy. IHNV isolates were all typed as belonging to 
the E (European) genogroup but, differently from VHSV, it was not possible to 
clearly identify genetic clusters. When comparing the evolutionary rates of the 
two rhabdoviruses, it was striking that IHNV has evolved more rapidly than 
VHSV (1.1 × 10-3 sub/site/y vs 7.4 × 10-4 sub/site/y). Interestingly, the VHSV 
and IHNV tMRCA calculation was consistent with the first reports of viral 
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haemorrhagic septicaemia and infectious hematopoietic necrosis in Italy. 
Finally, sequence data were coupled with the epidemiological information 
available, highlighting different possible scenarios for viral spread between 
different fish farms. 
 
This work represents the first extended epidemiological study on VHS and IHN 
in Italy, bringing new insights into the evolutionary dynamics of the two most 
important viruses for Italian freshwater aquaculture. Our analyses also highlight 
the importance of integrating the bioinformatics and epidemiological 
approaches for the study of fish diseases, thus providing a powerful tool to track 
viral spread. This study suggests that such investigations are essential to 
develop adequate surveillance strategies for VHS and IHN. 
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Infectious salmon anemia (ISA) is a severe disease that affects farmed Atlantic 
salmon (Salmo salar), causing outbreaks in sea water in most salmon-producing 
countries worldwide and with particular aggressiveness in southern Chile. The 
etiological agent of the disease is a virus named the Infectious Salmon Anemia 
Virus (ISAV), belonging to the only species in the genus Isavirus in the 
Orthomyxoviridae family. Considering that all salmonid species in the Southern 
hemisphere have been introduced primarily from Europe and from North 
America to a lesser extent, the absence of natural hosts for ISA viruses in Chile 
excludes the possibility of natural reservoirs in this country. Furthermore, since 
there is a close relationship between contemporary ISA virus strains from 
farmed Atlantic salmon in Chile and Norway, it suggests a recent transmission 
from Norway to Chile most likely via imported eggs or trans generational 
transmission. The virus was first reported in Norway in the autumn of 1984 and 
in Chile an ISA virus belonging to the NA genotype was isolated from Coho 
salmon in 1999. Although it was not until June of 2007 when a devastating first 
outbreaks of the virus occurred in farmed Atlantic salmon with significant 
number of farms affected by the disease, and even more farms in 2008, severely 
threatening the sustainability of this blooming productive sector in the country. 
Thereafter and consistently with the epidemiological behaviour of the virus in 
other latitudes, a “non pathogenic” variant known as HPRO, highly fluctuating 
in time and concentration, started to dominate the viral population in most 
farms, with sporadic outbursts of less aggressive pathogenic variants. To our 
surprise, these newly developed variants coexist with the non-pathogenic HPRO 
which, to my understanding, represents a dual strategy of persistence and 
attenuation suggesting that the virus is evolving in the new environment. The 
dynamic changes in key molecular signatures in the viral genome, known to be 
associated with pathogenesis and virulence that have occurred after the first 
outburst and concomitantly with the appearance of the HPR0 variant, will be 
discussed in the frame of a cascade molecular model that would explain the 
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ongoing evolution of the virus in Chile, its significance for the future, and the 
potential to design prophylactic strategies to its control. 
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MOLTRAQ is a pan-European project that aims to increase knowledge on a 
wide array of economically important viral diseases in fish and molluscs on 
both the epidemiological and the genetic level. Spatio-temporal and 
phylogenetic information will be used to create phylogeographic and scenario-
simulation models to identify important factors for the spread of disease and to 
develop and evaluate new control strategies. 
 
Viral haemorrhagic septicaemia Virus (VHSV) is one of the most important 
viral fish diseases and is widely spread all over Europe and creates significant 
losses every year for European fish farmers. VHSV has been endemic in 
Denmark since the 1950’s but after an effective control and eradication 
programme that spanned more than 45 years the virus was finally eradicated 
from Denmark in 2009. 
 
As part of MOLTRAQ more than 200 Danish isolates, including isolates from 
both marine and freshwater outbreaks, spanning from 1978-2003 were selected 
for analysis. The full-length G-gene was sequenced for all isolates and together 
with epidemiological information these data are being used to create 
phylogenetic and phylogeographic models to help infer the relationship between 
VHS outbreaks in Denmark and to look into the spread of the disease over a 
historical period as well as the effectiveness of containment and eradication 
programmes. 
 
One of the findings were that despite strict trade regulations and a total ban on 
introduction of live salmonids into the country VHSV seemed to have crossed 
the borders into Denmark in a couple of cases. Molecular tracing also showed 
that the numerous VHS outbreaks in marine fish farms were due to stocking 
these with VHS infected rainbow trout in the incubation phase and not to 
infection with VHSV from the marine environment. From sequencing more 
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than 400 VHSV isolates from Denmark it appears that evolution of low virulent 
VHSV from marine fish species is a very rare event and is most likely related to 
feeding with fresh fish, which is now prohibited in rainbow trout farming. 
 
MOLTRAQ is funded under the EMIDA-ERA Net under the EU 7th 
Framework program (For more details about EMIDA: www.emida-era.net). 
 
Partners into the project are: Norwegian Veterinary Institute (NO, Coordinator), 
Technical University of Denmark-National Veterinary Institute (DK), Agence 
Nationale de Sécurité Sanitaire (FR), Friedrich-Loeffler Institut (DE), Institut 
Francais de Recherche pour l'Exploitation de la Mer (FR), Institut de Recherche 
pour le Développement (FR) and Norwegian Computing Center (NO). 
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Viral encefalopathy and retinopathy virus (VERv) represent a major threat for 
many wild and farmed fish species among which the European sea bass, that is 
preferentially infected during young life stages. 
 
We are currently investigating the possibilities of immunizing young sea bass 
against VERv by means of mucosal (immersion) vaccination employing 
inactivated VERv, and monitoring cellular and molecular immune responses. 
 
VERv-free sea bass of 2-10 grams were immunised by immersion in virus 
solution for 1, 2, and 5 minutes and then sampled after 24, 48, 72 hours, and 
after 30 days. The results of this round of immunisations showed that: i) no 
serum antigen-specific IgM can be detected by ELISA; ii) neither in vitro 
VERv-induced gills leukocyte proliferation, nor increase in proliferation of 
lectin-stimulated leukocytes were detected; iii) a significant modulation in 
transcription levels of genes coding for IFN, Mx, ISG-12, and IgT was observed 
in gills after 24 hours and in spleen after 48 and 72 hours; iv) 
immunohistochemistry showed the presence and the uptake of VERv in the gills 
of immunized fish. 
 
These results show that a single immersion vaccination without boosting do not 
induces systemic IgM-based immunity in sea bass. A control experiment where 
VERv was administered intraperitoneally showed the presence of serum 
antigen-specific IgM. 
 
The sea bass cell line DLEC has been transfected with a plasmid encoding 
VERv capsid protein, and transfected cells have been used to immunize 
intraperitoneally juveniles. After 30 days sera and leukocytes were collected, 
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and results showed that sera of fish were positive in ELISA against adsorbed 
VERv and that leukocytes from spleen and head kidney proliferated in vitro in 
response to VERv, suggesting interesting possibilities for this system to be 
employed to investigate antiviral immune responses. 
 
Finally, by employing a rabbit antiserum against VERv (pAb 283) and a mouse 
monoclonal against VERv capsid protein (mAb 4C3) we have developed an 
ELISA system to detect and quantitate the presence of VERv in solutions and 
biological fluids. 
 
Overall, our results represent a first comprehensive approach to detect and 
investigate the effects of VERv immunization of sea bass. 
 
This research was funded by the European Commission under the 7th 
Framework Programme for Research and Technological Development (FP7) of 
the European Union (Grant Agreement 311993 TARGETFISH). 
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Type I interferons (IFNs) are considered the main cytokines directing the 
antiviral immune response in vertebrates. These molecules are able to induce 
the transcription of interferon-stimulated genes (ISGs) which, using different 
blocking mechanisms, reduce the viral proliferation in the host. In addition, a 
contradictory role of these IFNs in the protection against bacterial challenges 
using murine models has been observed, increasing the survival or having a 
detrimental effect depending on the bacteria species. In teleosts, a variable 
number of type I IFNs has been described with different expression patterns, 
protective capabilities or gene induction profiles even for the different IFNs 
belonging to the same species. In this work, two type I IFNs (ifn1 and ifn2) have 
been characterized for the first time in turbot (Scophthalmus maximus), showing 
different properties. Whereas Ifn1 reflected a clear antiviral activity (over-
expression of ISGs and protection against viral haemorrhagic septicaemia 
virus), Ifn2 was not able to induce this response, although both transcripts were 
up-regulated after viral challenge. On the other hand, turbot IFNs did not show 
any protective effect against the bacteria Aeromonas salmonicida, although they 
were induced after bacterial challenge. Both IFNs induced the expression of 
several immune genes, but the effect of Ifn2 was mainly limited to the site of 
administration (intramuscular injection). Interestingly, Ifn2 but not Ifn1 induced 
an increase in the expression level of interleukin-1 beta (il1β). Therefore, the 
role of Ifn2 could be more related with the immune regulation, being involved 
mainly in the inflammation process. 
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Marine Viral Haemorrhagic Septicaemia Virus (VHSV) isolates can infect 
Senegalese sole (Solea senegalensis) under experimental conditions; however, 
this fish species is not susceptible to the infection by freshwater VHSV isolates. 
This fact may indicate differences regarding the interaction between the virus 
and the host immune system. Interferon type I (IFN I) is essential within the 
antiviral defence in fish, stimulating the expression of genes encoding antiviral 
proteins (ISGs). For this reason, the aim of this study has been to determine the 
role of the IFN I system of Senegalese sole against the infection by VHSV with 
different origins. Specifically, the transcription of several ISGs, such as Mx, 
ISG15 and PKR, has been quantified as markers of the IFN I activation in 
response to poly I:C and viral infections. 
 
These analyses have been performed in head kidney sampled at different times 
post-infection (p.i.) from animals (10 g mean weight) intraperitoneally injected 
with two different VHSV isolates (104 TCID50/fish): (i) a marine isolate 
(pathogenic isolate), and (ii) a freshwater isolate (non-pathogenic isolate). The 
induction of the three ISGs tested was similar regardless of the viral isolate 
considered at all times analysed, with the ISG15 gene showing the earliest and 
highest transcription level. The quantitative analysis of viral RNA showed a 
higher level of viral genome in head kidney from animals inoculated with the 
pathogenic VHSV isolate. 
 
To study the protective role of the innate immune system against VHSV 
infection, the IFN I-mediated system was stimulated by poly I:C intra-peritoneal 
injection. These animals were maintained for 24 h and subsequently challenged 
by intra-peritoneal injection with the pathogenic VHSV isolate (2x105 
TCID50/fish). The cumulative mortality at the end of the experiment (30 days 
p.i.) in the control group (L15-VHSV) was 68%, whereas in the poly I:C 
stimulated group (poly I:C-VHSV) was 5%. In addition, a decrease of the viral 
RNA was recorded in animals sampled from the poly I:C-VHSV group 
compared to viral RNA in control fish at all sampling times analysed. 
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The quantitative analysis of the Mx, ISG15 and PKR transcription showed that 
VHSV interferes negatively with the early ISG stimulation triggered by poly I:C 
(at 3-6 h p.i.). However, the IFN system was recovered at 12-24 h p.i., as the 
transcription level of the three ISGs studied was quantitatively similar in the 
poly I:C-VHSV and L15-VHSV groups at those times p.i. 
 
These results support the suitability of ISG expression analyses as markers to 
study the virus-host interaction in fish. 
 
This study has been funded by the P09-CVI-4579 project, from Junta de 
Andalucía (Proyectos de Excelencia de la Junta de Andalucía). 
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Type I interferon system (IFN I) plays a key role in the first line of defence 
against viral infections. It is secreted by infected cells and stimulates the 
expression of interferon stimulated genes (ISGs) in neighbouring cells. ISGs are 
used as indicators of the IFN I system activation in response to viral infections 
or poly I:C. The most studied ISG in fish is Mx, whose antiviral activity has 
been demonstrated for several fish species. 
 
European sea bass (Dicentrarchus labrax) is highly susceptible to the infection 
by Viral Nervous Necrosis Virus (VNNV) (Betanodavirus genus, Nodaviridae 
family). Betanodaviruses have been classified into four genotypes, although 
only the SJNNV and RGNNV genotypes have been detected in Southern 
Europe to date. Both genotypes replicate in nervous tissue of European sea bass; 
however, RGNNV is the only one causing high mortalities in this fish species, 
which suggests that both genotypes may vary substantially in their interaction 
with the IFN I system. 
 
The aim of this study has been to determine the involvement of the IFN I 
system in the development of the RGNNV infection in experimentally 
challenged European sea bass. Viral replication in nervous tissue has been 
determined by specific absolute real-time RT-PCR protocols (RT-qPCR) 
(Lopez-Jimena et al., 2012; 2014), whereas the transcription of Mx has been 
quantified in head kidney by relative RT-qPCR (Chaves-Pozo et al., 2012). 
Different experimental conditions were considered: i) RGNNV-inoculated fish 
(L15+RG group); ii) SJNNV-inoculated animals (SJ+L15 group); iii) poly I:C-
stimulated specimens subsequently inoculated with RGNNV (poly I:C+RG 
group); and iv) SJNNV-inoculated individuals superinfected with RGNNV 
(SJ+RG group). Control animals were mocked-injected with L-15 medium. 
 
The L15+RG group showed typical symptoms of the disease and displayed 76% 
cumulative mortality at the end of the experiment (30 d p.i.), whereas the 
previous inoculation of SJNNV (SJ+RG group) or poly I:C (poly I:C+RG 
group) resulted in 4% and 0% cumulative mortality, respectively. No mortality 
was recorded in the SJ+L15 group. 
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The analysis of the Mx transcription showed a clear differential induction of the 
sea bass IFN I system by RGNNV and SJNNV, since no transcription was 
recorded after the RGNNV inoculation at any time tested (from 0 to 24 h p.i.), 
whereas the injection of SJNNV resulted in the Mx transcription from 12 h p.i. 
onwards. Specimens in the poly I:C+RG group showed Mx transcription at 12 h 
after poly I:C inoculation. In the SJ+RG group, the Mx transcription after the 
RGNNV inoculation was the same as that described for fish in the SJ+L15 
group at the same times post-second inoculation. These results suggest that the 
induction of the IFN I-mediated system by poly I:C or SJNNV infection 
protects European sea bass against the infection with RGNNV. 
 
This work has been partially supported by a grant from Novartis Animal Health. 
 
References: 
Lopez-Jimena et al. (2012) Vet. Microbiol. 154, 86-95. 
Lopez-Jimena et al. J. Appl. Ichthyol. doi: 10.1111/jai.12473. 
Chaves-Pozo et al. (2012) Fish Shellfish Immunol. 33, 1159-1166. 
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Interferon (IFN) is a group of cytokines involved in the defence against viral 
infections. Type I IFN includes many different subtypes and is responsible for 
the innate early antiviral mechanism. Cells respond to type I IFN by producing 
a large number of molecules with direct or indirect antiviral properties. Among 
those, the Mx protein has been initially discovered as conferring resistance to 
Myxoviridae. Although the exact mechanism responsible for its antiviral 
property is not fully described, it is believed that its accumulation in the cells 
interferes with the viral protein trafficking and particle packaging resulting in a 
general inhibition in viral propagation. 
 
In fish, the Mx protein and its coding gene have been used as a marker of type I 
IFN activity for many years. It is now clear that type I IFN is responsible for the 
early defence against viruses. However, the inherent contribution of the Mx 
protein to this viral resistance and its spectrum of action are unknown. 
 
The sensitivity of viral isolates to the presence of Mx is variable and may be 
correlated to pathogenicity. To test this hypothesise we engineered a double 
recombinant Atlantic salmon cell line ASK-TOF3-MX that expresses the 
rainbow trout Mx1 protein under the control of doxycycline (DOX) within the 
inducible expression TET-OFF system. This new cell line was characterised by 
real time PCR and the sensitivity of Infectious Salmon Anaemia Virus to Mx 
protein measured. A selection of high and low virulent ISAV isolates were 
analysed to determine whether ISAV pathogenicity can be linked to sensitivity 
to Mx. This in vitro Mx-sensitivity test has the potential to replace animal 
experimentations and to make the evaluation of risk of presence of viral isolates 
more cost-effective. 
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Due to their direct antiviral activity, Mx proteins play a main role in the 
response mediated by the type I interferon against viral infections. The study of 
the farmed fish gilthead seabream Mx genes is especially interesting, since this 
species displays an unusually high natural resistance to viral diseases, becoming 
a potential asymptomatic carrier and/or reservoir for several viruses pathogenic 
to other fish species. Gilthead seabream has three Mx proteins (Mx1, Mx2 and 
Mx3) that, separately, display antiviral activity against a wide range of viruses, 
showing interesting differences in their antiviral specificities. 
 
In this work, the possible synergy between the three Mx isoforms has been 
studied using in vitro systems, consisting of permanently transfected CHSE-214 
cells expressing two or the three gilthead seabream Mx proteins. The antiviral 
activity of these Mx combinations has been tested against the infection by the 
Infectious Pancreatic Necrosis Virus (IPNV), the Viral Haemorrhagic 
Septicaemia Virus (VHSV) and the European Sheatfish Virus (ESV) in cells 
inoculated at 0.1 and 0.01 multiplicity of infection (MOI). The antiviral effect 
was evaluated by viral titration (TCID50 method). 
 
Interestingly, a positive synergistic effect in the antiviral activity against ESV 
was observed when Mx2 and Mx3 were combined, and this effect was 
intensified when the three isoforms were present in these cells. In contrast, the 
presence of more than one Mx isoform interfered with the antiviral activity 
against IPNV and VHSV showed by the Mx proteins expressed separately. 
Furthermore, Mx2 combined with Mx3, and the combination of the three Mx 
proteins exerted a negative synergistic effect against IPNV infection. 
Specifically, the viral titres were significantly higher in Mx expressing cells 
than in control cells. In the same way, in Mx1 and Mx2 expressing cells 
infected with VHSV the viral replication was also increased. 
 
These results suggest the interaction between Mx isoforms, in which the 
expression level of each isoform might be an important factor, and support the 
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idea of finely tuned mechanisms controlling the antiviral activity of Mx 
proteins. 
 
 
The authors want to thank Dr. C.P. Dopazo (University of Santiago de 
Compostela, Spain) and Dr. K. Way (CEFAS, Weymouth, UK) for supplying 
the viruses VHSV and ESV, respectively, used in this work. 
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Type I interferon (IFN I) system triggers specific signalling pathways leading to 
the activation of the innate immune defence of vertebrates against viral 
infections. The complex expression regulation of Interferon Stimulated Genes 
(ISGs) is responsible for the control of the IFN I response. Hence, one of the 
key issues in understanding virus-host interactions relies on the knowledge of 
the regulatory mechanisms governing ISGs expression. Among ISGs, the Mx 
proteins play a main role due to their direct antiviral activity. The study of Mx 
genes in the farmed fish gilthead seabream is especially interesting, since this 
species displays an unusually high natural resistance to viral diseases, and 
behaves as an asymptomatic carrier and/or reservoir of several viruses, such as 
infectious pancreatic necrosis virus (IPNV) and viral haemorrhagic septicaemia 
virus (VHSV), pathogenic to other fish species. Three independent Mx genes 
(Mx1, Mx2, and Mx3) have been identified in this species, showing the three 
proteins a wide spectrum of antiviral activity. The structure of the three 
promoters (pMx1, pMx2 and pMx3) has been disclosed, and their response to 
poly I:C characterized in RTG-2 cells, where a clear induction of the three 
promoters, although with some differences in the kinetics and magnitude of the 
response, was observed. To further analyse these promoters, the response of 
pMx1, pMx2 and pMx3 to two viral infections has been evaluated in the present 
study. For that purpose, RTG-2 cells were transiently transfected with plasmids 
containing each promoter driving the luciferase gene, and subsequently 
inoculated with either IPNV or VHSV. Although the three promoters were 
induced by IPNV and VHSV, several differences were recorded. In general, the 
response was stronger in cells inoculated with VHSV compared to IPNV-
inoculated cells, and the fold induction was higher for pMx2. These results 
highlight the specific regulation that controls the activity of each promoter, and 
support the idea that a complex interaction between host cells, specific Mx 
promoters, and viruses, is the responsible of the final outcome of a viral 
infection, in terms of Mx induction. 
 
The authors want to thank Dr. C.P. Dopazo (University of Santiago de 
Compostela, Spain) for supplying the VHSV isolate used in this work. 
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Interferon-induced proteins with tetratricopeptide repeats (IFITs) are involved 
in the protective response to viral infection, although the precise mechanism of 
IFITs for reducing viral proliferation is currently unknown. The interaction with 
the translation initiation factor eIF-3 or viral proteins and the sequestering of 
viral RNA have been proposed as potential antiviral functions for these 
proteins. In humans, four members of this family have been characterized. 
Nevertheless, information about these proteins in fish is almost non-existent. 
Exploiting the conservation of synteny between human and zebrafish genomes, 
we have identified ten members of the IFIT family located on four different 
chromosomes. The induction of these genes was examined both in vitro and in 
vivo after interferon (IFN) administration and rhabdovirus challenge. Whereas 
an induction of IFIT genes was observed after interferon treatments (IFNf1, 
IFNf2 and IFNf3), the viral infection did not affect these IFN-induced genes in 
vitro, and even reduced the IFN-induced expression of these genes. The 
response was largely different in vivo, with a broad up-regulation of IFIT genes 
after viral challenge. In addition, three selected IFITs were cloned in an 
expression vector and microinjected into zebrafish larvae to examine the 
protective effect of IFITs upon viral infection. Reduction in the mortality rate 
was observed confirming a conserved antiviral function in non-mammalian 
species. 
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The proinflammatory cytokine Tumour necrosis factor (TNFα) is secreted by 
several immune cells against infections. It has been demonstrated that the 
mammalian TNFα has been dubbed a "double-edged sword", since it either 
induces cell proliferation, survival and differentiation or apoptosis. Previous 
works demonstrated that the treatment of zebrafish with TNFα increased the 
susceptibility to the spring viremia of carp virus (SVCV) infection (Roca et al., 
2008). In the same way, in vitro assays with ZF4 cells incubated with TNFα and 
then infected with SVCV showed an increase of the viral replication. Moreover, 
the levels of several antiviral genes measured after the incubation with TNF did 
not vary. With the aim of elucidate the mechanisms underlying the TNFα 
actions in the SVCV infection, we have focus in other viral processes that may 
be being affected by the TNFα such as the viral binding, cell fusion and 
autophagy. Our results showed that both the viral binding and the cell fusion 
were not modified by the pre-treatment with TNFα. However, preliminary 
assays might indicate a potential imbalance of autophagy by the presence of 
TNF, which in turn favours viral replication. 
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Among the essential functions of the liver, including carbohydrate, protein and 
lipid metabolism, bile secretion and detoxification, a role as a mediator of 
systemic and local innate immunity has also been reported. Although the 
presence of an important leukocyte population in mammalian liver is well 
documented, the characterization of leukocyte populations in the teleost liver 
has been only scarcely addressed. In the current work, we have confirmed the 
presence of IgM+, IgD+, IgT+, CD8α+, CD3+ cells, and cells expressing major 
histocompatibility complex (MHC-II) in rainbow trout liver by flow cytometry 
and immunohistochemistry analysis. Additionally, the effects of VHSV 
intraperitoneal injection on the transcription of immune related genes in the 
liver of rainbow trout was assessed at days 1, 2 and 5 post-challenge. Among 
these genes, a group of leukocyte markers genes, genes belonging to the pattern 
recognition receptor system (PRR), chemokines and chemokine receptor genes, 
and genes for the primary immune response and acute phase reaction were 
analyzed. Our results demonstrate that T lymphocytes play a key role in the 
initial response to VHSV in the liver, with an up-regulation of CD3, CD8, CD4, 
perforin, Mx and interferon (IFN) genes. Consequently, flow cytometry analysis 
of IgM+ and CD8α+ cells in liver and spleen at 5 days post-infection suggested a 
recruitment of CD8α+ cells, with a diminished population in the spleen and an 
increased population in the liver. No differences were found however in the 
percentages of IgM+ populations. In addition, a strong activation of several 
PRRs transcription was observed from the second day of infection, including 
TLR3, TLR7, TLR22, MDA5, and LGP2a and b. Regulation of chemokine 
transcription was also appreciated in the liver from day 2 post-infection, with an 
increase of CK10, CK12 and CXCL11-L1, and a decrease of CK9 and 
CXCL14. In correlation with the up-regulation of CK12 gene, the up-regulation 
of CK12 protein in infected liver was also confirmed, indicating the important 
role of this chemokine in the liver response to infection. 
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Toll-like receptors (TLRs) are pattern recognition receptors that play a key role 
in sensing pathogens and initiating the immune response. Recent evidence 
revealed that specific mammalian B cells express TLRs that also cooperate with 
adaptive receptors to achieve an adequate humoral response. To date, there is 
limited information available for TLR signaling in teleost B lymphocytes. In a 
previous study, we demonstrated that rainbow trout (Oncorhynchus mykiss) 
IgM+ cells constitutively transcribe a wide range of TLR genes; therefore, in the 
current work we focused on studying whether viral TLR ligands could influence 
IgM+ cell functionality. We found that Poly I:C and viral hemorrhagic 
septicemia virus (VHSV) significantly up-regulated TLR3 and IFN1 
transcription in spleen IgM+ cells. These effects seemed to be mediated by an 
intracellular TLR, possibly TLR3, because they were significantly down-
regulated by Bafilomicyn A1 (BAF), an inhibitor of endosomal acidification. 
Further effects by these viral agonists on IgM+ cells included the up-regulated 
transcription of the CK5B chemokine and stimulation of NF-κβ, based on NF-
κβ translocation to the nucleus and up-regulation of IκBα transcription. 
However, these effects were not affected by BAF suggesting participation of 
additional pattern recognition receptor (PRRs) or an indirect effect. VHSV 
also provoked up-regulation of MHC-II cell surface expression on IgM+ cells. 
Notably, neither Poly I:C nor VHSV affected B cell proliferation on their own. 
Finally, we characterized the response of these virus-responsive B cells in blood 
and kidney, observing some important differences in comparison to the effects 
observed on spleen B cells. Because in mammals, only very specific B cell 
populations actively respond to viral TLR agonists, our results suggest that 
teleost IgM+ cells have a higher intrinsic capacity to sense viral antigens than 
their mammalian counterparts. 
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Nk-lysins are antimicrobial cationic peptides produced by cytotoxic T 
lymphocytes (CTLs) and natural killer (NK) cells and stored in cytolytic 
granules. These cells are important effectors of the immune system, which play 
a relevant role in defence against a variety of target cells (virus or bacteria-
infected cells as well as tumour cells). MHC class I proteins present antigens to 
CTLs in the form of peptides on the surface of tumour or virus and bacteria-
infected cells and are necessaries for the immune regulation of the NK-cells 
activity. The interaction of T-cell receptor (TCR) on CTLs with tumour or viral 
peptide–MHC class I complexes activates a signalling cascade that leads the 
granule polarization and release of granule toxins (perforin, Nk-lysin and 
granzymes) by exocytosis. Perforin-granzymes synergy is the main mechanism 
used by the cytotoxic cells to combat viral infections. Nk-lysin is a member of 
the saposin-like protein (SAPLIP) family and therefore, possesses membrane-
binding activity and capability to altering the membrane integrity, but the role 
of this peptide in viral clearance is still poorly understood and even 
contradictory results were observed in some cases. In this work, an Nk-lysin 
peptide from turbot was characterized and its tissue expression profile as well as 
the induction pattern after VHSV infection, were analysed. In addition, the 
correlation between Nk-lysin transcription level and the higher or lower 
resistance to VHSV was also analysed and confirmed using different 
experimental procedures. Higher Nk-lysin mRNA levels were associated to a 
higher resistance against this viral disease and therefore, this molecule could be 
considered as a VHSV-resistance marker. This new approach is a useful tool in 
turbot aquaculture industry in order to select those breeders more resistant to 
VHSV by means of a non-destructive sampling method and obtaining, as 
consequence, a progeny less susceptible to this disease. 



 88 

 



 89 
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The immune response of the adipose tissue has been neglected in most animal 
models until recently, when the observations made in human and mice linking 
obesity to chronic inflammation and diabetes highlighted an important immune 
component of this tissue. In the current study, we have immunologically 
characterized the adipose tissue for the first time in teleosts. We have analyzed 
the capacity of rainbow trout (Oncorhynchus mykiss) adipose tissue to produce 
different immune mediators and we have identified the presence of local 
populations of B lymphocytes expressing IgM, IgD or IgT, CD8α+ cells and 
cells expressing major histocompatibility complex II (MHC-II). Upon 
intraperitoneal infection with viral hemorrhagic septicemia virus (VHSV), a 
wide range of secreted immune factors were modulated within the adipose 
tissue. The percentages of local lymphocyte populations were also affected by 
the viral infection, with a significant decrease in the number of IgM+ cells and 
an increased number of CD8α+ cells in response to the virus. Additionally, 
when a fat-enriched diet was fed to the fish, a significant modulation of immune 
gene expression in the adipose tissue was also observed. Thus, we have 
demonstrated for the first time in teleost that the visceral fat is a relevant 
immune tissue responsive to viral infections and that this immune response can 
be modulated by the fat-content in the diet. 
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Previous studies on IPNV-persistently-infected fathead minnow EPC cultures 
(EPCIPNV) showed the resistance to heterologous virus infection and the release 
of antiviral factors with interferon-like properties to the growth medium. We 
further investigated the ability of two cell lines from different fish species to 
sustain an IPN virus-carrier state with similar antiviral properties. In our hands, 
IPNV persistent infection could be established in gilt-head bream (Sparus 
aurata) SAF-1 cells but not in zebrafish Zf4 cells. IPNV persistently infected 
SAF cells become protected against superinfection with VHSV virus in the 
same fashion as the previously reported EPCIPNV cells. To better understand the 
antiviral properties of the IPNV-carrier culture medium we set up co-culture 
systems which allow the interaction between effector (IPNV-infected) and 
target cells, and where the response to VHSV superinfection can be examined. 
Our preliminary data suggest that the IPNV-persistently infected cells deliver an 
antiviral factor to the medium capable of rendering target cells resistant to 
VHSV superinfection. Quantitative PCR analysis indicates that the interferon-
induced Mx gene may play a role in the induction of the antiviral state. 
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Cyprinid herpesvirus 3 (CyHV-3) is the causative agent of a lethal disease in 
common and koi carp. Since its emergence, in the late 1990s, CyHV-3 has 
caused severe economic losses worldwide creating a need for a safe and 
efficacious vaccine. With this goal in mind, recombinant strains deleted for 
single gene were produced using prokaryotic recombination technologies. 
While producing such a recombinant for ORF134, we unexpectedly obtained a 
clone deleted for ORF56 and ORF57 in addition to the expected deletion of 
ORF134. Interestingly, this triple deleted recombinant replicated efficiently in 
vitro, exhibited an attenuated profile and induced an immune protection against 
a lethal challenge in vivo. 
 
To determine the role of each deleted locus in the phenotype of the triple 
deleted recombinant, a series of recombinant were produced and tested in vivo. 
Firstly, to investigate the role of ORF134 deletion, a double ORF56-57 deleted 
recombinant and an independent triple ORF56-57-ORF134 deleted recombinant 
were produced. These experiments revealed that ORF134 deletion did 
contribute significantly neither to the attenuation nor to the immune protection 
observed for the triple deleted recombinant. Secondly, to determine the relative 
importance of ORF56 and ORF57 deletion in the attenuation observed, two 
single deleted recombinants were produced for ORF56 and ORF57. These 
experiments demonstrated that ORF57 deletion, in contrast to ORF56 deletion, 
correlates with an attenuated phenotype. 
 
Based on its safety-efficacy profile, the ORF56-57 double deleted recombinant 
was selected as a candidate vaccine. Complementary experiments were 
performed to further investigate the potential of this strain as a safe and 
efficacious attenuated recombinant vaccine. The results obtained can be 
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summarized as follows: (i) In vivo imaging (IVIS) of vaccinated fish challenged 
with a wild type strain expressing luciferase as a reporter gene, suggested that 
vaccination induces a sterile immunity at the portal of entry. (ii) Study of viral 
tropism by qPCR, IVIS, and histopathological analyses, demonstrated that in 
comparison to the wild type parental strain, the vaccine strain replicates at lower 
level, at later time post-infection and for a shorter period of time. (iii) 
Transmission studies demonstrated that there is no detectable spread of the 
vaccine from freshly vaccinated fish to naive fish located immediately down 
stream of vaccinated fish (water sharing). 
 
All together, the results of the present study demonstrate the potential of 
ORF56-ORF57 double deleted CyHV-3 recombinant strain for safe and 
efficacious mass vaccination of carp. 
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To date, there is no licenced live-attenuated vaccine available against fish 
viruses due to ecosafety reasons. The Infectious Hematopoietic Necrosis Virus 
(IHNV) is a novirhabdovirus responsible for massive economic losses in trout 
and salmon aquaculture. Novirhabdoviruses are negative-sense single-stranded 
RNA viruses (Mononegavirales). Therefore IHNV replication is dependent on a 
decreasing transcription gradient of the viral genes along its genome 3'-leader-
N-P-M-G-NV-L-trailer- 5’ such that the 3’ gene (N) is the most abundant RNA 
and the 5’ gene (L) is the least abundant. Our laboratory has established a 
reverse genetics system based on IHNV that allows the generation of replicative 
recombinant IHNV in vitro (Biacchesi et al., J. Virol. 2000). This system opens 
the possibility of genome manipulation in order to irreversibly attenuate the 
virus. As described for Vesicular Stomatitis Virus (VSV), a mammalian 
rhabdovirus, interchanging the gene order within the genome of VSV alters the 
level of expression of each viral protein and can potentially affect virus 
replication (Flanagan et al., J. Virol. 2001). Also, as no homologous 
recombination has been clearly documented, changes in gene order are 
irreversible in contrast to single point mutations induced by selective 
attenuation. Therefore, an artificially-designed attenuated IHNV with reordered 
genes would be stable, safe and provide an effective live-attenuated vaccine 
against IHNV infection. 
 
In the current work, using the reverse genetics system established for IHNV, we 
interchanged the gene order of N, P, M and G genes to engineer six 
recombinant IHNV: N1G2, N1G3, N2G3, N2G4, N3G4 and N4G1. The level 
of expression of viral genes has been evaluated by qPCR. Characterizations of 
cytopathic effect, kinetics of replication, viral protein expression and viral titres 
have been measured and attenuation in vivo in rainbow trout (Oncorhynchus 
mykiss) by bath immersion of each recombinant virus was evaluated. These 
studies are first steps towards the generation of a safe live-attenuated vaccine 
for fish farmers and a key for a better understanding of gene regulation in IHNV 
pathogenicity. 



 96 

References: 
Biacchesi S, Thoulouze MI, Béarzotti M, Yu YX, Brémont M. Recovery of NV 
knockout infectious hematopoietic necrosis virus expressing foreign genes. 
2000. J. Virol. 74: 11247-53. 
 
Flanagan EB, Zamparo JM, Ball LA, Rodriguez LL, Wertz GW. Rearrangement 
of the genes of vesicular stomatitis virus eliminates clinical disease in the 
natural host: new strategy for vaccine development. 2001. J. Virol. 75: 6107-
14. 



 97 

 
ALPHAVIRUS-REPLICON VACCINES – A PROMISING VACCINE 

MODEL FOR ATLANTIC SALMON 
 
 

A. Wolf1, C.M. Olsen1, S. Braaen1, P. Frost2, K. Hodneland2, S. Villoing2 
and E. Rimstad*1 

 
1Norwegian University of Life Sciences, Oslo, Norway 

2MSD Animal Health Innovation, Bergen, Norway 
 
 
Alphavirus vectors, based upon alphaviruses from homothermic terrestrial 
animals, have been used for vaccine development with success in various 
animal models to elicit protection against challenges with lethal doses of 
various pathogens. The exploitation of the replication machinery of salmonid 
alphavirus (SAV) as a vaccine platform has just begun, and initial experiments 
from our laboratories are promising. We have found that the SAV-replicon is 
functional for expression in cells from various species, (fish, mammals, insects, 
shrimps) in a rather large temperature range (4-37oC) and alphavirus dsRNA is 
present for several days after transfection of fish cell lines. The combination of 
prolonged dsRNA production, low toxicity, and wide temperature range for 
expression may potentially be advantageous for the use of the SAV replicon to 
induce immune responses in fish. The pSAV replicon is versatile and can be 
used for induction of immune responses against several fish pathogens. 
 
A SAV replicon encoding the infectious salmon anemia virus (ISAV) 
hemagglutinin-esterase (HE), pSAV/HE, is an efficacious vaccine against 
infectious salmon anemia (ISA). Delivered intramuscularly (i.m.), the replicon 
vaccine provides high protection against subsequent ISAV challenge in Atlantic 
salmon, and induces a strong innate response locally at the injection site. 
Intraperitoneal (i.p.) administration of the same dose of the pSAV/HE replicon 
vaccine did not induce protection. When pSAV/HE was co-injected with the 
replicon encoding the VHSV G protein, previously reported to induce cross 
protection against heterologous virus challenge in fish, reduced protection to 
ISA was observed, indicating antagonistic effect. 
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Prophylactic and therapeutic vaccines based on viral vectors derived from 
alphaviruses have been developed for infectious diseases and cancer. The 
genome of alphavirus contains a self-replicating replicon which drives 
replication of both genomic and subgenomic RNA. This feature enables the 
manipulation of alphavirus cDNA clone by replacing subgenomic genes with 
heterologous antigen genes. Recently this approach has been applied to 
establish replicon derived from salmonid alphavirus (SAV) which is the natural 
antigen affecting Atlantic salmon and rainbow trout. In this study, we aimed at 
modifying and constructing an optimal expression system of SAV3 replicon 
vaccine. We evaluated the effect of hammerhead (HH) sequence at 5’end and 
the Hepatitis D virus derived RZ sequence (HDV-RZ) at 3’end. In addition, the 
role of the first 102 nucleotides of the capsid gene at its N-terminus functioning 
as a translational enhancer in Semliki forest virus (SFV) (Sjoberg et al., 1994) 
was investigated in SAV replicon. The constructed SAV replicons were 
transfected into three SAV3 susceptible cell lines, CHSE-214, BF-2, and CHH-
1. Our result demonstrated the strong effect of HH sequence at 5’end and 
conserved role of translational enhancer sequence in SAV, though no effect on 
HDV-RZ was found at 3’end. We then further utilized this system to express 
one heterologous antigen of Atlantic salmon, structural genes of infectious 
pancreatic necrosis virus (IPNV). Immunoassay confirmed the successful 
recovery of IPNV structural proteins driven by SAV3 replicon. 
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Dengue Virus (DENV) is a mosquito-transmitted Flavivirus and a major threat 
for tropical regions from where it has started to spread globally. There are four 
serotypes of DENV (DEN-1 to DEN-4). Primo-infection by one of this virus is 
usually associated with mild-disease flu-like symptoms and recovery from 
infection provides a lifelong immunity against the specific serotype. However, 
subsequent infections by other serotypes can lead to severe dengue 
haemorrhagic fever due to weak cross-immunity and induced antibody-
dependent cell mediated cytotoxicity. The main challenge for the development 
of an effective vaccine against DENV is to produce a balanced immune 
response between serotype with the induction of neutralizing-antibody against 
all four serotypes of the virus. Development of a vaccine against DENV is a 
priority for endemic regions and effectiveness as well as manufacturing 
assessment will be determinant towards this goal. 
 
The Viral Haemorrhagic Septicemia Virus (VHSV) is a fish Novirhabdovirus 
which replicates at temperature lower than 20°C and is naturally inactivated at 
higher temperatures which abrogate the need for an inactivation process and 
insure safety in mammals. A reverse genetic system for VHSV has been 
developed in our laboratory and in a previous study, we demonstrated the 
potential of a recombinant VHSV (rVHSV) as a vaccine against another 
Flavivirus, West Nile Virus, in mice (Nzonza et al., PLOS One 2014). 
 
In the current work, we managed to produce recombinant VHSV that express 
the external fragment of the DENV envelope E protein of each serotype or only 
their domain III, the main target of specific neutralizing antibodies. To do so, 
we used an integration cassette developed and patented by our laboratory, 
designed to induce the expression of any exogene on the rVSHV viral surface. 
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We next demonstrated the expression of the DENV epitopes on the viral 
particle by Western blot and electron microscopy observation following 
immunogold labelling. Immunogenicity of the recombinant viruses 
administrated in an equivalent ratio for all four serotypes and antibody 
specificity for each serotype was then evaluated in a mice model. 
 
We think that the use of fish novirhabdoviruses as recombinant vaccine 
platforms has the potential to induce an effective, safe and adaptable immune 
response against DENV with an affordable cost of production. 
 
Reference: 
Nzonza A, Lecollinet S, Chat S, Lowenski S, Mérour E, Biacchesi S, Brémont M. 
2014. A recombinant novirhabdovirus presenting at the surface the E 
Glycoprotein from West Nile Virus (WNV) is immunogenic and provides partial 
protection against lethal WNV challenge in BALB/c mice. PLoS One; 9(3): 
e91766. doi: 10.1371/journal.pone.0091766. 
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Since almost four decades now, a disease called Pancreas Disease (PD) 
affecting specifically Atlantic salmon has been reported in Scotland. The 
symptoms associated with PD in salmon are a sudden loss of appetite, lethargy 
and increased mortality. The affected fish may have difficulty maintaining 
position in the water due to muscle damage. Ten years later a disease 
resembling PD but affecting rainbow trout has been described and given the 
name of Sleeping Disease (SD). The etiologic agent responsible of PD/SD has 
been characterized 15 years ago as being the first fish Alphavirus. To date 
alphaviruses inducing PD and SD are termed Salmonid Alphavirus (SAV), 
although a non-official term. As like mammalian alphaviruses SAV genome 
consist of a single-stranded positive sense RNA molecule of about 12 Kbases 
encoding two polyproteins (Figure 1), which after processing through 
proteolytic cleavages produce the viral mature products,  
 

 
Figure 1 

 
the non-structural proteins nsP1, nsP2, nsP3 and nsP4, which altogether 
constitute the replicase complex and the major structural proteins capsid (C) and 
the two external glycoproteins (E2 and E1) (Figure 2). 
 
 
 
 
 
 
 
 

Figure 2 
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Compare to mammalian alphaviruses, SAV exhibit several remarkable features 
like the very short length of the 5’ and 3’ non coding (NC) regions 
(approximately 20 versus 60 to 80 nucleotides for the 5’ end), the larger size of 
most of the structural and non-structural proteins, and the arthropod-
independent way of transmission to host. To date a considerable number of 
complete or partial genomes from SAV field isolates have been sequenced 
allowing a classification into 3 subtypes: SAV1 being the Salmon Pancreas 
Disease Virus (SPDV) causing pancreas disease in salmon in Ireland and 
Scotland, SAV2 the Sleeping Disease Virus (SDV) causing sleeping disease in 
freshwater rainbow trout and SAV3 SPDV causing pancreas disease in salmon 
and marine rainbow trout in Norway. Infectious SAV cDNA or SAV-derived 
replicons have now been established in several laboratories which has 
facilitated the molecular biology studies on SAV. Recent advances made in the 
use of SAV replicons to express antigens of interests, in the development of 
SAV live vaccines and the characterization of factors involved in the SAV 
pathogenicity for salmonid will be presented. 
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IPN is considered a serious viral disease in terms of its impact on Atlantic 
salmon (Salmo salar) production both in the fry, smolt and at postsmolt stage. 
The severity of an IPN-virus infection can be influenced by a range of factors 
like virus-strain, the state of the host, and environmental conditions such as 
water quality, oxygen saturation, CO2, temperature, etc. 
 
It is known that stress can result in reoccurrence of a covert IPN-virus (IPNV) 
infection and result in high death rates. 
 
From previous experiments with field IPNV isolates and recombinant IPNV 
isolates generated by reverse genetics, VP2 residues 217 and 221 have been 
identified as main virulence determinants of serotype Sp strains. Virulent strains 
typically encode threonine and alanine at these two positions, moderately to low 
virulent strains encode proline and alanine, while strains encoding threonine at 
position 221 are essentially avirulent regardless of the 217 residue. In addition 
to this, VP2 residue 221 is involved in establishment of persistent infections in 
fish. Strains encoding threonine at this position apparently easily establish 
persistent infections. Thus carrier fish preferentially harbour avirulent variants 
of the virus. For a recurrent outbreak to occur, more virulent variants must 
reappear. Stress could potentially represent the stimuli leading to reappearance 
and selection of more virulent IPNV variants. The purpose of this study is to 
examine the ratio of virulent to avirulent IPNV variants in Atlantic salmon 
(Salmo salar L.) fry persistently infected with four recombinant IPNV Sp 
strains (TA, TT, PA and PT) separately and in mixtures, in relation to stress. 
Results will be presented and discussed with focus on reverse to virulence of 
low-virulent strains. 
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Viral hemorrhagic septicemia virus (VHSV) genotype specific mAbs were 
produced in order to establish a fast and low cost genotyping system for VHSV 
isolates (Ito et al., 2012). In this process, we interestingly encountered a number 
of exceptional reactions with various VHSV isolates, and some of these seemed 
to be linked to virulence. By mapping the binding sites of these MAbs to 
VHSV, we were able to pin point areas of specific interest in relation to their 
virulence. Amino acids in the nucleo-protein regions aa 43 to 46 and aa 168 
which are included in the binding site of the mAbs VHS-3.80 and VHS-4.20, 
respectively, are related to the virulence of VHSV genotype Ib in rainbow trout. 
(N.J. Olesen, in Session II, ‘Virus evolution and differentiation in fish 
farming’). 
 
Another mAb, VHS-3.75, react with all genotype III isolates except the rainbow 
trout pathogenic isolate, NO-2007-50-385 (Dale et al., 2009) from the 
Norwegian West coast, and reacted in addition with the genotype IVc isolate, 
CA-NB00-01 (Gagné et al., 2007), from the American East coast (New 
Brunswick). Since VHSV genotype III isolates are in general none or low 
virulent for rainbow trout in infection trials (Skall et al., 2004), and as the 
Norwegian genotype III isolate is virulent the atypical reaction could be related 
to virulence determinants of genotype III in rainbow trout. The sequenced full 
genome of pathogenic and non-pathogenic genotype III isolates were therefore 
compared and based on this we were able to suggest that substitutions of amino 
acids in the nucleo-protein as important for virulence. 
 
Rainbow trout were bath challenged with VHSV NO-2007-50-385 for 1h and 
6h, resulting in cumulative mortalities of 5 and 35%, respectively. No mortality 
was observed in the rainbow trout groups immersed with the genotype III 
VHSV isolate 4p168 for 1h and 6h, respectively. A cumulative mortality of 
65% was observed in rainbow trout immersed with VHSV DK-3592B 
(genotype Ia) for 1h as positive control. The viral titres in organs from fish 
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challenged with NO-2007-50-385 for 6h increased more rapidly than those 
exposed for 1h. No virus was detected from fish challenged with VHSV 4p168. 
 
Based on a comparative analysis of the entire genome of the genotype III 
isolates, we suggest that substitutions of amino acids in the nucleo-protein 
regions aa 118-123 (pathogenic isolate, AVNNDS; non-pathogenic isolate, 
TVNDDN) are related with pathogenicity in rainbow trout. Since NDS domain 
(aa 121-123 of pathogenic isolate) is N-linked glycosylation site, molecular 
conformation of the region in the N-protein of those isolates seems to be greatly 
different. 
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Based on gene sequence VHSV isolates have been classified into four main 
genotypes: Genotype I groups European isolates that are pathogenic to rainbow 
trout, as well as several marine isolates from the Baltic sea; genotype II includes 
isolates from the Baltic sea; genotype III comprises isolates from around the 
United Kingdom and the Flemish Cap area in the Northwestern Atlantic Ocean; 
genotype IV includes isolates from Korea, Japan and the West coast of North 
America and includes freshwater isolates from the Great Lakes region. Previous 
experimental infection trials have shown no pathogenicity of European VHSV 
marine isolates to bath challenged rainbow trout. In addition a Great Lakes IVb 
strain isolated from muskellunge showed low virulence in intra peritoneal 
injected rainbow trout. However, the mechanisms involved in the susceptibility 
of rainbow trout to the Ia pathogenic genogroup versus resistance to non-
pathogenic marine isolates remain unclear. 
 
This work aimed to study in vitro the kinetics of VHSV replication and antiviral 
protein Mx expression in a rainbow trout derived cell line (RTG-2). One isolate 
of the VHSV genogroups Ia (J167 isolate), Ib (96-43/8), II (1p49), III (H19-1) 
and IVb (MI03) were grown and titrated in RTG-2 cells. Twelve well plates, 
containing approximately 104 cells each well, were inoculated with a 
multiplicity of infection (MOI) of 0.01. Co-infection assays were also analysed 
using equal infective doses of Ia with either Ib, II, III or IVb inoculated at a 
MOI of 0.01. Inoculated cells were harvested in triplicate at 0, 1, 3, 6, 24, 48, 72 
and 96 h post inoculation. 
 
All the isolates were able to infect RTG-2 cells and to induce the cytosolic Mx 
isoforms 1 and 3 (Mx1/3) protein expression. However differences in the 
kinetics of replication and innate immune response between genogroups were 
detected. The trout pathogenic Ia isolate demonstrated the highest fold increase 
in N protein expression (by TaqMan qPCR) and infective titre (TCID50). 
Although Ia induced the highest Mx1/3 fold change at 6 h, Ia induction of the 
Mx1/3 expression level at 48, 72 and 96 h was significantly lower in 
comparison with the non-pathogenic marine isolates Ib and II, both isolated 
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from herring, Interestingly when Ib and II, both inducers of high Mx1/3 
expression, were co-inoculated with trout pathogenic Ia, the Mx1/3 expression 
levels showed a dramatic decline, suggesting that Ia may interfere in the 
interferon pathways, potentially explaining the higher observed pathogenicity in 
trout. The other freshwater isolate (genogroup IVb) and the genogroup III 
isolate from cod induced similar levels of Mx1/3 expression in RTG-2 cells as 
Ia, suggesting that their low pathogenicity in trout may be due to a different 
mechanism. Trout Mx isoform 2 (Mx2) expression is being analysed and will be 
discussed. 
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Viral hemorrhagic septicemia virus (VHSV) has been separated into four 
different genotypes (I, II, III, and IV) with different sub-lineages (Ia-e and IVa-
c). In vitro virulence test in primary cultured gill epithelial cells (GECs) has 
been used as a proxy for in vivo virulence. In line with previous VHSV 
virulence studies, here we show that DK-3592B (genotype Ia) and NO/650/07 
(genotype III) are pathogenic to rainbow trout, whereas 1p8 (genotype Ib) and 
JF-09 (genotype IVa) are non-pathogenic. Furthermore we extend the GECs 
infection study to readily identify virulence motif residues associated with in 
vitro virulence. Following amino acids comparison between the high and low 
virulent strains, eight conserved amino acid substitutions in G, NV, L genes 
were identified and the virulence motifs were introduced into the JF-09 
backbone for a gain-of-virulence approach. For the first time we show that a 
single amino acid mutation (I1012F), in which isoleucine (I) was changed to 
phenylalanine (F) at 1012 position in the conserved region (CR) IV of the L 
protein, rendered the virus able to replicate and induce cytopathic effect in trout 
GECs. There are no previous studies addressing the importance of the RNA 
polymerase for virus virulence, in vitro or in vivo in novirhabdoviruses. The 
findings here should broaden the search for pathogenicity traits in the viruses 
and there is a possibility that the polymerase participates in defining host 
species virulence of various VHSV strains. 
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Viral infection with the important fish rhabdovirus viral hemorrhagic septicemia 
virus (VHSV) is dependent on attachment to the host cell via the surface 
exposed viral glycoprotein (G). The G protein further contributes to the 
infection process by mediating fusion of the virus and host cell endosome 
membranes. As vaccine antigen the G protein triggers both innate and adaptive 
protective mechanisms. The VHSV strain DK-3592b G protein is N-
glycosylated at four asparagine (Asn) residues that anchor biantennary 
complex-type oligosaccharides structures. To analyse the importance of this 
glycosylation for viral virulence as well as host immune response, six variants 
G genes with mutated N-glycosylation sites were generated. The variants 
included variable number (one to four) of substitutions of the four glycosylated 
Asn residues with glutamines (Gln). The immunogenicity of the variant G-
genes was examined by their use in DNA vaccination trials while their ability to 
support virus replication and virulence was tested by their use in recombinant 
viruses. All glyco variants were able to support virus replication in cell culture. 
However, time course studies of replication in cell cultures and immersion 
challenge of rainbow trout fingerlings revealed that reduction of N-
glycosylation reduced replication rate and pathogenicity of the virus. The effect 
was highly dependent on which of the four N-glycosylation sites that had been 
eliminated. While a variant lacking all four N-glycans was completely avirulent, 
a single N-glycosylation at the second Asn (N) site allowed the virus to retain 
intermediate pathogenicity. DNA vaccination trials demonstrated that all glyco 
variants were able to induce protective immunity, but while the variants all 
induced a high level of early innate protection, some variants only provided 
intermediate levels of long lasting protection. Implication of the results for our 
understanding of the role of N-linked glycans on the VHSV G protein in host-
pathogen interactions will be discussed. 
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Autophagy is an evolutionarily conserved membrane-trafficking process that 
operates at low basal levels under normal conditions and maintains the cellular 
metabolic balance and homeostasis. Besides its role in healthy catabolic 
processes, autophagy is an important component of the host response against 
infectious agents. For instance, autophagy mediates both surveillance and 
effector functions involved in the detection and clearance of viruses. Thus, 
strategies aimed at modulating autophagy could be used in the prevention and 
treatment of infectious diseases. 
 
The role(s) played by autophagy in rhabdovirus pathogenesis is not fully 
described yet. In the model organism Drosophila, autophagy inhibits both in 
vitro and in vivo, the replication of the mammalian rhabdovirus VSV (vesicular 
stomatitis virus). Furthermore, the glycoprotein G of VSV appears to be the 
pathogen-associated molecular pattern (PAMP) that activates the autophagic 
antiviral program. However, it still remains unexplored whether or not the 
rhabdoviral glycoprotein G plays a similar role in rhabdovirus vertebrate host 
organisms for which rhabdoviral infection is lethal. 
 
In this work, we demonstrate, for the first time, that autophagy inhibits the 
replication of two fish rhabdoviruses (viral haemorrhagic septicaemia virus, 
VHSV, and spring viremia carp virus, SVCV). The glycoprotein G (G) of 
VHSV and SVCV were used to study in vitro their potential to induce 
autophagy and inhibit fish rhabdoviral replication. Our results show that VHSV 
and SVCV Gs, in the absence of other viral components, are sufficient to induce 
a cell antiviral autophagic program in vitro. Moreover, the linear regions of 
VHSV rhabdoviral G involved in inducing autophagy were identified in 
accordance to their ability to induce autophagy and control rhabdovirus 
infection in vitro. Since immunization strategies to prevent and/or control 
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rhabdoviral infections might benefit from the use of molecules that promote 
autophagy to degrade virus particles or improve their recognition, this study 
opens the door for the development of a new class of antiviral drugs/viral 
vaccine adjuvants. 
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Betanodaviruses are the causative agents of viral nervous necrosis (VNN), a 
neurological disease observed in a great number of fish species from different 
geographical areas. Two genotypes of betanodavirus have been detected in 
Southern Europe: the striped jack nervous necrosis virus (SJNNV) and the red-
spotted grouper nervous necrosis virus (RGNNV). SJNNV/RGNNV reassortant 
strains have been isolated from different species in this area including 
Senegalese sole and sea bream. Characterization of the reassortant isolates 
infecting Senegalese sole revealed the existence of differences compared with 
type strains of both genotypes. At the coat protein level two amino acid 
substitutions (at positions 247 and 270) on the C-terminal side of the capsid 
protein were observed (Olveira et al., 2009). 
 
In the present study, we have explored the possible role of these amino acids as 
putative host determinants in betanodavirus. The reassortant strain SpSs-
IAusc160.03 was used to generate three mutants by means of a reverse genetics 
system: the Ss160247 (bearing a substitution at position 247 Ser→Ala), the 
Ss160270 (with a substitution at position 270 Ser→Asn) and the Ss160247+270 (at 
position 247 and 270). The virulence of the progeny virus was assessed by an 
experimental infection in sole. Senegalese sole juveniles (2 g average weight) 
were bath-challenged in duplicate groups at a viral concentration of 105 

TCID50/ml at 22°C. 
 
The average cumulative mortality for the mutant groups reached 62.5-66.3% 
whereas the wild Ss160.03 strain reached 100%. Clinical signs of VNN, loss of 
appetite and abnormal swimming behaviour, were observed throughout the 
experiment in the fish infected with the wild Ss160.03, but in the fish 
challenged with the mutants were only observed in the first 15-20 days p.i. 
Virus was detected by RT-PCR and recovered from all pools of fish. PCR 
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products were sequenced and the presence of the desired substitutions was 
confirmed. 
 
Our results show that virulence is clearly affected when amino acids 247 and/or 
270 are changed, resulting in a reduction close to 40%. These data support that 
the two amino acidic sites might have played an important role in the 
colonization of sole by betanodavirus. 
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In all vertebrates, the gonad is considered an immunologically privileged site as 
immune responses in the gonad are tightly regulated to provide protection for 
the developing germ cells, which are very sensitive to inflammatory responses. 
The infection of the gonad by pathogens is the initial step to promote horizontal 
transmission through gonadal fluids and/or vertical transmission through 
infected gametes. In fish, the implications of the immune-privilege status of the 
gonads on pathogen dissemination through the gonad have very recently been 
documented and deserve further characterization. On the other hand, the innate 
defences of teleost fish are considered to be crucial for combating viral 
infections, in part due to the slow development of the specific immune 
response. Nodavirus (VNNV) is a known vertical transmitted pathogen capable 
of infecting juveniles of gilthead seabream (Sparus aurata) and European sea 
bass (Dicentrarchus labrax). Although, the gilthead seabream has been 
considered to be an asymptomatic carrier, recent outbreaks have threatened this 
species, which also develops the viral encephalopathy and retinopathy (VER) 
disease and suffers high mortalities. The European sea bass seems to be 
susceptible to more VNNV strains than the gilthead seabream. In this study, we 
have demonstrated that, upon in vivo infection with VNNV, the virus colonizes 
and replicates in the gonad of both species. Viral infection modified the 
reproductive system by altering the hormonal levels and reproduction-related 
genes transcription. Moreover, VNNV infection triggered different immune 
responses such as complement, lysozyme or antibacterial activities or the 
expression of cytokines, antimicrobial peptides or several genes of the type-I 
interferon (IFN) pathway in the gonad of both species. The data obtained in 
those species highlight the importance of the immune-reproductive interactions 
and especially in the mechanisms used by pathogens to be spread by horizontal 
and/or vertical transmission. The research on this pathogen-gonad interaction 
has recently been initiated in teleost fish and represents the initial step to 



 122 

understand how pathogens use the gonad to evade the immune response and be 
transmitted to the progeny. 
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Infectious salmon anaemia (ISA) is a significant, generalized viral disease of 
farmed Atlantic salmon, and was first reported in Norway in 1984. ISA affects 
the circulatory system causing severe anaemia, ascites, congestion and 
enlargement of the liver and spleen. We recently demonstrated by 
immunohistochemistry (IHC), that endothelial cells are the main target cells of 
the virus infection, which may at least partly explain the clinical and 
pathological findings. 
 
The Infectious salmon anaemia virus (ISAV) belongs to the genus Isavirus of 
the family Orthomyxoviridae. The virus has been characterized and typed based 
on amino acid patterns of a highly polymorphic (HPR) region just upstream of 
the trans-membrane domain of the haemagglutinin esterase (HE)-protein. The 
HPR variants can be explained as differential deletions of a putative full length 
ancestral sequence (HPR0). Whereas all ISAV isolates from ISA disease 
outbreaks have deletions in the HPR region, the HPR0 subtype has not been 
associated with disease, or clinical or pathological signs consistent with ISA. 
 
We recently demonstrated that ISAV HPR0 frequently causes a transient 
infection of Atlantic salmon gills. We also demonstrated that ISAV HPR0 
positive gills detected by qPCR may have Ct-values below 20, suggesting large 
amounts of virus. When we tested 38 selected formalin-fixed paraffin-
embedded gills with Ct-values ranging from 18 to 32 by IHC, we were 
surprised to find that only around 25% tested positive. Furthermore, among the 
positive gills, we only found specific staining in epithelial cells and not in 
endothelial cells. There were no clear-cut association between IHC-positive 
gills and qPCR Ct values. Kidney samples from the same fish were all negative. 
However, when 20 selected qPCR positive gills were prepared for cryo-
sectioning and tested by IFAT, all gills tested positive. Again, all positive cells 
were epithelial and no staining was found in endothelial cells. The discrepancy 
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between qPCR and IFAT of cryosections, and IHC may be explained either 
because of lower sensitivity of IHC, or because infected cells may be lost 
during the processing of samples. 
 
We also examined possible immune responses. Fifteen selected gills were tested 
for expression of interferon-related genes, i.e. α/βIFN, Mx, γIFN and γIP. 
Compared to normal healthy fish all fish revealed a variable, but increased level 
of expression. Possible antibody responses against ISAV were tested by ELISA 
on samples taken one month before and one month after an ISAV HPR0 
infection. Three out of 18 fish tested positive before the infection, while 9 out of 
20 tested positive on month after the infection. 
 
Taken together, we conclude that ISAV of the HPR0 type cause a localized 
epithelial infection of Atlantic salmon gills. 
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Observations from the field and experimental evidence suggest that different 
strains of infectious salmon anaemia virus (ISAV) can induce disease of varying 
severity in Atlantic salmon. Variation in host mortality and dissemination of 
ISAV isolates with high and low virulence was investigated using immersion 
challenge. Real-time RT-PCR analysis and statistical modelling have been 
utilised to investigate variation in virus load and the response of four select 
immune gene markers, Type I and II interferon (IFN), Mx and γIFN-induced 
protein (γIP), to high and low pathogenic virus infection in gill and several 
internal organs. In addition, a novel RNA species-specific assay was used to 
investigate the separate viral processes of transcription (mRNA) and replication 
(cRNA). 
 
Unexpectedly, the low virulent ISAV (LVI) replicated and transcribed more 
rapidly in the gills compared to the highly virulent virus (HVI). Subsequently 
LVI was able to disseminate to the internal organs more quickly. However 
despite this, HVI ultimately reached a higher viral load and induced a greater 
mortality. The earlier LVI replication induced a more rapid systemic immune 
response in the host that may have offered some protection.  
 
The results of the study indicate that these strains of ISAV were taken up and 
spread differently following immersion infection which may go some way to 
explain the observed variations in mortality and pathology. 
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Salmonid alphavirus (SAV) is, a single-stranded positive sense, enveloped RNA 
virus of the Togaviridae family, causing pancreas disease (PD) in salmon and 
sleeping disease (SD) in rainbow trout. It is one of the main viral disease 
concerns in the commercial salmonid aquaculture industry across the globe. 
SAV causes pathological changes in the heart, pancreas and skeletal muscles of 
diseased fish; however, the presence of virus has been reported in a wider range 
of tissues. The mechanisms responsible for viral tissue tropism and for lesion 
development during the disease are not clearly described or understood. 
Previously, we described membrane-dependent ultrastructural morphogenesis of 
SAV and associated apoptosis-mediated cell death in vitro. The present study 
aimed at exploring ultrastructural changes associated with SAV infection in 
vivo. 
 
Atlantic salmon parr were experimentally infected i.p. with SAV subtype 1, 
while control fish were injected with tissue culture supernatant. The heart (the 
key target organ showing degenerative lesions), the gills (virus appears to 
persist during an infection) and head kidney (high virus titre) were all sampled 
on Day 4 and Day 11 post infection (d.p.i.). Transmission electron microscope 
(TEM) examination of the myocardium of infected fish showed loss of 
myofibrils, enlarged mitochondria with loss of cristae, formation of multiple 
cytoplasmic vacuoles and separation of the nucleus from cytoplasm on both 4 
and 11 d.p.i. On 11 d.p.i., electron dense virus-like particles were detected in 
the areas of damaged cardiomyocytes and also between intact myocardial cells. 
Further, mononuclear cells were noted especially in areas of myocardial 
damage. In the kidney, mild focal cytolytic changes were noted, along with the 
presence of membrane bound electron-dense virus-like particles in some 
parenchymal cells. In the gill, the cytoplasmic vacuoles observed under TEM 
were mainly found in branchial epithelial cells, but no cytolytic changes were 
observed. These results further describe the presence of degenerative lesions in 
the heart as expected, but not in the gills and in the kidney. The absence of 
virus-like particles in the gills and the kidney by TEM suggests the possibility 
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that virus usually isolated from these tissues might not be derived from the 
tissue itself but rather from the blood supplying them. 
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Cholesterol and sphingolipid enriched lipid raft micro-domains in the plasma 
membrane are known to play an important role in the life-cycle of numerous 
enveloped viruses. Alphaviruses infect cells via a membrane fusion reaction 
mediated by the E1 transmembrane protein. Efficiency of the fusion reaction 
requires the presence of cholesterol and sphingolipid on the target cell 
membrane. Sleeping Disease Virus (SDV) is an atypical salmonid alphavirus, 
only distantly related to the mammalian alphaviruses, which replicates in fish 
cells at temperature lower than 14°C. In the current study we have investigated 
whether SDV requires, as for mammalian alphaviruses, cholesterol to enter into 
BF2 cells. For that, BF2 cells were depleted from cholesterol by treating the 
cells with the methyl-β-cyclodextrin (MβCD) before SDV infection. We 
showed that 50% reduction of the total cholesterol content totally inhibits the 
SDV entry. Furthermore, we observed that SDV inhibition entry could be 
almost totally reversed by supplementing MβCD-treated cells with exogenous 
cholesterol, demonstrating that the inhibition is specifically due to the removal 
of the cholesterol from the cell membranes. Similar treatment of cholesterol 
removal on BF2 cells did not inhibit the cell entry of VHSV, a fish rhabdovirus 
which is not cholesterol-dependant. Furthermore we also showed that 
cholesterol is essential for SDV entry and for egress. To get more insights on 
the SDV fusion process, we have investigated the ability of SDV for fusion and 
specifically the role of the fusion peptide within the E1 membrane protein. 
Therefore, in vitro fusion experiments using purified virus or a chemically 
synthesized fusion peptide have been developed by FRET using fluorescent 
liposomes. Data demonstrated that the fusion process for SDV, like for 
mammalian alphaviruses, is a cholesterol-dependent process. 
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Sleeping disease in rainbow trout is characterized by an abnormal swimming 
behaviour of the fish which stay on their side at the bottom of the tanks, hence 
the name “sleeping” disease (Mérour and Brémont, 2014). This sign is 
presumably due to extensive necrosis of skeletal red muscle. The viral aetiology 
of this disease has been established and the virus was characterized as the first 
alphavirus isolated from diseased fish. Thus, SDV and its natural host constitute 
a relevant model to study in details the virus-induced atrophy, the 
physiopathological consequences of the infection of a particular cell-type in the 
skeletal muscle, and the regeneration of the muscle tissue in survivors together 
with the possible virus persistence. Indeed, infection of humans with 
arthritogenic alphaviruses, such as Chikungunya virus (CHIKV), is a global 
cause of debilitating musculoskeletal diseases (persistent arthritis, arthralgia, 
myalgia…). The mechanisms by which the virus causes these pathologies are 
poorly understood due to the restrictive availability of animal models capable of 
reproducing the full spectrum of the disease. Nevertheless, it has been recently 
shown that CHIKV exhibits a tropism for muscle satellite cells (Ozden et al., 
2007). Muscle satellite cells are considered as the main cell type responsible for 
postnatal muscle growth and repair. Therefore the susceptibility of satellite cells 
might be crucial for the physiopathology of CHIKV infection in humans with a 
possible persistence of virus in muscle tissue leading to recurrent myalgia. To 
study a putative SDV tropism for that particular cell type, we established an in 
vivo and ex vivo rainbow trout model of SDV-induced atrophy of the skeletal 
muscle. This experimental model allows reproducing the full panel of clinical 
signs observed during a natural infection since the virus transmission does not 
require any vector or virus injection. The virus tropism in the muscle tissue was 
studied by immunohistochemistry together with the kinetics of the muscle 
atrophy, and the muscle regeneration post-infection was observed. In parallel, 
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an ex vivo model of SDV infection of rainbow trout satellite cells was 
developed and virus persistence was followed up to 73 days post-infection. 
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Salmonid alphavirus (SAV; family Togaviridae) causes pancreas disease and 
sleeping disease in Atlantic salmon and rainbow trout and confers a major 
burden to the aquaculture industry. Alphaviruses (e.g. Chikungunya, Sindbis, 
Semliki Forest virus) are generally transmitted between vertebrate hosts via 
blood-sucking arthropod vectors, typically mosquitoes. However, SAV can 
spread horizontally and there is no known invertebrate vector. Here, we show 
for the first time that SAV is able to complete a full infectious cycle within 
Aedes albopictus mosquito cells. Progeny virus is produced in a temperature-
dependent manner (at 15°C but not >18°C), can be serially passaged and 
remains infectious to salmonid cells. This suggests that SAV may not be a 
vertebrate-restricted alphavirus after all. Our aim is to understand SAV 
temperature-dependent virion production at the molecular level. First, we 
confirmed that viral RNA replication is not restricted >18°C, suggesting that 
SAV structural proteins determine low-temperature dependency. This is in 
agreement with the temperature-dependent production of SAV VLPs (at 15°C 
but not >18°C) in Sf9 insect cells using baculovirus expression (Metz et al., 
2011. PloS ONE). Here, we use this model to further investigate the 
processing/trafficking of SAV glycoproteins (E3E2, 6KE1) as a function of 
temperature. The experiments showed that 1) E1 translocated to the cell surface 
at all temperatures and independently of E2 or capsid, 2) E2 was unable to 
transit from ER to Golgi at 27°C or in the absence of E1, 3) Furin cleavage of 
E3E2 was not required for E2 cell surface translocation. Therefore, the low-
temperature dependency of SAV replication can now be allocated to the 
glycoprotein E2. Our findings lead to a better understanding of the life cycle of 
this unique, aquatic alphavirus and will aid in future optimization of SAV VLP 
production in insect cells. 
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In a previous study from our laboratory, the protein domains recognized by a 
panel of monoclonal antibodies (mAb) directed against some of the non-
structural and structural proteins of the Sleeping Disease Virus (SDV), a 
salmonid alphavirus, had been roughly mapped (Moriette et al., 2006). In the 
current study, we aimed to define and characterize the epitope recognized by the 
neutralizing 17H23 mAb directed against the E2 glycoprotein of all salmonid 
alphavirus (SAV) and widely used in several labs to routinely diagnose SAV. 
We hypothesized that the 17H23 epitope was located in the major domains B 
previously identified in the E2 of mammalian alphavirus as the domain 
recognized by most of the E2 neutralizing mAbs. Indeed the SDV E2 domain B 
counterpart is located in the protein domain previously found as being 
recognized by the 17H23 mAb. Thus, to precisely characterize the 17H23 
epitope, we developed an alanine scanning mutagenesis approach coupled with 
the generation of the respective recombinant SDV by using the available 
infectious cDNA. Ten recombinant rSDV have been produced and characterized 
in vitro by using indirect immunofluorescence assays on virus-infected cells 
with mAbs 17H23 and 19F3 directed against nsp1. Seroneutralizing assay was 
also developed. In addition we showed that when juvenile trout were infected 
by bath immersion with the rSDV mutants, some of them were totally 
attenuated. Taken together the data from the in vitro and in vivo experiments, 
we have been able to characterize the 17H23 epitope as being the short motif 
FTSD. 
 
Reference: 
Moriette C, LeBerre M, Boscher SK, Castric J, Brémont M. 2005. 
Characterization and mapping of monoclonal antibodies against the Sleeping 
disease virus, an aquatic alphavirus. J Gen Virol. 86:3119-27. 
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Cyprinid herpesvirus 3 (CyHV-3), a member of the family Alloherpesviridae is 
the causative agent of a lethal, highly contagious and notifiable disease in 
common and koi carp. The economic importance of common and koi carp 
industries together with the rapid spread of CyHV-3 worldwide, explain why 
this virus became soon after its isolation in the 1990s, a subject of applied 
research. In addition to its economic importance, an increasing number of 
fundamental studies demonstrated that CyHV-3 is an original and interesting 
subject for fundamental research. In this review, we summarized recent 
advances in CyHV-3 research with a special interest for studies related to host-
virus interactions. 
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SALUTARY BEHAVIORAL FEVER IN RESPONSE TO CYPRINID 
HERPESVIRUS 3 INFECTION 

 
 

K. Rakus*1, M. Ronsmans1, M. Forlenza2, M. Boutier1, J. Jazowiecka-Rakus1, 
M. Penaranda1, C. Vancsok1, F. Farnir1, C. Becco1, G. Wiegertjes2 and 

A. Vanderplasschen1 
 

1University of Liège, Liège, Belgium 
2Wageningen University, Wageningen, The Netherlands 

 
 
Fever in response to infections is an ancestral mechanism of innate immunity 
existing in all vertebrates including poikilotherms. While in homeotherms, fever 
results mainly from endogenous production of heat, in poikilotherms it relies on 
a behavior modification stimulating the individual to reside in a warmer 
environment, hence is named “behavioral fever”. 
 
Cyprinid herpesvirus 3 (CyHV-3) is the causative agent of a lethal disease in 
common and koi carp. CyHV-3 replication is restricted to temperature between 
18 °C and 28 °C, explaining why outbreaks of the disease occur only in this 
temperature range. In the present study, we investigated whether carp infected 
by CyHV-3 could express behavioural fever; and if so, if the resulting up 
regulation of body temperature could be salutary for the fish. To test this 
hypothesis, we developed multi-chamber tanks consisting of three 
compartments with increasing water temperature (24 °C, 28 °C and 34 °C) 
connected by tunnels. An informatics system to monitor the distribution of the 
fish between the three compartments was also developed. The results of our 
study demonstrated that: 1) Carp express behavioural fever in response to 
CyHV-3 infection. While non-infected fish preferred to reside mainly in the 24 
°C compartment, infected fish migrated to the compartment with highest 
temperature (34 oC) and stayed there until controlling the disease, before 
returning to lower temperature compartment. 2) Behavioural fever induced by 
CyHV-3 is salutary. Migration of infected fish to the 34 oC resulted in the 
absence of mortality while mortality rates of 100% and 80% were observed 
when the fish were maintained in single-chamber tanks at 24 °C and 28 °C, 
respectively. All together, the present study demonstrates that carp express 
salutary behavioural fever in response to CyHV-3 infection. 
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Viral fitness is an important factor in the ecology and evolution of all viruses. 
Among viruses of vertebrate hosts the majority of fitness research has been 
conducted in cell culture systems, and more recently in insect vectors. As a 
tractable system for investigating viral fitness within living vertebrate hosts, we 
have developed a suite of in vivo viral fitness assays using the fish rhabdovirus 
IHNV (infectious hematopoietic necrosis virus) in juvenile salmonid fish. 
Assays for in-host replicative and competitive fitness involve single or dual 
infection of juvenile fish with selected virus genotypes, and then separation into 
individual tanks for a three day period of infection. Viral load of each genotype 
within individual fish is determined by genotype-specific qRT-PCR, and mean 
viral loads are used to indicate fitness differences. Variations of this assay have 
been developed to assess fitness for viral entry into the host, transmission 
fitness as indicated by viral shedding over a three day period or over a 30 day 
course of infection, and ability to establish superinfection in previously infected 
hosts. Our results indicate that viral virulence is correlated with replicative and 
competitive fitness, but not with superinfection fitness. Shedding assays 
indicated that transmission fitness was also correlated with virulence, and there 
was no indication of a virulence trade-off based on shedding over the entire 
course of infection. In vivo fitness assays conducted in difference fish host 
species confirm that fitness, like virulence, can be host-specific, and that IHNV 
does not appear to evolve toward lower virulence in the field. Finally, assays 
using three pairs of viral genotypes associated with major displacement events 
in the field found no correlation of displacement with any fitness component 
measured by these assays. The combined capability of these assays provides a 
rigorous assessment of diverse aspects of viral fitness that are collectively 
informative about the driving factors of viral ecology and evolution in this host-
pathogen system. 
 
*gkurath@usgs.gov 
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Novel technologies to understand pathogenesis is one of the major challenges in 
animal disease research. Given the complexity of interactions in living systems, 
a complete replacement by in vitro approaches might not be achievable; 
however, major advances on cellular models have allowed its wide application 
in human and veterinary medicine. 
 
Viral diseases are a major constraint to the aquaculture industry. Among those 
affecting wild and farmed fish several agents target the heart tissues; however, 
most in vitro studies are based on non-cardiac cell lines. Therefore, based on a 
similar approach proposed for pharmacological and toxicological testing 

(Grunow et al., 2012), the current spontaneously and autonomously beating 3D 
“little hearts” were developed from embryos of Atlantic salmon, one of the most 
relevant farmed fish species worldwide. Histological, immunohistochemical and 
electron microscopy assessments showed that all cells types that contribute to 
functional, structural, biochemical, mechanical or electrical properties in adult 
fish hearts, are also present in the cultured hearts i.e. cardiomyocytes, 
endothelial cells and fibroblast. The cultures can be developed from wild or 
farmed origin embryos with no impact on the rate of success, and can be 
maintained under laboratory conditions for several months with minimal 
support. 
 
The “little hearts” were infected successfully with different heart targeting 
viruses including ISAV (infection salmon anaemia virus) and several isolates of 
SAV (salmonid alphavirus). During time point trials virus replication occurred 
and the kinetics of infection could be followed through molecular techniques. 
The model’s suitability for confocal microscopy and live cell imaging were also 
tested, the later showing the potential for live, longer term assessment and viral 
tropisms. A summary of the current work and results will be presented focusing 
primarily on infections by salmonid alphavirus. 
 
*patricia.noguera@scotland.gsi.gov.uk 
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Salmon embryo, in vitro little heart culture and confocal section of infected aggregate 

 
Reference: 
Grunow B, Schmidt M, Klinger M, Kruse C (2012) Development of an in vitro 
cultivated, spontaneously and long-term contracting 3D heart model as a robust 
test system. J Cell Sci Ther 3:116. 
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Hemorrhagic viral diseases are distributed worldwide with important pathogens, 
such as Dengue virus or Hantaviruses. The lack of adequate in vivo infection 
models has limited the research on viral pathogenesis and the current 
understanding of the underlying infection mechanisms. Although hemorrhages 
have been associated with the infection of endothelial cells, other cellular types 
could be the main targets for haemorrhagic viruses. Our objective was to take 
advantage of the use of zebrafish larvae in the study of viral haemorrhagic 
diseases, focusing on the interaction between viruses and host cells. Cellular 
processes, such as transendothelial migration of leukocytes, viral-induced 
pyroptosis of macrophages and Il1b release, could be observed in individual 
cells, providing a deeper knowledge of the immune mechanisms implicated in 
the disease. Furthermore, the application of these techniques to other pathogens 
will improve the current knowledge of host-pathogen interactions and increase 
the potential for the discovery of new therapeutic targets. 
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VIRUS DIAGNOSTICS: THE APPROPRIATE USE OF NEW 

TECHNOLOGIES 
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The recent and rapid advances in molecular tools, particularly high throughput 
sequencing, has significantly changed the way that researchers can screen for 
organisms in environmental samples. In many cases the identification of novel 
organisms in a sample can be achieved de novo, that is, without any prior 
knowledge of their genetic makeup. 
 
Such an approach is obviously exciting and is proving to be an invaluable 
pathogen discovery tool. It also allows for the rapid characterisation of new and 
emerging disease inducing pathogens and allows for the comparison of a 
targeted region of large numbers of isolates in a single assay. However, it is also 
important that diagnosticians continue to focus on the primary aim of infectious 
diagnostic procedures which is the determination of the primary cause of an 
animal’s clinical signs and/or the cause of a mortality event. 
 
This presentation will consider some of the newer and emerging molecular 
diagnostic technologies and how they can be used effectively as a general 
surveillance tool for detection and identification of viral pathogens, but the 
presentation will also reemphasize the importance of using the conventional 
tools such as histopathology, virus culture, electron microscopy and 
immunohistochemistry to make a precise and reliable disease diagnosis. 
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THE DETECTION OF ANTIBODIES SPECIFIC TO KOI 
HERPESVIRUS (KHV) 
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Koi Herpesvirus (KHV) is the etiological agent of a contagious disease 
regulated in Europe (Directive 2006/88/EC) affecting common carp Cyprinus 
carpio and some varieties of this specie (e.g. Koi carp). This virus appeared 
almost simultaneously in Europe, the United States, Israel and Japan in the late 
90s, with a geographical extension highly favoured by the international trade. 
Symptomatic infections, characterized by large skin ulcers, excess mucus 
production and haemorrhages in the fins, usually occur between 18 and 28°C, 
with mortality rates reaching 100%. Outside this temperature range, the virus 
can persist in a latent state in asymptomatic infected hosts, which contribute to 
the virus spreading. The KHV detection in these healthy carriers remains 
difficult using the direct diagnostic methods recommended by the World 
Organization for Animal Health. The objective of this work was to evaluate the 
potential of detection of KHV specific antibodies in carp sera using an indirect 
and non-lethal test of seroneutralisation (SN) developed in our lab. The 
assessment of the analytical and diagnostic performance of this method was 
done using 120 sera from healthy or experimentally infected carps. The KHV 
strain 07/108b used was efficiently neutralized by sera form carps infected with 
European, American and Taiwanese KHV isolates but no neutralization was 
observed using sera specific to other herpesviruses (Chanel Catfish, Herpesvirus 
Anguillae, Cyprinid Herpesvirus type 1). The estimated sensitivity and 
specificity were superior to 97% and repeatability was of 100%. Applied to 
KHV experimentally infected koi carps, we were able to detect 100, 95 and 
65% of positive individuals respectively at 40 days, 3 months and 21 months 
post-contamination. This SN test could be used in the future to improve the 
epidemiological surveillance and control of KHV disease in Europe. 
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DETECTION OF ANGUILLID HERPESVIRUS 1 (ANGHV-1) DURING 

MORTALITY INVESTIGATIONS OF WILD EUROPEAN EELS IN 
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ANTIBODIES TO ANGHV-1 IN EEL POPULATIONS 
 
 

K. Way*1, G. Wood1, J. Savage1, J. Armitage2, N. Lewin2 and C. Williams2 
 

1Centre for Environment, Fisheries & Aquaculture Science (Cefas), Weymouth, 
Dorset, U.K. 

2Environment Agency, Brampton, Cambridgeshire, U.K. 
 
 
Anguillid herpesvirus 1 (AngHV-1) was detected during disease investigations 
of European eels, Anguilla anguilla L. at two stillwater fisheries in central 
England in 2009 and 2010. These detections represented the first records of 
AngHV-1 from UK eels (Armitage et al. 2014). Further detections of AngHV-1 
were then made during investigations of eel specific mortalities at two stillwater 
fisheries in eastern England in 2013. All mortalities were eel specific and took 
place during July and August at water temperatures above 17oC. Pathological 
changes consistent with AngHV-1 included haemorrhaging in the fins, skin 
lesions and necrosis within the gills and liver. Transmission electron 
microscopy revealed active virion replication within the gill tissue and virus 
was isolated from gill tissue homogenates from eels collected from three 
fisheries. 
 
The ability to culture AngHV-1 in eel kidney (EK-1) cells allowed the 
development of an ELISA to detect antibody to the virus in eel serum. The 
ELISA has been used to detect high levels of antibody to AngHV-1 in surviving 
eels at three of the fishery sites. The ELISA has also been used to screen for 
antibody in blood samples collected during an Environment Agency health 
survey of eel populations in England & Wales, 2011-2013. 
 
The impact of the detection of an important eel pathogen, AngHV-1, on the 
health of wild eels in the UK, at a time when the European eel appears to be 
particularly vulnerable, will be discussed. Also discussed will be the use of 
antibody-detection methods for assessing the viral status of fish populations, for 
disease surveillance and health screening purposes. 
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Reference: 
Armitage J, Hewlett N, Twigg M, Williams C, Aprahamian M, Way K, Feist 
S.W. & Peeler E.J. (2014) Detection of Herpesvirus anguillae during two 
mortality investigations of wild European eels in England: implications for 
fishery management. Fisheries Management and Ecology 21(1) 1-12.0. 
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EVALUATION OF NEW RAPID DIAGNOSIS KIT FOR DETECTION 
OF VIRAL NERVOUS NECROSIS (VNN) AND COMPARISON WITH 
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Mullet fishes could be considered one of the important economic bony fish 
species that were introduced to Caspian Sea from Black Sea by Russian experts 
in 1930-1934. Catching of Mullet fishes have been varied in recent years and it 
was increased from 2500 MT in 1991 to 6700 MT in 2002, but some decrement 
was observed such as 2700 MT in 2010 and 2151 MT in 2012. Mullet 
reproduction cycle were done in the sea, and always feeding from the bottom 
sea as detritus habits and have important role in the filtration of nutrients in the 
bottom sea. So far, Mullet artificial production has been unsuccessful in the 
country. Unknown mortality has been occurred in wild mullet in the Caspian 
Sea since 2003 that more important clinical sign was abdominal distension. In a 
primary study and pilot plan Viral Nervous Necrosis was confirmed by OIE 
Reference Laboratory in Italy and Japan and in a complementary research 
investigation project that many diagnostic aspects such as virology (cell culture 
and electron microscopy), haematology, bacteriology, histopathology, 
molecular biology (nested RT-PCR), heavy metals measurement and serology 
(IFAT and IHC) were employed in order to isolation and confirmation of 
causative agents. Also pathogenicity test was employed to confirm the obtained 
results. Guppy fish (Poecilia reticulata) were used instead of the experimental 
host due to susceptibility. In conclusion, it could be confirmed that VNNV was 
the main causative agent for disease outbreak in Mullet fish in Southern 
coastline of Caspian Sea. So this study was conducted to finding new rapid 
diagnosis method for detection of VNNV in suspected Mullet fish in the 
Caspian Sea. Consequently about 20 pieces of affected and moribund mullet 
fish were captured from Khazar Abad beach of Caspian Sea in Feb.2014. 
Collected sampled were transferred to laboratory of Ecology Research Centre in 
Mazandaran province. Blood sampling was done before the death of the fish 
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samples. Also, target tissues such as Brain and Eye were collected for 
histopathology and then supernatant preparation for new kit examination. All 
investigations were done according to standard methods and kit application. By 
survey of obtained results, in histopathology specimens, evidences of 
inflammation, hyperaemia and bleeding and cerebral vasodilatation, 
accumulation of macrophages (MMC), cell necrosis and severe vacuolation 
were observed. Findings in affected captured fish revealed significant decrease 
(p<0.05) in R.B.C, Hb, P.C.V. and MCHC (g/dl) in infected fish comparison 
with health fishes. In opposite, MCV (fl) were more significant increase in 
infected fish than health fishes but MCH (pg) was no significant difference 
between two mentioned groups. Also, total IgM, protein and albumin have 
significant decrease (p<0.05) in infected fish comparison with health fishes. 
Obtained results revealed positive correlation between our entire findings in 
mentioned diagnosis methods but spend time for mentioned kit was less than 20 
minutes. So, using of new rapid diagnosis kit could be recommended in order to 
detection of VNN affected fishes as new valued tool in monitoring & 
surveillance program in the region. 
 
Keywords: Caspian Sea, VNN, Mullet, Histopathology, Haematology, Rapid 
Diagnosis kit. 
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Titration of virus is a basic issue in any virology laboratory. Among the range 
of available techniques for that purpose, flow cytometry are one of the latest 
developed. However, this technology has an important cost and a dependence 
on qualified technicians. On the other hand, although the traditional titrations in 
cell culture (tissue culture infectious dose -TCID50- and plaque forming units -
PFU- assays) are highly validated, they are laborious and time consuming. 
 
In this study we present a novel procedure of titration of virus (using infectious 
pancreatic necrosis virus -IPNV- as reference), based in the Microflow 
Cytometry platform of the Agilent 2100 Bioanalyzer, known as Lab-on-a-chip 
(LOC) technology. This technology relies on the movement of fluids and 
particles through microfluidic channels constructed inside a glass structure 
(Preckel, 2010). The technological needs for a basic titration usually underuse 
the features of a traditional cytometer. For that reason, this new technology 
analyzed the fluorescent intensities in just two spectral regions, 510-540 nm 
(blue) and 674-696 nm (red), which imply a reduction in the cost of the 
equipment. Moreover, the microfluidic systems allow the use of small 
populations of cells (10 µl per sample) with a low coefficient of variation (CV) 
among the histograms of different analyses. 
 
The procedure for titration was the measurement of the concentration of BF-2 
cells infected with IPNV within a population of cells stained with chloromethyl 
fluorescein diacetate (CMFDA) (Life Technologies). Infected cells were 
incubated with monoclonal antibodies against VP-2 protein (ibt GmbH) and 
indirectly labeled with Alexa 647 (Life Technologies). 
 
We have determined, after the optimization process, that the optimal 
concentration of both fluorophores are 2.5 µM for CMFDA and 0.6 µg/ml of 
Alexa 647 with a dilution 1:1000 of the monoclonal antibody anti VP2-IPNV. 
In addition we have concluded that the optimal moment of the analysis is 
between 12 to 18 hours after virus adsorption. 
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For validation of the procedure, the titter obtained by microflow cytometry was 
compared with titration by TCID50 and PFU assays. Although part of the 
validation is still in process, we can advance a high correlation between the 
three methods. 
 
For that reason, we think that this new technology could be not only 
implemented for the titration of birnaviruses but also for other viruses, always 
with a preliminary optimization for each particular case. 
 
Reference: 
Preckel, T. (2010) Analysis of single cells using Lab-on-a-Chip systems, in The 
Mycroflow cytometer (Kim, J.S. & Lingler F.S., eds) Pan Stanford Publishing 
Pte. Ltd., Singapore, pp. 25-35. 
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Cyprinid herpesvirus 3 (CyHV-3) causes a fatal disease in common carp and 
koi (Cyprinus carpio L). It is composed of at least 40 structural proteins of 
which few have been characterised regarding their immunogenicity. Indirect 
immunofluorescence assay (IFA) was used to examine the expression kinetics 
of two potentially immunogenic and possibly diagnostically relevant antigens of 
the virus (a CyHV-3 glycoprotein and a capsid protein), using specific 
monoclonal antibodies (MAbs). Following a time course of infection in two 
CyHV-3 susceptible cell lines, differential expression of the glycoprotein and 
capsid protein was determined. The results were quantified using IFA 
performed in microtitre plates and a macro developed for image analysis was 
used for confocal micrographs. Virus-associated fluorescence and cell nucleus-
associated fluorescence was subsequently separated from stacks of captured 
scans (n=25) and quantified independently by image analysis. The results 
revealed an 8 - 10 fold increase in capsid protein expression during the first 5 
days post-infection compared to a ≤ 2 fold increase in glycoprotein expression. 
A dominant band observed at ~100 kDa by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) was recognised by a capsid 
protein-specific MAb (20F10)	   in western blot. This band was also recognised 
by sera obtained from CyHV-3-infected carp, indicating that the capsid protein 
was produced in abundance during infection in vitro and was immunogenic to 
carp. Mass spectrometry carried out on this protein established it to be a 
previously uncharacterised product of ORF 84. This abundantly expressed and 
immunogenic capsid antigen may be a useful candidate for CyHV-3 serological 
diagnostics.	  
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At the moment the only legal method in Denmark to sanitize wastewater from 
fish cutting plants is by infiltration. To evaluate the inactivation effect of 
infiltration on VHSV an experimental examination was initiated. A column 
packed with gravel as top- and bottom layer (total of 22 cm) and a mid layer 
consisting of dug sand (76 cm) was used for the trial. Over a period of 18 h 3.9 
x 1010 TCID50 VHSV was supplied to the column, where after normal tap water 
was supplied for the rest of the trial period, in total 7 days. During the 7 days 
samples for virological examination were taken. The sampling was most 
intensive in the period where the risk of VHSV breaking through the column 
was highest. The sensitivity of the virological examination was 13.9 TCID50/ml 
and no virus was isolated. A reduction of VHSV > 4 log in the outlet water was 
seen. This experiment suggests that infiltration can be a valuable method to 
sanitize VHSV infected water. Changes in temperature, pH, earth types in the 
area used for infiltration etc. may change the virus reduction, though. 
 
As some of the fish cutting plants are also smoking rainbow trout fillets, the 
question arose whether a brine solution will inactivate VHSV. In order to 
answer this question a small trial was set up. VHSV and NaCl was added to cell 
culture medium with 10% foetal bovine serum, in order to mimic a “dirty” 
environment, to obtain from 1.9% to 20.9% NaCl and kept in the dark at 4°C. 
Samples were titrated after 5 min, 1 h and 20 h. No reduction in titre was 
observed in any of the samples. 
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The poxvirus that is the disease agent of koi sleepy disease (KSD) was 
originally described in Japan in the 1970’s as a viral oedema of juvenile carp 
(CEV) and the virus was shown to cause severe damage to gill lamellae, leading 
to hypoxia and lethargy. Losses from CEV were seen in spring and autumn, 
over a temperature range of 15 – 25°C, and mortalities reached 80%. Gross 
clinical signs include lethargy, enophthalmia and skin erosion. The gills may 
show hyperplasia and necrosis very similar to that seen in fish affected by koi 
herpesvirus (KHV) disease. In older carp the lethargy manifests as sleepy 
behaviour, where the fish lie on the bottom of the pond and eventually die of 
anoxia. 
 
At the Cefas laboratory a CEV-like virus was first detected by PCR in imported 
koi, showing signs of KSD, in 2009 and again, on more occasions, from 2011 to 
2013. To improve reliability of detection an alternative nested PCR assay was 
developed based on the partial sequence data (T. Miyazaki unpublished) for 
CEV. Phylogenetic analysis of the amplification products from these detections 
showed a close similarity to the original Japanese CEV. 
 
More significantly, earlier in March 2012, a CEV-like virus was detected for the 
first time in common carp, displaying KSD-signs, obtained from a cluster of 
fishery sites in south- east England. Then, in late November 2012, CEV-like 
virus was again detected at a fishery site in the English Midlands. Phylogenetic 
analysis of the amplification products, from all of the UK detections, revealed 
two main lineages of CEV-like virus. Lineage 1 contains the samples obtained 
from koi and lineage 2 consists of the samples from common carp. Within 
lineage 2 there are a range of different CEV-like sequences that are 
phylogenetically distant from the original Japanese CEV and the other UK koi 
detections. This indicates that the virus may have been introduced into the UK 
some time ago. 
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The poxvirus causing CEV-like disease is non-culturable and, as a result, will 
not have been readily detected during previous investigations of carp disease 
outbreaks. As a consequence of this, and of most concern, is that the virus may 
be more widespread in carp populations than we are currently aware. Currently, 
Cefas is investigating, in collaboration with the Environment Agency (EA), the 
possibility that the CEV-like agent may be associated with Spring Carp 
Mortality Syndrome (SCMS). This disease syndrome, of unknown aetiology, 
was first reported in the 1980’s and first investigated by the EA and Cefas in the 
late 1990’s. Early results from the analysis of samples, from a later 
investigation, collected in 2004-2006 indicate that CEV-like virus is present in a 
high proportion of these archive SCMS samples. 
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IHN, IPN and VHS could be considered as distractive fish viral diseases in 
hatchery and rearing Rainbow trout farms in the country. In current study, 
enzyme-linked immunosorbent assay (ELISA) as a serological confirmative 
method was employed for detection of the causative pathogens and 
confirmation of virology examination. Fifty-three serums of rainbow trout 
broodstocks (29 female and 24 male) were examined for detection of antibodies 
against IHNV, IPNV and VHSV that were collected from 13 hatchery and 
rearing farms in three provinces during March 2010 until November 2012 in 
Iran. Also in order to confirm results of virology examination two samples that 
had revealed CPE in cell lines were chosen. Finally 44 serum specimens plus 24 
negative control samples (8 for each suspect virus: IHNV, IPNV and VHSV) 
were selected for ELISA examination. Blood samples were taken from caudal 
vein and serum was separated after centrifuging, nine samples were omitted for 
some technical problems such as haemolysis, finally serum specimens were 
transferred in sturdy, leak proof plastic vials and stored at -20ºC. Then was used 
for ELISA examination and all Optical Density (O.D) were obtained. All O.Ds 
more than cut-off point were considered as positive samples. So regarding to 
ELISA findings and disease incidence percentage (number of all positive case 
standing above cut-off point divided to all examined suspected samples), IHNV 
had more percentage of disease in ELISA test with 23.25% in comparison with 
other relevant viral diseases, i.e. VHSV with 14.29% and IPNV with 7.31%. 
These findings and disease incidence percentage show that IHN could be one of 
the most important viral diseases in Iran. In fact, serology findings in ELISA 
could be supported strongly from virology conclusion and confirmed 
rhabdovirus-like particles (that was observed previously in virology 
examination) as a main causative agent in occurrence of IHN in hatchery and 
rearing rainbow trout farms in Iran. Rapid and sensitive diagnosis methods of 
fish viral infectious diseases are very critical if dissemination of the viruses 
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causing these diseases is to be controlled, because no effective vaccines or 
treatment currently exist for their control and prevention in the country. 
 
Keywords: Enzyme-linked immunosorbent assay (ELISA), IHN, VHS, IPN, 
Rainbow trout, Iran. 
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A zoonotic disease could be an infectious disease that can be transmitted from 
animals to humans. A number of infectious diseases, including viruses, bacteria, 
and parasites, can be transmitted from animals to people through a variety of 
infection routes, including animal bites, vectors (i.e., insects), and animal-to-
human contact (i.e., inhalation of respiratory droplets or skin-to-skin contact). 
In general the disease usually exists in animals but can infect humans either 
directly or via a vector. Within aquatics the perception is that there are few 
zoonotic diseases considered globally as important for those that are recognized 
the number of cases per year is small compared to other zoonotic diseases such 
as campylobacteriosis or salmonellosis. Whilst this might be correct, there is a 
possibility that this is an underestimate, due to poor awareness and surveillance. 
However, for those that are diagnosed the consequences can be severe including 
death. Many diseases found in aquatic animals can be classified as emerging 
diseases, defined by WHO as, “An emerging disease is one that has appeared in 
a population for the first time, or that may have existed previously but is rapidly 
increasing in incidence or geographic range”. One attribute of emerging 
diseases is that information on the zoonotic potential is limited, yet where a 
potential exists it is essential to ensure that information is disseminated to other 
professionals and the public effectively and quickly. This can be done by a 
qualitative risk assessment. Questions which need to be answered in carrying 
out the assessment are: 
 
• What is the aetiology? 
• What is the distribution? 
• What is the prevalence? 
• What is the incidence? 
• What is the epidemiology? 
• What clinical disease is caused? 
• Are diagnostic tests available? 
• Is there any zoonotic potential? 
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• What are the potential sources of human exposure? 
• Would zoonotic disease be detected? 
 
So far, VNN was reported from 50 susceptible species as worldwide diseases. 
Concerning to increscent of spread rate and worldwide appearance of Viral 
Nervous Necrosis disease in many suspected aquatic hosts it could be 
considered as emerging disease and new zoonotic disease. So with using a risk 
assessment algorithm after Spearman the zoonotic potential of (VNN) disease 
will be assessed and some of the difficulties highlighted. 
 
Keywords: Viral Nervous Necrosis Disease, VNN, Zoonotic disease. 
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The knowledge of the carrier status of wild fish populations is important for 
aquaculture due to the possibility of virus transmission between wild and 
cultured fish. This work describes the first viral epidemiological study of wild 
fish populations from different areas around the Cadiz Gulf (SW Iberian 
Peninsula), and is focused to 3 of the viruses most frequently detected in wild 
fish worldwide and with high relevance in aquaculture: infectious pancreatic 
necrosis virus (IPNV) and IPNV-type viruses, viral haemorrhagic septicaemia 
virus (VHSV) and viral nervous necrosis virus (VNNV). 
 
A total of 206 specimens of different fish species were sampled around the 
Cadiz Gulf in three oceanographic campaings performed between 2010 and 
2011 (mainly orders Perciformes, Gadiformes and Clupeiformes), and inside the 
gulf at the mouth of the San Pedro River (Chelon labrosus). The fish were 
individually analyzed for viral detection by isolation in cell culture and 
molecular techniques. 
 
No VHS viruses were isolated from any fish species. Thirteen isolates of IPNV-
type virus were obtained from barracuda (Sphyraena sphyraena), axilary 
seabream (Pagellus acarne), common two-banded seabream (Diplodus 
vulgaris), common pandora (P. Erythrinus), Senegal seabream (D. bellottii), 
and surmullet (Mullus surmuletus). Six isolates of VNNV were obtained from 6 
fish species: axilary seabream, common pandora, black seabream 
(Spondyliosoma cantharus), red mullet (M. barbatus), Lusitanian toadfish 
(Halobatrachus didactylus) and tub gurnard (Chelidonichtys lucerna). None 
isolates were detected in thicklip grey mullet sampled in the river mouth. In 
addition, none virus was detected by direct RT-PCR in Chelon labrosus. 
However, after reamplification high percentages of prevalence of IPNV and 
VNNV were obtained (44.4 and 63.0%, respectively), and those values were 
significatively higher that the average prevalences obtained for both viruses in 
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the oceanographic campaigns (25.7 and 19.6%, respectively). On the contrary, 
the prevalence of VHSV after reamplification was lower (11.1%) in the San 
Pedro river mouth, compared to oceanic locations (43.6%). Analyzing the 
results with respect to the proximity of the sampling sites to the coast, an 
anthropogenic influence on wild fish is suggested and discussed. Finally, typing 
of the viral isolates and some no isolated strains revealed an important presence 
of the American West Buxton (WB) type of IPNV, and 2 types of natural 
reassortants. Regarding VNNV, SJ and RG types were detected. 
 
This work has been partially supported by a grant from Andalusian Government 
(P09-RNM-4898). 
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The Continuous Plankton Recorder (CPR) archive is one of the longest and 
most widespread time series covering the abundance and distribution of marine 
organisms in the world (http://www.sahfos.ac.uk). Seawater is a vehicle of viral 
transmission in marine environments and demonstrated by numerous viral bath 
challenges. Moreover some studies have pointed to plankton as an 
environmental reservoir of fish and shellfish viruses. The detection of fish and 
shellfish viruses in the marine environment is crucial to develop reliable 
policies and could be beneficial for further epidemiological studies. 
 
The purpose of this study was to test for viral presence in formalin-preserved 
CPR samples. Both DNA and RNA were extracted following standard 
techniques and the quality measured. Due to the potentially fragmented nature 
of the DNA and RNA extracted, a small DNA region (V9 region of the 
eukaryote SSU rRNA marker) was used to test the quality of the genome 
extracted. Then a battery of tests for DNA and RNA viruses were performed by 
specific PCR and qPCR. Metagenomic analysis of viruses from CPR samples is 
being undertaken and will be discussed. 
 
The CPR sample set is a resource dating back to 1958 is available to exploit and 
may help our understanding of the spread of both viral and other pathogens and 
their possible reservoirs associated within the plankton community. Thus the 
CPR can be used for hindcast environmental DNA and RNA (eDNA and 
eRNA) surveys to assist with detection of marine viruses. 
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Aquabirnaviruses are bisegmented dsRNA viruses infecting a large variety of 
fish species worldwide. The high diversity of this viral group is well 
documented, and since typing of these viruses is based on both genome 
segments, diversity of aquabirnavirus has been demonstrated to be even higher. 
For a long time, our group has been involved in the study of aquabirnavirus 
diversity in different areas of the Atlantic Ocean, including the Flemish Cap 
fishery. The first research campaign was performed in 1994. Since then, a large 
number of fish belonging to at least ten different species have been analyzed 
and lots of isolates were detected and sequenced, providing an important source 
of information to explain how fish migrations can be involved in virus diversity, 
and to discover new virulence mechanisms such as reassortment. 
 
In the present study we show the results of one of these campaigns performed in 
2010. A total of 426 fishes were subjected to viral isolation in cell culture, using 
CHSE-214, BF2 and EPC monolayers. Two subcultures were applied and when 
CPE was observed viral isolates were identified by RT-PCR and genotyped by 
sequencing of both segments. A total of 30 isolates have been obtained from 6 
fish species: 4 deepwater redfish (Sebastes mentella), 1 acadian redfish 
(Sebastes fasciatus), 12 Greenland halibut (Reinhardtius hippoglossoides), 8 
blue antimora (Antimora rostrata), 2 roughhead grenadier (Macrourus berglax) 
and 3 black dogfish (Centroscylliun fabricii), representing around 7% of the 
total fish analyzed. Half of the isolates corresponded to the American type 
Wb/Wb, and the remaining samples showed a reassortant pattern, most of them 
of the type Wb/Ab (segment A and B, respectively) and some Wb/Sp, what 
represents the first isolation of a Wb/Sp reassortant in this fishery. 
 
These results confirm our previous hypothesis (Romero-Brey et al., 2009), that 
these fisheries are strongly influenced by migration of certain fish populations 
from European waters, which would explain the increasing presence of 
recombination between American and European strains as demonstrated from 
the increasing number of this type of reassortants detected in those areas. 
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The Salmonid alphavirus (SAV), the aetiological agent of pancreas disease, is 
recognized as a serious pathogen of farmed Atlantic salmon. This disease 
results in loss of weight followed by poor growth of surviving fish, as such it is 
viewed as a chronic disease. SAV and other chronic disease causing viruses 
affect the heart and skeletal muscle tissues, at present the mechanisms by which 
pathology occurs is unknown. The relationship between antiviral activity and 
other physiological parameters especially in skeletal muscle are currently not 
examined in depth in fish. The peak expression of antiviral immune genes 
coincided with the viral load with interferon and interferon induced genes all 
having maximal expression at 4 weeks post challenge (wpc). Several genes 
involved in protein degradation were increased following infection including 
Atrogin-1. Loss of skeletal muscle protein results from an imbalance between 
the rate of muscle protein synthesis and degradation. A major pathway of 
protein degradation is the ubiquitin proteasome route of protein degradation; 
here proteins are targeted for lysis in the proteasome complex. Atrogin-1 is an 
ubiquitin E3 ligase that targets specific proteins to be ubiquitinated prior to 
destruction in the proteasome. We have characterised the proximal promoter of 
the Atrogin-1 gene in Atlantic salmon making use of the recently available 
salmon genome. The promoter contains a TATA box 51 bp upstream of the 
transcription start site (TSS). Several conserved transcription factor binding 
sites are located within the promoter including three gamma interferon 
activating sites (GAS), three C/EBP-β and FOXO sites were identified. The 
Atrogin-1 promoter constructs were used in transfection experiments using 
salmon primary muscle cell cultures based on luciferase as reporter gene. The 
activity of the promoter was assessed following stimulation with cytokines 
(IFN-1, IFN-γ and IL1-β) and insulin growth factor (IGF-1). The cytokine 
stimulations significantly increased luciferase activity, whereas IGF caused 
significant down regulation in atrogin-1 promoter activity. Taken together, our 
finding suggested that may atrogin-1 promoter responds directly to cytokines 
and results in activated state of catabolism with and IGF reducing the level of 
catabolism and cells moving towards an anabolic state. 
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Senegalese sole (Solea senegalensis) is susceptible to the infection by Viral 
Nervous Necrosis Virus (VNNV) (Betanodavirus genus, Nodaviridae family), 
which has been classified into four genotypes. SJNNV and RGNNV, along with 
RGNNV-SJNNV reassortants (RG-SJ), are the only genotypes detected in fish 
species in the Iberian Peninsula to date. Although isolates belonging to the three 
types cause mortality in sole, the reassortant isolate seems to be the most 
pathogenic to this fish species, since it causes the highest mortalities after 
experimental inoculation. These differences in mortality rates, depending on the 
nodavirus genotype, may indicate variations in the interaction virus- host 
immune system. This work focuses on the type I interferon (IFN I) system 
stimulation after VNNV infection, since it is a key component of the antiviral 
immune system. IFN I acts by stimulating the expression of numerous genes 
encoding antiviral proteins (ISGs). 
 
The aim of the current study has been to determine the activation of several 
ISGs in response to VNNV infections, and to evaluate the role of the IFN I 
system in protecting sole against these infections. This analysis has been 
performed by quantifying the transcription of Mx, PKR and ISG15 in juvenile 
Senegalese sole challenged with VNNV isolates belonging to the SJNNV and 
RGNNV genotypes, as well as the RG-SJ isolate. 
 
Animals (10 g mean weight) were intraperitoneally injected with the three 
VNNV isolates (104 TCID50/fish). Head kidney and nervous tissue were 
sampled at different times post-infection (p.i.) in order to quantified ISG 
transcription and viral RNA copy number, respectively (RT-qPCR). L-15 and 
poly I:C inoculated fish were the negative and positive controls, respectively. 
The three VNNV isolates induced the transcription of all the ISGs tested, except 
for ISG15, which was not induced after RG-SJ inoculation, and Mx, not induced 
by RGNNV. In general, the transcription of the three ISGs was lower than that 
reported for other viral infections in the same fish species, in which ISG15 
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showed the maximum transcription. Specifically, SJNNV induced the 
transcription of the three ISGs at 48 h p.i.; RGNNV induced the PKR and 
ISG15 transcription at 72 and 48 h p.i., respectively, although the transcription 
was lower than that recorded in SJNNV-inoculated fish; finally, RG-SJ induced 
the transcription of Mx and PKR at 48 and 72 h p.i.. In addition, the analysis of 
viral copy number showed that the reassortant RG-SJ isolate replicates more 
efficiently than RGNNV and SJNNV. 
 
To evaluate the protective role of the innate immune system against RG-SJ 
infection, the IFN I-mediated system was stimulated by poly I:C 
intraperitoneally injected. These animals were maintained for 24 h and 
subsequently intraperitoneally injected with RG-SJ (2x105 TCID50/fish). The 
viral genome copy number in nervous tissues from the poly I:C stimulated 
group was lower than that recorded in animals from the control group at 72 h 
p.i.. In addition, the quantitative analysis of the Mx, ISG15 and PKR gene 
transcription showed that the reassortant isolate interferes negatively with the 
ISG stimulation triggered by poly I:C. 
 
This work has been partially supported by a grant from Andalusian Government 
(P09-RNM-4898). 
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One of the main immune mechanisms fighting against virus is played by the 
interferons (IFN). In fish, much information exists about the viral induction of 
ifn and mx genes though they are just the final steps in the pathway. So far, the 
intermediate elements of the type-I IFN pathway involved in the RNA-virus 
response have been recently slightly described and, surprisingly the much 
modern teleost fish (Acanthopterygii) lack the RIG-I protein. Thus, we have 
identified in the EST databases the sequences of some of these intermediates 
such as double-stranded RNA-activated protein kinase (pkr), RIG-I-like 
receptors (lgp2 and mda5), mitochondrial antiviral signalling protein (mavs), 
TANK-binding kinase 1 (tbk1), IFN regulatory factor 3 (irf3) and caspase 8 
(casp8) in both gilthead seabream (Sparus aurata) and European sea bass 
(Dicentrarchus labrax). Thus, we have evaluated the expression of these newly 
identified genes, as well as the final ifn and mx genes, in seabream (fish and 
SAF-1 cell line) and sea bass specimens infected with a RNA virus (nodavirus; 
VNNV) for which are asymptomatic and very susceptible species, respectively. 
 
Seabream SAF-1 cells exposed to VNNV for 24 h showed up-regulation of 
lgp2, mda5, ifn and mx genes in a similar or higher level than poly I:C. 
Similarly, in gilthead seabream brain, the main target tissue for nodavirus 
replication, pkr, mda5, lgp2, irf3, ifn and mx genes were up-regulated in 
infected fish. However, mavs and casp8 genes expression was unaltered. 
Interestingly, in the case of the susceptible European sea bass brain, most of 
these genes were down-regulated after 1 or 7 days of infection except for the mx 
gene. However, after 15 days of infection, most of these genes were greatly up-
regulated. These data indicate the importance of the IFN-pathway in the fish 
response against nodavirus. The early involvement of them in the seabream 
could explain the rapid clearance of the virus and the fish resistance in contrast 
to what happens in the susceptible sea bass. Further studies are needed to 
deepen in the knowledge of the IFN-pathway in fish and its role in the 
resistance to nodavirus. 
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Streams and ground water all around the world are contaminated by pesticide 
and several studies have shown that contaminants can modulate fish immune 
system and reduce host resistance to pathogens. In fact, suppression of immune 
responses can induce an increase of the fish sensibility to viruses, the disease 
incidence and eventually the mortality. The main objective of this study was to 
evaluate the immune response of rainbow trout, Oncorhynchus mykiss, in the 
context of an experimental challenge with infectious hematopoietic necrosis 
virus (INHV) coming after a chronic exposure to pendimethalin, an herbicide 
frequently used in agriculture and measured at high level in rivers of several 
countries. After 28 days of exposure with the chemical, fish have been 
challenged by bath (104 TCID50.mL−1 of water of IHNV). Four conditions were 
tested: 1) control, 2) contaminated by pendimethalin, 3) challenged with IHNV 
and 4) exposed to pendimethalin and IHNV. Mortalities were recorded during 
76 days post-infection (pi) and organs were collected from dead fish for 
virological examination. Sampling were made before and after chemical 
contamination and at 24h, 96h and 6 weeks pi to analyze several specific and 
non-specific immune markers. The lysozyme concentration, complement 
activity and presence of trout anti-IHNV antibodies were assessed in trout 
plasma. Moreover, the expression of 8 genes implicated in immune system 
(Complement C3-1 and C3-4, interferon gamma, interleukin 1beta, tumor 
necrosis factor alpha 1 and 2, toll-like receptor 3 and beta-defensin 3) were 
followed in spleen. Exposure to pendimethalin has affected the immune system 
and the susceptibility of rainbow trout to viral challenge. Few significant 
differences were observed in the immune response at the cellular level; fish 
contaminated by the herbicide had set up a less important specific immune 
response (quantity of anti-IHNV antibodies) than the control viral group. The 
analysis of the genes expression is in progress. The results will be taken 
together to better understand the relationship between the different biological 
organization levels (molecular, cellular and individual) in response to these 
stress. 
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Lymphocystis disease virus (LCDV) is the causative agent of lymphocystis 
disease. LCDV is a DNA virus belonging to the family Iridoviridae and the 
type species of the genus Lymphocystivirus. It has been reported to occur in at 
least 125 fish species worldwide and mainly affect to the gilthead seabream 
(Sparus aurata L.) on Mediterranean aquaculture. LCVD causes skin 
hypertrophy but not mortality itself. Naturally LCDV-infected and healthy 
gilthead seabream specimens (n=10) were used in this study. Respiratory burst 
and peroxidase activities were analyzed in head-kidney leucocytes from both, 
infected and non-infected (control) groups. The respiratory burst activity 
showed a significant increase in infected group compared to the non-infected 
group, whilst peroxidase activity showed the highest increase in LCDV 
naturally-infected fish. This research comes to conclude that LCDV increases 
the cellular innate immune response in the head-kidney, the main haemopoietic 
organ in fish. More studies are needed to find out the molecular relationship 
between the systemic immune response (analyzed in the head-kidney) and the 
skin immune response in LCDV infected fish, taking into account that is a 
dermatotropic virus. 
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TRANSCRIPTOMIC RESPONSES IN RAINBOW TROUT GILLS 

UPON INFECTION WITH VIRAL HEMORRHAGIC SEPTICEMIA 
VIRUS (VHSV) 
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It has been previously demonstrated that even though the fin bases constitute 
the main portal of entry of viral hemorrhagic septicemia virus (VHSV) in 
rainbow trout (Oncorhynchus mykiss), an important number of chemokine 
genes are up-regulated in the gills upon bath exposure to the virus. Because 
chemokines mediate the recruitment of leukocytes through the action of specific 
chemokine receptors, in the current study, we have studied the transcription of 
several immune genes in response to a VHSV bath infection in the gills, 
focusing both on chemokine receptor genes and on genes characteristic of 
distinct leukocyte populations such as IgM, IgD, IgT, CD4, CD8, perforin and 
MHC-II. We have studied the response to the virus in naïve fish as well as in 
fish that had been previously intramuscularly (i.m.) injected with a VHSV DNA 
vaccine. Additionally, we have sorted both IgM+ and CD8+ cells from the gills 
of naïve and infected animals to study some of these up-regulated genes in 
specific leukocyte populations. Our results indicate that despite the low 
replication level, VHSV provokes an up-regulation of IgM, IgT, CD3 and 
perforin transcription together with the up-regulation of CCR7, CCR9, 
CXCR3B and CXCR4 mRNA levels. Interestingly, MHC-II mRNA was up-
regulated and CCR7 was down-modulated in IgM+ cells from infected gills, 
whereas perforin, CCR7 and CXCR4 mRNA levels were higher in sorted CD8+ 
cells from infected animals. Surprisingly, when fish had been previously 
injected with either the empty plasmid or the VHSV DNA vaccine, these up-
regulations in immune gene transcription were no longer observed. Our results 
point to the gills as an important site for innate and acquired viral defense. 
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THE ABILITY OF VIRAL HAEMORRHAGIC SEPTICAEMIA VIRUS 
TO EVADE THE PROTECTIVE IMMUNE RESPONSE INDUCED IN 

RAINBOW TROUT BY DNA VACCINATION 
 
 

D. Sepúlveda* and N. Lorenzen 
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Background: Viral haemorrhagic septicaemia virus (VHSV) is a negative 
strand RNA virus, which belongs to the genus Novirhabdovirus within the 
family Rhabdoviridae. This virus is the causative agent of VHS, a serious 
disease in rainbow trout and other economically important fish species. The 
DNA vaccine encoding the viral glycoprotein has been successful as an 
experimental prophylactic treatment against this disease, because it induces a 
strong innate and adaptive immune response. However, since RNA viruses are 
known to possess high variability and adaptation capacity, this work aims to 
evaluate whether VHSV is able to evade the protective immune response 
induced by the DNA vaccination. 
 
Methods: We used two approaches to evaluate the evasion capacity of this 
virus. First, in vitro approach focused on cell culture isolation of VHSV variants 
able to escape the neutralizing activity of serum from fish immunized with the 
DNA vaccine. Earlier studies have demonstrated that VHSV can evade the 
neutralizing effect of monoclonal antibodies in cell culture by single mutations 
in the glycoprotein gene. Second, we used an in vivo approach to try to isolate a 
VHSV variant able to evade the protection of the fish vaccinated with the DNA 
vaccine. The experiments comprise repeated serial passages of the high 
pathogenic VHSV isolate DK3592b in EPC cells in presence of neutralizing 
fish serum for the in vitro approach, and in rainbow trout injected with the DNA 
vaccine for the in vivo approach. 
 
Results: For the in vitro approach, the virus isolated after 10 passages in EPC 
cell was as sensitive as the virus in the first passage to the treatment with 
neutralizing antibodies from serum. For the in vivo approach, after 6 passages of 
infection, vaccinated fish did not show increased clinical signs of disease nor 
increased mortalities rate. Although it was possible to isolate virus from 
survivors in every passage, the virus titers were not different from those found 
in the first passage, in vaccinated fish infected with the original virus.  
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Conclusion: The broad protective mechanism of the DNA vaccine could be the 
reason why it was not possible to isolate escape mutants after several infection 
passages in both experimental approaches. 
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Recent advances in fish immunology have led to characterization of different 
genes of the innate and adaptive immune systems in Salmonids. To explore the 
role of these genes in vaccine protection, Atlantic salmon (Salmo salar L.) parr 
were vaccinated using inactivated vaccines with a high antigen (HiAg) or low 
antigen (LoAg) dose vaccines of infectious pancreatic necrosis virus (IPNV) 
while control fish were injected with PBS. After immune induction, fish were 
challenged using a highly virulent IPNV strain while antibody responses were 
analyzed to assess their protective role after challenge. Genes of the innate and 
adaptive immune system were analyzed to assess their kinetics in relation to 
vaccine protection. 
 
Our findings show that antibody levels ≥1.40 OD490 at 1:50 dilution obtained 
before challenge correlate with post challenge survival proportions (PCSP) 
>90% in the HiAg group while in the LoAg antibody levels ≤0.40 OD490 
corresponded with PCSP<42.0%. Given that the antigen dose for the HiAg 
group (1010 x TCID50/mL) was only one log (101) higher than the LoAg group 
(109 x TCID50/mL) these findings show that in vaccinology a suboptimal 
antigen dose one log lower than the protective threshold can lead to significant 
differences in vaccine protection. 
 
In terms of functional genomics, post challenge infection establishment in the 
LoAg group correlated with upregulation of IFNα, Mx and IL-1β while 
protection in the HiAg group led to down-regulation of these genes. Post 
vaccination antibody levels were highly correlated (r=0.89, p<0.001) with 
GATA-3 in the HiAg before challenge. Post challenge increase in viral loads in 
the LoAg group was positively correlated with upregulation of eomes, T-bet, 
CD8α and grazyme A when GATA-3 was repressed. In contrast, high antibody 
levels persisting after challenge in the HiAg group positively correlated with 
upregulation GATA-3 and negatively correlated with eomes, T-bet, CD8α and 
granzyme A. 
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Overall, these findings show that vaccines against IPN can be optimized to 
establish genomic markers of innate and cellular immunity that correlate with 
vaccine efficacy and could serve as predictors of vaccine performance. 
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HAEMATOPOIETIC NECROSIS VIRUS (IHNV) IN RAINBOW TROUT 
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The current work is focused on the study of a DNA vaccine against IHNV. It 
uses a DNA plasmid vector containing the rainbow trout interferon regulatory 
factor 1A (IRF-1A) as promoter, instead of the usual CMV promoter from 
mammals. The plasmid encodes the glycoprotein gene (G) of the IHNV. The 
promoter has proven to be effective by intramuscular injection of rainbow trout 
(Alonso et al., 2003). In this study the plasmid is encapsulated into alginates to 
be orally delivered and protected to avoid the aggressive gastrointestinal 
conditions.  The methodology used for this study was described for infectious 
pancreatic necrosis virus (IPNV) (de las Heras, 2010). We have done the 
comparison of efficiency in G gene expression induced by plasmid 
constructions having IRF-1A or CMV promotor in several tissues of vaccinated 
fishes at different times. On the other hand, some genes expressed were 
analyzed in head kidney after 3 and 7 days post-immunization with oral or 
intramuscular vaccine method (pcDNA-IRF-1A-G). We further had challenged 
with IHNV the oral or intramuscular vaccinated fish after 30 days post-
immunization, and cumulative mortality was recorded to determine the Relative 
Percent Survival (RPS). The vaccine was less effective inducing protection 
when it was orally administrated. 
 
This work was supported by grants AGL-2010-18454 and 2010-20E084-CSIC 
from Ministerio de Economía y Competitividad (MINECO). N. Ballesteros 
wants to thank the MINECO for a phD student fellowship. 
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BETANODAVIRUS CAPSID PROTEIN IN INSECT CELLS 
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Betanodaviruses are causative agents of viral nervous necrosis (VNN), a 
devastating disease of cultured marine fish worldwide, infecting over 40 fish 
species. The virus damages the central nervous system of susceptible juvenile 
fish, with losses ranging from 15–100%. Betanodavirus belongs to the 
Nodaviridae family, and its genome is composed of two single-stranded, 
positive-sense RNA molecules. The larger genomic segment, RNA1 (3.1 kb), 
encodes the RNA-dependent RNA polymerase, while the smaller genomic 
segment, RNA 2 (1.4kb), encodes the capsid protein, which is the host-
protective antigen of VNN. Betanodaviruses are classified into four genotypes, 
designated striped jack nervous necrosis virus (SJNNV), barfin flounder 
nervous necrosis virus (BFNNV), tiger puffer nervous necrosis virus (TPNNV), 
and red-spotted grouper nervous necrosis virus (RGNNV), based on 
phylogenetic analysis of the coat protein sequences. RGNNV genotype infects 
the warm-water fish (red-spotted grouper, barramundi and red drum), whereas, 
BFNNV genotype infects cold-water fish (Atlantic cod, halibut, and barfin 
flounder). At present, there is no commercial vaccine available to prevent VNN 
in fish. In an effort to develop recombinant vaccine against VNN, we cloned the 
capsid protein gene of RGNNV genotype into a baculovirus transfer vector, 
pFastBac, and generated a recombinant baculovirus. When insect cells were 
infected with this baculovirus, it produced the VNN capsid protein with a 
molecular mass of 37-kDa and 110-kDa, as judged by Commassie staining and 
Western blot analysis. Electron microscopic examination of the gradient 
purified sample revealed that the capsid protein self-assembled to form virus-
like particles (VLPs). The VLPs are about 33 nm in diameter, which are 
comparable to the native betanodavirus. These VLPs would be a promising 
candidate for the betanodavirus vaccine. 
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PKR OVEREXPRESSION INDUCES APOPTOSIS IN EPC CELLS IN 

VITRO AND LIMITS REPLICATION OF VHSV BUT NOT IPNV 
 
 

C. Xu*, A.A.A. Gamil and Ø. Evensen 
 

Norwegian University of Life Sciences, Department of Basic Sciences and 
Aquatic Medicine, Oslo, Norway 

 
 
PKR is one of the best-known IFN-induced protein, which mediate antiviral 
effects and is also a key player in apoptosis induction by different stimuli. 
These have been extensively studied in mammals, however antiviral activity of 
piscine PKR and its role in apoptosis induction and antiviral mechanisms are 
poorly understood. In this study we demonstrated that transfection of wild-type 
crucian carp PKR induce apoptosis in EPC cell, while transfection of a 
catalytically inactive mutant PKR variant (419, Lys to Arg) abolished its ability 
to induce apoptosis Apoptosis induction also correlates with the level of eIF2α 
phosphorylation. Both caspase-8 and 9 are activated in wt-carpPKR induced 
apoptosis, indicating carp PKR trigger apoptosis through death receptor-
mediated and mitochondrion-dependent pathways. VHSV and IPNV were 
infected at 2 h post transfection with the purpose to study the effect of apoptosis 
induction on VHSV and IPNV replication. VHSV replication was significantly 
inhibited when strong apoptosis was induced in EPC cells transfected with wt-
carpPKR, while inhibition was not observed in cells transfected with mut-
carpPKR, which did not induce apoptosis. Replication of IPNV was not affected 
by induction of apoptosis and there was no difference in virus titer between wt-
carpPKR and mut-carpPKR transfected cells. The current data suggest that 
PKR-mediated apoptosis plays an important role in limiting replication of 
VHSV but not IPNV. 
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TROUT HEART ENDOTHELIAL CELL LINE WITH 
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In the current work, we have established and characterized a novel cell line 
from rainbow trout (Oncorhynchus mykiss). The cell line, designated as RTH 
(rainbow trout heart), was obtained by immortalizing heart cells with 
recombinant retroviruses that transduced polyoma middle T antigen. This is the 
first time such a strategy is used to obtain an immortalized fish cell line. The 
cells showed an endothelial-like morphology and characteristics, constitutively 
transcribing collagen, selectin and VCAM (vascular cell adhesion molecule), as 
well as different chemokines and chemokine receptors, but not cytokeratin. As 
already described for heart endothelial cells, RTH cells actively phagocytized 
latex beads. Furthermore, RTH cells showed a high susceptibility to viral 
hemorrhagic septicemia virus (VHSV). VHSV modulated the transcription of 
Mx, major histocompatibility complex II (MHC-II), VCAM and many of the 
chemokine and chemokine receptors expressed in these cells. Therefore, RTH 
cells constitute an excellent model to study the immune regulation of 
endothelial cells in fish and their role in leukocyte extravasation. 
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Infectious pancreatic necrosis virus (IPNV) causes clinical and subclinical 
forms of infection in salmonids. To determine the genetic determinants of 
clinical and subclinical forms of IPNV, we used a genomic trace-back system to 
characterize the genetic fingerprints linked to clinical and subclinical forms of 
infection. The VP2 capsid of IPNV was used as the basis for fingerprinting and 
we targeted field isolates from fresh and seawater stages of the production cycle 
of Atlantic salmon (Salmo salar L.) in either high and low risk areas in Norway. 
The genetic marker for clinical disease was typed as 
I64T137T217A221T247V252T281N282A319 and designated as the TA-strain while that 
of subclinical infection was V64A137P217T221A247N252S281D282E319 (PT-strain). 
The TA-strain was associated with high morbidity (≤ 100%) and mortality (≤ 
62%) while the PT-strain had high morbidity (≤ 90%) but with no mortality. 
Structural analysis together with cross neutralization antibody assays showed 
that residues encoded by these fingerprints are located on the outer surface of 
the VP2 capsid. These residues link differences in virulence to differences in 
immunogenicity and could influence the designing of effective disease control 
programs and vaccine against IPNV infections in salmonids. 
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P20 
AMINO ACID SUBSTITUTIONS AND INSERTIONS NEAR THE 

PROTEOLYTIC CLEAVAGE SITE ENHANCE THE FUSION 
ACTIVITY OF AN INFECTIOUS SALMON ANAEMIA VIRUS HPR0 F 
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Infectious Salmon Anaemia Virus (ISAV) is an orthomyxovirus which causes 
disease in Atlantic salmon. This virus is enveloped and its genome consists of 8 
segments of negative-sense, single-stranded RNA. Both segments 5 and 6 code 
for two surface glycoproteins: the Fusion (F) and Haemagglutinin-esterase (HE) 
respectively. HE is the receptor binding protein while the F protein is 
responsible for the fusion of the viral and host cell membrane during the early 
stages of the infection process. 
 
Previous research highlighted the existence of a putative precursor non-virulent 
ISAV variant (HPR0 genotype) characterised by a segment 6 carrying a full 
length Highly Polymorphic Region (HPR) at the base of the proposed HE stalk. 
We recently demonstrated that deletions within the HPR had a significant 
influence on the ability of the HE to interact with the F protein and induce 
fusion (Fourrier et al., 2014). Our work also indicated that the amino acid 
composition of the F protein was a critical factor influencing the fusion process 
in conjunction with these segment 6 deletions. 
 
Consequently, the present study aimed at investigating whether certain amino 
acid substitutions and insertions located near the cleavage site in segment 5 
would influence the fusion process. For this purpose, a F protein sequence from 
a Norwegian HPR0 variant (SK779/06; Markussen et al., 2008) was used as a 
template from which several mutants were created and co-expressed in CHSE-
214 cells with the homotypic HE protein. The fusion activity of these surface 
glycoproteins was measured using two assays based on Erythrocyte Ghost 
(EGs) haemagglutination and quantification with octadecyl rhodamine B (R18) 
and Fire Fly luciferase (FF). 
 
Results indicated that certain substitutions, including a Q266 → L266 (Markussen 
et al., 2008), and insertions, enhanced the fusion activity of the HPR0 F protein. 
Such mapping of the functional properties of HE and F proteins, as 
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demonstrated in the present study, is important in understanding the molecular 
mechanisms behind the acquisition of virulence in ISAV. 
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Infectious haematopoietic necrosis virus (IHNV) is an OIE and EU listed 
notifiable disease from which the UK has recognised freedom. It causes 
significant disease in rainbow trout, Oncorhynchus mykiss, the dominant 
freshwater salmonid farmed in Europe and North America. Understanding the 
conditions under which epidemics may occur is key to minimising impact in the 
event of an introduction and developing an effective surveillance and control 
strategy. 
 
There are gaps in IHNV data required for modelling, this includes the infection 
coefficient (fish to fish transmission of disease). To address this, a challenge 
study involving direct (infected fish added to cohabs) and indirect (water from 
infected fish added to cohabs) cohabitation was performed. Individual fish were 
separated after the primary infection or held together to enable comparison with 
the doubling time of the epidemic. 
 
Currently, formulation of a simple deterministic mathematical model of viral 
transmission and persistence is underway. Initial observations demonstrated that 
both direct contact between fish, and transmission of the virus through the water 
are important in determining the rate at which the pathogen spreads through a 
population and the resulting epidemic size. Consequently, future models should 
include both transmission pathways. Comparing model results to the observed 
data suggests that the likelihood of an animal dying from infection is dependent 
on the dose of virus to which they are exposed, and, that there is a latent period 
of several days between fish getting infected and them being infectious. The 
study design used proved a good method for assessing transmission, but water 
sampling was not a reliable means of detecting when fish start shedding the 
virus after infection and alternative methods need to be investigated. Model 
results suggest that more consistent results between replicates can be achieved if 
more than one infected fish is used for initial infection, due to variation between 
the level of infection and shedding rates between individual fish. 
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Findings from this study, along with the model, help to build up information on 
IHNV and provide data for risk assessments by helping understand the level of 
disease likely to be observed under different farming practices. Future research 
will centre on applying the mathematical models developed in this study to 
inform surveillance and control programmes by helping understand how 
different fish sizes, densities and water flows are likely to influence an outbreak 
should the virus be introduced to the UK. 
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Viral haemorrhagic septicaemia virus (VSHV) is a fish pathogen regulated at 
the European level (Directive 2006/88/EC), which has a broad spectrum of 
susceptible species and can be responsible of massive losses, particularly in 
salmonid populations. The VSHV strains are separated into four different 
genotypes (I, II, III and IV) inside which European marine strains are generally 
found to be nonpathogenic or low pathogenic for rainbow trout in the context of 
waterborne challenge. To date, only few data are available concerning the link 
between in vivo virulence and viral specific genomic sequences. In this context, 
the aim of this work is to identify virulence markers involved in the high in vivo 
pathogenicity observed on rainbow trout with the ultimate goal to develop 
discriminative analytical tools which could significantly improve the 
monitoring and management of VHSV in salmonid farms in Europe. 
Experimental contaminations by bath were realized at 12°C ±2 on juvenile 
rainbow trout to determine the virulence profile (low, medium and high induced 
mortalities) of eleven VHSV strains representatives to genotypes I, II and III. 
The whole viral genomes was fully sequenced and compared for identifying 
potential markers of pathogenicity which should be confirmed through reverse 
genetics approaches. 
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The emergence of genogroup IVb of viral haemorrhagic septicaemia virus 
(VHSV) in the Great lakes region of North America, its rapid and continued 
spread and its ability to infect numerous freshwater species is of significant 
concern to UK authorities dealing with listed aquatic diseases. The UK 
government prepares contingency plans for dealing with notifiable disease 
outbreaks in the UK and there is concern about geographical spread of the 
genotype IVb VHSV, therefore information on how UK native species are 
affected by this virus is important. 
 
A series of challenge experiments were undertaken to investigate the 
susceptibility of a range of species native to the UK to genogroup IVb. Tench, 
chub, perch, gudgeon, rudd, barbell, orfe, stickleback and rainbow trout were 
bath inoculated with two North American IVb isolates, MI03 (isolated from 
muskellunge) and U13653 (isolated from freshwater drum) at 105 TCID50 ml-1 
for 4h and held for up to 42 days. Samples were taken after 2 and 4 weeks, as 
well as from all mortalities, for virus isolation, histopathology and molecular 
analysis. As well as assessing mortality in these species, evidence of viral 
replication in fish that showed no clinical signs of infection was also examined. 
 
In general mortality was very low. Virus isolation and quantification, by 
titration and qPCR, showed 4 of the 9 species tested were susceptible to 
infection by VHSV IVb, with varying levels of susceptibility and recovery of 
virus. 
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Spring viraemia of carp (SVC) is an acute haemorrhagic disease affecting 
common carp (Cyprinus carpio) and some other cyprinids. The causative agent 
is the SVC virus with a characteristic shape belonging to the family 
Rhabdoviridae, genus Sprivivirus. The characteristic signs of the infection are 
swelling of abdominal cavity, petechiae on skin, gills and eyes, and in some 
cases exophthalmos and pigmentation changes. 
 
Outbreaks of SVCV usually take place during spring and autumn with water 
temperatures of around 15°C, and mostly carp is affected. Due to strong and 
long lasting adaptive immunity in survivals a vaccination could be a good 
protective tool, but the use of fish from aquaculture is for the experiments 
limited. 
 
The objective of our study was to test the susceptibility of carp to SVCV with 
the aim of future studies of host-pathogen interactions. Naive common carp 
without contact to virus and field aquaculture conditions were used for the 
experiments. The SVCV reference strain as well as other isolates of SVCV was 
multiplied in the EPC cell line. Infection of carp was performed by immersion, 
intraperitoneally and by cohabitation. Mortality was subsequently recorded 
during 30 days. Virus reisolation was performed on EPC cell line and the 
inoculated cells developed typical CPE three days post inoculation. Virus 
particles typical for rhabdoviruses were seen by electron microscopy and virus 
was confirmed by RT PCR. 
 
During the experiments it was recorded that sensitivity of carps to SVCV in 
bath challenges is going down with age of carp. Bath infection as well as 
cohabitation did not induce mortality after age of 12 months. Influence of 
temperature, virus strain and viral concentration seemed not to be so crucial. 
Nevertheless the intraperitoneal infection was still effective in older age of carp. 
 
 



 

 214 

This study was funded by the European Commission under the 7th Framework 
Programme for Research and Technological Development (FP7) of the 
European Union (Grant Agreement 311993 TARGETFISH) and Ministry of 
Agriculture of the Czech Republic (Grant. No. QJ1210237). 



 

 215 

P25 
THE MOST RESISTANT STRAINS OF COMMON CARP (CYPRINUS 

CARPIO, L.) TO CYHV-3 
 
 

V. Piačková*1, M. Kocour1, D. Pokorová2, A. Pospíchal1 and T. Veselý2 
 

1University of South Bohemia in České Budějovice, South Bohemian Research 
Center of Aquaculture and Biodiversity of Hydrocenoses, Czech Republic 

2Veterinary Research Institute, Brno, Czech Republic 
 
 
Common carp and koi carp farms worldwide have been threatened by the 
disease caused with Cyprinid Herpes Virus 3 (CyHV-3; koi herpesvirus) since 
the end of the last century. The disease was firstly reported in Israel and the 
U.S.A. and it has been spread probably to all countries engaged in breeding of 
common carp and its ornamental variety since that time. 
 
Compared to the neighbouring Central European countries, only few outbreaks 
of koi herpesvirus disease have been registered in the Czech Republic (in units 
per year) and some positive detections of CyHV-3 DNA were found out in 
tissues of asymptomatic fish during the monitoring of the State Veterinary 
Administration (also in units per year). 
 
One of the possibly explanations of this could be the fact that some strains and 
crossbreds of common carp which are produced in Czech fish farms are 
genetically derived from Amur wild carp (Amur sasan; AS). It was originally 
considered a subspecies of common carp (Cyprinus carpio haematopterus) but 
according to the newest scientific knowledge, it was shifted to a new zoological 
species Cyprinus rubrofuscus. 
 
Regardless of taxonomy, a non-specific resistance and better survival rate of 
common carp strains related to Amur wild carp were already described by 
growers in 20th century. Russian scientist Valentin Sergeevich Kirpichnikov 
belongs to the best known promoters of implementation of AS gene pool into 
newly created breeds and strains of common carp. 
 
Experimental infections of various common carp strains and crossbreds with 
CyHV-3 considered the advantage of relation to AS. All strains and crossbreds 
which showed cumulative mortality lower than 30% were derived from it. The 
most resistant seemed to be Ropsha scaly carp (cum. mort. of 5%). 
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Newly established breed Amur mirror carp (AM) seems to be very promising 
from the perspective of fish farmers because it represents the connection of 
quite high resistance to koi herpesvirus disease (cum. mort. 26.7 %) with mirror 
phenotype which is requested by trade and processors. Production parameters of 
AM and their hybrids are slightly lower or comparable with another mirror 
strains but their cumulative survival rate during the whole period from hatching 
to the market size of fish is significantly higher. 
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Viral Nervous Necrosis (VNN) disease is a fatal disease; especially in marine 
fishes by the economic lose value. The cause of this viral disease is 
betanodavirus from Nodaviridae family. Infected fishes also show these clinical 
signs: spiral swimming, darting, loss of appetite and change in pigments, Swim 
bladder inflation, belly up and subcutaneous bleeding. The disease has been 
reported worldwide except Africa in last decade but recently there are reports on 
infection of wild grouper fish at the coast of Senegal, Libya, Tunisia and 
Algeria. According to the isolation, identification and confirmation of VNN 
disease in Mugilidae fish in the Caspian Sea and with regard to losses of maid 
(Liza klunzingeri) fish in recent years on the coast of Bandar Abbas, 
investigation and detection of this disease in Mugilidae fish (L. klunzingeri & 
Mugil cephalous) was conducted in the Oman Sea and Persian Gulf. These two 
species are susceptible to this disease and infection of reared grey mullet (M. 
cephalous) to this disease was proved for the first time in South Korea (2002) 
and in Red Sea and Mediterranean coasts (2004). From the each areas of 
Chabahar, Bandar Abbas and Bushehr 100 fish from Mugilidae fish family were 
collected (300 sample in total). Sampling was done in fishing seasons by a 
period of six months. Target tissues such as eye and brain were collected for 
diagnostic tests. Through a special questionnaire, ecological characteristics such 
as physico-chemical properties of the fishing location and biometry details, 
clinical signs and autopsy findings were recorded which were used in the final 
analysis. By survey of obtained results, no clinical signs of disease were 
observed on none of the fish samples but on pathology specimens, evidence of 
inflammation, hyperaemia and bleeding and cerebral vasodilatation, 
accumulation of macrophages (MMC), cell necrosis and mild vacuolation were 
seen. It is recommended that by using of epidemiological methods and 
continuous monitoring & surveillance programs in Iranian south coast and 
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follow-up probably cases with subsequent losses and based on the 
recommendations of OIE, golden test such as cell-culture and serological and 
molecular diagnostic methods (RT-PCR) and/or electron microscopy could be 
employed. 
 
Keywords: Viral Nervous Necrosis disease, Mugilidae fish, histopathology. 
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This study was designed to investigate the interaction effects of Viral Nervous 
Necrosis (VNN) disease on the blood parameters of golden grey mullet (Liza 
auratus) in Southern coast of the Caspian Sea. About 100 pieces of infected 
golden grey mullet with emphasis on clinical signs of Viral Nervous Necrosis 
(VNN) disease were captured in sizes 20 up to 30 cm from the start of the 
fishing season of bony fish in the Caspian Sea in September 2012; the station 
branches were located in Noor, Mahmoud Abad, Babolsar, Fereydonkenar and 
Tonekabone. Samples were done with using of gill net coastal fisheries. All fish 
samples were transferred to haematology laboratory of Caspian Sea Ecology 
Research Centre, and then biometric information were recorded and blood 
samples were taken from fish caudal vein. Haematological parameters including 
red and white blood cells count, haematocrit, haemoglobin, mean corpuscular 
volume (MCV), mean corpuscular haemoglobin (MCH) and the mean 
corpuscular haemoglobin (MCHC), were determined that the two groups of fish 
consist of one year and two years, no significant differences were observed 
between the examined blood parameters (P ≥ 0/05) and Viral Nervous Necrosis 
disease and golden grey mullet between habitats, there is a significant 
correlation (P ≤ 0/05), and also VNN could be affected on the amount of blood 
or haematology factors. Meanwhile, a significant correlation (P ≤ 0/05) was 
observed between VNN and location of affected fishes in the Caspian Sea. 
Also, Normocytic Hypochromic Anaemia disorder was diagnosed in Babolsar 
and Tonekabone areas in affected fish. Mentioned anaemia was recorded from 
chronic dystrophy diseases that could be indicated long degenerative disorder in 
affected fish in the Caspian Sea. 
 
Keywords: Iran, Caspian Sea, golden grey mullet, Viral Nervous Necrosis 
disease, blood factors. 
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In this survey, the effects of Viral Nervous Necrosis (VNN) diseases on some of 
the blood biochemical parameters were studied in golden grey mullet (Liza 
aurata) at Southern part of Caspian Sea. About 128 fish sample were captured 
from Babolsar, Fereydonkenar, Mahmoud Abad, Noor and Tonekabon stations. 
Moribund fish samples were selected that revealed some pathognomonic 
clinical signs such as abdominal distension, change in swimming behaviour, 
belly up and darkening in skin. Samples biometry calculations were done and 
fish ages were measured according to reading scales operation. Blood sample 
were collected from caudal vein and essential serum was isolated immediately 
from whole fish blood. Biochemical factors of serum, total protein, albumin, 
complement elements such as C3, C4, and IgM were measured using standard 
methods and then compared with biochemical factors on health fish as control 
group. Excel 2010 software was used to calculating the serum parameters and 
drawing the related graphs. Statistical analysis was done by One-Way ANOVA 
and SPSS (Ver.18) software. Results revealed that all measured factors 
(exception C3) in affected fish with pathognomonic clinical signs of VNN were 
significantly lower than health fish. C3 in health fish were higher than fish with 
clinical symptoms but there were no significant differences between them. Also, 
60% of samples were two years old and most of them were captured from 
Babolsar station. Biochemical parameters were studied in other diseased species 
of fish and their results shown that VNN diseases could be reduce the Total 
protein, Albumin and IgM that all of the mentioned decrement would be 
specific indicator for immunity deficiency in cited degenerative disease and 
could be introduce VNN disease as a new protein catabolism disorder in marine 
fish. 
 
Keywords: Iran, Caspian Sea, golden grey mullet, Liza aurata, IgM, C3, C4, 
total protein, albumin. 
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Lymphocystis disease is a fish viral infection characterized by the hypertrophy 
of fibroblastic cells in the connective tissue. The etiological agent of this disease 
is the lymphocystis disease virus (LCDV), an iridovirus with a worldwide 
geographical distribution that infects a wide range of fish species. 
 
The standard method for viral pathogen detection is the cell culture, but LCDV 
is difficult to propagate in cell culture, and does not produce clear and 
consistent cytopathic effects (CPE), especially in samples collected from 
asymptomatic animals. Highly sensitive PCR assays have been developed to 
detect LCDV, although they do not provide any information about viral 
infectivity. For this reason, we have developed a protocol to detect infective 
LCDV based on the integrated cell culture (ICC) RT-PCR method. This method 
uses cell culture followed by a RT-PCR assay to detect viral mRNA on 
inoculated cells. 
 
Viral mRNA was detected from SAF-1 cells inoculated with LCDV at 0.1 
TCID50/ml and processed at 5 d post inoculation (p.i.), whereas the detection 
limit by CPE observation was 10 TCID50/ml at 14 d p.i. The sensitivity of the 
assay allowed to detect infective LCDV in asymptomatic animals (both gilthead 
seabream juveniles and artemia metanauplii), as well as in viral stocks obtained 
in SAF-1 cells. No CPE were observed in cell cultures inoculated in parallel 
with the same samples, and maintained up to 14 d p.i. 
 
The ICC-RT-PCR assay was applied to determine the infective titre of LCDV 
by the most probable number (MPN) method. When analysing diseased gilthead 
seabream, the estimated viral titres in skin homogenates were almost an order of 
magnitude higher than the 50% infective dose estimated by the method of Reed 
& Muench. Furthermore, the protocol developed represents an important 
advantage in terms of time, since TCID50 assay for LCDV may need up to 21 d 
p.i. The ICC-RT-PCR protocol was also effective in the titration of samples that 
did not produce CPE in SAF-1 cells at 14 d p.i., including viral stocks after one 
or two passages at a low m.o.i. in SAF-1 cells, or artemia metanauplii. 
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In conclusion, the developed ICC-RT-PCR assay is a sensitive, rapid and useful 
technique for the detection and quantification of infective LCDV, which means 
an important improvement in the study of this viral disease. 
 
This work has been supported by grant AGL2010-17880 from the Spanish 
Government (Ministerio de Ciencia e Innovación) co-funded by the FEDER. 
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The overcoming of molecular techniques has simplified the process of diagnosis 
and nowadays any laboratory uses PCR for detection of fish viral diseases. In 
fact, basic PCR is being now substituted by qPCR, which reduces time and 
enhances reliability of the diagnosis. The problem arises when a large number 
of samples must be simultaneously analyzed, since repeatability and/or 
reproducibility might be threatened. 
 
Therefore, in order to simplify and standardize the diagnostic procedure, our 
group has designed a 96 well plate macroarray based on qPCR, and focused to 
VHSV as target virus (although with the aim to extend the procedure to any 
other fish virus). 
 
For this purpose a previous study was performed for the design of a TaqMan 
qPCR procedure with a double objective: i) detection of VHSV with real 
“universal” sets of primers and probes for any viral strain, and ii) typing of new 
isolates by specific TaqMan probes. Both types of primers and probes sets were 
validated to be used in normal RT-qPCR. 
 
The following step was to make up the macroarray plates and, for that purpose 
we initially evaluated the option of ordering them to specific companies. 
Nevertheless, the cost per plate was so high that the price per diagnosis would 
be excessive and thus unrealistic. Therefore, we decided to design our own 
method of preparation of the macroarray plates, a method that is now under a 
patent process. The present communication deals with the assay performed in 
order to validate the reliability of the qPCR based macroarray for diagnosis and 
typing of VHSV. The sensitivity, specificity, repeatability, reproducibility and 
storage stability will be shown. 



 

 226 

 



 

 227 

P31 
VALIDATION OF A ONE-STEP GENERIC TAQMAN rRT-PCR 

TARGETING BETANODAVIRUSES 
 
 

M. Baud1, J. Cabon1, A. Salomoni2, V. Panzarin2, A. Toffan2 and L. Bigarré*1 

 
1Agence Nationale de Sécurité Sanitaire de l’Alimentation, de l’Environnement 

et du Travail, Plouzané, France 
2Istituto Zooprofilattico Sperimentale delle Venezie, Legnaro (Padova), Italy 

 
 
The detection of betanodavirus genomic components is a major issue for 
diagnostics and control of viral nervous necrosis (VNN), a devastating disease 
affecting fish worldwide. Despite a number of published molecular-based tests, 
most of them targeting the RNA2 molecule of the virus, diagnostics is still a 
challenge due to the high genetic diversity within this genus. We have set up a 
one-step real-time RT-PCR (rRT-PCR) targeting RNA1 of most genotypes of 
betanodaviruses. The test detected successfully different isolates of 
betanodaviruses representatives of the four species RGNNV, SJNNV, TPNNV 
and BFNNV, either produced on cell culture or from clinical samples. The 
protocol demonstrated to be specific, as no signal was detected on samples from 
healthy sea bass or from field samples of six other fish species without clinical 
signs of VNN. The assay detected reliably 50 to 100 copies of plasmids 
containing the targeted cloned RNA1 region, as well as an infectious dose of 
virus of 102,5-102,85 TCID50/ml. A set of samples was tested by two different 
laboratories, with similar results, demonstrating the robustness and the 
reproducibility of the method. This is the first one step generic rRT-PCR 
targeting RNA1 of the betanodaviruses, which may be used for first intention 
diagnostics as well as for confirmation in case of doubtful results obtained with 
other published tests targeting RNA2. 
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