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Welcome 
 

Dear Colleague, 

 

Welcome to the 10th International Symposium on Viruses of Lower Vertebrates 

(ISVLV) in Budapest. It’s a great honour to be the host of this jubilee event. 

 

As mentioned before in the circulars, the venue on the historical campus of the 

University of Veterinary Medicine, Budapest has the advantage of being in close 

proximity to a diverse selection of cultural attractions and dining facilities in the 

downtown. We hope you will enjoy exploring many of these. 

 

Thank you very much for submitting the interesting oral and poster contributions 

that will certainly ensure a professionally stimulating scientific meeting. Hoping for 

a relaxed and familiar atmosphere that is a usual characteristic of the ISVLVs, we 

kept the registration procedure flexible. Please accept our sincere apologies if this 

resulted in some delay in the communication regarding important details. 

 

Wishing you a pleasant conference that will hopefully have successful continuation 

in the future, 

 

 

Mária Benkő, Balázs Harrach, Tibor Papp  

Local Organizers  

 

 

Scientific advisors: 

Rachel E. Marschang, Gael Kurath, Michel Brémont,  

Carlos Dopazo, Niels Jørgen Olesen 

 

Contacts 
In case of questions or emergency, please do not hesitate to contact us: 

Tibor Papp: +36 20 618 6114; papp.tibor@agrar.mta.hu 

Mária Benkő: +36 30 569 8165; benko.maria@agrar.mta.hu 
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Sponsors 

 

Ceva Animal Health 

 

 

 

 

 

 

UNIVERSITY OF VETERINARY MEDICINE, BUDAPEST 

 

 
 

Global Ranavirus Consortium 
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Maps 
 

Budapest map 

 

 

- Conference location, University of Veterinary Medicine, 1078 Budapest, 

István u. 2. 

 

- Kossuth Museum Boat, Vén Hajó Restaurant, Széchenyi tér (at the Chain 

Bridge, Pest side) 

 

- Meeting point for the optional tour on Sunday  

 

- Starting point for the optional tour on Tuesday  

 

 

wi-fi: univet, equus 

password: Budapest 
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University campus map 

 

 

- Conference room (Tolnay Sándor) 

 

- Conference room for the joint day, Wednesday (Hetzel Henrik) 

 

- Wellcome reception, Lunch, Poster session (Equus club) 

 

- Entrances of the campus 

 

- Entrances of the lecture halls 

WC 

WC

C 

WC 

WC 
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Programme and overview 

Oral presentations 
 

SUNDAY 4 JUNE 

17:00 – 18:00 ----------- Registration (Equus Club) 

18:00 – 22:00 ----------- Welcome reception (Equus Club) 

 

MONDAY 5 JUNE 

(All sessions in the Tolnay Sándor lecture hall) 

8:30 – 9:30 -------------- Registration (Lobby) 

9:30 – 10:00 ------------- Opening of the 10th International Symposium on Viruses of 

Lower Vertebrates 

10:00 – 11:00 ----------- EMERGING VIRUSES 1 (Chair: Isabel Bandín) 

10:00 – 10:30 ------ Turhan Markussen, Torstein Tengs, Hanne Haatveit, 

Øystein Wessel, Maria Dahle, Espen Rimstad*: Analysis 

of genome and proteins of Piscine orthoreovirus 

10:30 – 10:45 ------ Niccolo Vendramin*, Helena Hauge, Anne Berit Olsen, 

Torunn Taskdal, Øystein Wessel, Anna Luiza Farias 

Alencar, Maria K. Dahle, Niels Jørgen Olesen: Novel 

piscine orthoreovirus from rainbow trout 

(Oncorhynchus mykiss) infects and causes heart 

pathology in rainbow trout 

10:45 – 11:00 ------ Elizabeth C. Scherbatskoy*, Patrick M. Thompson, 

Kuttichantran Subramaniam, Samantha A. Koda, 

Deborah B. Pouder, Roy P.E. Yanong, Jeffrey C. Wolf, 

Terry Fei Fan Ng, Thomas B. Waltzek: Finding Nemo's 

picornavirus 

11:00 – 11:30 ----------- Coffee break 

11:30 – 12:30 ----------- EMERGING VIRUSES 2 (Chair: Francesco Origgi) 

11:30 – 11:45 ------ Richard Paley*, Connor Sharp, Annabel Rice, Claire Joiner, 

Irene Cano, Ronny Van Aerle, Kelly Bateman, Peter 

Dixon, David Stone: Characterisation of a novel 

cyprinid paramyxovirus 

11:45 – 12:00 ------ Narges Mashkour*, Graham Burgess, Karina Jones, 

Jennifer Elliman, Leigh Owens, Ellen Ariel: Green turtle 
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(Chelonia mydas) papillomavirus in the northern 

Great Barrier Reef, Australia 

12:00 – 12:15 ----- Argelia Cuenca*, Niccoló Vendramin, Heiða Sigurðardóttir, 

Tine Moesgaard Iburg, Niels Jørgen Olesen, Sigríður 

Guðmundsdóttir: First isolation of VHSV in lumpfish 

(Cyclopterus lumpus): genetic characterization and 

pathogenicity of a new subgroup of VHSV genotype 

IV 

12:15 – 12:30 ----- Anna Toffan*, Giulia Bedendo, Andrea Fortin, Rosita 

Quartesan, Alessandra Buratin, Valentina Panzarin, 

Tobia Pretto, Francesco Pascoli: Ictalurid 

rhabdovirus: a threat for catfish farming 

12:30 – 14:00 ---------- Lunch (Equus Club) 

14:00 – 15:45 ---------- IMMUNOLOGY AND VACCINATION (Chair: Gael Kurath) 

14:00 – 14:30 ----- Helena Codina, Ricardo Parreño, Lucía Almagro, Luis 

Perez*: Assessment of viral interference in a 

birnavirus-carrier cell culture against superinfection 

with VHSV by using co-culture systems 

14:30 – 14:45 ----- Ivan Nombela*, Sara Puente-Marin, Veronica Chico, Luis 

Mercado, Luis Perez, Julio M. Coll, Amparo Estepa, 

Maria del Mar Ortega-Villaizan: Fish red blood cells 

halted VHSV and IPNV infections together with 

mounting antiviral immune responses 

14:45 – 15:00 ----- Verónica Chico*, Ivan Nombela, Sara Puente-Marín, Sergio 

Ciordia, Maria Carmen Mena, Julio Coll, Maria del Mar 

Ortega-Villaizan: Proteomic study of VHSV infected 

trout RBCs 

15:00 – 15:15 ----- Jacques Robert*, Eva-Stina Edholm, Jazz Sanchez, 

Hongjue Wang, Brian Ward, Francisco De Jesús 

Andino: Characterization of Frog Virus 3 knockout 

mutants lacking putative virulence genes using the 

amphibian Xenopus laevis as model 

15:15 – 15:30 ----- Mikolaj Adamek*, Andy Dawson, Anna Oschilewski, Marek 

Matras, Verena Jung-Schroers, Felix Teitge, David 

Gela, Veronika Piačková, Martin Kocour, Jerzy 

Adamek, Krzysztof Rakus, Magdalena Stachnik, Michal 

Reichert, Dieter Steinhagen: Involvement of type I IFN 

responses in the resistance of carp strains to the 

CyHV-3, SVCV, and CEV infections 

15:30 – 15:45 ----- Patricia Pereiro*, Alejandro Romero, Patricia Díaz-Rosales, 

Amparo Estepa, Antonio Figueras, Beatriz Novoa: Nk-
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lysin, an antimicrobial peptide expressed in fish 

erythrocytes, is involved in antiviral defense 

15:45 – 16:15 ----------- Coffee break 

16:15 – 18:00 ----------- DIAGNOSTICS (Chair: Tomáš Veselý) 

16:15 – 16:45 ------ Richard Paley*, Mel Schofield, Paul Martin, Gareth Wood, 

Nick Taylor, Angela Trent, Keith Way and David Stone: 

Epidemiology of KHV in England and Wales since 

2007 – VNTR analysis of the CyHV-3 genome 

suggests limited links between disease outbreaks 

16:45 – 17:00 ------ Ekaterina Kolesnik*, Rachel E. Marschang: Virus detection 

in chelonians in Europe 

17:00 – 17:15 ------ Rachel Marschang*, Annkatrin Neul, Volker Schmidt, J. 

Matthias Starck, Uwe Truyen, Nadja Leinecker, 

Ekaterina Kolesik, Michael Pees: Transmission 

studies with ferlavirus (family Paramyxoviridae) 

genogroups A, B, and C in snakes 

17:15 – 17:30 ------ Hyoung Jun Kim*, Susie Sommer Mikkelsen, Niels Jorgen 

Olesen: Development of a novel one-step reverse 

transcription PCR method for detecting viral 

haemorrhagic septicaemia virus 

17:30 – 17:45 ------ Diana Jaramillo, Paul M Hick*, Richard J Whittington: 

Optimization and validation of serological tests for 

management of nervous necrosis virus in 

aquaculture 

17:45 – 18:00 ------ Ayşe Gül Büyükekiz*, Soner Altun, Elisabeth Furuseth 

Hansen, İzzet Burçin Satıcıoğlu, Muhammed Duman, 

Turhan Markussen, Espen Rimstad: Infectious 

pancreatic necrosis virus is prevalent in farmed 

rainbow trout in Turkey 

18:00 – 21:30 ----------- Poster session with reception 

 

TUESDAY 6 JUNE 

(All sessions in Tolnay Sándor lecture hall) 

9:00 – 10:45 ------------- VIRUS HOST INTERACTION 1 (Chair: Jacques Robert) 

9:00 – 9:30 ------- Rosa Menéndez-Conejero, Thanh H. Nguyen, Abhimanyu 

K. Singh, Rachel E. Marschang, Mark J. van Raaij, 

Carmen San Martín*: Structure of a reptilian 
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adenovirus reveals a phage tailspike fold stabilizing 

a vertebrate virus capsid 

9:30 – 9:45 ------- Takafumi Ito*, Niels Jørgen Olesen: Viability of infectious 

viral hemorrhagic septicemia virus in water flea 

Moina macrocopa 

9:45 – 10:00 ----- Claire Joiner*, Irene Cano, Birgit Oidtmann, Richard Paley: 

Determination of shedding rates of viral 

haemorrhagic septicaemia virus (VHSV) & 

infectious haematopoietic necrosis virus (IHNV) 

from rainbow trout 

10:00 – 10:15 --- Laury Baillon*, Emilie Mérour, Joëlle Cabon, Lénaïg 

Louboutin Hélène Quenault, Fabrice Touzain, Thierry 

Morin, Yannick Blanchard, Stéphane Biacchesi, Michel 

Brémont: Non-structural NV protein is involved in 

the virulence of viral hemorrhagic septicemia virus 

isolates in trout 

10:15 – 10:30 --- Stéphane Biacchesi*, Emilie Mérour, Didier Chevret, Annie 

Lamoureux, Julie Bernard, Michel Brémont: NV 

proteins of fish Novirhabdovirus recruit cellular 

PPM1B protein phosphatase and antagonize RIG-I-

mediated IFN induction 

10:30 – 10:45 --- Irene Cano*, Ronny van Aerle, Richard K. Paley: In vitro 

investigation into the suppression of the interferon 

pathway by viral haemorrhagic septicaemia virus 

(VHSV) 

10:45 – 11:15 ---------- Coffee break 

11:15 – 12:45 ---------- VIRUS HOST INTERACTION 2 (Chair: Michel Brémont) 

11:15 – 11:45 --- Patricia Moreno, Esther García-Rosado, Juan José 

Borrego, M. Carmen Alonso*: Antiviral activity of 

European sea bass ISG15 against betanodavirus 

infections 

11:45 – 12:00 --- Alejandro Labella, Juan J. Borrego, Manuel Manchado, 

Isabel Bandín, Dolores Castro, M. Carmen Alonso, 

Esther García-Rosado*: Senegalese sole 

transcriptomic profiles in response to different 

betanodavirus RGNNV/SJNNV reassortant strains 

12:00 – 12:15 --- Sandra Souto*, Jóse G. Olveira, Carmen López-Vázquez, 

Juan J. Borrego, Carlos P. Dopazo, Isabel Bandín: 

Amino acid changes in the capsid protein of a 

reassortant betanodavirus strain: effect on viral 

replication in vivo and in vitro 
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12:15 – 12:30 ---- Øystein Wessel*, Stine Braaen, Marta Alarcon, Hanne 

Haatveit, Norbert Roos, Turhan Markussen, Torstein 

Tengs, Maria K. Dahle, Espen Rimstad: Piscine 

orthoreovirus is the causative agent of heart and 

skeletal muscle inflammation in Atlantic salmon 

12:30 – 12:45 ---- Hanne Haatveit*, Øystein Wessel, Turhan Markussen, 

Morten Lund, Bernd Thiede, Ingvild Nyman, Stine 

Braaen, Maria Dahle, Espen Rimstad: Viral protein 

kinetics of Piscine orthoreovirus infection in 

Atlantic salmon blood cells 

12:45 – 14:15 ----------- Lunch (Equus Club) 

14:15 – 16:15 ----------- PHYLOGENY AND EVOLUTION (Chair: Paul M. Hick) 

14:15 – 14:45 ---- Alejandro Labella, David Carrera, Alberto López-Bueno, Alí 

Alejo, Juan J. Borrego, Dolores Castro*: Novel 

polyomavirus and papillomavirus detected in 

gilthead seabream infected by lymphocystis 

disease virus 

14: 45 – 15:00 --- Judit Pénzes*, Leonóra Szirovicza, Balázs Harrach: The 

complete genome sequence of bearded dragon 

adenovirus 1 harbors three genes encoding 

proteins of the CLTD superfamily 

15:00 – 15:15 ---- Valentina Panzarin*, Miriam Abbadi, Gianpiero Zamperin, 

Adelaide Milani, Alessia Schivo, Rosita Quartesan, 

Isabella Monne, Anna Toffan: Molecular 

characterization of infectious pancreatic necrosis 

Virus (IPNV) circulating in Italian trout farms 

15:15 – 15:30 ---- Hetron M. Munang’andu, Kizito K. Mugimba*, Stephen 

Mutoloki, Denis K. Byarugaba, Øystein Evensen: 

Application of metagenomics in virus discovery and 

diagnosis in aquaculture 

15:30 – 16:00 ----------- Coffee break 

16:00 – 16:30 ---- Gael Kurath*, Rachel Breyta, Allison Black, Daniel 

Hernandez: Evolution of a generalist lineage of 

infectious hematopoietic necrosis virus in Pacific 

salmon 

16:30 – 16:45 ---- Ewa Borzym*, J. Maj-Paluch, M. Stachnik, M. Matras, M. 

Reichert: The molecular analysis of Polish isolates 

of infectious hematopoietic necrosis virus (IHNV) 

16:45 – 17:00 ---- Andrea Fortin, Giulia Bedendo*, Alessia Schivo, Gianpiero 

Zamperin, Anna Toffan, Cristian Salogni, Valentina 
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Panzarin: Genetic characterization of an ictalurid 

rhabdovirus (IcRV) causing mortality in European 

catfish 

17:00 – 18:00 ---------- VLV Networking Round-table Moderator: Carlos Dopazo 

18:00 – 19:00 ---------- Guided tour in UNIVET campus 

 

WEDNESDAY 7 JUNE  JOINT DAY OF ISVLV & ISR 

(All sessions in the Hetzel Henrik lecture hall) 

8:00 – 9:00 -------------- Registration (Lobby) 

9:00 – 9:15 -------------- Opening of the 4th International Symposium on Ranaviruses 

9:15 – 11:00-----LARGE dsDNA VIRUSES 1 (Chair: Stephen J. Price) 

9:15 – 10:00 ------- Invited speaker lecture - Thomas B. Waltzek: Overview of 

the nucleo-cytoplasmic large DNA viruses 

(NCLDVs) 

10:00 – 10:15 ----- Sharon Clouthier*, Rachel Breyta, Gael Kurath, Eric 

Anderson: Sturgeon nucleo-cytoplasmic large DNA 

virus phylogeny 

10:15 – 10:30 ----- Samantha A. Koda*, Kuttichantran Subramaniam, Ruth 

Francis-Floyd, Roy P. Yanong, Salvatore Frasca, Jr., 

Joseph M. Groff, Shipra Mohan, William A. Fraser, 

Annie Yan, Thomas B. Waltzek: Phylogenomic 

characterization of a novel megalocytivirus lineage 

from archived ornamental fish samples 

10:30 – 10:45 ----- Tibor Papp*, Rachel E. Marschang: A member of the 

genus Iridovirus in reptiles and amphibians? 

10:45 – 11:00 ----- Kuttichantran Subramaniam*, Thomas B. Waltzek, Nicole I. 

Stac, Claire Grosset, James F.X. Wellehan Jr.: 

Phylogenomic characterization of squamate 

erythrocytic iridoviruses 

11:00 – 11:30 ---------- Coffee break 

11:30 – 13:00 ---------- LARGE dsDNA VIRUSES 2 (Chair: Ellen Ariel) 

11:30 – 11:45 ----- Takafumi Ito*, Jun Kurita, Olga L. M. Haenen: Spread of 

various strains of cyprinid herpesvirus 2 (CyHV-2) 

through global trade of goldfish 

11:45 – 12:00 ----- Kyle A. Garver*, Katja Leskisenoja, Laura M. Hawley, 

Robert Macrae, Kuttichantran Subramaniam, Thomas 

B. Waltzek, Jon Richard, Caroline Josefsson, Rudolf 

Hoffmann, Theresia Fischer-Scherl, E. Tellervo 
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Valtonen: Discovery of a novel herpesvirus infection 

of European perch (Perca fluviatilis) in Finland 

12:00 – 12:15 ------ Francesco C. Origgi*, Benedikt R. Schmidt, Petra Lohmann, 

Patricia Otten, Ezgi Akdesir, Veronique Gaschen, 

Lisandra Bultet-Aguilar, Thomas Wahli, Ursula Sattler, 

Michael H. Stoffel: Ranid herpesvirus 3 (RHV3), a 

novel virus associated with a proliferative skin 

disease in free-ranging wild common frogs (Rana 

temporaria) 

12:15 – 12:30 ------ Mikolaj Adamek*, Anna Oschilewski, Peter Wohlsein, 

Verena Jung-Schroers, Felix Teitge, David Gela, 

Veronika Piačková, Martin Kocour, Jerzy Adamek, Sven 

M. Bergmann, Dieter Steinhagen: Results from carp 

edema virus infections in differently susceptible 

common carp strains reveal differences in virulence 

between CEV genogroups 

12:30 – 12:45 ------ Mikolaj Adamek*, Felix Teitge, Martin Ganter, Ilka 

Baumann, Verena Jung-Schroers, David Gela, 

Veronika Piačková, Martin Kocour, Dieter Steinhagen: 

“Koi sleepy disease” as a pathophysiological 

consequence of branchial infection of common 

carp with carp edema virus 

12:45 – 13:00 ------ Joseph M. Groff, Kuttichantran Subramaniam, Robert W. 

Nordhausen, Thomas B. Waltzek*: Phylogenomic 

characterization of a novel seahorse poxvirus from 

formalin-fixed paraffin-embedded tissues 

13:00 – 14:30 ----------- Lunch (Equus Club) 

14:30 – 15:45 ----------- RANAVIRUS EPIDEMIOLOGY (Chair: Jolianne M. Rijks) 

14:30 – 14:45 ------ Szilvia L. Farkas*, Enikő Fehér, Andor Doszpoly, Balázs 

Horváth, Szilvia Marton, Barbara Forró, Krisztian 

Bányai, Tamás Juhász: Detection and complete 

genome analysis of ranaviruses causing mass 

mortality in brown bullheads (Ameiurus nebulosus) 

in Hungary 

14:45– 15:00------- Stephen J. Price*, Alexandra Wadia, Owen Wright, Will 

Leung, Andrew A. Cunningham, Becki Lawson: How 

ranavirus brought Britain closer to the EU – 

molecular screening of a long-term tissue archive 

from herpetofauna 

15:00 – 15:15 ------ Paul M. Hick*, Kuttichantran Subramaniam, Patrick M. 

Thompson, Thomas B Waltzek, Joy Becker, Richard J. 
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Whittington: Molecular epidemiology of Epizootic 

haematopoietic necrosis virus (EHNV) 

15:15 – 15:30 ----- Bernardo Saucedo*, Joseph Hughes, Nicolas Suarez, Olga 

Haenen, Michal Voorbergen-Laarman Natasja Kruithof, 

Jolianne Rijks, Marc Schils, Annemarieke Spitzen, 

Maarten Gilbert, Andrea Gröne, Steven van Beurden: 

Comparative genomics and spatiotemporal 

characterization of two strains of common midwife 

toad virus in the Netherlands 

15:30 – 15:45 ----- Hannah E. B. Stagg*, Sigríður Guðmundsdóttir, Niccolò 

Vendramin, Neil Ruane, Heiða Sigurðardóttir, Debes H. 

Christiansen, Argelia Cuenca Navarro, Petra E. 

Petersen, Eann Munro, Niels Jørgen Olesen: Isolation 

and characterisation of a new ranavirus isolated 

from lumpfish in the north Atlantic area 

15:45 – 16:15 ---------- Coffee break 

16:15 – 17:00 ---------- IRIDOVIRIDAE: TAXONOMY  

Panel discussion led by Thomas B. Waltzek 

19:00 – 22:00 ---------- Joint ISVLV/ISR Banquet (location: Kossuth Museum Boat, 

Vén Hajó Restaurant – near the Chain Bridge, Pest side, 

Széchenyi tér) 
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Poster presentations (exhibited in the Equus Club) 
 

EMERGING VIRUSES 

Mikolaj Adamek*, Ilka Baumann, Dirk W. Kleingeld, Felix Teitge, Sven M. 
Bergmann, Dieter Steinhagen: Is the common carp paramyxo–like virus only a 
secondary pathogen found in fish affected by koi sleepy disease? 

 

Mikolaj Adamek*, John Hellmann, Verena Jung-Schroers, Felix Teitge, Keith Way; 
David M Stone, Dieter Steinhagen: A new cyprinid herpesvirus in common 
carp – is this another threat? 

 

Réka Borzák*, Boglárka Sellyei, Csaba Székely, Andor Doszpoly: CyHV-1 
detection in barbel (Barbus barbus, L.) showing skin tumours 

 

Andor Doszpoly*, Ismail M. Kalabekov, Rachel Breyta, Igor S. Shchelkunov: 
Isolation and characterization of an atypical Siberian sturgeon herpesvirus 
(SbSHV) strain in Russia 

 

Max Heling, Felix Teitge, Mikolaj Adamek*, Julia Meder, Karina Retter, Dirk Willem 
Kleingeld, Sven Bergmann, Dieter Steinhagen, Verena Jung-Schroers: 
Preliminary results from an epidemiological survey on the presence of carp 
edema virus in Germany 

 

Alicia Maclaine*, Jennifer Scott, Narges Mashkour, Ellen Ariel: Susceptibility of 

Eastern water dragons, Intellagama lesueurii lesueurii, to Bohle iridovirus 

 

Veronika Piačková*, Dagmar Pokorová, Stanislava Reschová, Lubomír Pojezdal, 

Miroslava Palíková, Mehrak Mohammadi, Tomáš Veselý: „Spring mortality“ of 

common carp (Cyprinus carpio L.) in the Czech Republic 

 

László Zoltán Tarján*, Edit Eszterbauer, Mária Benkő: Molecular detection of 

novel fish herpesvirus, supposedly representing a new virus species, in 

European catfish (Silurus glanis) in Hungary 

 

Tomokazu Takano*, Akatsuki Nawata, Takamitsu Sakai, Tomomasa Matsuyama, 

Takafumi Ito, Jun Kurita, Sachiko Terashima, Motoshige Yasuike, Yoji Nakamura, 

Atushi Fujiwara, Akira Kumagai, Chihaya Nakayasu: Genetic variation of σ1 
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gene of piscine orthoreovirus 2 causing erythrocytic inclusion body 

syndrome in coho salmon in Japan 

 

IMMUNOLOGY AND VACCINATION 

Marga Álvarez, Patricia Pereiro*, Antonio Figueras, Beatriz Novoa: CpG motifs 

induce a long-lasting effect against VHSV infection 

 

Elena Chaves-Pozo, Jose G. Olveira, Isabel Bandín, Jèssica Gómez-Garrido, 

Anna Esteve-Codina, Tyler Alioto, Marc Dabad, José Meseguer, M. Ángeles 

Esteban, Alberto Cuesta*: European sea bass DLB-1 cell line is susceptible to 

nodavirus infection. A RNA-seq analysis 

 

Elena Chaves-Pozo, Yulema Valero, Jèssica Gómez-Garrido, Anna Esteve-

Codina, Tyler Alioto, Marc Dabad, José Meseguer, M. Ángeles Esteban, Alberto 

Cuesta*: Cell-mediated cytotoxicity of European sea bass leucocytes is 

impaired by nodavirus. A RNA-seq study 

 

Elena Chaves-Pozo, Yulema Valero, Pablo Rodríguez-Cerezo, José Meseguer, M. 

Teresa Lozano, M. Ángeles Esteban, Alberto Cuesta*: Implications of granzyme 

B in the immune response of gilthead seabream against nodavirus (NNV) 

 

Yulema Valero, Jimena Cortés, Felipe Ramírez-Cepeda, Fanny Guzmán, Marta 

Arizcun, M. Ángeles Esteban, José Meseguer, Luis Mercado, Alberto Cuesta*, 

Elena Chaves-Pozo: Female vaccination against nodavirus increases the 

production of NK-lysin in their progeny 

 

Yulema Valero, Jimena Cortés, Felipe Ramírez-Cepeda; Reyes Valero, Marta 

Arizcun, Francisco A. Guardiola,  M. Ángeles Esteban, José Meseguer, Luis 

Mercado, Elena Chaves-Pozo, Alberto Cuesta*: Nodavirus infection alters 

immunity in European sea bass at gene and protein levels 

 

Yulema Valero, Mokrani Djamal, Elena Chaves-Pozo, Marta Arizcun, José 

Meseguer, M. Ángeles Esteban, Mustapha Oumouna, Alberto Cuesta*: 

Inactivated nervous necrosis virus (NNV) vaccine elicits antiviral activity and 

protection in the teleost European sea bass (Dicentrarchus labrax) 
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DIAGNOSTICS 

Mikolaj Adamek*, John Hellmann, Verena Jung-Schroers, Felix Teitge, Dieter 
Steinhagen: CyHV-2 in German goldfish culture – a case study 

 

Mikolaj Adamek*; Marek Matras; Verena Jung-Schroers; Felix Teitge; Max Heling; 
Sven M. Bergmann;  Michal Reichert; Keith Way; David M Stone; Dieter 
Steinhagen: Comparison of PCR methods for the detection of genetic 
variants of carp edema virus 

 

Mikolaj Adamek*, Sebastian Rakers, Marina Gebert, Martin Velten, Dieter 
Steinhagen: Research into a possibility of in vitro cultivation of CEV and 
CyHV-3 in primary and permanent gill cultures 

 

Anna Luiza Farias Alencar*, Argelia Cuenca Navarro, Thomas Bruun Rasmussen, 

Yannick Blanchard, Michel Bremont, Niels Jørgen Olesen: In the search for 

virulence markers of viral hemorrhagic septicemia virus (VHSV) 

 

Irene Cano*, Claire Joiner and Richard Paley: Assessment of the susceptibility 

of doctor fish, chub and barbel to spring viraemia of carp (SVC) by 

intraperitoneal injection and cohabitation 

 

VIRUS HOST INTERACTION 

Daniel Álvarez-Torres, Victoria Gómez-Abellán, Alicia García Alcázar, Esther 

García-Rosado*, Julia Béjar, María P. Sepulcre: Identification of an interferon-

stimulated gene 15 involved in host immune defense against viral infections 

in gilthead seabream 
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Emerging viruses 1 
 

Analysis of genome and proteins of Piscine orthoreovirus 
 
Turhan Markussen1, Torstein Tengs1, Hanne Haatveit1, Øystein Wessel1, Maria Dahle2, Espen 
Rimstad1* 
1Norwegian University of Life Sciences, Oslo, Norway; 2Norwegian Veterinary Institute, Oslo, Norway 

 
Piscine orthoreovirus (PRV) is ubiquitous in farmed Atlantic salmon (Salmo salar) in the 
marine phase and the cause of heart- and skeletal muscle inflammation (HSMI) and 
associated with melanized focal changes in white skeletal muscle in this species. The virus 
is the cause of erythrocytic inclusion body syndrome (EIBS) in other salmonid fish species. 
Analyses have indicated that PRV is a fiber-encoding, non-fusogenic reovirus, both 
properties assumed to be present in the last common ancestor of both genera 
Orthoreoviruses and Aquareoviruses. PRV has 10 genomic segments and has a low GC-
content, which are key features of orthoreoviruses.  Taxonomically PRV is placed in this 
genus. 
Conserved structural motifs and less conserved sequence motifs common for other 
orthoreoviruses are also present in the 11 known proteins encoded by the PRV genome. 
Functional testing has mapped properties such as dsRNA binding and virus factory 
organization to specific viral proteins. However, sequence analyses performed on partial S1 
coding sequences and a few whole genomes have so far not revealed specific motifs linked 
to virulence. Genomic and transcriptomic analyses have their limitations, since changes in 
specific mRNA levels or editing do not necessarily correspond to changes at the protein 
level, nor to disease severity. 
Linking the presence of a particular virus variant with a set of specific clinical signs and 
histopathological changes can be very challenging. In this study, we set out to do that, 
starting with sequence and bioinformatics analyses of PRVs originating from salmon with 
various clinical appearances; collected over the last 30 years and from different 
geographical areas. (Support: The Research Council of Norway, grant #237315/E40). 
 
Contact e-mail: espen.rimstad@nmbu.no 
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Novel piscine orthoreovirus from rainbow trout (Oncorhynchus 
mykiss) infects and causes heart pathology in rainbow trout 
 
Niccolo Vendramin1*, Helena Hauge2, Anne Berit Olsen2, Torunn Taskdal2, Øystein  
Wessel3, Anna Luiza Farias Alencar1, Maria K Dahle2, Niels Jørgen Olesen1  
1National Veterinary Institute, Technical University of Denmark, Copenhagen, Denmark; 2Norwegian 
Veterinary Institute Oslo & Bergen, Norway; 3Department of Food Safety and Infection Biology, 
Norwegian University of Life Sciences, Oslo, Norway 

 
During autumn 2013, increased mortality was observed in some hatcheries producing 
rainbow trout in western Norway. The fish, 30-100 g, showed signs of a novel disease 
characterized by circulatory failure, pale viscera, anaemia and liquid (ascites) in the 
abdominal cavity. The histopathological examination revealed inflammation of the heart 
and red muscle and liver necrosis. Moderate to high mortalities have been observed. 
Extended microbiological examinations ruled out major known pathogens and identified a 
new virus which has shown to belong to the orthoreovirus family and is related to PRV 
(Piscine orthoreovirus), causative agent of heart and skeletal muscle inflammation (HSMI) 
in Atlantic salmon. 
This finding called for a targeted effort to assess the risk the new PRV-variant pose on 
farmed rainbow trout. To do so, an infection model under experimental conditions was 
established, in order to evaluate the transmissibility of the virus from infected fish to naïve 
cohabitants, to assess the pathogenicity of the novel variant in farmed salmonids and 
provide scientific based evidence for improved diagnostics. Based on the genetic 
relationship of the novel PRV variant to PRV from Atlantic salmon, the novel PRV variant is 
referred to as PRV-Oncorhynchus mykiss (PRV-Om) in contrast to PRV-Salmo salar (PRV-Ss). 
In an experimental pilot trial, intraperitoneally injected PRV-Om was shown to replicate 
effectively in rainbow trout erythrocytes.  
In a subsequent long term cohabitation trial in rainbow trout, the virus levels peaked in 
blood and heart of cohabitants 6 weeks post challenge, along with increased expression of 
the antiviral genes (Mx and viperin) in spleen. 80-100 % of the cohabitants were infected. 
Heart inflammation was observed in all examined cohabitants 8 weeks post challenge. 
During the second half of the trial it was possible to observe a certain clearance process of 
the virus which occurred early in the shedders and later in the cohabitants. 
 
Contact e-mail: niven@vet.dtu.dk  
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Finding Nemo's picornavirus 
 
Elizabeth C. Scherbatskoy1*, Patrick M. Thompson1, Kuttichantran Subramaniam1, Samantha 
A. Koda1, Deborah B. Pouder2, Roy P.E. Yanong2, Jeffrey C. Wolf3, Terry Fei Fan Ng4, Thomas 
B. Waltzek1 
1Department of Infectious Diseases and Pathology, College of Veterinary Medicine, University of 
Florida, 2173 Mowry Road, Building #1379, Gainesville, FL 32610, USA; 2Tropical Aquaculture 
Laboratory, Program in Fisheries and Aquatic Sciences, School of Forest Resources and 
Conservation, IFAS, University of Florida, 1408 24th Street SE, Ruskin, Florida 33570, USA; 
3Experimental Pathology Laboratories, Inc., Sterling, Virginia, 20166, USA; 4College of Veterinary 
Medicine, University of Georgia, Athens, Georgia, 30602, USA 

 
Over the last decade, a number of aquaculture facilities in Florida have experienced 
periodic chronic mortality events of unknown etiology in their clownfish (Amphiprion 
ocellaris and A. percula). Diseased juveniles displayed darkened body coloration, increased 
gilling, reduced body condition, and/or abnormal positioning in the water column. Samples 
from a 2015 outbreak at one facility were processed for routine parasitology, bacteriology, 
histopathology, and virology. No significant parasite burdens were detected, and while 
bacteria were isolated from some of the fish, they appeared to be more consistent with a 
secondary infection. Histopathological examination revealed prominent single cell necrosis 
and mild inflammation of the mucosal epithelium within the branchial cavity, pharynx, 
esophagus, and/or stomach. Homogenates from pooled external and internal tissues were 
inoculated on epithelioma papulosum cyprini (EPC), grunt fin (GF), and striped snakehead 
(SSN-1) cells. Cytopathic effect was observed on the SSN-1 cells resulting in complete 
monolayer lysis in the initial inoculation and upon subsequent passages. Transmission 
electron microscopy of infected SSN-1 cells revealed numerous small (28-30 nm), naked, 
icosahedral particles within the cytoplasm that were sometimes arranged in paracrystalline 
arrays. The virus from SSN-1 cells was concentrated by ultracentrifugation prior to RNA 
extraction, cDNA library generation, and sequencing using an Illumina MiSeq platform. 
Sequencing recovered the full genome of a novel picornavirus most closely related to 
those recently described from other fish hosts including common carp (Cyprinus carpio), 
eel (Anguilla anguilla), bluegill (Lepomis macrochirus), and fathead minnow (Pimephales 
promelas). Future challenge studies are planned to help elucidate the clinical significance 
of this picornavirus in clownfish. Disease progression will be assessed by regularly sampling 
fish over the study period to assess gross and microscopic lesions (histopathology and in 
situ hybridization) as well as viral load (virus isolation and qPCR) within external and 
internal tissues. 
 
Contact e-mail: escherbatskoy@ufl.edu 
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Characterisation of a novel cyprinid paramyxovirus 
 
Richard Paley*, Connor Sharp, Annabel Rice, Claire Joiner, Irene Cano, Ronny Van Aerle, Kelly 
Bateman, Peter Dixon, David Stone 
Cefas, Weymouth Laboratory, Weymouth, UK 

 
Diagnostic testing of UK and imported cyprinids has occasionally resulted in the isolation of 
viruses showing a characteristic syncytial cytopathic effect (CPE) in cell culture that is not 
caused by the known and expected viruses of carp (22 isolations since 1996). Initial 
characterisation by electron microscopy indicated large (200 nm) pleomorphic, spherical, 
enveloped virions that are released from cells by budding. The isolates replicate slowly 
(average of 17 days to develop full CPE) on carp cell lines producing low titres (3.4 to 5.7 
log TCID50/ml). Bromodeoxyuridine and chloroform treatment indicated RNA genome and 
presence of a lipid envelope respectively. Together these results indicated a possible 
myxo-like virus, but the isolates were not able to haemagglutinate or haemadsorb carp or 
salmon erythrocytes and no amplification was seen using generic primer sets designed to 
amplify orthomyxovirus and paramyxovirus polymerase genes.  Viral nucleic acid was 
subjected to next generation sequencing by Roche 454 and Illumina MiSeq and HiSeq 
platforms, with de novo assembly using CLC genomics, Blast comparison against sequence 
databases and assessment of assignments using Megan. Despite recovering over 1 million 
and 10 million sequence reads for isolates in each sequencing platform respectively no 
significant similarities were identified.  The HiSeq generated raw sequence reads from one 
of the virus isolates were later re-assembled using IVA and a 16 kb putative viral sequence 
was generated and subsequently annotated using a selection of bioinformatics tools 
including FGENESV0, Prokka and Blast.  Based on the single segment genome architecture 
encompassing at least eight putative genes and the average nucleotide identity over 
putative nucleoprotein, fusion and polymerase genes of 21%, the virus was classified as a 
putative Paramyxovirus. Failure to group with any of the known paramyxoviruses 
(including Atlantic salmon paramyxovirus) in phylogenetic analyses indicates this isolate 
represents a new species and quite likely a new genus within the family Paramyxoviridae.  
Diagnostic PCR assays based on the putative N gene and L genes were developed and have 
enabled the confirmation and comparison of a further 17 historical isolates demonstrating 
surprisingly limited variation across isolates over time. Common carp challenged by 
intraperitoneal injection with high titres of virus did not show observable gross clinical 
signs, histopthalogical analysis is ongoing and will be reviewed. 
 
Contact e-mail: richard.paley@cefas.co.uk 
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Green turtle (Chelonia mydas) papillomavirus in the northern Great 
Barrier Reef, Australia 
 
Narges Mashkour1*, Graham Burgess1, Karina Jones1, Jennifer Elliman1, Leigh Owens1, Ellen 
Ariel1 
College of Public Health, Medical and Veterinary Sciences, James Cook University, Townsville, 
Australia 

 
Green turtles (Chelonia mydas) are listed as endangered species by the International Union 
for Conservation of Nature (IUCN). This marine reptile faces a variety of threats, including 
predation, human activities such as bycatching and overfishing, coastal development and 
pollution. Outbreaks of infectious diseases in wildlife are also significant threats, mainly to 
endangered species. Despite rapid development in recent years, reptile virology is still a 
relatively young field. Only four families of viruses have been partially described from 
turtles with papillomaviruses (PVs) being reported in two individual cases. Chelonia mydas 
PV (CmPV-1) and loggerhead turtle (Caretta caretta) PV (CcPV-1) form a distinct clade in 
the PV phylogenetic tree and were proposed to form a new genus. In a survey using PCR to 
determine the presence and impacts of viruses on green turtles from the northern Great 
Barrier Reef, we have detected PV in green turtles foraging Cockle Bay, Townsville and 
McCanes Bay, Bowen, Australia. To design the primers, the target DNA sequences were PV 
E1 and L1 genes. Analysis of partial E1 sequences showed that these PVs are almost 
identical to CmPV-1 described in Florida, with some single nucleotide polymorphism (SNP) 
differences. CmPV-1 and the Australian CmPVs are distinct from CcPV-1. PCR amplification 
of the L1 gene with different sets of primers derived from CmPV-1 genome was 
unsuccessful. This problem in amplification of L1 gene was also previously described for 
CmPV-1. A robust phylogenetical analysis requires more genes to be included in the study. 
Cloning and characterization of the full genome is happening now and we will be able to 
compare these PVs with reptilian and non-reptilian PVs in the near future. 
 
Contact email: narges.mashkour@my.jcu.edu.au 
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First isolation of VHSV in lumpfish (Cyclopterus lumpus): genetic 
characterization and pathogenicity of a new subgroup of VHSV 
genotype IV 
 
Argelia Cuenca1*, Niccoló Vendramin1, Heiða Sigurðardóttir2, Tine Moesgaard Iburg1, Niels 
Jørgen Olesen1, Sigríður Guðmundsdóttir2 
1National Veterinary Institute, Technical University of Denmark, Copenhagen, Denmark; 2Institute 
for Experimental Pathology, University of Iceland, Reykjavik, Iceland 

 
Viral haemorrhagic septicaemia virus (VHSV), a ssRNA virus from the family Rhabdoviridae, 
has been isolated from over 80 fish species in freshwater and marine environment in the 
northern hemisphere. In 2015, VHSV was isolated from lumpfish caught in Breiðafjörður 
Bay on the west coast of Iceland. This constitutes the first report of VHSV in the country. 
Moreover, this is the first time that VHSV is found in lumpfish (Cyclopterus lumpus). 
Genetic characterization showed that this new isolate is genetically different from other 
European VHSV isolates, and more similar to isolates from the Atlantic coast of Canada and 
USA. Indeed, phylogenetic analyses based on the full-length sequences of the N, G and NV 
genes placed the Icelandic isolate as closely related to genotype IV isolates from North 
American and Asia, but without being part of any of the currently recognized genotype IV 
subgroups. In this work, we propose the creation of a genotype IVd to place the lumpfish 
VHSV isolate from Iceland.  
Lumpfish are increasingly used as cleaner fish in the salmon industry. In order to 
characterize the pathogenicity of the new isolate for farmed salmonid species, 
standardised in vivo infection trials were conducted. The first trial investigated the 
pathogenicity of the isolate in salmonids: naïve rainbow trout and Atlantic salmon were 
infected by bath and IP injection. In this trial, the Icelandic isolate was compared with 
highly virulent VHSV genotype Ia (DK- 3592B) and with genotype IVa (2009-50-13-4) 
isolated from a clinical VHS outbreak in Atlantic salmon. In rainbow trout, no mortality due 
to the Icelandic isolate was observed by bath, whereas IP injection induced low cumulative 
mortality rate (4%). In Atlantic salmon, no mortality due to the Icelandic isolate was 
observed by bath, whereas IP injection induced significant cumulative mortality rate (32%) 
which was, however, considerably lower than the positive controls included in the trial 
(91% for genotype Ia and 77% for genotype IVa).  
In the second trial, we addressed the pathogenicity of the Icelandic isolate in lumpfish. In 
this case, no mortality was observed by bath infection whereas 100% was reached by IP 
injection. Taken together these results indicate that there is scientific based evidence to 
include lumpfish in the list of susceptible species for VHS. Further studies need to be 
conducted to investigate transmissibility of the virus between species.  
 
Contact e-mail: arcun@vet.dtu.dk 
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Ictalurid rhabdovirus: a threat for catfish farming  
 
Anna Toffan*, Giulia Bedendo, Andrea Fortin, Rosita Quartesan, Alessandra Buratin, 
Valentina Panzarin, Tobia Pretto, Francesco Pascoli  

Istituto Zooprofilattico Sperimentale delle Venezie, Legnaro (PD), Italy 

 
The black bullhead catfish (Ameiurus melas) farming is typical of northern Italy with a total 
production totaling over 600 t in 2013-2014; however, this industry has shown rapid signs 
of decrease in the last decades mostly due to recurrent outbreaks of viral diseases, which 
cause severe economic losses to fish farmers. Among the viral agents that threat ictalurid 
species we find the European Catfish Virus (ECV), a ranavirus that causes severe mortalities 
mainly in summer, and the Ictalurid Herpesvirus (IcHV).  
In February 2016, an Italian farm reported a severe mortality outbreak in a recently 
imported black bullhead catfish batch. Juvenile 50 g catfish (around 1 ton) were farmed in 
a concrete tank supplied by well water at a temperature of 18-20°C and fed with 
commercial feed. Clinical signs and mortality started some weeks after their import and 
persisted for more than two months, leading to a 90% mortality of the affected fish.  
Diseased catfish showed anorexia, lethargic behavior and clear neurological signs (whirling, 
flashing and gasping) after stimulation. At necropsy, fish were emaciated, dark colored, 
with enlarged abdomen and hemorrhagic petechiae on the skin at the fin base, abdomen 
and gills. Enlarged and discolored liver, splenic hypoplasia, pale kidney and air bubbles 
inside the stomach were common findings. Histology confirmed the presence of 
hemorrhages and fusion of the gill lamellae, reduction and necrosis of the splenic and 
renal interstitial lymphoid tissue and turbid degeneration of hepatocytes.  
Bacteriological and parasitological examinations were negative, whereas pooled organs 
(gill, brain, kidney, spleen and heart) subjected to virus isolation on EPC and BF-2 cells at 
20°C tested positive. The viral isolate was morphologically characterized by electron 
microscopy as belonging to the family Rhabdoviridae. RT-PCR performed on the N gene 
with published degenerated primers for fish rhabdoviruses yielded positive results.  
Serum samples were collected from survivors on a monthly basis until June 2016 and 
tested with 50% plaque reduction assay, showing increasing antibodies titers. The 
seroconversion observed in survivor catfish suggests that immunization strategies might be 
developed to protect back bullhead catfish from the Ictalurid rhabdovirus, considering that 
no vaccines are presently available. (Support: Italian Ministry of Health, RC IZSVe 08/2016).  
 
Contact e-mail: atoffan@izsvenezie.it 
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Immunology and vaccination 

 
Assessment of viral interference in a birnavirus-carrier cell culture 
against superinfection with VHSV by using co-culture systems 
 

Helena Codina, Ricardo Parreño, Lucía Almagro, Luis Perez* 
Instituto de Biología Molecular y Celular, Universidad Miguel Hernández, Elche, Spain 

 
Previously, an IPNV-carrier cell line (EPCIPNV) was shown to display an antiviral state against 
VHSV. Absence of VHSV-induced syncitia formation as well as VHSV RNA accumulation in 
the EPCIPNV cell line reflects the inhibition of VHSV replication on the IPNV-carrier cell 
culture. VHSV entry into de IPNV-infected cells did not appear to be affected, but a potent 
blockade of VHSV RNA synthesis at early times post-infection was observed. To get further 
insight into the interplay between IPNV-carrier and naïve EPC cells three co-culture 
systems were set up: i) a “droplet” culture system; ii) a plastic chamber setup; iii) a 
transmembrane (Transwell®) system. In all three cell co-culture methods target EPC cells 
grown in contact with effector EPCIPNV cells developed partial resistance to VHSV 
superinfection. The transmembrane system was best suited to examine gene expression in 
donor and target cells separately. Our findings point to the conclusion that soluble factors 
produced by the IPNV-carrier culture stimulate the innate immune response within the 
target cells. This antiviral response seems to be associated to the up-regulation of 
interferon and mx gene expression in target EPC cells. 
 
Contact e-mail: luis.perez@umh.es 
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Fish red blood cells halted VHSV and IPNV infections together with 
mounting antiviral immune responses 
 
Ivan Nombela1*, Sara Puente-Marin1, Veronica Chico1, Luis Mercado2, Luis Perez1, Julio M. 
Coll3, Amparo Estepa1, Maria del Mar Ortega-Villaizan1 

1Institute of Cellular and Molecular Biology, Miguel Hernández University, Elche, Spain; 2Institute of 
Biology, Pontifical Catholic University of Valparaiso, Valparaiso, Chile; 3INIA-SGIT Biotechnology, 
Madrid, Spain. 

 
Fish are the phylogenetically oldest vertebrate group with an immune system that shares 
similarities with immune system of mammals. However, the current knowledge of the fish 
immune system is not as complete as the knowledge of the mammal immune system. In 
contrast to mammals, fish red blood cells (RBCs) are nucleated. This implies that the RBCs 
could participate in different cellular processes by transcripting mRNAs in response to a 
stimulus. It has been previously reported that fish RBCs can generate a wide variety of 
immune-gene transcripts when viruses target RBCs. However, the immune-response 
triggered by fish RBCs when the viral infection targets another cells or tissues has not been 
demonstrated yet. In this study we investigated the immune response of trout red blood 
cells to a rhabdovirus (Viral Haemorrhagic Septicaemia Virus, VHSV) and a birnavirus 
(Infectious Pancreatic Necrosis Virus, IPNV). We describe how trout RBCs reduced VSHV 
and IPNV replication inside them, in parallel to an increase in some immune genes and 
proteins levels. Our results showed that viral RNAs replicate early postinfection but are 
drastically decreased after 6 hours postinfection, for both VHSV and IPNV. Simultaneously, 
the expression of the interferon-induced mx gene appeared differentially modulated at the 
late stage of VHSV or IPNV infections, exhibiting a different interferon response to each 
virus. Additionally, the anti-microbial peptide β-defensin 1, the proinflammatory cytokine 
interleukin 1 beta and the neutrophil chemotactic factor interleukin 8 were upregulated in 
VHSV and IPNV infected RBCs, and therefore, are shown, for the first time, as characteristic 
of trout RBCs antiviral immune protein responses against viral presence. Moreover, the 
autophagy process also appeared to be implicated in the anti-VHSV response of trout 
RBCs. In conclusion, different antiviral mechanisms such as interferon, antimicrobial 
peptides, chemokines, proinflammatory cytokines and autophagy processes appeared to 
be implicated in the antiviral immune response triggered by trout RBCs. However, it should 
be further explored which mechanism is directly responsible for halting viral infections 
inside trout RBCs. 
 
Contact email: inombela@umh.es 
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Proteomic study of VHSV infected trout RBCs 
 
Verónica Chico1,Ivan Nombela1, Sara Puente-Marín1, Sergio Ciordia2, Maria Carmen  
Mena2, Julio Coll3, Maria del Mar Ortega-Villaizan1 

1Institute of Cellular and Molecular Biology, Miguel Hernández University, Elche, Spain; 2 Unidad de 
Proteómica. Centro Nacional de Biotecnología CSIC. C/ Darwin n 3, Cantoblanco, 28049 Madrid, 
Spain; 3INIA-SGIT Biotechnology, Madrid, Spain. 

 
As in other lower vertebrates, the red blood cells (RBCs) of fish are nucleated and can 
generate a wide variety of immune gene transcripts when viruses replicate inside them.  In 
our previous studies, we have found that trout RBCs increase some immune protein levels 
as part of their antiviral immune response to fish viruses such as VHSV and IPNV, which is 
accompanied by a reduction in the viral replication levels inside RBCs. In order to further 
elucidate which proteins in RBCs are involved in this mechanism we did a deep proteomic 
study of VHSV infected trout RBCs. With this methodology we could identify a variety of 
proteins modulated in VHSV-infected RBCs implicated in viral processes, viral transcription, 
peptide metabolic process, antigen processing and peptide presentation pathways. The 
mechanisms implicated in this processes are being evaluated. 
 
Contact e-mail: vchico@umh.es  
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Characterization of Frog Virus 3 knockout mutants lacking putative 
virulence genes using the amphibian Xenopus laevis as model 
 
Jacques Robert*, Eva-Stina Edholm, Jazz Sanchez, Hongjue Wang, Brian Ward, Francisco De 
Jesús Andino 
Department of Microbiology & Immunology, University of Rochester Medical Center Rochester, NY 
14642, USA 

 
Ranaviruses (large DNA virus of the family Iridoviridae) are emerging viral pathogens that 
cause devastating infections in amphibian, fish and reptile species worldwide. The 
promiscuous infectious ability of these pathogens suggests that they possess potent 
immune evasion mechanisms. We use the amphibian Xenopus laevis as animal model to 
better understand how ranaviruses have evolved to evade immune defences for 
disseminating and persisting in their hosts. To elucidate host-pathogen interaction and 
immune evasion of ranaviruses we have developed a reliable strategy to generate stable 
site-specific recombinant of Frog virus 3 (FV3) either expressing fluorescent reporter genes 
or deficient for particular viral genes and assessed infectivity of these FV3 mutants in 
tadpoles and adults of the immunological model X. laevis. To date we have investigated 
FV3 knock-out (KO) mutants defective for a putative viral caspase activation and 

recruitment domain-containing (CARD) protein (64R; vCARD-FV3), a β-hydroxysteroid 

dehydrogenase homolog (52L; ΔvβHSD-FV3), a truncated viral homolog of eIF-2 (26R; 

FV3-vIF-2) and the immediate-early 18kDa protein (82R; Δ18K-FV3). We have also 
generated a convenient traceable knock-in FV3 expressing a fluorescent GFP reporter 
under the control of the immediate-early 18K promoter that has permitted the detection 
of active infection and dissemination in tadpole tissues such as brain. More recently, we 
have engineered an FV3 recombinant expressing a MCP-GFP fusion. Importantly, all FV3 
KO mutants replicate as well as wild type (WT)-FV3 in non-amphibian cell lines, whereas in 
the X. laevis A6 kidney cell line replication of ΔvCARD-, ΔvβHSD- and ΔvIF-2α- but not 
Δ18K-FV3 is markedly reduced. We found that despite its truncation vIF-2α is important for 
counteracting the programmed cell death induced by viral infection, presumably through 
the IFN response. Furthermore, our results indicate that vCARD and vβHSD are critical 
immune evasion genes promoting persistence and dissemination in the host by 
counteracting type III IFN in tadpoles and type I IFN in adult frogs. In contrast, the 
substantial accumulation of Δ18K-FV3 genome copy numbers concomitant with an 
exacerbation of type I and III IFN gene expression responses, and the deficient release of 
infectious virus suggest that 18K, which does not exhibit significant match with other genes 
outside ranaviruses, is a viral regulatory rather than an immune evasion gene. (Research 
Support: National Science Foundation IOS-1456213; National Institute of Health R24-AI-
059830 and R25-GM064133 (J. S.) grants) 

 
Contact e-mail: Jacques_Robert@urmc.rochester.edu 
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Involvement of type I IFN responses in the resistance of carp strains 
to the CyHV-3, SVCV, and CEV infections 
 
Mikolaj Adamek1*, Andy Dawson1,2, Anna Oschilewski1, Marek Matras3, Verena Jung-
Schroers1, Felix Teitge1, David Gela4, Veronika Piačková4, Martin Kocour4, Jerzy Adamek5, 
Krzysztof Rakus6, Magdalena Stachnik3, Michal Reichert3, Dieter Steinhagen1 

1Fish Disease Research Unit, Institute for Parasitology, University of Veterinary Medicine, Hannover, 
Germany;  2School of Life Sciences, Keele University, UK; 3Laboratory of Fish Diseases, National 
Veterinary Research Institute, Puławy, Poland; 4Faculty of Fisheries and Protection of Waters, South 
Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses, University of South 
Bohemia Ceske Budejovice, Vodnany, Czech Republic; 5Experimental Fish Farm in Zator, The 
Stanislaw Sakowicz  Inland  Fisheries  Institute  in  Olsztyn,  Poland; 6Department of Evolutionary 
Immunology, Institute of Zoology, Jagiellonian University, Krakow, Poland 

 
The domestication process of common carp led to an establishment of numerous strains of 
carp creating a valuable genetic resource. Importantly carp with different genetic 
background are presenting altered susceptibility to viral pathogens. This was most 
evidently shown in the case of cyprinid herpesvirus 3 (CyHV-3) infections causing koi 
herpesvirus disease (KHVD). In case of CyHV-3 infections carp from strains of Asian origin, 
especially Amur wild carp (AS) and Ropsha scale carp (Rop) were proven to be far less 
susceptible to KHVD than fish from European origin like for example Prerov scale carp (PS) 
or koi which were coming from the Czech Republic. The basis for these differences was not 
revealed yet. We hypothesised that it can be associated with a higher magnitude of type I 
interferon (IFN) responses as a first line of cellular defences in the case of viral infections. 
Three rhabdo-, pox- and alloherpesviral infection models (SVCV, CEV and CyHV-3) were 
used to evaluate the hypothesis. The development of clinical signs was linked with an 
evaluation of virus spreading through selected target tissues at several time points in four 
strains of common carp (AS, Rop, PS and koi). There were significant differences in 
mortality and virus load during CyHV-3 infection where Rop and AS (mortality of 22% and 
47%) were performing better than PS and koi (mortality of 65% and 90%). When the 
susceptibility to a CEV infection and the development of KSD were investigated, Amur wild 
carp showed to be more resistant to the infection and did not develop clinical signs for 
KSD. Interestingly the infection with SVCV did not induced high mortality however there 
were significant differences in virus replication with Rop being significantly less susceptible. 
The evaluation of type I IFN responses showed that there are fundamental differences in 
the different virus models. The alloherpesvirus CyHV-3 and poxvirus CEV were generally 
inducing low responses while responses to rhabdovirus SVCV were much higher, indicating 
possible difference in host-pathogen interaction strategies. Furthermore the results 
proved that the initial hypothesis was wrong and the magnitude of type I IFN is not a good 
marker of resistance because it is positively correlated with virus load. (Support: Deutsche 
Forschungsgemeinschaft) 
 
Contact e-mail: Mikolaj.Adamek@tiho-hannover.de 
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Nk-lysin, an antimicrobial peptide expressed in fish erythrocytes, is 
involved in antiviral defense 
 
Patricia Pereiro1*, Alejandro Romero1, Patricia Díaz-Rosales1, Amparo Estepa2, Antonio 
Figueras1, Beatriz Novoa1 
1Instituto de Investigaciones Marinas (IIM), CSIC, Eduardo Cabello 6, 36208, Vigo, Spain; 2Instituto 
de Biología Molecular y Celular (IBMC), Universidad Miguel Hernández, 03202, Elche, Spain 
 

Nk-lysin is an antimicrobial peptide produced by NK-cells and cytotoxic T-lymphocytes, and 
stored in cytolytic granules together with perforin and granzymes. In this work, the nk-lysin 
(nkl) gene and its protein were characterized in turbot (Scophthalmus maximus). Different 
experimental approaches revealed a correlation between the expression of the nkl gene 
and the resistance of fish to a viral infection. Moreover, the Viral Hemorrhagic Septicemia 
Virus (VHSV) induced an overexpression of the nkl gene in lymphoid tissues. At protein 
level, the number of Nkl-positive cells and their fluorescence intensity were also 
modulated under vaccination and/or infection conditions in head kidney, spleen and blood 
samples. Confocal images of immuno-stained cells revealed for the first time the presence 
of Nkl in a non-lymphoid cell lineage. As it was expected, Nkl was highly expressed in 
lymphocytes but also in erythrocytes where the presence of Nkl was mainly confined into 
spherical vacuolar structures. Although the first objective of this work was to try to deepen 
in the potential role of NK-lysin in the resistance to viral diseases, probably the most 
surprising finding was to observe the presence of Nkl in erythrocytes. For the first time we 
found a typical antimicrobial peptide (AMP) to be expressed in this cell type. Erythrocytes 
are the most abundant cells in the blood of vertebrate organisms and their primary 
function is the transport of oxygen and carbon dioxide around the body. With the 
exception of mammals, vertebrate erythrocytes are nucleated and therefore, they have 
the ability to modify their transcriptome and, as consequence, their proteome. Taking into 
account that the majority of studies were conducted in mammals, which possess 
enucleated erythrocytes, the knowledge about their potential immune functions is limited. 
Additionally, we observed that VHSV was able to infect erythrocytes, and the intensity of 
the infection could be related with the level of Nkl. (Support: AGL2014-51773-C3 from the 
Spanish Ministerio de Economía y Competitividad and 201230E057 ‘‘Proyecto Intramural 
Especial, PIE’’, Agencia Estatal Consejo Superior de Investigaciones Científicas (CSIC)). 
 
Contact e-mail: patriciapereiro@iim.csic.es 
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Epidemiology of KHV in England and Wales since 2007 – VNTR 
analysis of the CyHV-3 genome suggests limited links between 
disease outbreaks 
 

Richard Paley*, Mel Schofield, Paul Martin, Gareth Wood, Nick Taylor, Angela Trent, Keith 
Way, David Stone 
Cefas, Weymouth, Dorset, UK 
 

Cyprinid herpes virus-3 (CyHV-3) is a highly contagious viral disease which causes 
significant morbidity and mortality in common carp and its ornamental domesticated form, 
koi carp. Until 2003, KHV had only been detected and isolated from sites in the UK holding 
imported ornamental carp. However, during investigations into mortalities in angling 
waters in England since 2003 the Cefas Weymouth laboratory detected CyHV-3 in common 
carp suggesting that the introductions of KHV to these waters may be linked to either the 
rearing or holding of common carp, destined for restocking fisheries, alongside ornamental 
varieties of carp, or the stocking of waters with a susceptible ornamental species. A 
serological survey of fisheries in England and Wales undertaken in 2009 estimated 
seroprevalence at 31% of over 5000 registered fisheries yet since listing in 2007 there have 
been comparatively few (130) occurrences of disease in these fisheries.  Molecular 
epidemiological investigations seek to discriminate between the different geographical 
strains of CyHV-3 to better understand the transmission routes.  Here, we have used 
variable number tandem repeats (VNTR) to investigate the genetic variability in KHV 
genome and to establish links between outbreaks of KHV disease in the UK.  Fifteen 
uninterrupted VNTRs displaying at least 4 repetitions were identified in the CyHV-3 
genome by alignment of the three complete genome sequences for CyHV-3 (accession no. 
DQ657948.1 DQ177346.1 and AP008984.1).  Four of the loci, were studied in detail.  A 
total of 75 distinct VNTR profiles were observed in the UK between 2003 and 2016, 
suggesting large numbers of independent introductions in to the UK, and highlight the 
potential for even greater genetic diversity of the CyHV-3 strains circulating globally.  The 
same VNTR profile was observed in all viruses identified during a single disease episode, 
indicating that they represent suitable markers for epidemiological studies and outbreak 
tracing. Importantly, the same VNTR was observed in viruses isolated from a fishery site 
after long periods without clinical disease indicating that the virus can remain dormant for 
several years. During our investigations, novel CyHV-3 like DNA sequences were detected 
in carp and koi tissues when using generic PCR primers capable of detecting a wide range 
of cyprinid herpesviruses. The same samples were negative for CyHV-3 when using the 
recognised diagnostic assay based on the thymidine kinase gene sequence.   The 
implications of the novel CyHV strains for common carp are not known, however, most of 
the CyHV-3 variants were detected in apparently healthy animals.  Only in a few cases the 
animals exhibited signs usually attributed to a CyHV-3 infection which suggests either that 
the animals are asymptomatic carriers or survivors of infection with low virus loads, or that 
the variants represent low-pathogenic strains of CyHV-3 that do not warrant control in the 
same way as conventional CyHV-3 isolates. The potential origins of these novel CyHV-3 
viruses and the impact on surveillance for CyHV-3 distribution and prevalence will be 
discussed. 
Contact e-mail: richard.paley@cefas.co.uk  
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Virus detection in chelonians in Europe 
 
Ekaterina Kolesnik*, Rachel E. Marschang 
Laboklin GmbH & Co. KG, Bad Kissingen, Germany 

 
There are a number of viruses that have been described in chelonians. Herpesviruses and 
ranaviruses are the best known, but others have also been described. This study aimed to 
provide an overview of the prevalence of herpes-, rana-, picorna-, ferla-, and adenoviruses 
in samples from chelonians in Europe. Samples from 1015 chelonians were tested for 
herpes-, rana-, picorna-, and ferlaviruses, and from 949 chelonians for adenoviruses by 
PCR. Tested samples included mainly oral swabs and nasal washes. Herpesviruses were 
detected in 8.0%, picornaviruses in 2.2%, ferlaviruses in 0.6% and adenoviruses in 2.3% of 
the animals tested. No ranaviruses were detected in any of the samples. Virus positive 
animals were often positive for mycoplasma. In chelonians with herpesviruses, 
mycoplasma were also detected in 63%, with picornaviruses in 55%, with ferlaviruses in 
16.7% and with adenoviruses in 54.5%. Five animals were positive for two viruses, one for 
a herpes and a picornavirus and four for a herpes and an adenovirus. A total of 12.4% of 
the chelonians tested were positive for at least one virus. Sequencing of the PCR products 
showed a variety of herpesviruses with testudinid herpesviruses 1 and 3 (TeHV1 and 3) 
most common. The picornaviruses all clustered in the proposed “topivirus” genus, the 
ferlaviruses all in genogroup B, while the adenoviruses clustered either in the atadenovirus 
or the proposed “testadenovirus” genus. This study shows the variability of virus infections 
in chelonians and demonstrates the importance of virus detection in captive chelonians. 
 
Contact e-mail: kolesnik@laboklin.com 
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Transmission studies with ferlavirus (family Paramyxoviridae) 
genogroups A, B, and C in snakes 
 
Rachel E. Marschang1*, Annkatrin Neul2, Volker Schmidt2, J. Matthias Starck3, Uwe  
Truyen4, Nadja Leinecker4, Ekaterina Kolesnik1, Michael Pees2 

1Laboklin GmbH & Co.KG, Steubenstr. 4, 97688 Bad Kissingen, Germany; 2Clinic for Birds and 
Reptiles, University of Leipzig, An den Tierkliniken 17, 04103 Leipzig, Germany; 3Department of 
Biology II, LMU München, Großhardener Str. 2, 82152 Planegg-Martinsried, Germany; 4Institute of 
Animal Hygiene and Veterinary Public Health, University of Leipzig, An den Tierkliniken 33, 04103 
Leipzig, Germany 

 
Three genetically distinct ferlaviruses in the genogroups A, B, and C were used in 
transmission studies to study pathogenicity and to compare diagnostic tests. Groups of 
corn snakes (Pantherophis guttatus) (12 animals each) were infected intratracheally with 
one of the three viruses. In addition, ball pythons (Python regius) were infected with the 
group B virus. Animals were euthanized and examined on days 4, 16, 28, and 49. Blood and 
tracheal washes were collected from all remaining animals on each sampling day. 
Antibodies against each virus were detected using hemagglutination inhibition assays (HI). 
Virus was detected in swabs, washes, and tissues by isolation in cell culture and by PCR. 
Results demonstrated significant differences in the pathogenicity depending on the virus 
strain used. The isolate belonging to group B, originally isolated from a timber rattlesnake, 
caused the most severe alterations with no snake surviving past day 35 post infectionem. 
The group B virus appeared to be equally pathogenic for corn snakes and ball pythons, 
although antibodies were detected against this virus more frequently in the infected ball 
pythons than in the corn snakes. Virus was detected most frequently in lung tissue in all 
infection groups. The PCR targeting a portion of the L-gene was more sensitive for virus 
detection than isolation in cell culture, although detection sensitivity was dependent on 
the tissue tested. The results of this study demonstrate differences in pathogenicity of 
individual ferlaviruses as well as showing differences in virus distribution and immune 
response to infection depending on host species. 
 
Contact e-mail: rachel.marschang@gmail.com 
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Development of a novel one-step reverse transcription PCR method 
for detecting viral haemorrhagic septicaemia virus 
 
Hyoung Jun Kim1*, Susie Sommer Mikkelsen2, Niels Jorgen Olesen2 
1National Fishery Products Quality Management Services, Busan 49111, Korea; 2National Veterinary 
Institute, Technical University of Denmark, Copenhagen, Denmark  

 
Viral hemorrhagic septicemia (VHS) is one of the most serious viral diseases in salmonid 
and olive flounder farms. Various diagnostic methods for detection of VHS virus (VHSV) are 
described in the World Organization for Animal Health (OIE) Diagnostic Manual. Among 
them, a conventional RT-PCR (cRT-PCR) including the VN primer set is recommended to be 
used for detection of VHSV. A low sensitivity for detection of VHSV genotype IVa isolates 
was however observed and in addition the assay often produced non-specific results when 
using RNA template extracted from fish cell lines. Thus, a validated cRT-PCR with improved 
specificity and sensitivity for detection of all VHSV genotypes was highly needed in the OIE 
Diagnostic Manual. In this study, candidate primers from 5 regions in the VHSV 
nucleoprotein (N) gene were tested, and a highly sensitive and specific primer set (3F&2R) 
was selected among them. We established the reaction conditions for the 3F&2R primers, 
and no non-specific amplifications were observed using template RNA from fish, fish cell 
lines, or heterologous viruses. The sensitivity of the new 3F&2R cRT-PCR was compared 
with the cell cultivation, real-time RT-PCR (RT-qPCR), and cRT-PCR described in the OIE 
Aquatic Manual. It was concluded that the sensitivity for all genotypes were at the same 
level when using cell cultures, RT-qPCR and the new 3F&2R cRT-PCR, while the cRT-PCR 
given in the OIE Manual had low sensitivity for VHSV IVa. The novel cRT-PCR was 
subsequently tested on 80 VHSV isolates representing a worldwide collection of all known 
genotypes. And on tissue material from in all 74 fish experimentally infected with VHSV 
genotype IVa, Ia, Id, Ic and Ie, respectively. The study provided clear and unique amplicons 
for all 80 VHSV isolates and for the infected fish by the novel cRT-PCR. The reproducibility 
and robustness of the test was also confirmed in an inter-laboratory proficiency test 
including 6 National reference laboratories for fish diseases. In conclusion, a novel cRT-PCR 
has been developed and validated according the guidelines given in the OIE aquatic 
diagnostic manual. We recommend that this new 3F&2R cRT-PCR should replace the 
current method detailed in the OIE manual for detection of VHSV. 
 
Contact e-mail: hjkim1882@korea.kr 
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Optimization and validation of serological tests for management of 
nervous necrosis virus in aquaculture 
 
Diana Jaramillo1,2, Paul M Hick1*, Richard J Whittington1 

1Sydney School of Veterinary Science and School of Life and Environmental Sciences, The University 
Sydney, Australia; 2Present address, New Zealand. 

 
Nervous necrosis virus (NNV) is a widespread pathogen that seriously impacts aquaculture 
production of many marine fish species throughout the world as the cause of viral nervous 
necrosis (VNN) disease. There has been limited impact from the considerable efforts to 
control this disease since it was first recognized over 30 years ago. Persistent infection of 
apparently healthy fish presents a diagnostic and disease control challenge because 
sacrificial sampling is required to detect NNV which has a tropism for brain and retina. The 
role of serology in disease control has been minor due to uncertain sensitivity and 
specificity of assays for antibodies specific to NNV and lack of knowledge about the 
infectious potential of seropositive and seronegative fish.  
Polyclonal sheep antisera developed against affinity purified native NNV from SSN-1 cell 
culture provided higher analytical sensitivity and specificity in an antibody ELISA compared 
to antisera developed against recombinant NNV coat protein. The analytical sensitivity of 
an indirect ELISA format using rabbit anti-Australian bass (Macquaria novemaculeata) Ig as 
a secondary antibody was superior to competitive ELISA. The optimized assay was 
evaluated favorably on serial serum samples from Australian bass and barramundi (Lates 
calcarifer) after challenge with inactivated native virus or recombinant NNV coat protein. 
An increase in optical density ratio (3.5–8.7 times) was detected post-immunization 
(P<0.001) compared to control fish and titres persisted for at least 28 weeks. A Bayesian 
approach to validation of the optimized assay determined the sensitivity was 81.8% and 
specificity 86.7% relative to RT-qPCR for detection of NNV in brain or retina tissue. The 
assay was applied to archived serum samples from captive populations of adult 
barramundi in Australia. Overall, the seroprevalence for anti-NNV antibodies was 23.8% 
with an increase in seroprevalence over time for individuals that were sampled repeatedly. 
However, there was no association between individual serostatus of broodstock and the 
occurrence of VNN in progeny. 
The assay was evaluated favorably for tests on additional species with the Anti-Australian 
bass Ig conjugate found to be suitable for Epinephelus spp. of grouper. The assay was 
suitable for differentiating populations with a specific anti-NNV immune response after 
experimental infection when applied to tissue homogenates of barramundi fry that were 
too small to obtain blood samples. An appropriately validated serological assay suitable for 
use on a diverse range of samples will have great utility in control of VNN and will help 
elucidate the many uncertainties about the serological response of fish.  
 
Contact e-mail: paul.hick@sydney.edu.au  
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Infectious pancreatic necrosis virus is prevalent in farmed rainbow 
trout in Turkey  
 
Ayşe Gül Büyükekiz1*, Soner Altun1, Elisabeth Furuseth Hansen2, İzzet Burçin Satıcıoğlu1, 
Muhammed Duman1, Turhan Markussen2, Espen Rimstad2 

1Uludag University, Faculty of Veterinary Medicine, Department of Aquatic Animal Diseases, 16059 
Bursa, Turkey. 2Norwegian University of Life Sciences, Faculty of Veterinary Medicine and 
Biosciences, Department of Food Safety and Infectious Biology, P.O. Box 8146 Dep., 0033 Oslo, 
Norway. 

 
Infectious pancreatic necrosis virus (IPNV) is a common pathogen of rainbow trout 
(Oncorhynchus mykiss). In this study, the prevalence and genotyping of IPNV in farmed 
rainbow trout in Turkey were investigated. The farms were freshwater farms located 
throughout Turkey, with conventional flow-through systems using non-disinfected surface 
water. Temperatures ranged from 6.8°C to 15.3°C. Samples from 13408 fish were collected 
over a three-year period (January 2014 to January 2017) from twenty-one farms of 
rainbow trout, trout (Salmo trutta macrostigma) (wild caught, then farmed) and common 
carp (Cyprinus carpio). The farms were selected due to their high production capacity and 
practice of trading eggs and fry with other farms. Fish were transported on ice to the 
laboratory, and samples for cell cultures, RT-qPCR or histopathology were collected. 
Depending on the size of the fish, either whole fish or organs from eight fish were pooled 
(1676 groups) and screened for IPNV, VHSV and IHNV on cell cultures, following the 
protocols described by OIE. Whole fish or organ samples were also fixed in 10% formalin 
for histopathological evaluation.  In addition, kidney samples were analyzed with 
conventional bacteriological techniques. Cell cultures showing cytopathic effect were 
tested in ELISA and by RT-PCR. 
Clinical signs commonly observed included loss of appetite, darkening of the skin, 
abdominal swelling, ascites, exophthalmos, pseudofeces and enlargement of spleen. 
Samples from 455 of the 1676 sample pools were classified as IPNV positive, i.e. 36.9%, 
representing 15 of the 21 farms sampled. Positive findings came from all sampled 
geographical regions. Neither VHSV nor IHNV were detected. Flavobacterium psycrophilum 
was frequently isolated, while Lactococcus garvieae and Yersinia ruckeri were less 
frequent. Histological examination showed necrosis of exocrine pancreatic tissue, and 
sometimes fat cells had replaced pancreatic cells.  
 
Contact e-mail: agbuyukekiz@uludag.edu.tr 
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Structure of a reptilian adenovirus reveals a phage tailspike fold 
stabilizing a vertebrate virus capsid 
 

Rosa Menéndez-Conejero1, Thanh H. Nguyen1,2, Abhimanyu K. Singh1, Rachel E.  
Marschang3, Mark J. van Raaij1, Carmen San Martín1* 
1Departamento de Estructura de Macromoléculas, Centro Nacional de Biotecnología (CNB-CSIC), 
Darwin 3, 28049 Madrid, Spain; 2Genetic Engineering Laboratory, Institute of Biotechnology (IBT-
VAST), 18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam; 3Laboklin GmbH & Co. KG, Steubenstr. 4, 
97688 Bad Kissingen, Germany 
 

Adenoviruses (AdV) are among the most complex of the non-enveloped, icosahedral 
viruses. They are one of the best characterized members of the PRD1-AdV lineage, and 
therefore a paradigm for understanding assembly and architecture of much more complex 
viruses such as African swine fever virus or mimivirus. AdV are also widely used as 
therapeutic vectors. However, their use in the different types of virotherapy still presents a 
number of problems, including the need to reprogram the viral tropism and the reduced 
efficacy due to pre-existing immunity to the most common vectors. To alleviate these 
problems, the use of less prevalent AdV, or even AdV with non-human hosts, has been 
proposed. However, little is known on the basic biology of these viruses. In particular, 
there are no structural studies on any AdV with a non-mammalian host. Here we present 
the structural and molecular characterization of a snake AdV (SnAdV-1), belonging to the 
genus Atadenovirus. SnAdV-1 virions are more thermostable than human AdV type 5 
(HAdV-C5), and instead of polypeptides IX and V they contain the genus specific proteins 
LH3, p32k, and LH2, a previously unrecognized structural component. A cryo-electron 
microscopy (cryo-EM) 3D map of SnAdV-1 reveals an organization of minor coat proteins 
different from that in HAdV-C5, which could account for the increased stability. 
Remarkably, the crystal structure of the atadenovirus-specific minor coat protein LH3, 
located on the outer capsid surface, reveals a trimeric beta-helix fold typical of 
bacteriophage host attachment proteins (tailspikes). This finding adds a new piece to the 
intriguing puzzle of virus evolution, and suggests a role for LH3 in receptor binding. Our 
results will help define new locales for capsid modification, and hint at the use of cell entry 
pathways different from those in human AdV, with implications for the possible 
development of new, thermostable SnAdV-1 based vectors. (Support: grants BFU2011-
24843 and BFU2014-53425-P (to MJvR), BFU2013-41249-P and BFU2016-74868-P (to 
CSM), the Spanish Adenovirus Network (AdenoNet, BIO2015-68990-REDT), and the 
Spanish Interdisciplinary Network on the Biophysics of Viruses (Biofivinet, FIS2011-16090-
E) from the Spanish Ministry of Economy and Competitiveness. BFU2016-74868-P is co-
funded by the European Regional Development Fund. RM-C, THN and AKS were recipients 
of pre-doctoral fellowships from the Instituto de Salud Carlos III of Spain, CSIC-VAST and La 
Caixa, respectively. Further support was obtained by an EMBO short-term fellowship (to 
RM-C) and a Spanish MICINN-German DAAD travel grant (DE2009-0019 to CSM and REM), 
and the EU Seventh Framework Programme (FP7/2007–2013) under BioStruct-X grant 
agreement number 283570). 
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Viability of infectious viral hemorrhagic septicemia virus in water flea 
Moina macrocopa 
 
Takafumi Ito1* and Niels Jørgen Olesen2 
1Tamaki Laboratory, Research Centre for Fish Diseases, National Research Institute of Aquaculture, 
Japan Fisheries Research and Education Agency, 224-1 Hiruda, Tamaki, Mie 519-0423, Japan; 
2National Veterinary Institute, Technical University of Denmark, Bülowsvej 27, 1870 Frederiksberg C, 
Denmark 

 
Viral hemorrhagic septicemia virus (VHSV) is a single-stranded RNA virus with a negative 
polarity belonging to the genus Novirhabdovirus within the family Rhabdoviridae. VHSV is 
known as the etiological agent of serious disease outbreaks occurring in wild and farmed 
fish in the Northern Hemisphere. VHSV isolates can be divided into 4 major genotypes and 
a number of subtypes with rather distinct geographical distributions. In general, genotypes 
I–III have been distributed in Europe and along the Atlantic coast of North America, and 
genotype IV have been distributed on the Pacific coast of North America and Asia. It is 
known that VHSV infects horizontally regardless of the genotypes.  
Recently VHSV was isolated from amphipods Diporeia spp. in the Laurentian Great Lakes, 
and it was stated that infected crustacean zooplankton may expose predators to the risk of 
VHSV infection. However, there is no information as to whether crustaceans can act as a 
vector to spread viral diseases although it has been reported that Diporeia spp. is a suitable 
food for wild fish species in the Great Lakes basins. 
In this study we evaluated whether infectious VHSV can remain viable in the crustacean 
zooplankton, Moina macrocopa (water flea). After disinfection of the carapace using 
ethanol VHSV was re-isolated from M. macrocopa replicate groups immersed with 107.0 
and 105.0 TCID50 ml-1 of VHSV (DK-3592B, genotype Ia). The VHSV titers in 40 M. macrocopa 
were between 102.7 and 104.3 TCID50 72 h after immersion in 108.0 TCID50 VHSV ml-1. In 
addition, positive results in IFAT in frozen-sections were obtained from samples of VHSV 
immersed M. macrocopa. Our results show that VHSV was maintained in M. macrocopa 
specimens and the virus remained viable within the water flea over a period of several 
days.  
 
Contact e-mail: takafumi@fra.affrc.go.jp 
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Determination of shedding rates of viral haemorrhagic septicaemia 
virus (VHSV) & infectious haematopoietic necrosis virus (IHNV) from 
rainbow trout  
 
Claire Joiner*, Irene Cano, Birgit Oidtmann, Richard Paley 
Centre for Environment, Fisheries and Aquaculture Science, Weymouth, Dorset, UK 

 
Data on how much virus is released from an individual fish and the variation that may 
occur between fish is required to assess the likelihood of the establishment and spread of 
disease. There may be variance in the shedding of virus depending on the virus strain and 
the temperature the fish are held. The aim of this study was to determine shedding rates 
from 2 significant listed rhabdoviruses, VHSV and IHNV, affecting rainbow trout. The 
challenge was by bath immersion to mimic the natural route of infection and was designed 
to determine the shedding rate that occurs when the rainbow trout were held together, so 
allowing fish to fish interaction, compared to the shedding rate from an individual fish, 
held isolated. Fish were held at either 8 or 12°C which are temperatures towards the lower 
and higher end of the range for disease in rainbow trout. A relatively low water flow was 
used to allow for a build-up of virus shed from the fish into the water and daily water 
samples were collected for up to 21 d post exposure. Moribund fish were killed, replaced 
back into their tank (excluding the group tank) and a water sample taken after 18h to 
observe further shedding from the fish carcass. Mortalities, moribund fish and survivors 
were sampled for detection and quantification of virus in the fish tissues. Relatively low 
levels of virus were detected in the water (measured by infective titre TCID50/mL in EPC 
cells), from both the group tanks and fish kept in isolation, however, results showed: (1) a 
similar pattern of viral shedding was observed in the ‘group held’ and ‘isolated’ fish; (2) for 
both viruses, the progression of the disease (mortality) was slower at the lower 
temperature; (3) at the lower temperature, infective virus in the water can typically be 
detected later than at the higher temperature; (4) carcases (post mortality) did not emit 
detectable levels of virus; (5) viral titres in the water could be measured before any sign of 
disease was observed (including lack of appetite) and (6) for the IHNV group model, 
survivors (40% at 12°C and 35% at 8°C) recovered the feeding response after 10-11 days 
post challenge, however infective particles were still detected in the water several days 
later. Data from this study, along with previous study data, can help us understand the 
relationship between stocking densities, susceptibility to disease, transmission rates of 
virus, duration of infection and shedding, and mortality rates. Understanding the processes 
that influence the likelihood and duration of infection by pathogens is key to developing 
surveillance, contingency and management plans. This information will help determine 
sites and locations at greatest risk from VHSV & IHNV. 
 
Contact e-mail: Claire.joiner@cefas.co.uk 
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Non-structural NV protein is involved in the virulence of viral 
hemorrhagic septicemia virus isolates in trout 
 
Laury Baillon1*, Emilie Mérour1, Joëlle Cabon2, Lénaïg Louboutin2 Hélène Quenault3, Fabrice 
Touzain3, Thierry Morin2, Yannick Blanchard3, Stéphane Biacchesi1, Michel Brémont1 
1VIM, INRA, Université Paris-Saclay, Jouy-en-Josas, France; 2Anses, Laboratoire de Ploufragan-
Plouzané, Unité Pathologies Virales des Poissons, Plouzané, France; 3Anses, Laboratoire de 
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Novirhabdoviruses like the Viral Hemorrhagic Septicemia Virus (VHSV) are rhabdoviruses 
infecting several fish species from fresh and sea water. One of the main features of the 
Novirhabdovirus compare to other fish and mammalian rhabdoviruses, is the presence in 
their genome of an additional gene located between the G and L genes, coding for a non-
virion NV protein for which, to date, the function remains elusive although a role in the 
viral pathogenicity has been clearly demonstrated. A study has been undertaken, aiming to 
determine if some viral factors could be evidenced as being involved in the virulence or 
attenuated phenotypes observed in fish for some virus field isolates. For that, RNA genome 
of different VHSV field isolates classified as high, medium and low virulent have been 
sequenced by deep sequencing and compared. Various amino acid changes depending on 
the virulence phenotype have been identified in the VHSV structural proteins and an 
amino acid change was found in the NV non-structural protein. To investigate whether this 
identified amino acid change in the NV protein played a role in the VHSV virulence versus 
attenuated phenotype, a series of 8 recombinant VHSV bearing this amino acid change and 
also some derivatives, have been generated by reverse genetics. In vitro phenotypes of 
these recombinant VHSV were examined by infecting various fish cell lines, and in vivo 
phenotypes of each recombinant VHSV were evaluated by infecting juvenile trout by bath 
immersion. Interestingly, we demonstrated that the single amino acid change R116S in the 
NV non-structural protein played a key role in the VHSV virulence in vivo.  
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NV proteins of fish Novirhabdovirus recruit cellular PPM1B protein 
phosphatase and antagonize RIG-I-mediated IFN induction 
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Michel Brémont1 
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Non virion (NV) protein expression is critical for fish Novirhabdovirus, viral hemorrhagic 
septicemia virus (VHSV) and infectious hematopoietic necrosis virus (IHNV), in vivo 
pathogenesis. However, the mechanism by which NV promotes the viral replication is still 
unclear. We developed an approach based on reverse genetics and interactomic and 
identified several NV-associated cellular partners underlying cellular pathways as potential 
viral targets. Among these cell partners, we showed that NV proteins specifically interact 
with a protein phosphatase, Mg2+/Mn2+-dependent, 1B (PPM1B) and recruit it in the close 
vicinity of mitochondria, a subcellular compartment important for retinoic acid-inducible 
gene-I- (RIG-I)-mediated interferon induction pathway. PPM1B belongs to the PP2C family 
of serine/threonine (Ser/Thr) protein phosphatase and has recently been shown to 
negatively regulate the host antiviral response via dephosphorylating Traf family member-
associated NF-κB activator (TANK)-binding kinase 1 (TBK1). We demonstrated that NV 
proteins and PPM1B counteract RIG-I- and TBK1-dependent interferon (IFN) and IFN-
stimulated gene (ISG) promoter induction in fish cells and, hence, the establishment of an 
antiviral state. Furthermore, the expression of VHSV NV strongly reduced TBK1 
phosphorylation and thus its activation. Our findings provide evidence for a previously 
undescribed mechanism by which a viral protein recruits PPM1B protein phosphatase to 
subvert innate immune recognition. 
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In vitro investigation into the suppression of the interferon pathway 
by viral haemorrhagic septicaemia virus (VHSV) 
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Rhabdoviruses, including VHSV, are arguably some of the most significant exotic disease 
threats to aquaculture and fisheries. VHSV causes viral haemorrhagic septicaemia, an 
infectious lethal disease affecting many freshwater and marine fish species in several parts 
of the northern hemisphere. Different genogroups of VHSV have been shown to result in 
differing virulence to hosts, but little is known about the mechanisms behind this varying 
virulence.  Recently we have demonstrated an inhibition of the in vitro gene expression of 
the rainbow trout antiviral protein Mx associated with virulent VHSV isolates, indicating 
these isolates can interfere with the interferon (IFN) signaling cascade, a host viral defense 
mechanism (Cano et al., 2016). 
 In order to investigate this inhibition of IFN pathway in teleosts, two rainbow trout 
pathogenic VHSV isolates (J167 and DK5131, belonging to genogroup Ia and Ic 
respectively) and two VHSV isolates of low pathogenicity to trout from genogroups Ib and 
II (96/43-8 and 1p53 respectively) were used to study in vitro activation of key components 
of the JAK/STAT pathway. Temporal changes in gene expression in cultured RTG-2 cells 
infected with VHSV at a MOI of 0.01 were analyzed 0, 3, 6, 14, 24 and 48h post-inoculation 
(pi) by Taqman assay for a selection of immune-response genes, including INF1, INF2, Mx, 
eIF2a-kinase (PKR), interferon regulatory factor 9 (irf9), signal transducer and activator of 
transcription 2 (stat2), nitric oxide synthase (iNOS), caspase 7 (casp7) and caspase 8 
(casp8). Elongation factor 1 (EF1α) and B-actin were used as reference genes. Non-
inoculated cells were used as control. 
At 12 h pi, J167 and DK5131 N gene replication was 100-fold higher than 96/43-8 and 
1p53, at which point cytopathic effect was still not detected in the cells. 
At 3 h pi, the J167 isolate induced the greatest expression of INF type I and II. Despite the 
greater INF expression, PKR and Mx gene expression induced by J167 and DK5131 were 
significantly lower (p<0.01) than the gene expression induced by low virulent isolates, 
96/43-8 and 1p53, at 24 and 48 h pi. Activation of PKR upregulates the expression of INF 
cytokines and induces cellular apoptosis. Casp7 and casp8, two genes induced in the 
regulation of apoptotic process, were greater induced by 1p53 at 24 h pi. 
This data strongly suggests an inhibition of PKR activation by virulent rainbow trout 
interfering in the INF cascade. We are currently further characterising the nature of the 
host-pathogen interactions using high-throughput sequencing. 
 
Contact e-mail: irene.canocejas@cefas.co.uk  



Abstracts – VIRUS HOST INTERACTION 2 
 

45 
 

Virus host interaction 2 

 
Antiviral activity of European sea bass ISG15 against betanodavirus 
infections 
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Type I interferon system (IFN-I) is the first line of defense against viral infections, activating 
a group of genes known as interferon-stimulated genes (ISG). Interferon-stimulated gene 
15 (ISG15) is an ubiquitin-like protein with proven antiviral activity, acting intracellularly by 
binding to target proteins (ISGylation) or extracellularly acting as cytokine. One of the main 
viral diseases affecting European sea bass (Dicentrarchus labrax) is the viral nervous 
necrosis, which is caused by the nervous necrosis virus (NNV, Betanodavirus family), a non-
enveloped icosahedral virus with two single-stranded RNA segments coding the RNA-
dependent RNA polymerase (RNA1) and the capsid protein (RNA2). Betanodaviruses have 
been clustered into four genotypes according to nucleotide differences within the T4 
region (RGNNV, SJNNV, TPNNV, BFNNV), although only the RGNNV genotype has been 
reported to cause high mortality in D. labrax. To study the role of the sea bass ISG15 
protein against betanodavirus infections, an in vivo transcription analysis has been 
performed after RGNNV infection and poly I:C inoculation, and the sea bass ISG15 activity 
has also been evaluated using an in vitro approach. The in vivo analyses revealed similar 
kynetics and levels of transcription in fish brain and head kidney after poly I:C injection; 
however, the induction caused by RGNNV started earlier in brain, where the upregulation 
of isg15 gene transcription was higher. In both organs, the maximum transcription in 
response to RGNNV was at 72 h post-infection (p.i.). To evaluate the activity of the ISG15 
protein in vitro, an E-11 cell line permanently expressing the sea bass ISG15 protein, called 
Dl-ISG15-E11, has been developed. The intracellular anti-NNV activity of ISG15 was 
evaluated by comparing viral replication and cellular survival after RGNNV and SJNNV 
inoculation on Dl-ISG15-E11 and E-11 control cells. The results showed absence of anti-
RGNNV activity at all sampling times analyzed; however, a significant reduction in SJNNV 
RNA2 copy number was observed at 48 and 72 h p.i. in ISG15-expressing cells compared 
with viral replication in control E-11 cells. Moreover, the survival percentage of SJNNV-
inoculated Dl-ISG15-E11 cells was statistically higher than the survival of SJNNV-inoculated 
E-11 cells at the same times p.i. Regarding the extracellular activity of the sea bass ISG15 
protein, a preliminary analysis revealed that E-11 cells in contact with Dl-ISG15-E11 cell 
supernatants are partially protected against both NNV genotypes. These results contribute 
to increase the knowledge on ISG15 and IFN type I system against betanodavirus infections 
in sea bass and its role in the host-pathogen relationship. (Support: this study has been 
funded by the project AGL2014-54532-C2-1-R from Ministerio de Economía y 
Competitividad (Spanish Government).P. Moreno was supported by a grant from 
Ministerio de Educacion, Cultura y Deporte (FPU12/00265, Spanish Government). 
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Betanodaviruses are the causative agents of viral nervous necrosis (VNN), a disease that has been 
reported in more than 40 marine and freshwater fish species worldwide, including Senegalese sole 
(Solea senegalensis). Based on the variable region T4 (RNA2), betanodaviruses have been classified 
into 4 genotypes: striped jack nervous necrosis virus (SJNNV), tiger puffer nervous necrosis virus 
(TPNNV), redspotted grouper nervous necrosis virus (RGNNV), and barfin flounder nervous necrosis 
virus (BFNNV). Reassortant isolates combining genomic segments from the SJNNV and RGNNV 
genotypes have been obtained from farmed fish species. The reassortant SpSs-IAusc160.03 (wild 
type reassortant), with a genome consisting of RGNNV-type RNA1 and SJNNV-type RNA2 segments, 
is more suited for infecting sole than the parental genotypes, causing 100% mortality by bath 
challenges. Furthermore, compared with the parental SJNNV genotype, this reassortant strain 
presents two aminoacidic substitutions (positions 247 and 270) at the extreme C-terminal of the 
capsid protein, which are involved in host specificity. In the current study, the RNA-Seq technology 
has been used to determine changes in Senegalese sole transcriptome after infection with the wild 
type and a less virulent recombinant (rSs160.03247+270) with mutations at aminoacids 247 (serine to 
alanine) and 270 (serine to asparagine), provoking a 40% decreased mortality. Animals (5 g weight) 
were distributed into two groups to be intramuscularly injected with the above described viral 
strains (2x105 TCID50/fish). A negative control group (L15-injected) was also established. Head 
kidney and nervous tissues (eye+brain) were sampled at 48 post-inoculation. A total of 633 genes 
were differentially expressed (DEGs) in animals infected with the wild type isolate (358 up-
regulated and 49 down-regulated in head kidney; 206 up-regulated and 20 down-regulated in 
eye+brain), whereas only 393 genes were differentially expressed in animals infected with the 
mutated isolate (129 up-regulated and 10 down-regulated in head-kidney; 28 up-regulated and 226 
down-regulated in eye+brain). The results obtained indicate a 37.9% decrease in the number of 
DEGs after infection with the mutated reassortant, as well as an inversion in the proportion of 
genes up/down-regulated in nervous tissue of these animals. In addition, the expression patterns 
of genes coding for proteins involved in the IFN type I pathway were different in both group of 
animals. Thus, genes coding for proteins acting as mediators of IFN type I expression (MDA5, LGP2, 
IRF3, IRF7) and IFN-stimulated genes (ISG15, Mx, PKR, IFI6, IFI35, IFI44, IFIT-1, among others) were 
up-regulated in animals infected with the wild type reassortant, whereas no-differential expression 
of these genes was observed in animals infected with the mutated isolate. The different 
transcriptomic profiles obtained could help to better understand NNV pathogenesis in Senegalese 
sole, setting up the importance as virulence determinants of amino acids at positions 247 and 270 
within the RNA2 segment. Furthermore, the results obtained permit to identify DEGs that could be 
used to develop new strategies to control this infectious disease, which has reached high relevance 
in the aquaculture sector. (Support: project AGL2014-54532-C2-1-R (project from Ministerio de 
Economia y Competitividad, Spanish Government). 
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Viral nervous necrosis (VNN) is a fish disease caused by betanodavirus that emerged in the 
nineties to become a global concern. In the last years, Senegalese sole has been 
demonstrated to be highly susceptible to betanodavirus. Several reassortant strains 
isolated from diseased sole, RGNNV/SJNNV-typed, were shown to exhibit a modified 
SJNNV capsid amino acid sequence with three shared amino acid substitutions at positions 
20, 247 and 270.  
The aim of our study was to assess the replication kinetics and growth pattern of a wild 
reassortant strain isolated from sole (wSs160.03) compared to three recombinant viruses 
harbouring site-specific mutations in the capsid protein (Cp) sequence: rSs160.0320, 
rSs160247+270, and rSs16020+247+270. The first recombinant strain contains an amino acid 
substitution at N-terminal region of the Cp (P20S), the second strain contains two 
substitutions located at the protruding positions in the C-terminal of the Cp (S247A/S270N) 
and the last strain contains the three substitutions simultaneously. SJNNV-type strain 
SJNag93 and RGNNV-type SGwak97 were also included for comparative purposes.  
To accomplish this, four approaches were carried out: assessment of viral adsorption of 
each strain; RNA1 and RNA2 synthesis from 0 to 48 hours post-infection; viral production 
from 0 h to ECP apparition and complete destruction of the E-11 monolayer; and finally, 
replication in sole brain from 0 to 10 days post-infection (dpi). For experiments with E-11, 
cells were grown as monolayers in 25 cm2 flask or 48-well plates and then inoculated with 
a MOI of 0.1. Replicate cultures were incubated at 25 °C. For the in vivo experiment, fish 
were infected with 105 TCID50/ml of virus and maintained at 22 °C for 10 days. Samples of 
brain tissue were obtained daily. Samples from the different assays at the indicated time 
points were subjected to virus titration by TCID50 method and quantification of viral 
genome copies by RT-qPCR. 
Results from in vitro studies indicated that whereas all strains have similar viral production 
and synthesis kinetics of RNA1, the three amino acid substitutions are somewhat involved 
in a delay in the synthesis of the RNA2. In addition, the substitutions at the C-terminal side 
of the Cp led to a marked reduction in the viral adsorption to E-11 cells. 
In sole brain the viral load of wSs160 was clearly higher than that of the recombinants. The 
biggest differences were observed at 6 dpi (more than 2 logs with respect to rSs160247+270 
and rSs16020+247+270). However, at 10 dpi these differences were reduced to 1 log. 
This study was supported by grant AGL2014-54532-C2-2-R from Ministerio de Economía y 
Competitividad (Spanish Government). 
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Heart- and skeletal muscle inflammation (HSMI) is an emerging disease in Atlantic salmon 
(Salmo salar) farming. HSMI is associated with Piscine orthoreovirus (PRV) infection, 
however PRV is ubiquitous in farmed Atlantic salmon and thus also present in apparently 
healthy individuals. It has been speculated if additional etiological factors are required, and 
studies focusing on the causal relationship between PRV and HSMI are highly warranted. A 
major bottleneck in PRV research has been the lack of cell lines that allow propagation of 
the virus. Interestingly, erythrocytes were found to be the main target cells for PRV. Piscine 
erythrocytes are nucleated and contain the transcriptional and translational machineries 
that enable virus replication. To bypass the lacking possibility to multiply PRV by cell 
culture propagation, we propagated PRV in salmon, bled the fish at the peak of the 
infection, and purified virus particles from blood cells. Electron microscopy, immunogold 
labelling, western blot and high-throughput sequencing all verified the purity of the viral 
particles. Purified PRV particles were inoculated into naïve Atlantic salmon. The purified 
virus replicated in inoculated fish, spread to naïve cohabitants, and induced 
histopathological changes consistent with HSMI in both injected and cohabitant fish. PRV 
specific staining was demonstrated in the pathological lesions.  
A dose dependent response was evident as the lower dose of virus gave a delay in both the 
peak viral load and development of histopathological changes. However, neither the 
maximum viral load nor severity of the lesions differed between the high- and low-dose 
groups. The Koch’s original causality postulates stated that a pathogen should induce the 
disease after experimental infection of a pure culture and be re-isolated from the 
experimentally infected animal. These criteria are fulfilled, thus PRV is the etiologic agent 
of HSMI in Atlantic salmon. 
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Piscine orthoreovirus (PRV) is ubiquitous in farmed Atlantic salmon (Salmo salar) and the 
cause of heart- and skeletal muscle inflammation (HSMI). The study of molecular 
mechanisms linked to PRV infection has been limited by the lack of susceptible cell lines. 
Studies of the viral infection have therefore been performed in vivo or by infecting 
erythrocytes, which are important target cells for PRV, ex vivo. In this study, the kinetics of 
viral RNA, viral protein and antiviral immune response in blood cells from experimentally 
PRV-infected Atlantic salmon were investigated by means of a cohabitant challenge lasting 
for 8 weeks. Our findings indicate that PRV infection has an acute phase in blood cells with 
high virus production and innate antiviral gene expression before the infection subsides to 
a low persistent level. Globular viral factories organized by the non-structural protein µNS 
were also observed initially, but were not evident at later stages. Maximal viral protein 
load was observed 5 weeks post challenge, decreased sharply at 6 weeks and was 
undetectable from 7 weeks post challenge. In contrast, the viral RNA level remained 
consistently high. We also observed different size variants of µNS and the outer capsid 
protein µ1 at specific time points during infection. Interestingly, a proteolytic cleavage 
fragment of the µ1 protein was the only viral protein detectable after 7 weeks post 
challenge, indicating that this fragment may be involved in the mechanisms of persistent 
infection. (Support: The Research Council of Norway, grant #237315/E40 and #235788). 
 
Contact e-mail: hanne.merethe.haatveit@nmbu.no 



Abstracts – PHYLOGENY AND EVOLUTION 
 

50 
 

Phylogeny and evolution 
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Lymphocystis disease virus (LCDV), a member of the genus Lymphocystivirus, family 
Iridoviridae, is the etiological agent of the lymphocystis disease (LCD), a common pathology 
that has been described in more than 150 different fish species worldwide. Direct 
sequencing of the virome of lymphocystis lesions from affected gilthead seabream (Sparus 
aurata) was used to obtain the complete genome sequence of a new LCDV species, named 
LCDV-Sa, that is the largest vertebrate iridovirus sequenced to date. This approach allowed 
us to assemble the full-length circular genomes of two previously unknown viruses, 
tentatively identified as members of the Polyomaviridae and Papillomaviridae families, and 
named Sparus aurata polyomavirus 1 (SaPyV1) and Sparus aurata papillomavirus 1 (SaPV1), 
respectively. SaPyV1 genome is a circular 7,299-bp-long DNA with a 52.1% GC content, and 
contains five non-overlapping ORFs carried on opposite DNA strands in an organization 
reminiscent to that found in polyomaviruses. Phylogenetic analyses based on the amino 
acid sequence of the large T antigen and the VP1 proteins revealed that SaPyV1 clustered 
with the other currently available polyomavirus-like full-length genomes obtained from 
fish. SaPV1 genome corresponds to a circular 5,748-bp-long DNA and has a GC content of 
39.5%. Although this genome is smaller than that of previously described papillomaviruses 
(about 8 kbp), it presents a typical papillomavirus organization, with seven ORFs carried on 
the same strand. Similarity searches identified distant orthologues of the early E1 and E2 
proteins involved in replication and transcription, and late structural proteins L1 and L2. 
Furthermore, one of the others ORFs encodes a small protein (52 amino acids) that 
contains both a pRB binding domain (LXCXE) and a C-terminal PDZ class 2 binding motif, 
which are elements typically present in the longer E7 and E6 proteins found in most known 
papillomaviruses. The conserved genomic organization, the similarity of the main proteins, 
and the phylogenetical analysis, based on the amino acid sequence of the L1 protein, 
support that SaPV1 is the first member of the Papillomaviridae family described in fish. 
Epizootic surveys carried out in gilthead seabream farms in the Mediterranean area 
showed that LCD is frequently associated with the concurrent appearance of one or both 
of the new viruses, 98.3% of diseased fish being positive for SaPyV1 and/or SaPV1. In 
LCDV-infected asymptomatic fish, SaPyV1 and/or SaPV1 were detected in 32.1% of the 
animals analysed. 
This study was funded by project P12-RNM-2261 from Junta de Andalucía. 
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Bearded dragon adenovirus 1 (BdAdV-1) has been a well-known causative agent of various 
clinical signs in inland bearded dragons (Pogona vitticeps) including wasting, lethargy, 
anorexia and central nervous symptoms. Despite of its significance in the exotic pet 
veterinary practice, however, little is known about its genetic content. Here, we report the 
complete genome sequence of BdAdV-1, derived from the carcass of a three-month-old 
specimen. Hitherto only two full genomes of reptilian AdVs have been published, but this is 
the first one from a non-isolated virus. At a length of 35,276 bp, it possesses the longest 
ITRs (194 bp) as well as the highest GC content (56.21%) of members of genus 
Atadenovirus. With the presence of the p32K gene, three LH genes, an unspliced IVa2 and 
three E4 genes, BdAdV-1 displays a genome organization typical of atadenoviruses. 
Phylogenetic inference based on the amino acid sequence of the DNA polymerase and the 
penton base proteins further confirmed the taxonomic affiliation of BdAdV-1 and showed 
its distinctness from other atadenoviruses. In its variable right-end region, the genome 
contains only one RH gene as well as a homologue of ORF1 of duck AdV-1. Four E4 ORFs on 
the r strand and one on the l strand displayed no detectable homology to any adenoviral 
genes thus far. Two of these on the r strand and the one on the l strand appear to encode 
proteins containing various number of C-lectin domains (CTLD). The structure of ORF3, the 
shortest one on the r strand containing one CTLD following a transmembrane motif (TM) is 
reminiscent of group II and V members of the CTLD superfamily, encompassing dendritic 
and NK cell surface receptors. Similar CLECT proteins were identified in another reptilian 
AdV, namely lizard AdV-2, as well as in pox-, herpes- and asfarviruses. However, all these 
genes are paralogues and supposedly of host origin with no homology to ORF3 of BdAdV-1. 
ORF2, also on the r strand, possibly encodes a protein of 89 kDa comprising four CTLDs. 
This is an architecture most similar to that of group VI CTLD proteins of vertebrate 
macrophage mannose receptors, however, its direction is reversed and lacks the 
fibronectin domain. Hence, this protein is assessed to be of a putative novel CTLD 
superfamily group with yet unknown function. Protein ORF3, as well as three of four CTLDs 
of ORF2 show structural similarities to the product of the UL45 gene of Herpesviridae, 
suspected to be a virulence factor responsible for neurotropism. ORF5 of the l strand 
encodes a protein of approx. 78 kDa with three CTLDs altering two twisted gastrulation 
(Tsg) domains, displaying yet another novel architecture of the CTLD family. Members of 
the CTLD superfamily bind various ligands hence possess an extremely broad range of 
functions including adhesion, recognition molecules within the immune system, cell 
trafficking, immune regulation and the prevention of autoimmunity. Thus, we suspect 
these novel proteins to play a significant role in the interactions with the host’s immune 
system; moreover, even a new AdV tropism might be possible. (Support: NKFIH-6 
K100163)  
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Infectious Pancreatic Necrosis Virus (IPNV) belongs to the family Birnaviridae, genus 
Aquabirnavirus. It is a naked double stranded RNA virus with a bi-segmented genome. 
Segment A contains a small ORF encoding the VP5 protein, and a large ORF encoding a 
polyprotein. When cleaved, the polyprotein gives rise to 3 viral proteins: a non-structural 
protease (NS), the internal capsid component (VP3) and the major structural protein (VP2). 
Segment B encodes VP1, the viral replicase. According to the phylogenetic analysis of 
segment A, seven IPNV genogroups have been described so far (I-VII), corresponding to 10 
different serotypes. 
IPNV has been detected in Italian trout farms since the late ’70s and has become endemic 
in the country. The viral infection can cause severe mortality in fry and juveniles, while 
adult fish act as healthy carries for their entire life. Differently from VHSV and IHNV, 
nowadays no active eradication is being carried out for IPNV, although losses caused by 
this virus can be substantial. 
To genetically characterize the strains circulating in Italy and to better understand their 
evolutionary dynamics, we have obtained the VP1 and the VP2 complete sequences 
related to 74 IPNV isolates collected in 47 different trout farms in the period 1978-2016 
during both active and passive surveillance activities. Our results show that all the Italian 
IPNV cluster within genogroup V, corresponding to the Sp serotype. The nucleotide 
identity estimated among the Italian strains is 96.9-100% and 95.8-100% for VP1 and VP2, 
respectively. Comparison of the tree topology suggests the occurrence of few genetic 
reassortment events. The evolutionary rate is 2 × 10-4 sub/site/y for the polymerase gene 
and 1.93 × 10-4 sub/site/y for the major structural protein coding region. The time to the 
most common ancestor dates back to 1955 for VP1 and to 1944 for VP2. Interestingly, no 
site subjected to positive selection was identified. Furthermore, it is interesting that all the 
Italian strains show a proline at position 217, a threonine at position 221 and an alanine at 
position 247. Notably, these signatures are associated with a low virulent phenotype. 
This work represents the first extended phylogenetic study of IPNV in Italy, and provides 
novel information on the evolutionary dynamics of this virus. Data gained will be of utmost 
importance to elucidate the mechanisms involved in the spread of IPNV in Italian trout 
farms and will provide useful information to understand the molecular basis for IPNV 
virulence. (Support: IZS VE 17/13 RC). 
 
Contact e-mail: vpanzarin@izsvenezie.it 
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Evolution of a generalist lineage of infectious hematopoietic necrosis 
virus in Pacific salmon  
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Washington, Seattle, U.S.A.; 3Oregon State University, Corvallis, U.S.A. 

 
Theory suggests that as a pathogen specializes by adaptation to a single host species it 
develops increased fitness, and often virulence, in that host, with a predicted cost of 
reduced fitness in other hosts.  As an alternative strategy, a generalist pathogen maintains 
sufficient fitness to utilize more than one host species, but with a predicted cost in terms 
of a reduced maximum fitness compared to specialists. In the Pacific Northwestern U.S., 
long-term surveillance for a major salmon pathogen, infectious hematopoietic necrosis 
virus (IHNV), has provided evidence for natural evolution of both specialism and 
generalism within the multiple Pacific salmonid fish species that are sympatric within 
Pacific Northwest ecosystems.  Genetic typing of IHNV field isolates has identified two 
major genogroups, U and M, that co-occur within a large, complex watershed that 
occupies most of this region.  Phylogenetic analyses have defined subgroups within each 
IHNV genogroup, and these subgroups vary in host specificity.  Field prevalence data shows 
that viruses in the MD and UP subgroups occur as specialists in steelhead trout 
(Oncorhynchus mykiss) or sockeye salmon (O. nerka), respectively, with low prevalence in 
other salmonid hosts.  In contrast viruses in the recently identified UC subgroup exhibit a 
generalist strategy with high prevalence in Chinook (O. tshawytscha), steelhead, and 
sockeye hosts. Phylogenetic reconstruction indicates that the ancestral virus was a UP 
specialist insockeye salmon, and evolution of generalism in the UC subgroup was more 
recent, occurring as a shift in hosts in the 1980s.  Experimental infection studies confirm 
the different host specificities and provide a unique opportunity for empirical testing of the 
benefits and costs predicted by the specialist-generalist theory.  
 
Contact e-mail: gkurath@usgs.gov 
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The molecular analysis of Polish isolates of infectious hematopoietic 
necrosis virus (IHNV) 
 
Ewa Borzym*, Joanna Maj-Paluch, Magdalena Stachnik, Marek Matras, Michał Reichert 

Department of Fish Diseases, National Veterinary Research Institute, 24-100 Pulawy, Poland 

 
The test samples (4 185) were analyzed at the Department of Fish Diseases in 2008-2014, 
they come from fish farms keeping fish salmonids, mainly rainbow trout, from the whole 
Polish. The samples were taken from fish with clinical and pathological anatomical and 
from fish which not showed any signs. Material for virological tests was drawn from 
internal organs (kidney, spleen, liver) fish. Then, the supernatant was prepared for 
examination and isolation of the virus was carried out in cell lines. The cell lines were 
regularly observed under a microscope in order to determine whether there are changes 
in CPE (CPE). If clear CPE was observed, molecular identification tests were prepared. RNA 
was isolated and identification by RT-PCR to give 43 positive results.  
In the sequencing and phylogenetic analysis, all current available 43 IHNV isolates collected 
from 2008-2014 for NV gene and 41 isolates for G-gene with a length of at least 337 bp 
(NV gene) and 1527 bp (G-gene) were included. The stability of the trees was tested by 
bootstrap resampling analysis of 1,000 replicates computed with the MEGA 6.0 program. 
Genetic distances between each pair of sequences were calculated by using the Geneious 
R7 program based on the Kimura two-parameter model with a transition/transversion ratio 
of 2. From these distance matrices the phylogenetic tree was generated by the neighbor-
joining method of the Neighbor program and was displayed by DRAWGRAM.  
The tree was rooted with the IHNV isolates from different genogroups from Japan and USA 
and also from European isolates. All 43 sequences IHNV from Poland compared in the 
present study revealed a maximum nucleotide and amino acid diversity of 4.40 and 5.88%, 
respectively. Nucleotide sequences within the major genogroups exhibited identities of not 
less than 97%.  The IHNV isolates from Poland belongs to the M-Eur subgroup, 26 isolates 
to be 100% identical to each other independent of year and area of isolation. Other 17 
isolates for NV gene and 15 isolates for G-gene including two first isolates from 2008 and  
other  form a separate group,  this isolates are from the fish farms of the north of Poland. 
 
Contact e-mail: ewa.borzym@piwet.pulawy.pl 
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Genetic characterization of an ictalurid rhabdovirus (IcRV) causing 
mortality in European catfish 
 
Andrea Fortin1, Giulia Bedendo1*, Alessia Schivo1, Gianpiero Zamperin1, Anna Toffan1, 
Cristian Salogni2, Valentina Panzarin1 
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Fish rhabdoviruses are spread worldwide and infect an extremely broad range of hosts, 
including marine and fresh water species. 
In the present study we report for the first time the molecular characterization of an 
ictalurid rhabdovirus (IcRV) responsible for a disease outbreak in European catfish 
(Ameiurus melas) in 2016. 
The aethiological agent was isolated in cell culture and previously identified as a member 
of the Rhabdoviridae family by means of electron microscopy, immunological methods and 
molecular tests. 
To better characterize the IcRV, the isolate was sequenced with the Illumina® MiSeq 
platform and the full genome was annotated. This allowed us to design new primer sets 
targeting the N gene and the G gene to perform the molecular diagnosis and genetic 
characterization of IcRV. 
The newly isolated virus, together with 15 viral strains stored in our repository and 
detected in diseased catfish in the period 1993-2016, were phylogenetically analyzed using 
the maximum likelihood method. Genetic distances among Italian IcRV strains were also 
estimated. 
Our results show that all the IcRV strains belong to the genus Spirivirus and are closely 
related to the tench rhabdovirus (TenchRV). Italian ictalurid rhabdoviruses share 100-98% 
identity for both the G gene and the N gene. 
Despite the IcRV appears to cause high losses in terms of quantity and quality of product 
for catfish farmers, no specific diagnostic tools have been developed so far for this virus 
and little epidemiological information is available. Therefore, data gained in this study will 
be of great importance for the implementation of the molecular diagnostics for IcRV. 
Besides, sequence data will be essential to elucidate the molecular epidemiology and the 
diffusive dynamics of this virus in catfish and to develop adequate surveillance activities. 
(Support: Italian Ministry of Health, RC IZSVe 08/2016). 
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Application of metagenomics in virus discovery and diagnosis in 
aquaculture 
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Emerging viral pathogens have continuously proved to be a significant challenge to the use 
of traditional cell-cultures and immunoassays for the identification of novel viruses in 
aquaculture. The challenge of developing appropriate cell lines for the propagation of 
novel viruses, diagnostic PCRs and characterization of novel pathogens using immunoassay 
is often a slow process that leads emerging viral diseases to reach epidemic proportions 
before diagnostic tests required to characterize the pathogen are established. As an 
alternative, viral metagenomics has emerged to be a powerful tool able to sequence all 
nucleic acids present in a sample at once without prior knowledge of their genomic 
sequence. Moreover, it has the capacity to sequence all variable proteins that form 
complete virions making it easier to carry out phylogenetic analyses unlike the traditional 
diagnostic approaches that require several primers to characterize different variable 
proteins that form a virus. Besides, it has the advantage of being able to sequence viral 
pathogens in aquatic environments outside their susceptible hosts making it easy to study 
the composition and diversity of viral communities found in different ecosystems. Herein, 
we provide an overview of the role of viral metagenomics in novel virus discovery of as 
well as its diagnostics role in aquaculture. In terms of virus discovery, metagenomics has 
played an important role in the identification of several new viruses infecting different 
aquatic organisms which has paved way into developing diagnostic tools and rationale 
disease control strategies in the last decade. As for diagnostics, it has the capacity to serve 
as a multifaceted tool able to identify etiological agents of single infections, coinfections, 
tissue tropism, epidemiological monitoring of disease prevalence, evolutionary 
phylogenetic analyses and the study of genomic diversity in quasispecies viruses. As 
sequencing technologies and bioinformatics analytical tools become cheaper and easier, it 
is likely that metagenomics will become a routine diagnostic tool in aquaculture. 
 
Contact email: hetroney.mweemba.munangandu@nmbu.no 
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Overview of the nucleo-cytoplasmic large DNA viruses (NCLDVs) 
 
Thomas B. Waltzek* 

Department of Infectious Diseases and Pathology, College of Veterinary Medicine, University of 
Florida, Gainesville, FL 32610 
 
The Nucleo-Cytoplasmic Large DNA Viruses (NCLDVs) are a diverse viral assemblage 
infecting a range of eukaryotes from unicellular algae and protists (e.g. phagocytic 
flagellates and amoebae) to multicellular invertebrates (e.g. sponges, corals, arthropods, 
cephlapods) and vertebrates (e.g. fish, amphibians, reptiles, birds, mammals). The NCLDVs 
include seven viral families: Ascoviridae, Asfarviridae, Iridoviridae, Marseilleviridae, 
Mimiviridae, Phycodnaviridae, and Poxviridae. They replicate entirely within the cytoplasm 
(e.g. Poxviridae) or involve both the nucleus and the cytoplasm (e.g. Iridoviridae). The large 
virion and genome sizes, a suite of conserved genes, and unique replication scheme has 
been argued to unite the NCLDVs families into a proposed order, the megavirales.  To date, 
only iridoviruses have been established as significant pathogens of poikilothermic 
vertebrates (i.e. fish, amphibians, and reptiles). There are five genera within the family 
Iridoviridae: two contain members that infect invertebrates (Chloriridovirus, Iridovirus), 
whereas the remaining three contain viruses that infect only fish (Lymphocystivirus and 
Megalocytivirus) or fish, amphibians, and reptiles (Ranavirus). Recent phylogenomic 
analyses suggest erythrocytic iridoviruses of fish, amphibians, and reptiles form a 
monophyletic group (tentatively named the hemocytiviruses) branching off between the 
invertebrate and vertebrate iridoviruses. The recent partial genomic sequencing of a new 
branch of mimivirus, responsible for lethal diseases in endangered sturgeon, expands the 
known host range of the family Mimiviridae from protists to vertebrates. Phylogenetic 
analyses based on partial sequencing of poxviruses from Atlantic salmon (Salmo salar), 
common carp and koi (Cyprinus carpio), Ayu (Plecoglossus altivelis), and the cape seahorse 
(Hippocampus erectus) suggest fish poxviruses form a monophyletic group that represent a 
new genus (tentatively proposed piscipoxviruses) or subfamily. The success of NCLDVs, as 
evidenced by their abundance across varied hosts and environments, may be linked to 
their extraordinary genomic complexity and plasticity. Accumulating evidence suggests we 
are only now realizing the influence NCLDVs have on microbial communities and lower 
vertebrate biodiversity. 
 
Contact e-mail: tbwaltzek@ufl.edu  
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Sturgeon nucleo-cytoplasmic large DNA virus phylogeny 
 
Sharon Clouthier1*, Rachel Breyta2, Gael Kurath3, Eric Anderson4 
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Namao virus (NV) is a sturgeon nucleo-cytoplasmic large DNA virus (NCLDV) that causes a 
lethal disease of the integumentary system in lake sturgeon Acipsenser fulvescens.  Other 
sturgeon NCLDVs include white sturgeon iridovirus, Missouri River sturgeon iridovirus, 
shortnose sturgeon virus and isolates reported from sturgeon cultured in Italy and 
Western Europe.  Phylogeny performed using the major capsid protein (mcp) sequence 
from sturgeon NCLDVs in North America revealed that they form a distinct evolutionary 
lineage within the Megavirales.  In this study, DNA was isolated from NV-infected sturgeon 
tissue and sequenced using the Illumina HiSeq platform. The sequence of three non-
overlapping contigs comprising over 288,000 bp of the NV genome was assembled and 
annotated using the NCVOG and NCBI NR protein databases. Bayesian phylogenetic tree 
reconstructions were performed with the BEAST software package using nine conserved 
core orthologous proteins encoded by genes that have been mapped to the genome of the 
common ancestral virus of NCLDVs: mcp, DNA polymerase B elongation subunit, VVA18-
type helicase, VVA32-type ATPase, VLTF3-like transcription factor, DNA-directed RNA 
polymerase II subunits 1 and 2, ribonucleotide reductase small subunit and the mRNA 
capping enzyme.  A total of 47 taxa representing at least 6 virus families of the Megavirales 
were included in the analyses. Phylogeny with the mcp was repeated to include new 
sequences from European isolates of sturgeon NCLDVs.  The tree topology confirmed the 
monophyly of this group of viruses and suggested that they share a common ancestor with 
phycodnaviruses and mimiviruses. Analyses with the other eight proteins revealed that NV 
was monophyletic or clustered with CroV and descended from a common ancestor of the 
Mimiviridae clade.  The phylogenetic reconstruction performed with the ribonucleotide 
reductase small subunit (NCVOG0276) protein showed NV clustering with infectious spleen 
and kidney necrosis virus (Iridoviridae) and Trichoplusia ni ascovirus (Ascoviridae) in the 
Mimiviridae/Phycodnaviridae clade. This study provides more evidence that the 
epitheliotropic sturgeon NCLDVs are taxonomically most like viruses assigned to the 
extended Mimiviridae. 
 
Contact email: Sharon.Clouthier@dfo-mpo.gc.ca 

  



Abstracts – LARGE dsDNA VIRUSES 1 
 

59 
 

Phylogenomic characterization of a novel megalocytivirus lineage 
from archived ornamental fish samples 
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The genus Megalocytivirus is the newest member of the family Iridoviridae, and as such, 
little is known about the genetic diversity of these globally emerging fish pathogens. Using 
an Illumina MiSeq sequencer, we sequenced the genomes of two megalocytiviruses 
(MCVs) isolated from epizootics involving South American cichlids (keyhole cichlid, 
Cleithracara maronii and oscar, Astronotus ocellatus) and the three spot gourami 
Trichopodus trichopterus circulating in the ornamental fish trade in the early 1990s. 
Phylogenomic analyses revealed South American cichlid iridovirus (SACIV) and three spot 
gourami iridovirus (TSGIV) possess nearly identical genomes and form a novel clade within 
the turbot reddish body iridovirus genotype (TRBIV Clade 2) previously reported from 
flatfish species reared for food in Asia (TRBIV Clade 1). The SACIV and TSGIV genomes were 
similar in size (111,347 and 111,591 bps, respectively), gene content (116 open reading 
frames for both), and %GC content (56.3 and 56.5, respectively) compared to other MCVs. 
However, both possess a unique truncated paralog of the major capsid protein (MCP) gene 
located immediately upstream of the full length parent gene. The MCP paralog likely arose 
through a gene duplication event and its function could be to increase antigenic diversity. 
Histopathological examination of archived oscar tissue sections revealed abundant 
cytomegalic cells characterized by basophilic granular cytoplasmic inclusions within various 
organs, particularly the anterior kidney, spleen and intestinal submucosa. A conventional 
PCR assay, designed to amplify and distinguish through Sanger sequencing all MCV 
genotypes, was partially validated and used to confirm the presence of SACIV DNA within 
archived formalin-fixed paraffin-embedded (FFPE) oscar tissues. TSGIV-infected grunt fin 
cells (GF) displayed cytopathic effect (e.g., cytomegaly, rounding, and refractility) as early 
as 96 hr post infection (pi). Ultrastructural examination revealed non-enveloped virus 
particles displaying hexagonal symmetry (120-144 nm) and an electron-dense core within 
the cytoplasm of infected GF cells, consistent with the ultrastructural morphology of a 
MCV. The sequencing of SACIV and TSGIV provides the first complete TRBIV Clade 2 
genome sequences and expands the known host and geographic range of the TRBIV 
genotype to include freshwater ornamental fishes traded in North America. 
 
Contact e-mail: samanthakoda@ufl.edu  
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A member of the genus Iridovirus in reptiles and amphibians? 
 
Tibor Papp1,2*, Rachel E. Marschang2,3 
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Stuttgart, Germany; 3Laboklin GmbH, Bad Kissingen, Germany 
 

Members of the genus Iridovirus are important pathogens of various invertebrates, mainly 
arthropods. However, variants of one of its members: the cricket iridovirus (syn. Gryllus 
bimaculatus iridovirus - GbIV), have been repeatedly detected by PCR and virus isolation 
from several snakes, lizards, and amphibians, as well as a scorpion and crickets from 
private owners, zoos, and the pet trade in Europe over the last two decades. In our studies 
we tested the hypothesis that an invertebrate iridovirus (IIV) isolate could infect reptiles. 
We established a sensitive and specific qPCR and an in situ hybridization (ISH) probe as 
new methods for the detection of these viruses. In per os and per coelom infection trials 
with bearded dragons (Pogona vitticeps), we were unable to induce disease in lizards. 
However, qPCR, nPCR, and virus isolation in cell culture were able to detect IIVs in non-
digestive organs of per os infected lizards in several cases. No clinical signs or pathological 
or histopathological (including ISH, EM) changes were found in any of the lizards. In cricket 
bioassays, Koch’s postulates were fulfilled with 3 different isolates obtained from various 
reptiles. Although the bioassays showed some differences between the isolates, partial 
genome sequence analysis (15 genes, 14 kb) revealed very limited (up to 0.4%) variance 
between the different isolates. The sequence comparison of these partial genome 
sequences with the homologous parts of Chilo iridescent virus (CIV), the type species of 
the genus, showed long insertions/deletions and two areas of recombination which had 
not been previously reported. Complete genome sequencing, using NGS techniques 
followed by de novo assembly was then performed to elucidate further differences 
between CIV and one of our reptilian IIV isolates. A preliminary genome map based on this 
sequencing showed apparent colinearity between CIV and the reptilian IIV, with over 90% 
nt identity, while additional areas of insertion of unknown source as well as of 
recombination were detected. 
(Supports: OTKA K100163, Bolyai Research Fellowship of the Hungarian Acad. Sci. for TP) 
 
Contact e-mail: kabafalvi@gmail.com 

  



Abstracts – LARGE dsDNA VIRUSES 1 
 

61 
 

Phylogenomic characterization of squamate erythrocytic iridoviruses 
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Erythrocytic iridoviruses (EIV) have been documented in squamates within the families 
Gekkonidae, Phyllodactylidae, Scincidae, Cordylidae, Lacertidae, Pythonidae, Colubridae, 
Viperidae, Varanidae, Iguanidae, Phrynosomatidae, Agamidae, and Chamaeleonidae. 
Interestingly, similar viral agents have also been reported in more than 20 species of 
anadromous and marine fishes throughout the Atlantic and Pacific Oceans, as well as 
amphibians. However, the phylogenetic relationship of these viruses to other iridoviruses 
remains unclear to date. In this study, we compared the light microscopic abnormalities of 
infected cells, the ultrastructural morphology and phylogenetic relationship of EIVs to 
other iridoviruses. Recently, EIVs were partially characterized in a wild Peninsula ribbon 
snake (Thamnophis sauritus sackenii) and captive-bred inland bearded dragons (Pogona 
vitticeps). The Peninsula ribbon snake displayed two types of cytoplasmic inclusions in 
erythrocytes, polychromasia, anisocytosis, and hypochromasia, while the erythrocytes of 
the bearded dragon exhibited prominent blue-staining inclusions within normal appearing 
erythrocytes. Cytoplasmic inclusion bodies within erythrocytes of the Peninsula ribbon 
snake examined by transmission electron microscopy (TEM) revealed enveloped 
icosahedral particles morphologically consistent with iridoviruses. The complete genome 
of the EIV from Peninsula ribbon snake (Thamnophis sauritus sackenii; TsEIV) comprises 
111,413 bp nucleotides which encodes 115 potential open reading frames (ORFs). 
Phylogenetic analysis based on 19 conserved genes shows that the squamate EIVs form a 
well-supported clade distinct from other established iridoviral genera, and likely represent 
a novel genus. We propose the genus Hemocytivirus for this new clade of iridoviruses to 
reflect their predilection for red blood cells. 
 
Contact e-mail: kuttichantran@ufl.edu  
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Spread of various strains of cyprinid herpesvirus 2 (CyHV-2) through 
global trade of goldfish 
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The disease herpesviral haematopoietic necrosis (HVHN) has caused great economic losses 
to goldfish (Carassius auratus auratus) aquaculture in Japan since it was initially reported 
in 1992. The causative virus belongs to the genus cyprinid herpesvirus 2 (CyHV-2), has a 
double-stranded DNA genome approximately 290 kb in length, and belongs to the family 
Alloherpesviridae according to the rules for nomenclature of the International Committee 
on the Taxonomy of Viruses. The virus is now recognized as a major pathogen of goldfish, 
not only in Japan but also in the USA, Taiwan, Australia, New Zealand, the UK and France. 
However, recently, the virus has also been detected from Prussian carp (C. gibelio) and 
crucian carp (C. carassius) from European and Asian countries. To prevent spread of the 
causative virus to other areas, the investigation of risk factors of spread of this virus is 
important. In this study, eight batches of goldfish imported into the Netherlands by 
airfreight from third countries were investigated for presence of the virus, to evaluate the 
chance of spreading CyHV-2 by global trade of goldfish. CyHV-2 DNA was detected by PCR 
in the pooled kidneys of four of the eight imported goldfish batches, of which one from a 
CyHV-2 disease case at the Dutch importers quarantine. Sequence analysis of the CyHV-2 
strains of this study and from previous reports showed, that there were at least six 
different lengths in the mA region. Additionally, virus isolation was positive for only one 
(AMS-1) of the eight samples after in vivo passage. The pathogenicity of the isolate (AMS-
1) to naïve goldfish was similar to that of the Japanese (SaT-1) reference isolate. The viral 
titre of the AMS-1 isolate for GFF cells at several temperatures was also similar with that of 
the SaT-1 isolate. Our results prove that one of the routes of spread of various and virulent 
CyHV-2 strains is through global trade of virus-positive and sometimes clinically healthy 
goldfish, in this case from third countries into Europe. 
 
Contact e-mail: takafumi@fra.affrc.go.jp 
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Herpesvirales is an order of viruses that are well represented throughout both terrestrial 
and aquatic ecosystems and share the commonality of possessing a DNA core surrounded 
by an icosahedral capsid.  Members infecting fish and amphibians have been grouped into 
the family Alloherpesviridae which currently represents 12 species, divided among 4 
genera that include aquatic herpesviruses of serious diseases such as channel catfish 
disease.  Here we report on the discovery of a novel herpesvirus infection of European 
perch angled from lakes in Finland. Virus infected fish exhibited white nodules on the skin 
and fins that commonly occurred during the spring when prevalence reached nearly 40% 
in one of four lakes sampled.  Transmission electron microscopy revealed virus particles 
with round or hexagonic morphology containing a core and two capsid membranes.  
Degenerate PCR targeting a conserved region of the polymerase gene of large DNA viruses 
amplified a 520 bp product in 5/5 perch skin tissues tested. Phylogenetic analysis of 
concatenated partial DNA polymerase and terminase gene sequences produced a well-
supported tree grouping the European perch herpesvirus (PeHV2) with the 
alloherpesviruses infecting salmonid, ictalurid, acipenserid (Acipenserid herpesvirus 2, 
AciHV2), and esocid (esocid herpesvirus 1, EsHV1) fishes. The phenetic analysis of the 
PeHV2 partial DNA polymerase and terminase showed gene identity ranged from 34.6 to 
63.9% and 39.6 to 59.4% to other Alloherpesviruses; respectively and confirms the 
identification of a novel species.  
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Ranid herpesvirus 3 (RHV3), a novel virus associated with a 
proliferative skin disease in free-ranging wild common frogs (Rana 
temporaria) 
 
Francesco C. Origgi1,6*, Benedikt R. Schmidt2, Petra Lohmann3, Patricia Otten4, Ezgi  
Akdesir1, Veronique Gaschen5, Lisandra Bultet-Aguilar6, Thomas Wahli1, Ursula Sattler1, 
Michael H. Stoffel5 
1Centre for Fish and Wildlife Health (FIWI), Department of Infectious Diseases and Pathobiology 
(DIP), University of Bern, Switzerland; francesco.origgi@vetsuisse.unibe.ch; 2KARCH, Passage 
Maximilien-de-Meuron 6, 2000 Neuchâtel & Department of Evolutionary Biology and Environmental 
Studies, University of Zurich, Switzerland; orcid.org/0000-0002-4023-1001; 3P. Lohmann, 
Veterinarian, 8127 Forch, Switzerland; 4Fasteris SA, Geneva, Switzerland (PO); 5Division of 
Veterinary Anatomy, University of Bern, Switzerland; 6Institute of Veterinary Bacteriology, (DIP), 
University of Bern, Switzerland. 

 
Amphibian pathogens have been recently considered important players contributing to the 
global amphibian decline. Fungal agents such as chytrids have been associated with 
significant amphibian losses worldwide. Similarly, among viruses, Ranavirus has been 
recognized as a serious primary pathogen of amphibians and is listed among those 
reportable by the OIE. However, other amphibian pathogens, including ranid 
herpesviruses, have received a relatively minor attention. Ranid herpesviruses are 
members of the family Alloherpesviridae and were discovered in the previous century. 
Ranid herpesvirus 1 is the etiologic agent of the Lucke renal adenocarcinoma in leopard 
frogs (Lithobates pipiens), whereas Ranid herpesvirus 2 has been associated with edema in 
leopard frogs infected as tadpoles. 
In the spring of 2015, two free-ranging, wild common frogs (Rana temporaria) were 
submitted to the Centre for Fish and Wildlife health of the University of Bern, Switzerland 
for full examination. The frogs showed prominent skin lesions consisting in multifocal to 
coalescent, raised grey patches scattered over the entire body but more abundant on the 
dorsum and the flanks. Similar lesions had been reported in free-ranging, wild frogs in 
Europe during the last 20 years but the conclusive etiology of the disease remained always 
elusive. Histological examination revealed that the grey skin areas corresponded to regions 
of moderate to severe epidermal hyperplasia with many cells showing the presence of 
eosinophilic to amphophilic intranuclear inclusions and variable glandular degeneration. 
Transmission electron microscopy showed the presence of intralesional electrondense 
particles consistent with herpesvirus. Next generation sequencing confirmed the presence 
of a novel herpesvirus sharing common features with the members of the genus 
Batrachovirus in the family Alloherpesviridae. The novel virus has been tentatively named 
Ranid herpesvirus 3 (RHV3).  
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Results from carp edema virus infections in differently susceptible 
common carp strains reveal differences in virulence between CEV 
genogroups 
 
Mikolaj Adamek1*, Anna Oschilewski1, Peter Wohlsein2, Verena Jung-Schroers1, Felix Teitge1, 
David Gela3, Veronika Piačková3, Martin Kocour3, Jerzy Adamek4, Sven M. Bergmann5, Dieter 
Steinhagen1 
1Fish Disease Research Unit, Institute for Parasitology, University of Veterinary Medicine, Hannover, 
Germany; 2Department of Pathology, University of Veterinary Medicine, Hannover, Germany; 
3Faculty of Fisheries and Protection of Waters, South Bohemian Research Center of Aquaculture and 
Biodiversity of Hydrocenoses, University of South Bohemia Ceske Budejovice, Vodnany, Czech 
Republic; 4Experimental Fish Farm in Zator, The Stanislaw Sakowicz Inland Fisheries Institute in 
Olsztyn, Poland; 5Institute of Infectology, Friedrich-Loeffler-Institut (FLI), Greifswald-Insel Riems, 
Germany 

 
“Koi sleepy disease” (KSD) caused by infections with the carp edema virus (CEV) might pose 
a potential risk to carp aquaculture. The disease is associated with lethargic behaviour 
(hence the name), swollen gills, sunken eyes and skin alterations. Interestingly isolates of 
CEV from common carp and koi are not uniform. Sequence comparisons of virus infecting 
koi and common carp revealed the existence of two or three genogroups, one mostly 
associated with infections in koi (genogroup IIa) and a second predominantly isolated from 
cultured common carp (genogroup I). In a series of infection experiments, CEV from two 
different genogroups (I and IIa) was transmitted to several strains of naïve common carp 
via cohabitation with fish infected with CEV at 10-13 °C. Different genogroups of CEV were 
used to check for differences in infection biology of the virus while several carp strains 
were used in order to evaluate influences of the genetic background on the susceptibility 
to infection. For evaluations of virus load and virus replication qPCRs were performed for 
detection of CEV DNA and mRNA; furthermore, the development of the disease was 
monitored by observation of fish behaviour and histopathological changes in gills. In an 
infection experiment with CEV from genogroup I Amur wild carp (AS) and Ropsha carp 
(Rop) performed much better (were less susceptible to the infection) than Prerov scale 
carp (PS) or koi. When CEV from genogroup IIa was used all common carps (AS, PS, Rop) 
were far more resistant to the infection than koi. Analyses of behavioural, 
histopathological and molecular indicators of infection revealed differences in the 
virulence of the two CEV genogroups. Viruses showed higher virulence towards the same 
fish variety as the donor fish (koi or in common carp) inducing rapid onset of KSD. The 
results from the study show that resistance to CEV infection is dependent on the genetic 
background of carp. Furthermore significant differences in virulence and genetics of CEV 
genogroups rise questions about a better separation of these viruses by nomenclature.  
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“Koi sleepy disease” as a pathophysiological consequence of 
branchial infection of common carp with carp edema virus 
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David Gela3, Veronika Piačková3, Martin Kocour3, Dieter Steinhagen1 
1Fish Disease Research Unit, Institute for Parasitology, University of Veterinary Medicine, Hannover, 
Germany; 2Clinic for Swine and Small Ruminants, University of Veterinary Medicine, Hannover, 
Germany; 3Faculty of Fisheries and Protection of Waters, South Bohemian Research Center of 
Aquaculture and Biodiversity of Hydrocenoses, University of South Bohemia Ceske Budejovice, 
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Fish gills, with their involvement in water and ion transport, gas exchange and ammonia 
excretion are very important organs for fish metabolism; therefore, branchial diseases can 
cause severe complications for the fish’s homoeostasis. In common carp several viruses 
cause pathological changes in gills, among which the carp edema virus infection is mostly 
limited to gills, making it a potential model for a branchial disease in carp. Koi sleepy 
disease, caused by CEV infection, manifests itself with characteristic behavioural changes. 
Affected fish are lethargic, start lying at the bottom of the tank and, with progress of the 
disease, the activity of the fish decreases until nearly complete stillness, followed by death. 
We hypothesize that this behaviour is related to gill dysfunction from the infection and 
therefore, the pathophysiological impact of the infection was measured, including an 
analysis of the hydro-mineral balance, respiration and ammonia excretion. Furthermore 
the blood plasma metabolome of KSD affected fish was studied. The experimental setup 
included two strains of carp (AS - Amur wild carp and koi) with different susceptibilities to 
KSD. All carp were cohabitated with koi infected with CEV from genogroup IIa. During four 
infection experiments at 18 °C 100% of the koi developed severe KSD, which led to a 
complete immobilisation of the animals at the bottom of the tank between days 6 and 12 
post infection (p.i.) with the peak at days 6 and 7 p.i.. In blood plasma collected at days 6 
and 9 p.i. oxygen content was slightly reduced, sodium and calcium extremely decreased 
and ammonia levels severely increased. Analyses of over 2,500 metabolites, from which 
over 750 could be annotated, showed changes in the pyrimidine and urea cycle and the 
beta-alanine and the amino acid metabolism in blood plasma at day 6 p.i.. In the non-
infected koi an increase of pyrimidine pathway and a decrease of amino acids synthesis 
were detected. At the same time a leukopenia had developed. These changes occurred 
only in koi while carp from the AS strain remained unaffected, which correlated with a 
much higher virus load and the onset of histopathological changes in gills of koi. The 
results from the study show that using differently susceptible strains of carp gives the 
opportunity for a deeper insight in to biology of the infection. Furthermore it confirms that 
sleepiness of the fish is related to severe osmotic imbalances and a perturbation of the 
waste removal from the amino acid metabolism which might lead to intoxication with 
ammonia. 
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Phylogenomic characterization of a novel seahorse poxvirus from 
formalin-fixed paraffin-embedded tissues 
 
Joseph M. Groff1,Kuttichantran Subramaniam2, Robert W. Nordhausen3, Thomas B. 
Waltzek1* 
1School of Veterinary Medicine, University of California Davis, Davis, CA; 2Department of Infectious 
Diseases and Pathology, College of Veterinary Medicine, University of Florida, Gainesville, FL; 
 3California Animal Health & Food Safety Laboratory System, Davis, CA 

 
Double-stranded DNA viruses are important pathogens of homeothermic and 
poikilothermic vertebrates. However, only alloherpesviruses and iridoviruses are well 
studied among poikilothermic vertebrates (e.g. fish, amphibians, and reptiles). In 2002, 
moribund specimens of endangered Cape seahorse (Hippocampus capensis) from a 
managed population experiencing elevated mortality were submitted for histopathological 
examination. Histopathological examination revealed a cutaneous hyperplastic vacuolar 
dermatopathy. Ultrastructural examination revealed large and complex virions with 
spherical to reniform profiles (399 x 168 nm) within the cytoplasm of affected epidermal 
cells consistent with a poxvirus. The virions displayed a single lateral body as reported 
previously for poxviruses detected in koi (Cyprinus carpio), Ayu (Plecoglossus altivelis), and 
Atlantic salmon (Salmo salar). An Illumina Nextera XT DNA library kit was used to construct 
a DNA library from formalin-fixed, paraffin-embedded (FFPE) tissue DNA. The DNA library 
was sequenced using a v3 chemistry 600-cycle kit on an Illumina MiSeq sequencer. 
Assembly of the resulting reads followed by BLASTx analyses resulted in a number of 
contigs with significant homology to the salmon gill poxvirus. Phylogenomic analyses based 
on core poxvirus genes revealed the seahorse poxvirus (SHPV) grouped as the sister 
species to the salmon gill poxvirus within the fish poxvirus clade. The histological and 
ultrastructural pathology and phylogenetic analyses support SHPV as a novel poxvirus 
within the recently proposed genus of poxviruses from fish (i.e., Piscipoxvirus). This study 
confirms the utility of Next Generation Sequencing (NGS) technologies in obtaining 
phylogenetically useful viral genomic sequences from archived FFPE tissues.  
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Detection and complete genome analysis of ranaviruses causing mass 
mortality in brown bullheads (Ameiurus nebulosus) in Hungary 
 
Szilvia L. Farkas1*, Enikő Fehér1, Andor Doszpoly1, Balázs Horváth2, Mária Woynárovichné 
Láng3, György Csaba3, Ádám Dán3, Szilvia Marton1, Barbara Forró1, Krisztián Bányai1, Tamás 
Juhász3 

1Institute for Veterinary Medical Research, Centre for Agricultural Research, Hungarian Academy of 
Sciences, Budapest, Hungary; 2Biological Research Center, Hungarian Academy of Sciences, Szeged, 
Hungary; 3Veterinary Diagnostic Directorate, National Food Chain Safety Office, Budapest, Hungary 

 
During routine diagnostic work at the Veterinary Diagnostic Directorate ranaviruses of 
brown bullheads (Ameiurus nebulosus) had been detected in connection with mass 
mortality events in distant regions of Hungary between 2008 and 2016. These infections 
were characterized applying gross pathological, histopathological, traditional and modern 
virological methods. Post mortem evaluation of affected animals revealed hemorrhages in 
the skin all over the body, in the gills and the internal organs. Following homogenization of 
the liver, spleen and kidney samples virus isolation was performed on EPC (Epithelioma 
Papulosum Cyprini) and BF-2 (Bluegill fibroblast) cell lines. Cytopathogenic effect typical to 
ranaviruses (rounding of the infected cells and cytoplasmic inclusion bodies) could be 
observed on the second or third days post infection. Specific detection of ranaviruses in 
the isolates was performed applying polymerase chain reactions (PCR) targeting a portion 
of the iridoviral major capsid, DNA-polymerase and neurofilament triplet H1-like protein 
(NF-H1) coding genes, sequencing the PCR products and restriction endonuclease analysis 
of the NF-H1 gene’s PCR product. For complete genomic sequencing two strains, 
13051/2012 and 14612/2012, isolated from samples collected in 2012 had been chosen to 
explore the genetic diversity of Hungarian ranaviruses and develop detection methods 
giving informative results for epidemiological studies and differentiation between virus 
strains. The complete genome sequences of the two strains were nearly identical with 
each other (99.9% nucleotide sequence identity) and were closely related to the European 
sheatfish (Silurus glanis) origin ranavirus (ESV, 99.7%-99.9% nucleotide sequence identity). 
The core genes proved to be highly conserved, point mutations were observed mainly in 
the non-coding regions. Complete genome sequencing of further isolates would provide 
more information about the genetic markers that could be used successfully for genetic 
characterization and molecular epidemiologic studies. These are the first reported cases of 
ranaviruses in Hungary. 
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How ranavirus brought Britain closer to the EU – molecular screening 
of a long-term tissue archive from herpetofauna 
 
Stephen J. Price1,2*, Alexandra Wadia2,3, Owen Wright2,4, Will Leung2, Andrew A. 
Cunningham2, Becki Lawson2 
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Reports of disease outbreaks due to common midwife toad virus (CMTV)-like ranaviruses 
in mainland Europe are increasing and have much attention because of their severe 
impacts. In Britain, Frog virus 3 (FV3)-like ranaviruses have caused significant local declines 
of common frog populations and are thought to have been introduced recently. The British 
public has reported disease outbreaks to the Frog Mortality Project (FMP) since 1992, 
resulting in a 25-year tissue archive. We used molecular methods to screen this long-term 
archive for ranavirus and performed basic genetic characterisation of the ranaviruses 
detected. Ranavirus was detected in 90 of 458 individuals from 41 outbreaks in the north 
and south of England. Most detections involved common frogs but ranavirus was also 
detected in a second anuran, a caudate and a reptile. The majority of incidents were 
associated with FV3-like ranaviruses but two incidents, one in 1995 and another 300 km 
away and 16 years later, involved CMTV-likes. The two British CMTV-like ranaviruses were 
more closely related to ranaviruses from mainland Europe than to one another; the 
estimated divergence time was at least 458 years ago. This evidence of CMTV-like 
ranavirus in Britain in 1995 raises important questions about the virulence and geographic 
distribution of CMTV-like ranaviruses and the history of Ranavirus in Britain. This study also 
demonstrates the role of citizen science projects in generating resources for research 
despite biases in the opportunistic sample used. 
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Molecular epidemiology of Epizootic haematopoietic necrosis virus 
(EHNV) 
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Epizootic haematopoietic necrosis virus (EHNV) has caused sporadic outbreaks of mass 
mortality of wild redfin perch (Perca fluviatilis) and less severe disease of farmed rainbow 
trout (Oncorhynchus mykiss) since it was first identified in 1984. Recurrence of disease 
each summer was observed initially as EHNV spread and became endemic in several water 
catchments. However, despite the experimental susceptibility of several species of fish and 
a broader distribution of the two natural hosts, EHNV has remained confined to south-
eastern Australia. The aim of this study was to determine the genomic diversity of EHNV 
and evaluate historical inferences about spread of the pathogen based on molecular 
epidemiologic evidence. The complete genome was determined for 16 isolates selected to 
represent the full range of host, geographic and temporal origin of EHNV from the 
collection curated by the World Organization for Animal Health (OIE) reference laboratory. 
Isolates at less than 3 passages were grown on BF-2 cells and sequences were determined 
using libraries prepared with a Nextera XT DNA kit on a MiSeq platform (Illumina). 
Complete genomes were 125,591–127,487 nucleotides with 97.47% pairwise identity, 
106–109 predicted genes and consistent structural organization. All isolates shared 101 
core genes of a total of 121 different genes predicted within the pan-genome of this 
collection. There was very high conservation of the 90,181 nucleotide sequence of the 
core genes with isolates separated by average genetic distance of 3.43 x 10-4 substitutions 
per site. Evolutionary analysis of the core genome strongly supported historical 
epidemiological evidence of iatrogenic spread of EHNV to naïve hosts and establishment of 
endemic infection status in multiple epidemiologically discrete niches. 
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Comparative genomics and spatiotemporal characterization of two 
strains of Common midwife toad virus in the Netherlands 
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Common midwife toad viruse (CMTV) has been responsible for amphibian declines 
throughout Europe and China. In the Netherlands, an interdisciplinary retrospective 
analysis on amphibian mortality events (2011-2014) revealed the presence of two CMTV-
NL virus strains based on phylogenetic analysis of seven genes. Strain I was shown to be 
the cause of an epidemic in the North, whereas strain II was associated with lower 
mortality in the Center-East and South of the country. In order to search for mutations that 
could give us further insight on short term evolution amongst closely related isolates or 
which could account for potential differences in pathogenicity amongst the two main virus 
strains, we performed complete genome sequencing of thirteen isolates belonging to 
either of the CMTV-NL strains from different sites and years. Additionally, to compare 
prevalence and mortality patterns of both virus strains we performed cross sectional 
monitoring and skin swabbing of water frogs (Pelophylax spp) and a few other amphibian 
species at two sites, one in the North where Strain I was present and another in the South, 
where Strain II was present. Eleven of the thirteen isolates were obtained from Northern 
provinces and showed a total nucleotide sequence similarity of over 99% amongst each 
other and compared to the original Dutch isolate from 2013. Mutations amongst these 
viruses were minor and mainly confined to genes with unknown functions composed of 
repetitive sequences. The two isolates from Central Eastern and Southern provinces 
clustered closely with the Andrias davidianus ranavirus (ADRV) clade from China and the 
Testudo hermanni ranavirus (THR) from Germany. These two isolates presented with 
deletions in genes involved in viral replication which could account for lower virulence. In 
regards to the monitoring study, ranavirus prevalence was shown to be higher in the 
Northern site than in the Southern site (14.2% versus 7 %). The higher ranavirus-associated 
mortality and involvement of adult life stages in the North (six Pelophylax spp) versus the 
involvement of only larvae in the South (two Pelophylax spp) could reflect higher 
pathogenicity or less effective immunity of animals exposed to Strain I. The data obtained 
from both complete genome sequencing and cross sectional monitoring supports the 
hypothesis that the two CMTV-NL strains differ in pathogenicity.  
 
Contact e-mail: b.saucedogarnica@uu.nl 

  



Abstracts – RANAVIRUS EPIDEMIOLOGY 
 

72 
 

Isolation and characterisation of a new ranavirus isolated from 
lumpfish in the north Atlantic area 
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The commercial production of lumpfish, Cyclopterus lumpus, is expanding with the 
increased demand for their use as cleaner fish, to control sea lice numbers, at marine 
Atlantic salmon, Salmo salar L., aquaculture sites throughout northern Europe. A new 
ranavirus has been isolated from lumpfish at multiple locations in the north Atlantic area, 
initially isolated in 2014 in the Faroe Islands and subsequently the virus has been found in 
lumpfish from Iceland in 2015 and from Scotland and Ireland in 2016. The Icelandic 
lumpfish ranavirus was initially characterised by IFAT, optimal growth conditions and full 
major capsid protein (MCP) gene sequencing. Partial sequences of the MCP gene from all 
eight isolates to date showed high similarity between the lumpfish ranaviruses. 
Comparison to other described ranaviruses showed high homology with ranaviruses from 
cod, Gadus morhua, and turbot, Psetta maxima, isolated in Denmark in 1979 and 1999. 
Further sequencing targeting an additional three genomic regions: the DNA polymerase 
(DNApol) gene and the ribonucleoside diphosphate reductase alpha and beta subunit-like 
protein genes was carried out for the Scottish and Irish lumpfish ranavirus isolates. The 
subsequent phylogenetic analysis of concatenated sequences suggests this is a new 
ranavirus within the ATV/EHNV-like viruses lineage. 
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Is the common carp paramyxo–like virus only a secondary pathogen 
found in fish affected by koi sleepy disease? 
 
Mikolaj Adamek1*, Ilka Baumann1, Dirk W. Kleingeld2, Felix Teitge1, Sven M. Bergmann3, 
Dieter Steinhagen1  
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Safety, Hannover, Germany; 3Institute of Infectology, Friedrich-Loeffler-Institut, Greifswald-Insel 
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Several paramyxo-like virus isolates were obtained from common carp with gill necrosis 
over the recent 20 years in Germany, Belgium and the UK. Still very little is known about 
this virus and its distribution in the environment. In mid-2016, a diagnostic procedure was 
introduced in disease consulting at the Fish Disease Research Unit, University of Veterinary 
Medicine which included the collection of a subset of diagnostic samples into RNAlater and 
screening for the presence of viral RNA specific for a putative unclassified paramyxo-like 
virus, which had been isolated several years earlier in Germany by the Friedrich-Loeffler-
Institute. In a total of 43 samples screened in 2016 by means of an end-point RT-PCR, six 
were positive for RNA of the paramyxo-like virus. An additional set of 40 samples collected 
in the years 2009-2015 were screened and found to be negative. The six paramyxo-like 
virus positive fish were collected from 4 independent cases. In two cases samples were 
collected from koi showing symptoms similar to koi sleepy disease and these fish were 
confirmed to be carrying moderate loads of the carp edema virus (from 1.13E+02 to 
4.70E+04 copies). In the other two cases a limited number of individuals from aquaculture 
farms with common carp displayed unspecific clinical signs and were also harbouring 
parasite coinfections. Low losses (below 10%) were indicated. These fish were negative for 
CEV. With the use of the paramyxo-like virus PCR we also confirmed that the archival 
paramyxo-like virus isolates 1551 and 1609 obtained in late 1990’ from fish suffering from 
gill necrosis are the same virus. These two isolates grow extremely well in current 
fibroblastic cell lines (CCB, KF-1, KFC) obtained from common carp. With the current 
results it is difficult to judge the epidemiological importance or an economic impact of the 
paramyxo-like virus on carp populations. The co-occurrence of the paramyxo-like virus and 
CEV can hypothetically lead to the situation in which the paramyxo-like virus is isolated 
from fish which were infected with both viruses because CEV is not replicating in any of the 
currently available cell lines.  
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A new cyprinid herpesvirus in common carp – is this another threat? 
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Infections with cyprinid herpesviruses 2, 3 and 4 are associated with severe diseases 
causing very high mortalities in cyprinid fish. In common carp CyHV-3 was shown to have 
several variants with similarities of 97% which were associated with different virulence. As 
multiple herpesviruses could be associated with infections of one species in higher 
vertebrates (e.g. humans), we decided to screen samples from common carp with 
unexplained mortality for the presence of additional cyprinid herpesviruses. Initially 10 
samples were screened and one gave a positive signal with universal primers binding to 
gene encoding for the cyprinid herpesvirus DNA polymerase. After sequencing a new 
sequence was obtained which showed significant (over 15%) differences to the known 
DNA and amino acid sequences of other cyprinid herpesviruses. A difference at this level 
could indicate that this is a new cyprinid herpesvirus as the other members of Cyprinivirus 
genus have the same differences between each other. In order to test for the presence of 
this virus in other fish samples, two SYBRGreen qPCRs were developed and 33 samples 
were screened. None of the samples were indicated to be positive for the new virus. The 
only positive fish had merely below 100 copies of viral DNA per 250 ng of isolated DNA. 
This virus load cannot be associated with the death of the individual infected. The 
presence of a new herpesvirus in common carp could indicate that several herpesviruses 
can infect this one fish species. However with only one fish infected it is impossible to 
evaluate the impact of this virus on health of common carp.     
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CyHV-1 detection in barbel (Barbus barbus, L.) showing skin tumours 
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The common barbel (Barbus barbus) is a member of the family Cyprinidae. It is an 
important, native freshwater fish in Central Europe, both as a food source and an excellent 
fish for sporting activities. In Hungary, they are abundant in Danube, Tisza River and Drava 
River, and similarly to common carp, they are feeding on benthic organisms, including 
crustaceans, insect larvae and mollusks. 
Little is known about diseases affecting barbels, except for few parasitical (Aspidogaster 
limacoides, Pomphorhynchus laevis) and viral (circovirus, rhabdovirus) infections. 
However, large variety of tumours with uncertain origin have been reported from barbels, 
recently. In Ohre River of Czech Republic, skin and gonadal tumours were observed and in 
Adige River of North Italy, a branchial osteogenetic neoplasm was found. The cause of 
tumour formation is often considered multifactorial, like viruses, chemical and biological 
toxins, physical agents, hormones, and the age, sex, genetic predisposition and 
immunological competence of the host. 
The last few years, several adult barbels with distinct skin tumours have been caught in the 
middle and upper reaches of River Danube, close to Budapest during the late autumn. 
Tumours were located around the mouth and the lower jaw, on the operculum, at the 
pectoral fins, and on the skin/scales throughout the body. 
The diseased fish delivered to our laboratory, were subjected to parasitological and light 
microscopic examinations after dissection. Small parts of different organs (gills, liver, 
spleen, kidney, tumour, intestine, and brain) were excised for histhopatological and 
molecular studies, in addition to virus isolation.  
In the pathological examination, intensive infection of acanthocaphalan worms 
(Pomphorhynchus laevis, Müller) was detected in the gut of each barbel, but other 
parasites were not found. 
From organs collected for molecular studies, DNA was extracted, and broad-spectrum PCR 
of DNA viruses and specific PCRs were carried out. In these assays, sequences highly 
homologous with Cyprinid herpesvirus-1 (CyHV-1) were detected in the kidney. Virus 
isolation and histopathological examinations are as part of ongoing research studies.  
CyHV-1 is a well known viral pathogen of common and coloured carp (Cyprinus Carpio 
haematopteus) in the world, causing epidermal proliferations (’carp pox’). Notable that 
according to current knowledge, this virus has high host specificity and cannot infect other 
fish species. However, the seasonality and manifestation of the disease in studied fish, 
presented significant similarity with CyHV-1 infection of carps.  
According to the literature, the role of water pollution can not be excluded beside the 
CyHV-1 infection, which was never described before from barbels or other fish species 
than carps.  
(Support: OTKA PD104315 and financial resources of Fish Pathology and Parasitology 
Team) 
 
Contact email: borzak.reka@agrar.mta.hu  
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Isolation and characterization of an atypical Siberian sturgeon 
herpesvirus (SbSHV) strain in Russia 
 
Andor Doszpoly1*, Ismail M. Kalabekov2, Rachel Breyta3, Igor S. Shchelkunov2 

1Institute for Veterinary Medical Research, Centre for Agricultural Research, Hungarian Academy of 
Sciences, Budapest, Hungary; 2All Russia Research Institute for Veterinary Virology and 
Microbiology, Pokrov, Russia; 3Cary Institute for Ecosystem Studies, Millbrook, New York, USA 

 
Siberian sturgeon herpesvirus (SbSHV) was discovered in moribund fingerling Siberian 
sturgeon (Acipenser baeri) for the first time in 2006. Since then, nine SbSHV isolates were 
recovered from different fish hatcheries in Russia and Kazakhstan producing the same CPE 
in cell cultures, the same clinical signs and mortality kinetics in virus-infected fish, the same 
virus neutralization pattern, and shared identical nucleotide sequences. In 2011 a new 
isolate was recovered from juvenile sturgeon, which caused completely different CPE. That 
isolate was not readily neutralized by Siberian sturgeon hyperimmune antisera and its DNA 
was not amplified by the routine PCR developed for SbSHV detection. Molecular study of 
the novel isolate revealed that it was more closely related to North-American Acipenserid 
herpesvirus 2 (AciHV-2) isolates from white sturgeon (Acipenser transmontanus), while the 
genome sequences of the former SbSHV isolates showed high similarity to the AciHV-2 
isolated from shortnose sturgeon (Acipenser brevirostrum). While clinical signs and 
mortality caused by the novel isolate in infected Siberian sturgeon were similar to those of 
the formerly described SbSHV isolates, the incubation period and mean time to death 
produced by the novel isolate were twice as long. The differences between the former 
isolates and the recent one suggest that a novel SbSHV strain emerged in Europe and the 
molecular findings imply its North-American origin. This work was supported by a grant 
(OTKA PD104315) provided by the Hungarian Scientific Research Fund. 
 
Contact e-mail: doszpoly.andor@agrar.mta.hu 

  



Poster Abstracts – EMERGING VIRUSES 
 

77 
 

Preliminary results from an epidemiological survey on the presence 
of carp edema virus in Germany 
 
Max Heling1, Felix Teitge1, Mikolaj Adamek1*, Julia Meder1, Karina Retter1, Dirk Willem 
Kleingeld2, Sven Bergmann3, Dieter Steinhagen1, Verena Jung-Schroers1 
1Fish Disease Research Unit, Institute for Parasitology, University of Veterinary Medicine, Hannover, 
Germany; 2Veterinary Task-Force, Lower Saxony State Office for Consumer Protection and Food 
Safety, Hannover, Germany; 3Institute of Infectology, Friedrich-Loeffler-Institut, Greifswald-Insel 
Riems, Germany 

 
Carp edema virus, a poxvirus, was initially described in Japan in 1974, where at a water 
temperature of 15-25 °C in particular young koi displayed clinical symptoms of a disease. 
Because mainly a lethargic behaviour of the fish was noticed, the disease was called „Koi 
Sleepy Disease“(KSD). Further clinical symptoms were changes of the gills, like gill swelling 
or gill necrosis, enophthalmus and skin lesions. In recent years, CEV was also detected in 
several European countries, among others in Austria, Germany, The Netherlands and UK. 
In Germany, we performed an epidemiological survey in order to monitor the presence of 
the infection in populations of koi and farmed carp. For this, a questionnaire, which could 
be used as an accompanying sheet for diagnostic samples, was developed in cooperation 
of FLI, Laves and TiHo. More than 390 questioners were received, and more than 600 
samples were processed with 40% being positive from CEV DNA. The following analysis is 
based on the evaluation of the subset of questionnaires from this survey, which started in 
spring 2015 and was conducted during the entire year 2016. An initial evaluation of the 
questionnaires showed that in diagnostic samples submitted from all German provinces, 
CEV could be detected. Affected were koi as well as farmed carp from all age classes. In 
addition, CEV could also be detected in the tissues of single individuals from other fish 
species inhabiting carp aquaculture ponds, but always in very low copy numbers. The virus 
was mainly detected at a water temperature between 10 and 15 °C, but also at 5 or 23 °C. 
Infected fish displayed mainly non-specific symptoms like apathy, anorexia, or 
enophthalmus. Gill changes or skin lesion were observed in less than 50% of the presented 
fish. Clinical signs appeared first in examined population between 3 day and 2 years before 
samples were submitted to investigation. The percentage of clinically affected fish varied 
widely between 5 and 100%, and were leading to mortality rates between 0 and 100%. 
While in garden ponds high losses were observed only exceptionally, losses in affected 
carp farms ranged on average by 45%. In this context it has to be considered that in carp 
farms a symptomatic treatment (e.g. with salt), as it is advised in garden ponds, is not 
feasible. The preliminary results from this survey indicate that the virus can be detected 
regularly in German populations of koi and farmed carp and that in infected populations 
losses may occur at regular intervals.  
 
Contact e-mail: Mikolaj.Adamek@tiho-hannover.de 
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Susceptibility of Eastern water dragons, Intellagama lesueurii 
lesueurii, to Bohle iridovirus 
 
Alicia Maclaine*, Jennifer Scott, Narges Mashkour, Ellen Ariel 

College of Public Health, Medical and Veterinary Sciences, James Cook University, Australia  

 
Ranaviruses infect and have been associated with mass mortality events in fish, 
amphibians and reptiles, and are capable of interclass transmission. Here we report the 
challenge of juvenile Eastern water dragons with Bohle iridovirus to investigate a native-
water dwelling lizards’ susceptibility to a local ranaviral strain present in northern 
Queensland, Australia.  Juvenile lizards were exposed via oral or intramuscular inoculation, 
or co-habitation with orally inoculated lizards. Bohle iridovirus was found to be virulent in 
all treatments as demonstrated by external lesions and pathological changes in the internal 
organs. Necrosis, haemorrhage, inflammation, and intracytoplasmic inclusion bodies were 
observed histologically in the pancreas, liver, spleen, kidney and submucosa of the 
intestine. Virus was re-isolated from the liver and kidney of all orally and intramuscularly 
inoculated lizards. The outcome of this study demonstrates that juvenile Eastern water 
dragons are susceptible to Bohle iridovirus, thereby adding Australian lizards to the broad 
host range of Ranaviruses. Furthermore, this study provides additional evidence of 
interclass transmission of ranavirus.  
 
Contact e-mail: alicia.maclaine@my.jcu.edu.au 
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„Spring mortality“ of common carp (Cyprinus carpio L.) in the Czech 
Republic 
 
Veronika Piačková1*, Dagmar Pokorová2, Stanislava Reschová2, Lubomír Pojezdal2, Miroslava 
Palíková3, Mehrak Mohammadi1, Tomáš Veselý2 
1University of South Bohemia in České Budějovice, Faculty of  Fisheries and Protection of 
Waters, South Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses, 
Vodňany, Czech Republic; 2Veterinary Research Institute, Brno, Czech Republic; 3University 
of Veterinary and Pharmaceutical Sciences Brno, Faculty of Veterinary Hygiene and Ecology, 
Brno, Czech Republic 
 

Common carp is the main species bred in traditional pond aquaculture in the Czech 
Republic for centuries. The success rate of the fish production is largely dependent on 
natural and climatic conditions during the year. The most critical season seems to be the 
winter and early spring. Depending on the progress of temperature over the winter, more 
or less of dead fish used to be noticed in ponds after the ice is melted. In the last few 
years, increasing of spring mortality of common carp was recorded. It affected mostly 
larger, almost market-sized fish. Similar phenomenon has been reported in the United 
Kingdom from the late 1980s and it is called as “Spring Carp Mortality Syndrome” (SCMS). 
In 2011, first detection of a virus from the case of spring mortality of carp was noticed in 
CEFAS. It was very similar to Carp Edema Virus (CEV; family Poxviridae) which was isolated 
from koi suffering from Koi Sleepy Disease in Japan in the late 1970s. Since then, CEV-like 
virus has been considered as one of possible causal agents of SCMS. Clinical as well as 
pathological symptoms of the „CEV disease“ in carp noticeably remind koi herpesvirus 
disease (KHVD) but in this case, the symptoms and mortality usually evolve in lower 
temperature (8–20 °C). In the Czech Republic, mortality caused by CEV was first confirmed 
by PCR in 2015 (two-round PCR developed by CEFAS was used) in archived samples from 
2013 and 2014. Since that time, the diagnostic of increased mortality of carp in ponds after 
the winter was focused on CEV, especially when the clinical and pathological signs were as 
lethargy, asphyxia, gathering of fish at the surface and near the shore or inflow, irregular 
mucus layer on the skin, sunken eyes, necrotic gill etc. and the temperature of water 
ranged from 5 to 13 °C. All investigated fish exhibited some of these signs. Most of them 
were common carp, one koi, one gold ide, one crucian carp and two hybrids between 
common carp and crucian carp were also sampled. Sixteen suspect cases were investigated 
in total. All fish showed similar clinical symptoms and the mortality higher than usual was 
reported from all localities. All cases were examined by nested PCR (according to the 
CEFAS protocol). CEV was detected positive only in seven cases. In all sixteen cases, the 
mortality as well as clinical signs disappeared when the water temperature reached 17–20 
°C. It is undisputed that the issue of spring mortality of carp should continue to be 
monitored using  the conventional PCR, real-time PCR and sequencing to be able to 
identify the causal agent (or causal agents?!) and to prevent it. According to our 
experience, the crucial point of this issue is the willingness of fish farmers to share the 
information about cases of mortality and to provide the sick fish for the examination.  
(Support: CENAKVA CZ. 1.05/2. 1.00/01.0024, CENAKVA II (LO1205 in the frame of the NPU 
I program), MZE RO0517 and QK1710114 grants). 
 
Contact e-mail: piackova@frov.jcu.cz  
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Molecular detection of a novel fish herpesvirus, a putative new virus 
species in European catfish (Silurus glanis) in Hungary 

 
László Zoltán Tarján*, Edit Eszterbauer , Mária Benkő  
Institute for Veterinary Medical Research, Centre for Agricultural Research, Hungarian Academy of 
Sciences, Budapest, Hungary 
 

Several members of the family Alloherpesviridae are known to cause serious diseases and 
epizooties in different amphibian and piscine hosts. The virus family is presently divided 
into four genera. One of these is Cyprinivirus that comprises the herpesviruses found in 
cyprinid fishes along with the herpesvirus of the European eel. 
In the autumn of 2015, focal epidermal hyperplasia was observed among some individuals 
of a shipment of two-year-old European catfish (Silurus glanis) in Hungary. Live specimens 
were sent for diagnostic inspection to our laboratory. The preliminary parasitological 
examination revealed the presence of ancylodiscoidid monogenean gill parasite, 
Thaparocleidus vistulensis. By gross pathology, numerous smooth raised papillomas 
alluding viral infection, were seen all over the body of the fish. Bacteriological and 
toxicological examinations were not carried out. Samples from the skin lesions were 
processed for PCR testing with consensus primers published for the detection of large DNA 
viruses. Two PCRs gave positive results. The PCR product obtained from the DNA 
polymerase gene was sequenced directly, whereas the sequence of the terminase gene 
fragment could be determined after molecular cloning only. The results of the BLASTx 
application indicated the presence of a hitherto unknown herpesvirus. Phylogeny 
reconstructions were made with the amino acid (aa) sequences derived from the DNA 
polymerase (170 aa) and from the terminase (347 aa). In both phylogenetic trees, the 
newly detected virus appeared on an independent branch closest to those of the members 
of the genus Cyprinivirus, but well-separated from the other three (Batrachovirus, 
Ictalurivirus and Salmonivirus) genera. At this stage, it is not clear if the novel virus should 
be classified into Cyprinivirus or not. It certainly merits a novel virus species and perhaps 
also a newer genus within the family Alloherpesviridae. Our attempts to amplify and 
sequence longer genomic parts (e.g. by connecting the known fragments) remained 
unsuccessful as yet. These are the first molecular data supporting the existence of a 
specific herpesvirus in European catfish. Based on electron microscopy, epidermal 
hyperplasia of suspected viral origin in European catfish has been reported by Hungarian 
researchers previously. The increasing importance of European catfish in the aquaculture 
of Hungary justifies further studies into the complete characterisation of this virus. 
Support: Hungarian Scientific Research Fund (OTKA K100163). 
 
Contact e-mail: lztarjan@gmail.com 
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Genetic variation of σ1 gene of piscine orthoreovirus 2 causing 
erythrocytic inclusion body syndrome in coho salmon in Japan 
 
Tomokazu Takano1*, Akatsuki Nawata2, Takamitsu Sakai1, Tomomasa Matsuyama1, Takafumi 
Ito1, Jun Kurita1, Sachiko Terashima1, Motoshige Yasuike3, Yoji Nakamura3, Atushi Fujiwara3, 
Akira Kumagai2, Chihaya Nakayasu1 
1Research Center of Fish Diseases, National Research Institute of Aquaculture, Japan Fisheries 
Research and Education Agency, Minami-Ise, Mie, Japan; 2Miyagi Prefecture Fisheries Technology 
Institute, Ishinomaki, Miyagi, Japan; 3Research Center for Bioinformatics and Biosciences, National 
Research Institute of Fisheries Science, Japan Fisheries Research and Education Agency, Yokohama, 
Kanagawa, Japan 

 
Erythrocytic inclusion body syndrome (EIBS) causes mass mortality in farmed coho salmon, 
Onchorhynchus kisutchi, in Japan. The causative agent of the disease is a virus with an 
icosahedral virion structure, but this virus has not been characterized at the molecular 
level. We succeeded to amplify the cDNAs of genomic dsRNA of this virus by using gull-
length amplification of cDNAs (FLAC) method, and the complete genomic sequence was 
reported. The virus has 10 dsRNA genomic segments (L1, L2, L3, M1, M2, M3, S1, S2, S3, 
and S4), which closely resembles the genomic organization of piscine orthoreovirus (PRV), 
the causative agent of heart and skeletal inflammation (HSMI) in Atlantic salmon and 
HSMI-like disease in coho salmon and rainbow trout. The genomic segments of the novel 
virus contain at least 10 open reading frames (ORFs) that are commonly observed in other 
reoviruses: λ1, λ2, λ3, μ1, μ2, μNS, σ1, σ2, σ3, and σNS. An additional ORF encoding a 12.6-
kDa protein (homologue of PRV p13) occurs in the same genomic segment as σ3. 
Phylogenetic analyses based on S1 and λ3 suggest that this novel virus is closely related 
but distinct from PRV. Therefore, the virus has been designated ‘piscine orthoreovirus 2’ 
(PRV-2) tentatively. A genotyping study based on σ1 gene among the different fish farms 
revealed the nonsynonymous substitutions at two sites in this gene. To clarify the 
substitution alters immunogenic reaction of the salmon, we prepared the recombinant 
PRV-2 σ1 proteins containing substitutions. Then enzyme-linked immuno sorbent assay 
(ELISA) was carried out with the recombinant proteins and the serum of EIBS-experienced 
coho salmon. We found no significant difference in ELISA value between the polytypic 
recombinant σ1 proteins. These results probably suggest the nonsynonymous substitutions 
that we identified in σ1 protein do not affect the immunogenicity. Producing an anti-serum 
against the recombinant σ1 protein might be useful for the future studies on PRV-2. (This 
work was supported by a grant-in-aid from the agriculture forestry and fisheries research 
council Japan). 
 
Contact e-mail: takanoto@fra.affrc.go.jp  
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Immunology and vaccination 

 
CpG motifs induce a long-lasting effect against VHSV infection   
 
Marga Álvarez, Patricia Pereiro*, Antonio Figueras, Beatriz Novoa 
Instituto de Investigaciones Marinas (IIM), CSIC, Vigo, Spain 

 
Oligodeoxynucleotides (ODNs) containing unmethylated CpG dinucleotides within specific 
sequence contexts (CpG motifs) are detected, like bacterial or viral DNA, as a danger signal 
by the vertebrate immune system. CpG oligodeoxynucleotides have been described as 
functioning as natural adjuvants because they promote professional antigen presenting 
cell (APC) function and co-stimulate lymphocytes.  
DNA vaccines against viruses are created using plasmids enriched in CpG motifs. It is 
known that the specific protection provided by DNA vaccines against virus in fish is 
preceded by a protective nonspecific antiviral response, mediated, at least in part by the 
plasmid backbone. In fish, CpG ODNs have also been shown to be protective against 
bacterial and viral challenges, as well as against pathogenic amoebae.  
When turbot (Scophthalmus maximus) were intramuscularly injected with the plasmid 
pMCV1.4 and, after one month, infected with Viral Haemorrhagic Septicaemia virus 
(VHSV), a certain reduction and delay in the mortality rate was found. Moreover, the 
transcriptome profiles of turbot previously stimulated with pMCV1.4 and those non-
stimulated were analyzed at 8, 24, 72 hours after a VHSV challenge using microarray 
technology. The results showed a drastic reduction of the viral replication. At 8 hours post-
infection, the number of immune-related genes was significantly higher in the individuals 
previously receiving the vector, reflecting a faster and differential response. 
 
Contact e-mail: patriciapereiro@iim.cis.es 
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European sea bass DLB-1 cell line is susceptible to nodavirus 
infection. A RNA-seq analysis 
 
Elena Chaves-Pozo1, Jose G. Olveira2, Isabel Bandín2, Jèssica Gómez-Garrido3,4, Anna Esteve-
Codina3,4, Tyler Alioto3,4, Marc Dabad3,4, José Meseguer5, M. Ángeles Esteban5, Alberto 
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Compostela, Spain; 3CNAG-CRG, Centre for Genomic Regulation (CRG), Barcelona Institute of 
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Fabra (UPF), Barcelona, Spain; 5Fish Innate Immune System Group, Department of Cell Biology and 
Histology, Faculty of Biology, Regional Campus of International Excellence "Campus Mare 
Nostrum", University of Murcia, 30100 Murcia, Spain. 

 
The generation of fish cell lines is a major task for specific virological studies. Although 
there are many cell lines described in fish, only one is available in the case of European sea 
bass (Dicentrarchus labrax), the most important fish species in the Mediterranean area. 
Among the viruses affecting this species, nervous necrosis virus (NNV; Nodaviridae family, 
Betanodavirus genus), is one of the most threatening virus for aquaculture and sea bass is 
one of the most susceptible species. NNV causes the viral encephalopathy and retinopathy 
(VER) disease that alters brain and retina structure and function and mainly affect to larvae 
and juvenile stages. The aim of this study was to characterize the susceptibility of the sea 
bass brain derived DLB-1 cell line to NNV and evaluate its transcription pattern by RNA-seq 
analysis. To do this, DLB-1 cells were infected with NNV strains belonging to the four 
genotypes at two temperatures (20 and 25ºC). The cytopathic effect was monitored and 
the presence of NNV was confirmed by RT-PCR. DLB-1 cells infected with SGWak97 strain 
(RGNNV genotype) at 25ºC were sampled at 0, 12, 24, 36, 48 or 72 h and RNA isolated. 
Then, RNA-seq (Illumina) 2x100bp was performed and incorporated in an in-house pipeline 
to improve the current annotation of the seabass reference genome. Differential 
expression and GO enrichment analysis were performed on the annotated genes. Our 
results demonstrated that the DLB-1 cell line is susceptible to the four NNV genotypes at 
25ºC but only to RGNNV and SJNNV at 20ºC. Around 13,000 genes were annotated and 
several GO terms important for cellular function were assigned. In conclusion, our study 
demonstrates that the DLB-1 cell line is susceptible to NNV and could be used for viral 
detection and studies of immunity in the European sea bass-NNV model. The RNA-seq 
reveals transcripts related to the viral infection and sea bass immunity. (Support: Grants 
AGL2013-43588-P and AGL2016-74866-C3-1-R (MINECO and FEDER), PTA2014-09515 
(MINECO), PT13/0001/002 (Instituto de Salud Carlos III) and 19883/GERM/15 (Fundación 
Séneca de la Región de Murcia, Spain) are gratefully acknowledged).  
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Poster Abstracts – IMMUNOLOGY AND VACCINATION 
 

84 
 

Cell-mediated cytotoxicity of European sea bass leucocytes is 
impaired by nodavirus. A RNA-seq study 
 
Elena Chaves-Pozo1, Yulema Valero1, Jèssica Gómez-Garrido2,3, Anna Esteve-Codina2,3, Tyler 
Alioto2,3, Marc Dabad2,3, José Meseguer4, M. Ángeles Esteban4, Alberto Cuesta4* 
1Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (IEO), Carretera de la Azohía 
s/n. 30860, Puerto de Mazarrón, Murcia, Spain; 2CNAG-CRG, Centre for Genomic Regulation (CRG), 
Barcelona Institute of Science and Technology (BIST), Baldiri i Reixac 4, 08028 Barcelona, Spain; 
3Universitat Pompeu Fabra (UPF), Barcelona, Spain; 4Fish Innate Immune System Group, 
Department of Cell Biology and Histology, Faculty of Biology, Regional Campus of International 
Excellence "Campus Mare Nostrum", University of Murcia, 30100 Murcia, Spain. 

 
Cell-mediated cytotoxicity (CMC) is amongst the major immune responses fighting viral 
infections but slightly characterized in fish. Nodavirus (NNV; family Nodaviridae, genus 
Betanodavirus), is one of the most threatening virus for teleost fish, being the European 
sea bass (Dicentrarchus labrax) one of the most susceptible species, and causes the viral 
encephalopathy and retinopathy (VER) disease that alters brain and retina structure and 
function. The innate CMC activity is increased in sea bass specimens as well as the innate 
and specific CMC activity was increased in groupers upon NNV infection. However, 
preliminary data in our lab demonstrated that sea bass leucocytes were unable to kill NNV-
infected cells in vitro and showed impaired CMC-related immunity. In an effort to throw 
some light into this host-pathogen interaction we aimed with this study to perform a RNA-
seq analysis of the CMC activity. Thus, sea bass head-kidney leucocytes (HKLs) were 
incubated with DLB-1 cells (a cell line derived from the European sea bass and susceptible 
to NNV) as target cells: alone (CMC_DLB1) or infected with NNV (CMC_DLB1-NNV). After 
CMC assays, RNA-seq (Illumina) 2x100bp was performed and incorporated in an in-house 
pipeline to improve the current annotation of the sea bass reference genome. Differential 
expression and GO enrichment analysis were performed on the annotated genes. Our 
results show that sea bass HKLs incubated with DLB-1 cells alone (CMC_DLB1) showed 
2,544 and 1,747 transcripts differentially expressed up- and down-regulated, respectively. 
On the other hand, we detected in HKLs incubated with DLB-1 cells infected with NNV 
(CMC_DLB1-NNV) 2,878 up-regulated and 2,255 down-regulated genes. Interestingly, little 
differences were observed in the HKLs from both CMC. In conclusion, our data 
demonstrated for the first time the transcripts important in the fish CMC activity. In 
addition, there were no differences in such transcripts when the target cells were infected 
with NNV confirming the CMC activity data. These data demonstrate that the innate CMC 
activity is not primed against NNV-infected cells in vitro and could explain why sea bass are 
not able to overcome the infection and dye. (Support: Grants AGL2013-43588-P and 
AGL2016-74866-C3-1-R (MINECO and FEDER), PTA2014-09515 (MINECO), PT13/0001/002 
(Instituto de Salud Carlos III) and 19883/GERM/15 (Fundación Séneca de la Región de 
Murcia, Spain) are gratefully acknowledged).  
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Nodavirus (NNV; Nodaviridae family, Betanodavirus genus), is one of the most threatening 
virus for teleost fish and causes the viral encephalopathy and retinopathy (VER) disease 
that alters brain and retina structure and function. Among marine fish, the European sea 
bass (Dicentrarchus labrax), a very relevant species in Mediterranean aquaculture, is one 
of the most susceptible species, while the gilthead seabream act as a reservoir of the 
RGNNV strain and does not suffer the disease. Thus, comparative studies between sea bass 
and seabream specimens are worthy elucidating the differences in fish immunological 
response and their relation with susceptibility. Amongst the immune parameters, the cell-
mediated cytotoxicity is very important to fight and clear the viral infections. This cytotoxic 
activity is mainly mediated by the perforin and granzyme proteins but they have been 
scarcely characterized in fish. Our aim was to characterize the granzyme B (GrB) of gilthead 
seabream and its potential implication against the NNV infection. Thus, seabream grb gene 
was sequenced. In in vitro experiments consisting on cytotoxic assays using seabream 
leucocytes as effectors and naïve or NNV-infected cells as targets we evaluated the 
transcription of grb as well as the GrB activity. In in vivo experiments where seabream 
specimens were infected with NNV we evaluated the grb transcription as well as the 
presence and distribution of GrB+ cells in the brain. Our results show that seabream 
leucocytes under in vitro cytotoxic activity increased grb transcription and GrB activity in 
both cell lysates and supernatants, which was in some cases further increased when the 
target cells were infected with NNV. In the in vivo infection trial, seabream showed a 
significant up-regulation in the grb mRNA levels in the brain but a down-regulation in the 
head-kidney. Similarly, the immunohistochemical study revealed that the number and 
areas of GrB+ cells was increased in the brain upon NNV challenge. In conclusion, our data 
demonstrate the importance of the GrB, at both mRNA and protein levels, in the gilthead 
seabream immune response against NNV infections and could represent one of the 
mechanisms involved in the NNV clearance. (Support: Grants AGL2013-43588-P and 
AGL2016-74866-C3-1-R (MINECO and FEDER) and 19883/GERM/15 (Fundación Séneca de 
la Región de Murcia, Spain) are gratefully acknowledged). 
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Female vaccination against nodavirus increases the production of NK-
lysin in their progeny  
 
Yulema Valero1, Jimena Cortés2, Felipe Ramírez-Cepeda2, Fanny Guzmán2, Marta Arizcun1, 
M. Ángeles Esteban3,  José Meseguer3, Luis Mercado2, Alberto Cuesta3*, Elena Chaves-Pozo1 
1Instituto Español de Oceanografía, Puerto de Mazarrón, Spain; 2Laboratorio de Genética e 
Inmunología Molecular, Instituto de Biología, Facultad de Ciencias, Pontificia Universidad Católica 
de Valparaíso, Valparaíso, Chile; 3Fish Innate Immune System Group, Department of Cell Biology 
and Histology, Faculty of Biology, Regional Campus of International Excellence "Campus Mare 
Nostrum", University of Murcia, 30100 Murcia, Spain. 

 
The nervous necrosis virus (NNV), a single stranded RNA virus, produces the viral 
encephalopathy and retinopathy (VER) disease that is considered one of the most serious 
viral diseases in marine aquaculture, being the European sea bass (Dicentrarchus labrax) 
one of the most susceptible species, especially, during larval development. Female 
vaccination has been claimed as a potential management tool to increase fish larval 
resistance as maternal transfer of several immune activities has been previously described. 
Previous data obtained in our laboratory point to maternal transfer of bactericidal activity. 
Thus, the aim of this work was to evaluate the transfer of several proteins related to 
bactericidal activity responses in European sea bass progeny upon female vaccination. To 
do this, European sea bass females (1,518±85 g body weight) were intramuscularly 
injected twice with a DNA vaccine against NNV (RGNNV strain) and their progeny were 
sampled at different time points through development and processed for protein levels 
analysis by ELISA using in-house produced polyclonal specific antibodies. Our results show 
that all the proteins analyzed were present in eggs from 0 days post-fertilization (dpf) 
onwards. Interestingly, NK-lysin reached higher levels in the progeny of vaccinated females 
than controls through development. In conclusion, our data demonstrated that some 
innate immune proteins are present in European sea bass eggs. Although these protein 
levels were not enhanced by female’s vaccination in the broodstock, they did in the 
subsequent development of their fry, producing high levels of some of these proteins 
through their development. (Support: Grants AGL2013-43588-P and AGL2016-74866-C3-1-
R (MINECO and FEDER), FONDECYT 1140797 (Chile) and 19883/GERM/15 (Fundación 
Séneca de la Región de Murcia, Spain) are gratefully acknowledged. Y. Valero was 
supported by Banco Santander for the funding grant program Becas Iberoamérica. 
Santander Investigación in 2016/2017). 
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Nodavirus infection alters immunity in European sea bass at gene and 
protein levels 
 
Yulema Valero1, Jimena Cortés2, Felipe Ramírez-Cepeda2, Reyes Valero3, Marta Arizcun1, 
Francisco A. Guardiola3,4, M. Ángeles Esteban3, José Meseguer3, Luis Mercado2, Elena 
Chaves-Pozo1, Alberto Cuesta3* 
1Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (IEO), Carretera de la Azohía 
s/n. 30860, Puerto de Mazarrón, Murcia, Spain; 2Laboratorio de Genética e Inmunología Molecular, 
Instituto de Biología, Facultad de Ciencias, Pontificia Universidad Católica de Valparaíso, Valparaíso, 
Chile; 3Fish Innate Immune System Group, Department of Cell Biology and Histology, Faculty of 
Biology, Regional Campus of International Excellence "Campus Mare Nostrum", University of 
Murcia, 30100 Murcia, Spain; 4Fish Nutrition & Immunobiology Group, Centro Interdisciplinar de 
Investigação Marinha e Ambiental (CIIMAR), University of Porto, Porto, Portugal. 

 
The nervous necrosis virus (NNV), a single stranded RNA virus, produces the viral 
encephalopathy and retinopathy (VER) disease that is considered one of the most serious 
viral diseases in marine aquaculture, being the European sea bass (Dicentrarchus labrax) 
one of the most susceptible species. Several studies have suggested that the reason for 
this great susceptibility is an impairment of the local immunity response. Thus, our aim was 
to evaluate the sea bass immunity at protein level, for the first time, and to compare to the 
available mRNA data. For this, European sea bass specimens (18±0.8 g) were 
intramuscularly injected with NNV (RGNNV strain). Samples were processed 1 and 5 days 
later for gene expression, by means of real-time PCR, and for protein levels, measured by 
ELISA using in-house produced polyclonal specific antibodies. Our results show that NNV 
infection mainly produces significant reductions of CD8a, perforin, interferon gamma, NK-
lysin, dicentracin and hepcidin in several tissues, which were more pronounced in the brain 
and spleen. In conclusion, this is the first time the protein levels were studied and they 
confirm that the immune response might be impaired and the reason for the high 
susceptibility of sea bass specimens to NNV. This data suggest that the cell-mediated 
cytotoxicity and the antimicrobial responses are impaired in sea bass tissues. This study 
represents an advance on our knowledge about the interaction between host and NNV, 
needed to understand the virus immune evasion strategies in adult fish. (Support: Grants 
AGL2013-43588-P and AGL2016-74866-C3-1-R (MINECO and FEDER), FONDECYT 1140797 
(Chile) and 19883/GERM/15 (Fundación Séneca de la Región de Murcia, Spain) are 
gratefully acknowledged. Y. Valero was supported by Banco Santander for the funding 
grant program Becas Iberoamérica. Santander Investigación in 2016/2017 announcement. 
F.A. Guardiola wants to thank the Fundação para a Ciência e Tecnologia (Portugal) for his 
grant (SFRH/BPD/104497/2014)). 
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Inactivated nervous necrosis virus (NNV) vaccine elicits antiviral 
activity and protection in the teleost European sea bass 
(Dicentrarchus labrax) 
 
Yulema Valero 1, Mokrani Djamal2,3, Elena Chaves-Pozo1, Marta Arizcun1, José Meseguer3, M. 
Ángeles Esteban3, Mustapha Oumouna4, Alberto Cuesta3* 
1Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (IEO), Carretera de la Azohía 
s/n. 30860, Puerto de Mazarrón, Murcia, Spain; 2Institut des Sciences Vétérinaires, Université de 
Blida 1, Algérie; 3Fish Innate Immune System Group, Department of Cell Biology and Histology, 
Faculty of Biology, Regional Campus of International Excellence "Campus Mare Nostrum", 
University of Murcia, 30100 Murcia, Spain; 4Faculté des Sciences de la Nature et de la vie, Université 
Dr. Yahia Fares, Médéa, Algérie. 

 
Nodavirus (NNV; Nodaviridae family, Betanodavirus genus), is one of the most threatening 
virus for teleost fish and causes the viral encephalopathy and retinopathy (VER) disease 
that alters brain and retina structure and function. Among marine fish, the European sea 
bass (Dicentrarchus labrax), a very relevant species in Mediterranean aquaculture, is one 
of the most susceptible species, being larvae and juvenile stages those suffering highest 
mortalities. Though some laboratory vaccines have been tested their transference to the 
market has been much reduced and with unknown efficacy. Thus, our aim was to generate 
an inactivated NNV vaccine for sea bass and evaluate the immunity and protection 
conferred. To this end, sea bass specimens of 10 g were intraperitoneally injected with UV-
inactivated NNV (iNNV) and after 1 month infected with a lethal dose of NNV. Antiviral 
activity and specific antibody levels were determined in serum samples as well as the fish 
protection. The vaccine elicited antiviral activity and antibody levels in sea bass specimens 
as well as increased the relative protection survival up to 57.9%. Interestingly, in specimen 
vaccinated with the iNNV vaccine the antibody levels were significantly increased in sea 
bass specimens 2 days after infection. This is one of the few NNV vaccines tested in sea 
bass and the protection conferred was very similar to other NNV vaccine types tested in 
other fish species. In conclusion, we have generated an effective iNNV vaccine that 
protects European sea bass specimens by increasing the antiviral activity as well as the 
antibody levels. More efforts are needed to generate potent anti-NNV vaccines that could 
be applied to the aquaculture sector. (Support: Grants AGL2013-43588-P and AGL2016-
74866-C3-1-R (MINECO and FEDER) and 19883/GERM/15 (Fundación Séneca de la Región 
de Murcia, Spain) are gratefully acknowledged). 
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CyHV-2 in German goldfish culture – a case study 
 
Mikolaj Adamek*, John Hellmann, Verena Jung-Schroers, Felix Teitge, Dieter Steinhagen 
Fish Disease Research Unit, Institute for Parasitology, University of Veterinary Medicine, Hannover, 
Germany 

 
Cyprinid herpesvirus 2 (CyHV-2) causes the herpesviral haematopoietic necrosis (HVHN) 
disease of goldfish (Carassius auratus). This disease leads to very high mortality by inducing 
severe symptoms like necrosis of gills and hematopoietic organs. The virus seems to be 
widely distributed in the world and it was recently detected in several countries in Europe 
including France, Switzerland and Italy. In 2015 one German wholesaler suffered from a 
mass mortality of several hundreds of goldfish. The fish were purchased from a German 
breeder. Histopathological examination showed necrosis and fusion of gill lamellae, as well 
as necrosis in the kidney. An end point PCR designed to amplify a fragment of the DNA 
helicase of cyprinid herpesviruses gave a positive result in both samples collected. After 
sequencing of the product an infection with CyHV-2 was confirmed. A SybrGreen based 
qPCR was used to evaluate the virus load. The PCR showed extremely low Ct (Ct=6) which 
confirmed that the fish died from HVHN. In order to trace the source of the infection we 
checked both the wholesaler’s and the breeder’s stocks. It occurred that all samples 
collected from the breeder were negative while 3 from 4 samples collected from other 
asymptomatic stocks of goldfish kept at the wholesaler were positive for CyHV-2 with Ct of 
23, 25 and 32. This indicates that wholesaler’s stock was positive for CyHV-2 and the 
outbreak occurred when naïve fish from the breeder were exposed to the virus in the 
facilities of the wholesaler. The findings show that CyHV-2 is present in Germany and new 
outbreaks could occur if naïve fish are placed together with virus carriers. Indeed an 
additional outbreak already occurred in 2016 which was not related to the initial one.  
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Comparison of PCR methods for the detection of genetic variants of 
carp edema virus 
 
Mikolaj Adamek1*, Marek Matras2, Verena Jung-Schroers1, Felix Teitge1, Max Heling1, Sven 
M. Bergmann3,  Michal Reichert2, Keith Way4, David M Stone4, Dieter Steinhagen1 
1Fish Disease Research Unit, Institute for Parasitology, University of Veterinary Medicine, Hannover, 
Germany; 2Laboratory of Fish Diseases, National Veterinary Research Institute, Puławy, Poland; 
3Institute of Infectology, Friedrich-Loeffler-Institut, Greifswald-Insel Riems, Germany; 4Centre for 
Environment, Fisheries and Aquaculture Science (CEFAS), Weymouth, UK 

 
Infection with the carp edema virus (CEV) is associated with an occurrence of “koi sleepy 
disease” (KSD) which affects koi and common carp and which was linked with high 
mortalities. This makes CEV a potential risk for koi keepers and carp aquaculture. 
Therefore accurate diagnostic methods are required. Isolated viruses have quite high 
genetic diversity and were divided into two or even three genogroups. For example the 
sequencing of 139 positive samples obtained in an epidemiological study performed in 
Germany, Poland and UK over the last years gave 39 viruses with different DNA sequences 
of the P4a core protein fragment. Phylogenetic analyses indicated that 22 sequences 
constituting a koi clade (genogroup IIa) were clearly separated from 15 samples collected 
from carp building a second carp CEV clade (genogroup I). A third clade (genogroup IIb) 
was placed between these groups and contained two sequences from koi and common 
carp. These samples were used for checking the diagnostic usability of PCRs published for 
detection of CEV specific DNA. Five PCR protocols were compared: 1) a probe based qPCR 
designed for quantification of CEV in koi from Germany developed by TiHo; 2) a probe 
based qPCR developed by CEFAS based on sequences obtained in UK; 3) a SYBRGreen 
based qPCR used of detection of CEV in carp during cohabitation experiments in TiHo; 4) 
an end-point PCR designed in Japan; 5) an end-point PCR developed by CEFAS. The results 
showed that CEFAS PCRs are most suitable for detecting all of the known CEV isolates, 
while the PCRs developed at TiHo performed well in the tasks for which they were 
designed. The probe based qPCR detected all viruses from the genogroup IIa and IIb while 
the SYBRGreen PCR worked well with CEV genogroup I samples. The Japanese end-point 
PCR worked well with genogroup IIa and IIb samples but gave multiple bands for 
genogroup I samples. Based on this we recommend to you the use of the CEFAS qPCR/end-
point PCR for diagnostic purposes as they are the most versatile primers sets guarantying 
the highest CEV detection rate. 
 
Contact e-mail: Mikolaj.Adamek@tiho-hannover.de 

  



Poster Abstracts – DIAGNOSTICS 
 

91 
 

Research into a possibility of in vitro cultivation of CEV and CyHV-3 in 
primary and permanent gill cultures 
 
Mikolaj Adamek1*, Sebastian Rakers2, Marina Gebert2, Martin Velten1, Dieter Steinhagen1  
1Fish Disease Research Unit, Institute for Parasitology, University of Veterinary Medicine, Hannover, 
Germany; 2Fraunhofer Research Institution for Marine Biotechnology and Cell Technology, Lübeck, 
Germany 

 
Carp edema virus (CEV) and cyprinid herpesvirus 3 possess several common features: i) 
both viruses pose serious threats to populations of farmed common carp, one of the most 
important fish species for global food production; ii) both viruses cannot be reliably 
diagnosed based on cell cultivation; iii) both viruses seem to be epitheliotropic and were 
found to replicate in gills. Furthermore the replication of CEV seems to be mainly limited to 
this organ. Multiple attempts to re-isolate and cultivate CEV were made but none showed 
any noticeable virus replication. In the case of CyHV-3, fibroblastic cells from fins, brain or 
other organs are used successfully for virus replication but have limited reliability in cell 
cultivation-based virus diagnosis. This hampers research as well diagnosis of these viruses. 
Therefore attempts were made to develop a replication system for these viruses based on 
gill derived cell. Three different approaches were made: simple explant cultures of gill 
arches, cultures of primary gill cells and attempts to raise a gill (epithelial) cell culture. The 
presence and the level of viral mRNA expression were used as indicators of virus 
replication. Several CyHV-3 and CEV virus suspensions were prepared from experimentally 
and naturally infected fish including CEV from both genogroup I and IIa. The cultures of 
primary gill cells were growing extremely slow (compared to e.g. cultures of primary fin 
cells). Only a limited number of cultures started to develop a monolayer of cells. In these 
cultures a large diversity of cells were observed, but epithelial cells were most numerous. 
Early passages of gill cell line (CCAgill) were also obtained. In most of the cultures these 
cells possessed an epithelial-like morphology. At the current stage, all three cultivation 
approaches allowed a limited CEV replication in vitro, in which virus suspension from fresh 
tissue gave superior results compared to suspensions prepared from frozen tissues. CCAgill 
allowed also the replication of CyHV-3. A further development of these cell systems could 
have a fundamental impact on CEV research and would allow the in vitro replication of this 
virus which causes increasing economic losses among carp farm populations. (Support: 
Bundesanstalt für Landwirtschaft und Ernährung). 
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In the search for virulence markers of viral hemorrhagic septicemia 
virus (VHSV) 
 
Anna Luiza Farias Alencar1*, Argelia Cuenca Navarro1, Thomas Bruun Rasmussen1, Yannick 
Blanchard2, Michel Bremont3, Niels Jørgen Olesen1 
1Danmarks Tekniske Universitet, National Veterinary Institute, Frederiksberg, Denmark; 2Agence 
Nationale Sécurité Sanitaire Alimentaire Nationale, Ploufragan, France; 3Institut national de la 
recherche agronomique, Jouy-en-Josas, France. 

 
Viral hemorrhagic septicemia virus (VHSV) stands as one of the major threats for European 
salmonid aquaculture causing severe systemic disease in salmonids with significant losses 
affecting fish production. It is therefore of great importance for fish farmers that efficient 
diagnostic tools allowing active and passive surveillance are available. However, VHSV 
isolates have diverse virulence on different fish species. It is of urgent need for the fish 
farming industry to have tools to discriminate between these virulent and non-virulent 
VHSV isolates. Twelve different VHSV isolates from the DTU-Vet VHSV repository were 
selected based on their virulence pattern and genotype, and were propagated in cell 
culture and plaque cloned. Thirteen viral clones were collected, propagated and whole 
genome sequenced and in addition subjected to an experimental infection trial by bath in 
rainbow trout, in order to assess their respective virulence in this species. The morbidity in 
the trial varied from 2.7% (VHSV isolate Fin Ka 423/00) to 99.7% (VHSV isolate DK 203490) 
among isolates and also showed that genotypes Ie and Ic had most differences in virulence 
among isolates in the same genotype. These results indicate that while these isolates are 
genetically close they are different when it comes to virulence and therefore a comparison 
with full genome sequences alignment will be performed in order to identify possible 
virulence markers. Using recombinant virus technology and site-directed mutagenesis, 
these putative markers will be altered and the rescued mutated viruses will be tested and 
characterized in vivo and in vitro. The expected outcome of attenuation or enhancement in 
VHSV virulence due to site-directed mutagenesis can lead to the identification of virulence 
markers and the development of fast and reliable diagnostic methods for discriminating 
between virulent and non-virulent virus isolates. This study is part of the anihwa ERA-Net 
project 023 NOVIMARK with financial support from Innovation Fund Denmark. 
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Assessment of the susceptibility of doctor fish, chub and barbel to 
spring viraemia of carp (SVC) by intraperitoneal injection and 
cohabitation 
 
Irene Cano*, Claire Joiner, Richard Paley  
Cefas, Weymouth Laboratory, Weymouth, UK 

 
Spring viraemia of carp (SVC), caused by a rhabdovirus (SVCV), is a disease mainly affecting 
common carp (Cyprinus carpio). The disease is widespread in Europe and also now 
reported in Brazil, USA, Canada and China.  High mortality occurs typically in spring when 
water temperatures range from 10-17°C, whereas at higher water temperatures the fish’s 
humoral immune system can neutralize the virus. 
The major growth in the commercial exploitation of fish pedicures and, specifically, the use 
of species such a Garra rufa commonly referred to as doctor fish has resulted in significant 
increase in imports of G. rufa into Europe and the associated disease risk from live animal 
imports.  G. rufa are indigenous in the river basins of the Northern and Central Middle 
East, mainly in Turkey, Syria, Iraq and Iran and have been used extensively in outdoor pools 
of Turkish spas where they feed on the skin of patients with psoriasis, eczema and other 
skin disorders. 
Under experimental conditions we have observed susceptibility of G. rufa to SVCV 
infection.   IP infected G. rufa showed a cumulative mortality of 12% recorded between 7 
to 20 days post infection (pi). Moreover, one month after challenge, SVCV was recovered 
from 15% of asymptomatic doctor fish with virus titres similar to those found in surviving 
carp used as positive controls, indicating a potential risk as reservoir for SVCV. 
Barbel (Barbus barbus) and chub (Squalius cephalus) are native UK cyprinids commonly 
found in cohabitation with natural populations of common carp. To our knowledge there 
are no records of SVC outbreaks in these species, however it is not known if they can act as 
reservoirs and vectors of SVCV on farms or fisheries moving susceptible species. Under 
experimental infection barbel and chub are being challenged to study their susceptibility to 
SVCV infection, their ability to support replication of the virus and succumb to disease 
caused by a European pathogenic isolate of SVCV after either ip injection or cohabitation 
(the latter mimicking a natural route of infection). 
The information gathered in this study will inform surveillance and epidemiology studies 
and support risk based analysis decisions. 
 
Contact e-mail: irene.canocejas@cefas.co.uk  
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Virus host interaction 

 
Identification of an interferon-stimulated gene 15 involved in host 
immune defense against viral infections in gilthead seabream  
 
Daniel Álvarez-Torres1,2, Victoria Gómez-Abellán3, Alicia García Alcázar4, Esther García-
Rosado1*, Julia Béjar2, María P. Sepulcre3 
1Universidad de Málaga, Departamento de Microbiología, Facultad de Ciencias, Campus de 
Teatinos s/n, 29071 Málaga, España; 2Universidad de Málaga, Departamento de Genética, Facultad 
de Ciencias, Campus de Teatinos s/n, 29071 Málaga, España; 3Universidad de Murcia, IMIB-
Arrixaca, Departamento de Biología celular e Histología, Facultad de Biología, Murcia, España; 
4Centro Oceanográfico de Murcia, Instituto Español de Oceanografía (IEO), Carretera de la Azohía 
s/n, Puerto de Mazarrón, 30860 Murcia, España. 

 
Interferons (IFNs) are cytokines which play a key role within the innate immunity against 
viral infections inducing hundreds of IFN-stimulated genes (ISGs), such as isg15. ISG15 is an 
ubiquitin-like protein, which is quickly upregulated after viral infections, and can conjugate 
to cellular and viral proteins in a process called ISGylation. Gilthead seabream (Sparus 
aurata) is an important asymptomatic carrier of viral haemorrhagic septicaemia virus 
(VHSV) and nodavirus, among other viral pathogens, and it could be a threat for other co-
cultivated susceptible species. In order to better understand virus-host interactions in 
gilthead seabream, the current work addresses the molecular characterization of the isg15 
gene of this fish species (sa-isg15). In addition, in vitro analyses of sa-isg15 gene induction 
in SAF-1 cells and seabream phagocytes inoculated with VHSV and striped jack nervous 
necrosis virus (SJNNV) were performed. The full-length cDNA of an isg15 gene, encoding a 
protein of 155 aminoacids, has been identified, sharing the same characteristics as other 
fish and mammalian isg15 genes. A clear induction of sa-isg15 transcription was observed 
in SAF-1 cells and phagocytes stimulated with different pathogen-associated molecular 
patterns (PAMPs) like poly I:C or genomic DNA from Vibrio anguillarum (VaDNA), 
respectively. Furthermore, VHSV and SJNNV infection induced significantly sa-isg15 
transcription in SAF-1 cells and phagocytes; however, even though viral genome 
replication was similar in both cellular types, transcription pattern and inducibility levels 
were different. Besides, when phagocytes were stimulated with VaDNA and inoculated 
with VHSV and SJNNV, viral RNA was lower at all time-points tested compared with non-
stimulated cells, thus indicating that VaDNA triggers an antiviral state that protected the 
cells from VHSV and SJNNV. On the other hand, sa-isg15 induction elicited by VaDNA at 24 
h p.i. was reduced in VHSV and SJNNV inoculated phagocytes, suggesting a possible 
interference prompted by these viruses against the type I IFN system, at early stages of the 
infection. These findings support the use of seabream phagocytes as a valuable 
experimental system to study virus-host interactions, in which sa-isg15 seems to play an 
important role. (Support: AGL2012-39674 and P09-CVI-4579 grants). 
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A new role for 15dPGJ2 and 12PGJ2 prostaglandins in type I 
interferon defense against viral infections in gilthead seabream 
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Prostaglandins (PGs) play a significant role in the immune response through the regulation 
of pro- and anti-inflammatory processes. On the other hand, type I interferon (IFN I) is the 
main pathway against viral infections, inducing up-regulation of numerous interferon-
stimulated genes (ISGs) with antiviral activity, like isg15. Although some ISGs have been 
extensively studied in the context of viral infections, little is known about the function of 
PGs in fish antiviral immunity. In this framework, the aim of the present study was to deep 
insight into the role of PGs in fish immunity, addressing the possible interaction between 
PGs and fish IFN I system. In order to fulfil this aim, the effect of different biologically 
active PGs on isg15 transcription has been analysed in macrophages and acidophilic 
granulocytes (AGs) of gilthead seabream (Sparus aurata L.). A remarkable isg15 induction 
was recorded in macrophages and AGs at 3 and 12 h, respectively, after treatment with 

the cyclopentenone PGs (cyPGs) 15-deoxy-12,14 PGJ2 (15dPGJ2) and 12PGJ2. In contrast, 
treatment with PGE2 or with the synthetic stable analogues of PGD2 (11-deoxy-11-
methylene-15-keto PGD2, and 13,14-dihydro-15-keto-PGD2) had not effect on isg15 

transcription levels in these cell types. To further analyse the role of 15dPGJ2 and 12PGJ2 
in the antiviral defense, their activity against several fish viruses was studied. Thus, the 
replication of the viral haemorrhagic septicaemia virus (VHSV, Rhabdoviridae family) and 
the striped jack nervous necrosis virus (SJNNV, Nodaviridae family) was comparatively 
analysed on AGs treated or not with 15dPGJ2 12PGJ2. Both cyPGs inhibited drastically 

VHSV and SJNNV replication at 48 h after treatment. Besides, 12PGJ2 increased cell 
survival rate in VHSV- and SJNNV-inoculated cells. In addition, a reduction in the isg15 
transcription elicited by cyPGs was recorded in VHSV- and SJNNV-inoculated cells at 48 h 
post-infection, compared with non-infected AGs treated with cyPGs. These results suggest 
a possible interference between both viruses and the induction of IFN I elicited by cyPGs. 
The antiviral activity of natural and synthetic cyPGs has been described in humans, 
although little is known about the antiviral mechanisms by which it is carried out. The 
present study is the first report on the antiviral role of cyPGs on fish phagocytic cells, 
describing for the first time the interaction between PGs and isg15 gene transcription, 
used as marker of the IFN I system. Progress in the mechanisms underlying the interaction 
between cyPGs and the fish IFN I system might contribute to enhance resistance to viral 
pathogens in aquaculture. (Funding: AGL2012-39674 and P09-CVI-4579 grants). 
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Primary neuron cultures from sole: a useful tool for betanodavirus 
infection studies 
 
Sandra Souto*, José G. Olveira, Carmen López-Vázquez, Lucía Vázquez-Salgado, Carlos P. 
Dopazo, Isabel Bandín 
Instituto de Acuicultura. Departamento de Microbiología y Parasitología. Universidade de Santiago 
de Compostela. Santiago de Compostela. A Coruña. Spain. 

 
Betanodavirus, bi-segmented (+)ssRNA viruses of the family Nodaviridae, can infect a wide 
range of marine farmed and wild fish species as well as some freshwater fish and 
invertebrates. Betanodaviruses are the etiological agents of viral nervous necrosis, a 
neurological disorder characterized by extensive vacuolation and degeneration of neurons 
throughout the central nervous system and retina.  
Several studies carried out by our group revealed that Senegalese sole is highly susceptible 
to betanodavirus. However, not all genotypes of betanodavirus replicate with the same 
efficiency in sole; a reassortant strain RGNNV/SJNNV was showed to be more effective 
than the parental strains SJNNV and RGNNV infecting sole. The mechanisms involved in the 
infection process in sole are still unknown, and new approaches are needed to elucidate 
the viral factors that contribute to betanodavirus pathogenicity and virulence in this fish 
species. The objective of our study was to establish a protocol for isolation and primary 
culture of neurons from Senegalese sole (Solea senegalensis) in order to analyze host-virus 
interactions. The primary cultures were performed using 5 pooled brains (mean weight 10 
g). Brain tissues were dissected and treated with papain for tissue dissociation. Different 
cell types were separated by Optiprep density gradient centrifugation. Neurons enriched 
fraction was cultured in DMEM/F12 media supplemented with 5% fetal bovine serum, B-27 
and basic fibroblast growth factor (bFGF). Brain cells were seeded on poly-D-lysine-coated 
substrate at a density of approximately 1×105/cm2. 
After 1 day of incubation, the well surface was covered between 60% and 70%. Then, after  
5-7 days in culture, clusters of neurospheres developed and subsequently they gave rise to 
both neurons and glial cells. After 10-15 days, a neuronal network was observed alongside 
the generation of an underlying confluent astroglial culture. 
Preliminary studies of viral adsorption and replication were performed on these cells. Brain 
cells were infected with SJNNV, RGNNV and RGNNV/SJNNV betanodavirus strains and 
recombinant virus and differences in the percentage of virus attached to cells were 
observed. Cells were also treated with trypsin and the chemical fusogen polyethylene 
glycol (PEG) in order to assess the virus entry under different conditions. 
The establishment of a primary neuronal culture protocol enables future applications for 
the study of betanodavirus infection in sole, and provides a valuable tool that can 
contribute to clarify unknown features of cell-virus interactions. 
This study was supported by grant AGL2014-54532-C2-2-R from Ministerio de Economía y 
Competitividad (Spanish Government). 
 
Contact e-mail: sandra.souto@usc.es 

  



Poster Abstracts – VIRUS HOST INTERACTION 
 

97 
 

Clinical signs and their time to development vary with infection route 
in Australian freshwater turtle species: Emydura macquarii krefftii 
 
Wytamma Wirth*, Ellen Ariel 
James Cook University College of Public Health, Medical and Veterinary Sciences, Queensland, 
Australia 

 
Ranaviruses causes disease in wild and captive turtle species around the world, often 
resulting in high levels of mortality. Ranavirus pathology has been studying in turtles from 
the sub-order Cryptodira, however, little research has gone into understanding this disease 
in species from the other living suborder of turtles, the Pleurodira. Despite the potential 
for disease in the Pleurodira turtles of Australia (family Chelidae) little else is known about 
the pathogenesis of ranaviral disease and factors that influence its development. 
Inoculation route is an important factor to consider in experimental infections as different 
inoculation routes may result in different disease presentation, where some more 
accurately reflect the natural course of infection. To determine an infection route for use 
in future experimental challenges and to describe different clinical signs and changes in 
pathogenesis produced by alternative routes of infection an experimental infection was 
performed. Emydura macquarii krefftii hatchlings (family Chelidae) were assigned to 
different infection route groups (Oral [OR], intramuscular [IM], intracoelomic [IC]) and 
each received an equal dose of ranavirus (BIV). All animals in the trial, apart from one in 
the OR group, developed severe disease. The time to the onset of clinical signs and the 
signs themselves varied between groups. All animals became lethargic, inappetant, shed 
more skin than the controls and the majority developed soft tissue oedema focused 
around the upper body (forelimbs and neck). One animal in the OR group developed 
necrotic oral plaques. Animals in the IM injection group developed the most severe clinical 
signs that consisted of periocular oedema, swelling of the injection site and haemorrhaging 
of the eyelid, tongue and gastrointestinal tract. One animal in the IM group also produced 
a bloody cloacal discharge and developed skin lesions at the site of injection. In the IC 
group, animals developed petechial haemorrhaging of the tongue and gastrointestinal 
tract. These signs developed at 16, 9-11, and 9-14 days post infection for the OR, IM and IC 
groups respectively. This study demonstrates that differences in disease signs and their 
onset time can result from alternative inoculation routes. Future studies should consider 
the effects of infection route when comparing ranaviral pathogenesis. 
 
Contact e-mail: wytamma.wirth@my.jcu.edu.au  
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Molecular evolution and phylogeography of Oncorhynchus 1 
novirhabdovirus with a focus on its presence in France over the last 
30 years 
 

Laure Bellec1,2, Lénaïg Louboutin3, Joëlle Cabon3, Janette Castric3, Joëlle Cozien4, Richard 
Thiery5, Thierry Morin3* 
1IFREMER, Centre Brest, REM/EEP/LEP, ZI de la pointe du diable, CS10070, 29280 Plouzané, France; 
2IFREMER, Centre Brest, REM/EEP/LMEE, UMR6197, ZI de la pointe du diable, CS10070, 29280 
Plouzané, France; 3French Agency for Food, Environmental and Occupational Health & Safety 
(Anses), Ploufragan-Plouzané Laboratory, Viral Fish Pathology Unit, National Reference Laboratory 
for Viral Fish Diseases, Bretagne Loire University, Technopôle Brest-Iroise, BP70, 29280 Plouzané, 
France; 4IFREMER, Laboratoire Santé Environnement et Microbiologie (PDG-RBE-SG2M-LSEM), 
Technopôle Brest-Iroise, 29280 Plouzané, France; 5French Agency for Food, Environmental and 
Occupational Health & Safety (Anses), Sophia Antipolis Laboratory, 06902 Sophia-Antipolis, France. 
 

Oncorhynchus 1 novirhabdovirus is the causative agent of infectious hematopoietic 
necrosis (IHN), a severe aquatic disease affecting wild and cultured salmonid species. The 
first outbreak of IHN was detected in hatcheries in western North America in the 1950s. 
Since then, the etiological agent has spread through North America, Asia and Europe — 
mostly due to the international trade of juvenile fish or eggs — and has become a major 
threat to the aquaculture industry. Detection of Oncorhynchus 1 novirhabdovirus in Japan 
dates from 1971 and was probably imported with a shipment of contaminated fish eggs 
from Alaska. In Europe, the virus was reported twice independently in 1987 in France and 
Italy, and later in Germany (1992). Many outbreaks have since been reported around the 
world and phylogenetic analyses based on complete or partial sequence of the G gene, 
which shows relatively high genetic diversity compared with the other genes, have led to 
the definition of five major genogroups: U (upper), M (middle), L (lower), E (Europe) and J 
(Japanese rainbow trout). In this study, we investigated the molecular evolution and 
circulation of this rhabdovirus worldwide, with a special focus on the epidemiological 
situation in France. Phylogeography, the time of the most recent common ancestor 
(TMRCA) and nucleotide substitution rate were studied using 118 full-length glycoprotein 
gene sequences isolated from nine countries (five genogroups) over a period of 47 years. 
The topology defines three clear genogroups (L, E and M) and two others (U and J) more 
ambiguous. The nucleotide substitution rate for the G gene was estimated to be 7.14 x 10-4 
substitution site-1 year-1. The TMRCA dates back to 1943 with the L genogroup identified as 
the likely root (67%), consistent with the first report of this pathogen in the USA. A 
Bayesian inference approach was applied to partial glycoprotein gene sequences of 88 
representative strains isolated in France over the period 1987-2015. The genetic diversity 
of these 88 sequences showed mean nucleotide and amino-acid identities of 97.1 and 
97.8% respectively and a dN/dS ratio (non-synonymous to synonymous mutations) of 0.25, 
indicating purifying selection. French viral populations clustered into three groups (A: 
North; B: East and C: Centre and South) with a clear spatial differentiation suggesting the 
predominant role of local reservoirs in contamination. Atypical "signatures" of some 
isolates underlined the usefulness of molecular phylogeny for epidemiological 
investigations for tracking the spread of Oncorhynchus 1 novirhabdovirus. 
Contact e-mail: Thierry.MORIN@anses.fr  
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Genomic characterisation of rhabdoviruses isolated from wild and 
farmed fish in Finland 
 
Riikka Holopainen1*, Pia Vennerström2, Satu Viljamaa-Dirks2, Erika Lindh3, Teemu Smura3, 
Tuija Gadd1 
1Virology Unit, Finnish Food Safety Authority Evira, Helsinki, Finland; 2Veterinary Bacteriology and 
Pathology Unit, Finnish Food Safety Authority Evira, Helsinki, Finland; 3Department of Virology, 
Medicum, Faculty of Medicine, University of Helsinki, Helsinki, Finland 

 
Several important viral diseases of fish are caused by members of the family 
Rhabdoviridae. These viruses have often a wide geographic and host range, and they are 
able to infect wild and farmed fish in both freshwater and seawater. The fish rhabdoviruses 
comprise various isolates that are currently categorised into three different genera: 
Novirhabdovirus, Perhabdovirus and Sprivivirus. The type species for the latter two are 
Perch rhabdovirus and Carp sprivivirus (previously Spring viraemia of carp virus), 
respectively. Closely related strains of these viruses were isolated from three different 
species of wild and farmed fish in Finland: in 2008 from roach (Rutilus rutilus), in 2011 from 
brown trout (Salmon trutta), and in 2015 from pike-perch (Sander lucioperca). The fish 
exhibited diverse symptoms; the roach showed a marked diffuse redness of the skin, the 
brown trout had altered swimming behavior and the pike-perch had exophthalmia and 
lowered appetite. Virus isolation was performed from homogenised organ samples using 
epithelioma papulosum cyprini (EPC) and blue gill fry (BF-2) cells. Partial glycoprotein (G) 
gene was amplified and sequenced from all isolates. Additionally, complete genome 
sequence was retrieved from the pike-perch isolate using next generation sequencing. 
Based on the sequence analyses, the roach and the brown trout isolates are members of 
the genus Sprivivirus, and the pike-perch isolate belongs to the genus Perhabdovirus.  
 
Contact e-mail: riikka.holopainen@evira.fi  
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Phylogenetic and sequence analyses of reptilian orthoreovirus strains 
isolated from different exotic species 
 
Renáta Kugler1, Katalin Ihász1, Szilvia Marton1, Enikő Fehér1, Rachel E. Marschang2, Krisztián 
Bányai1, Szilvia L. Farkas1* 
1Centre for Agricultural Research, Institute for Veterinary Medical Research, Hungarian Academy of 
Sciences, Budapest, Hungary; 2LABOKLIN GmbH & Co. KG, Laboratory for Clinical Diagnostics, Bad 
Kissingen, Germany 

 
Reptilian orthoreoviruses (RRVs) are frequently isolated in connection with respiratory and 
neurologic signs, sudden death or clinically healthy animals. RRVs possess the FAST protein 
coding gene (fusion associated small transmembrane) responsible for the characteristic 
fusogenic cytopathogenic effect observed in cell cultures. Complete RRV genome 
sequences available in GenBank are limited to the prototype RRV strain, 47/02, isolated 
from a green bush viper (Atheris squamigera) and a tortoise reovirus strain, CH1197/96 
isolated from a spur-thighed tortoise (Testudo graeca), which might be the first 
representative of a novel reptilian origin Orthoreovirus species.  
In our project we performed a survey for detection and genetic characterization of 
orthoreoviruses infecting exotic reptiles in order to explore their genetic diversity and 
evolution. The organ samples of succumbed animals were processed by traditional and 
modern molecular virological methods. Virus isolation on VH-2 and IgH-2 cell lines and 
consensus nested polymerase chain reaction targeting a conservative region of the 
orthoreoviral RNA-dependent RNA-polymerase gene was used for detection of RRVs. 
Complete genome sequences of all isolates were determined applying next generation and 
capillary sequencing. Additionally RRV strains isolated in Germany were also processed in 
our study. 
Reoviruses were isolated from a ball python (strain KP3, Python regius), an iguana (strain 
2013/54, Iguana iguana), a Schneider’s skink (strain 2013/12, Eumeces schneideri) and an 
unknown snake species (strain 643/47). German strains originated from a carpet python 
(strain 55/02; Morelia spilota), and a boa constrictor (strain IBD 26/00; Boa constrictor). 
Nucleotide sequences of each genome segments were analysed separately. Based on the 
sequence and phylogenetic analysis of the genome segments RRVs can be divided at least 
into three well separated clusters. Reoviruses isolated from Squamata formed two 
monophyletic groups in all phylogenies, i) strains 643/47, KP3, 2013/12, and IBD26/00, and 
ii) strains 55/02, 2013/54 and the previously described 47/02. CH1197/96 formed the third 
cluster. We confirmed our former results about strain CH1197/96, the only studied strain 
with chelonian origin. Analyzing the nucleotide and amino acid sequences of this virus 
sequence identity values were near or under the recent ICTV taxon demarcation cut-off 
values, the only results that indicate that CH1197/96 belongs to the species Reptilian 
orthoreovirus were obtained in case of the μB gene. Additional whole genome sequence 
data of orthoreoviruses from chelonian hosts would help to confirm or disprove our 
hypothesis on the existence of different reptile reovirus species. (Support: Momentum 
Program of the Hungarian Academy of Sciences; János Bolyai Research Scholarship of HAS, 
OTKA K108727) 
 
Contact e-mail: fszilvi@yahoo.com  
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Viral metagenome of cultured and wild Oreochromis niloticus in 
Uganda: risk of emerging viral fish diseases  
 
Kizito Kahoza Mugimba1,2*, Denis K Byarugaba2, Wamala P. Samuel1,2, Stephen Mutoloki1, 
Øystein Evensen1, Hetron M Munang’andu1 

1Norwegian University of Life Sciences, Faculty of Veterinary Medicine and Biosciences, Oslo, 
Norway; 2Makerere University, College of Veterinary Medicine, Kampala, Uganda 

 
Oreochromis niloticus (Nile tilapia) is among the world’s most cultured fish species. 
Discovery of the highly virulent Tilapia lake virus (TiLV) points to existence of viruses that 
could have adverse effects on O.niloticus production in both wild and cultured fish. The 
aim of this study was to conduct viral metagenomics analysis of O. niloticus from the Lake 
Victoria basin in Uganda. A total of 203 fish were sampled from three clusters (Cages, wild 
and ponds). From each fish, spleen, gut and head kidney samples were collected and 
stored in RNAlater(R). Nucleic acids, DNA and RNA, were extracted using Qiagen kits 
according to manufacturer’s instructions. cDNA was synthesized from RNA using the Roche 
kit according manufacturer’s instructions. Pooled nucleic acid from the three clusters were 
quality and quantity checked and sequenced using illumina Hiseq at Novogen (Hong Kong, 
China). The resulting reads were quality checked, trimmed and used for denovo assembly 
of putative sequences. Assembled sequences were blasted against the O.niloticus full 
genome to filter out the host genome. BLASTN searches conducted in Public Gene banks 
identified viral families known to contain potential fish pathogens that included 
Circoviridae, Adenoviridae, Alloherpesviridae, Retroviridae, Irridoviridae, Orthomyxoviridae 
and Reoviridae. In addition, we detected viral families of public health importance like 
Togaviridae, Bunyaviridae and Poxiviridae. Whether these can be transmitted to other 
animals (including humans) during interaction with aquatic environments is speculative. 
Furthermore, the detection of viral families pathogenic to planktons is of concern bearing 
in mind that planktons are a source of food to several fish species. Viral diversity was 
observed among the three clusters, which could be attributed to differences in 
environmental factors. The metagenomic analysis conducted in this study gives an insight 
into the composition and diversity of the viral communities found in cultured and wild Nile 
tilapia in the Lake Victoria basin in Uganda. The data generated herein sets a stage for 
further investigation on potential impacts on public health and fish productivity. 
 
Contact e-mail: kahozak@gmail.com  
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Genetic analysis of an adenovirus detected in a green anole (Anolis 
carolinensis) 
 
Gergő Vadász 1,2*, Zoltán László Tarján 2, Mária Benkő 2 
1University of Veterinary Medicine, Budapest, Hungary, 2Institute for Veterinary Medical Research, 
Centre for Agricultural Research, Hungarian Academy of Sciences, Budapest, Hungary 

 
Adenoviruses (AdVs) are medium-sized, non-enveloped viruses with icosahedral capsid and 
double-stranded DNA genome. They are ubiquitous and have been detected in members 
of every vertebrate class. They usually show strong host specificity, however several host 
switching events have also been described. One host may be infected with more than one 
AdV types. The phylogenetic trees of AdVs and their hosts have very similar topology, 
which could be the result of a long co-evolutionary history. The family Adenoviridae is 
divided into five genera. Most of the AdVs, found in reptiles, belong to the genus 
Atadenovirus, which is supposed to have a Squamata host origin. Adenoviral infection is 
frequently subclinical, or it manifests in mild self-limiting upper respiratory or 
gastrointestinal disease. However in rare cases, the infection has severe outcome or even 
death. Our aim was to examine the abundance and diversity of AdVs occurring in reptilian 
animals. Fecal or organ samples were collected from dead or live specimens of different 
reptile species, respectively, kept in captivity by licensed breeders. The screening was 
carried out by using a consensus, nested PCR that amplifies a 320-bp-long fragment from 
the DNA-dependent DNA-polymerase gene. For partial genome characterization, genus-
specific PCRs targeting several additional genes (IVa2, III, pVII, hexon and 100K) were 
performed. After sequencing, the known genome fragments were connected by using 
custom-made specific primers. The nucleotide sequence of longer fragments was 
determined by “primer walking” strategy. Phylogeny reconstruction was made with 
maximum likelihood method based on the deduced amino acid sequences of the partial 
DNA-polymerase and hexon. We detected the presence of several previously known AdVs 
in the same hosts from which these viruses had been reported earlier. Among these, was a 
novel variant of the anole AdV-3, originally detected also in the sample of a captive green 
anole (Anolis carolinensis) albeit in Germany. From our virus, the central genome region, 
between the genes of the IVa2 and the hexon proteins, was amplified in four fragments 
encompassing almost 10 000 bp. The fragment proved to have a balanced based 
composition with a G+C content of 52.07%. On the phylogenetic trees, the novel AdV 
clustered unequivocally in the clade of atadenoviruses, and appeared closest to AdVs 
detected in several closely related host species including bark anole subspecies (Anolis 
distichus ignigularis and ravitergum) wild-caught in the Dominican Republic previously. The 
expanding AdV lineage composed by viruses infecting anole lizards certainly deserves 
further attention. This work was supported by a grant (OTKA K100163) from the Hungarian 
Scientific Research Fund. 
 
Contact e-mail: benko.maria@agrar.mta.hu 
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In vitro antiviral activity of natural and synthetic compounds against 
viral diseases of salmonid and cyprinid fish  
 

Melissa Belló-Perez*, Eva Moya, Alberto Falcó, Enrique Barrajón, Regla Mª Medina-Gali, Jose 
A. Encinar, Luis Perez 
Instituto de Biología Molecular y Celular, Universidad Miguel Hernández, Elche, Spain 
 

Plants have proven their value as a source of natural products which could potentially 
benefit the fish farming industry by controlling viral diseases. The antiviral activity of two 
extracts from Cistus salvifolius (E4) and Cistus albidus (E5) has been tested in a cell culture 
infection model against spring viremia of carp virus (SVCV) and viral hemorrhagic 
septicemia virus (VHSV).  While E4 extract appears to have a direct neutralization effect on 
VHSV, E5 reduced the infectivity of SVCV and VHSV in vitro at various doses in the 101 
µg/ml range. We searched for compounds with activity against infectious pancreatic 
necrosis virus (IPNV) by in silico screening of a collection of small molecules targeting the 
RNA-binding domain of the IPNV VP1 protein (RNA polymerase). Two compounds were 
selected (C3, C4) and tested on CHSE cells. C3 and C4 showed modest inhibitory effects on 
IPNV replication at micromolar concentrations. These two complementary approaches 
approach may serve as the basis for the development of novel antivirals for aquaculture.  
 
Contact e-mail: melissa.bello@goumh.umh.es  
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