
21st Annual Workshop of the National Reference Laboratories for Fish Diseases 

PhD Student: Anna Luiza Farias Alencar 
 
Supervisor: Niels Jørgen Olesen 
Co-Supervisors: Michel Bremont; Thomas Bruun Rasmussen 

In the search for virulence markers 
of Viral Haemorrhagic Septicaemia 
Virus (VHSV) 



31. maj 2017 DTU Veterinærinstituttet, Danmarks Tekniske Universitet 
    

     
   

About me! 

 
• Veterinarian (2014, Universidade de Sao Paulo, Brazil) 

– Toroviruses, Noroviruses and Kobuviruses in cattle. 
 
 

• Master of Science (2016, Universidade de Sao Paulo, Brazil) 
– Isolation and characterization of Ranavirus from bullfrogs and fish. 
– Internship at DTU Vet – 6 months (2015) 

• Experimental infection of Rainbow trout (Oncorhynchus 
mykiss) and Atlantic salmon (Salmo salar L.) with Piscine 
Reovirus and Virus Y. (FAPESP Scholarship abroad: 
2015/04027-6) 
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About me! 
• PhD at DTU Vet 

 
–  “Identification of virulence markers in two Novirhabdoviruses causing 

serious diseases in fish.” 
 

– Supervised by Professor Niels Jørgen Olesen and co-supervisors 
Thomas Bruun Rasmussen (DTU Vet) and Michel Bremont (INRA, 
France) 
 

– Started on July 2016; 
• Feb 2017: External research stay at INRA (Jouy en Josas, 

France) 
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Background & Introduction 
• Viral Hemorrhagic Septicemia Virus (VHSV) 
• Infectious Hematopoietic Necrosis Virus (IHNV) 

– Council Directive 2006/88/ECC; listed diseases 
 

• Rhabdoviridae 
–  genus Novirhabdovirus 

 
 

• RNAss genome (~11000nt) 
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Background & Introduction 
 
• VHSV is endemic among marine fish species in EU = Reservoir 

 
• Severe disease in RT; 

– Mortality varies 
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Background & Introduction 
 
• VHSV : Four genogroups 
• IHNV : Five genogroups  

– All based on G and N genes – related to origin; 
 
• VHSV and IHNV can infect a large range of species of fish; 
 
• Marine isolates produce medium to no mortality in RT and same occurs in 

reverse; 
 

• However, marine isolates are indistinguished from RT isolates through 
serological methods. 
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Objectives 
1. Identify virulence markers and traits of both IHNV and VHSV; 

 
 

2. Using recombinant virus technology, access and characterize the 
efficacy of the virulence determinants; 
 
 

3. Develop fast and reliable diagnostic methods for discriminating 
between virulent and non-virulent virus isolates. 
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Strategy 
Full genome 
sequences 

Virulence 
assessment 

Epidemiology 
information 

Putative 
Virulence 
Markers 
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Partnerships 
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Takafumi Ito 

National Research Institute of Aquaculture, Fisheries 
Research Agency, Japan 
Studies on virulence of Ib genotype swedish isolates 
(irregular) to RT 

• Hot spots on N gene for virulence on RT 

• Based on mAb reaction and antigenic characterization 

Michel Bremont 

Institute National de la Recherche Agronomique, France 
• Coordinator of NOVIMARK project – search of 

virulence markers in VHSV and IHNV  

• Generating several recombinant VHSV with 
mutations focused on attenuation of virulence in RT. 
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What have we done so far? 
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Selection of VHSV isolates 
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Sample nr Genotype Name 

Original 
Passages 
in cells 

Description Year 

2016-13894-01 

Id 

Fin Ka 423/00 
1 pass in 

BF2 
From seafarmed rainbow 

trout in Finland 2000 

2016-13894-02 Fin Ka 423/00 
1 pass in 

BF2 
From seafarmed rainbow 

trout in Finland 2000 

2016-13894-03 No-A 163/68 
  From farmed freshwater 

rainbow trout in Norway 1968 

2016-13894-04 

Ie 
GE 1.2 

  From rainbow trout in 
Georgia 1981 

2016-13894-05 Trabzon 207111 
  From rainbow trout in 

Turkey   

2016-13894-06 Fikret Koksal 2783 P14 RTG2 From Sea bass in Turkey   

2016-13894-07 

Ic 
DK 3612 2 pass EPC From Blåhøj, DK 1986 

2016-13894-08 DK 2149 
? Pass in 

BF2 From St Karlskov, DK 1978 

2016-13894-09 

I 

F1-8 
  

Passage 8 of DK isolate for 
REVA st (medium virulent) 1966 

2016-13894-10 F1-253 
3 pass BF2 Passage 253 of REVA st for 

live attenuated vaccine (low 
virulence) 

1966 

2016-13894-11 F1-506 

7 pass EPC 
1 pass BF2 

Passage 506 of REVA st for 
live attenuated vaccine 

(non-virulent) 
1966 

2016-13894-12 

Ia 
DK 3592B 

  Isolate from Voldbjerg, DK 
(1989) used as high virulent 

strain in trials 
1986 

2016-13894-13 DK 203490 
“0” pass org 

3 
Isolate from Hesselvig, DK 

(2003). Modern high virulent 
strain. 

2003 
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Propagation of selected isolates 
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• Initial propagation of each isolate in cell culture (EPC and BF-2); 
 
 
 

• Plaque cloning of each isolate; 
 
 
 

• Collected plaques and propagated in cell culture; 
 
 

• Titrated and aliquoted for use: both infection trial and whole genome 
sequencing. 



31. maj 2017 DTU Veterinærinstituttet, Danmarks Tekniske Universitet 
    

     
   

Evaluation of virulence of field isolates 
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• Infection trial on DTU Vet experimental facilities 
• 12-09-2016 to 12-10-2016 (31 days) 

• 14 groups (13 isolates + Negative Control) 
• 3 tanks (replicates) per isolate 

• 50 fish (rainbow trout SPF, 1g) per tank 
• In total: 2100 RT in 42 tanks 
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Evaluation of virulence of field isolates 
– All fish were subjected to immersion in water containing 105 

TCID50/mL of each VHSV isolate for 5 hours; 
 

– Monitored daily for clinical signs and mortality; 
 

– Fish that showed acute clinical signs were euthanized and collected- 
kept under -80C. 
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Evaluation of virulence of field isolates 
 

 
• Fish collected during the trial will be tested on cell culture; 

 
 

• Positive samples on cell culture – ELISA for VHSV; 
 
 

• Also sent all isolates for whole genome sequencing at ANSES; 
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Sequence comparison: Ic Genotype 

DK 3612    x    DK 2149 
Mortality 19% mortality x 66% mortality 

N gene 5nt / 3aa 
P gene 6nt / 2aa 
M gene 1nt 
G gene 5nt / 1aa 
NV gene 2nt  
L gene 18nt / 7aa 
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In all genes analyzed for Ic isolates, there are only 37 nt differences and only 
13 of these substitutions cause alterations on aa profile (the others are silent).  
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Sequence comparison: Ie Genotype 

Fikret Koksal   x   Trabzon 207111 
Mortality 79% mortality x 31% mortality 

N gene 100% similar 
P gene 100% similar 
M gene 100% similar 
G gene 2nt / 2 aa 
NV gene 14 nt / 9 aa 
L gene 5nt / 2 aa 

17 

In all genes analyzed for Ie isolates, there are only 18 nt differences and only 
13 of these substitutions cause alterations on aa profile (the others are silent). 
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Sequences comparison 
• Look for a motif / combination of nt/aa 

 
 
 

 
 

 
 
 
 
 
 

 
• Virulence determinants might be genotype specific (?) 

 
• Intergenic regions ? 
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Another approach (INRA)… 
 
NV gene (example) 

A2T K26T V45M 

V
ir
ul

en
ce

 

H67Y 
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Reverse Genetics at INRA 
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Titration by plaque assay 
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Currently… 
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More sequences! 
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Propagation in cell culture 
and full genome sequencing 
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Design a backbone with low virulent isolate 
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• SE-SVA-1033-9C isolate 

• Ib genotype 

• Full genome sequenced already 

• Test the hot spots suggested by Ito and the mutations made in INRA 

• Confirm results from site directed mutagenesis for virulence attenuation 
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Thanks! 
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Thanks! 
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Everybody at the fish 
diseases group at DTU 

Vet, DK! 

Everybody at the molecular 
virology of fish diseases 
group at INRA, France 
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