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1 Introduction 

The aim of this Deliverable is to investigate and improve the current vaccines for European sea bass (BSS) 

and gilthead sea bream (SBG). This remit included collection and typing of the current pathogens in the 

field; to make sure any pathogenic strains of Noda virus, Photobacterium damsela subsp. piscicida and 

Vibrio anguillarum were included in the vaccine; to improve quality and efficacy of the new vaccines 

including optimisation of vaccine production methods; to produce new range of vaccines to protect fish 

for all stages of the lifecycle with improved protection and duration of immunity.  

Table 1 below, lists the commercial vaccines available for the pathogens relevant to this Project.  When 

the PERFORMFISH project application was submitted there was no licensed VNN vaccine for the 

Mediterranean Marine Fish Farming (MMFF) industry. Since then, two companies have licensed single 

injection RGNNV vaccines for European sea bass. AQUAxprs and the PerformFISH partners in this task are 

following the commercial reality in the industry in order to insure pertinence of the task; no company has 

been able to license yet the long awaited Triple (Noda/Vibrio/Pasteurella) injection vaccine to avoid the 

effort for double injection which is costly for the farmers and against fish welfare due to extra handling; 

no company to this date has developed immersion VNN vaccines for a full vaccination programme against 

the disease. In addition, recent published work from UNIBO partners highlighted the increasing 

importance of reassortant strains of VNN for both SBG and BSS that escapes the current licensed vaccines. 

Finally, it became evident from communications with the industry that the Pasteurella component of the 

licensed vaccines was conferring sub-optimal protection in the recent years and important Pasteurellosis 

outbreaks were recorded in vaccinated fish in Greece and Spain. PerformFISH partners reviewed the 

virulence profiles of P. damselae subsp. piscicida and became evident that this has recently changed so a 

significant research effort has been spent in the improvement of the protection of the new vaccines 

against Pasteurellosis.  

The aim of the vaccines produced in PerformFISH is to improve on the current efficacy and include novel 

vaccines to the portfolio of available products. Aquaxprs has prepared the only experimental triple VNN, 

Vibrio, & Pasteurella vaccine and the only VNN immersion vaccine technologies available and with the 

validation field trials scheduled in PerformFISH project, these will hopefully be commercialised by 2021. 

It is important to continually monitor the situation in the field and make improvements to the vaccines if 

required. It is also important to access our vaccines performance against the competition.  

During the development of this task, it was evident that new developments in both strain characterisation 

& typing, diagnostic testing and vaccine components were available outside the consortium. In order to 

take advantage of these new developments, Aquaxprs financed certain areas of the vaccine development 

on its means. These complementary results are included in this Deliverable to draw a more complete 

picture of the endeavour to deliver improved vaccines for the MMFF sector. 
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Table1. List of current available commercial vaccines 

Company Vaccines Antigen 

PHARMAQ , ZOETIS ALPHA-JET_MIC+C7:P47RO-1-
NODA 

VNN-VER Nodavirus antigen 

PHARMAQ , ZOETIS ALPHA DIP Vibrio  Vibrio anguillarum 

PHARMAQ , ZOETIS ALPHA DIP Vib  Vibrio anguillarum 

PHARMAQ , ZOETIS Alpha DIP 2000   Vibrio anguillarum + Photobacterium damsela subsp. piscicida 

PHARMAQ , ZOETIS ALPHA-JET 2000   Vibrio anguillarum + Photobacterium damsela subsp. piscicida 

PHARMAQ , ZOETIS  Autogenous Aeromonas veronii  Various Autogenous vaccines 

LABORATORIOS HIPRA ICTHIOVAC VR/PD    Vibrio anguillarum + Photobacterium damsela subsp. piscicida 

LABORATORIOS HIPRA ICTHIOVAC-PD Photobacterium damsela subsp. piscicida 

LABORATORIOS HIPRA ICTHIOVAC-VR Vibrio anguillarum 

LABORATORIOS HIPRA ICTHIOVAC VNN VNN-VER Nodavirus antigen 

MSD ANIMAL HEALTH AQUAVAC VIBRIO Vibrio anguillarum 

MSD ANIMAL HEALTH AQUAVAC VIBRIO ORAL  Vibrio anguillarum 

MSD ANIMAL HEALTH AQUAVAC VIBRIO PASTEURELLA Vibrio anguillarum + Photobacterium damsela subsp. piscicida 

MSD ANIMAL HEALTH AQUAVAC PHOTOBAC PRIME  Photobacterium damsela subsp. piscicida 

BENCHMARK  RGNV NODAVIRUS  
(Experimental - License Pending) 

VNN-VER Nodavirus antigen 

BIOVAC - CEVA  AUTOGENOUS - FRANCE Various Autogenous vaccines 

CENAVISA - CETGA  AUTOGENOUS - SPAIN Various Autogenous vaccines 

ACUIPHARMA AUTOGENOUS - SPAIN Various Autogenous vaccines 

 

Outline of the Deliverable in the DoA: 

D3.5: New vaccines [M36] 

A new vaccine against betanodavirus will be produced. This vaccine will cover the highest number of 

genotypes and genotype combinations affecting seabass but also seabream and also improving the 

efficacy and the protection. Also an improved vaccine against Pasteurellosis, with higher efficacy and 

extended protection will be produced. 

 

2 Materials and methods 

The following processes describe the procedures required for development of a vaccine from the outset 

of disease in the field, to sample collection and vaccine production. Strictly regulated procedures have to 

be performed for any strain to be included in a vaccine. Some of the Aquaxprs original 2013-2015 VNN 

strains were partially characterized by ISZVe (MedAID partner), yet further work was required on these 

strains and all new strains made available to Aquaxprs for potential inclusion in a new formulation for the 

vaccine range. These original strains used in the vaccine had working stocks made and extraneous agent 

testing performed, which was sufficient for an experimental vaccine. In order for a fully licenced GMP 

vaccine, all vaccine strains subsequently needed to have new master seeds and working seeds grown in a 

GMP facility and have the extraneous agent testing repeated. This was performed on three VNN RGNNV 

strains. 
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2.1 Strain collection 

A call went out to all partners of PerformFISH on 1st May 2018 in the form of a letter from Aquaxprs, 

which included all the sampling instructions on sending current field strains to Aquaxprs (see Annex 2). 

The call was also requested verbally to all partners in June 2018 at the PerformFISH first annual meeting 

in Gran Canaria. AQUARK contacted farms and colleagues to send, current field strains to analyse and 

determine what pathogens and strains were prominent in the field. This was to ensure any new vaccine 

development contained current viral and bacterial strains. It was also to investigate if there were 

geographical variations in the pathogenic strains. Holding of current pathogenic strains increases the 

potential of producing an effective vaccine to protect against disease.  

 

2.2 Strain preparation, Sequencing, Typing & Data analysis 

Strains from the field collection underwent growth and testing according to Veterinary Medicines 

Directorate (VMD) approved vaccine manufacturer procedures, which is required for any future Good 

Manufacturing Practice (GMP) or Autogenous vaccine (AV) production. This ensures any strain can be 

used as a vaccine candidate strain. All strains are collected in Transmissible Spongiform 

Encephalopathy (TSE) compliant media and once confirmed as positive samples, they were all processed 

and a pre-master viral seed (PMVS) stock was produced on a fully tested (EU pharmacopeia guidelines) 

cell substrate for viruses and stored. These PMVS were then assessed as potential vaccine strains. The 

following assays are performed: 

• Provisional growth characteristics and titre; 

• QPCR for identification and indication of pathogen load; 

• Provisional extraneous agent testing; 

• Next generation sequencing (NGS). 

Any strain identified as a potential vaccine candidate has had a Master seed strain (MVS) produced, which 

have then undergone full extraneous agent testing (EU pharmacopeia guidelines) which included: 

• Sterility; 

• Extraneous agent testing; 

• Titre; 

• Identification (Cell culture, PCR, immune-assays, electron microscopy);  

• Next generation Sequencing (NGS); 

• Typing. 
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2.3 ELISA & QPCR development, validation & use 

For vaccine production & licencing certain assays are required for strain identification, extraneous agent 

testing, vaccine efficacy & potency.  

The emergence of new technology combined with availability in the market required these assays to be 

developed. Once developed, the assays were validated in order to be approved by the licencing 

authorities.  

The required qPCR & ELISA methods were designed & produced. Positive & negative control material 

was sourced for pathogens, and monoclonal & polyclonal antibodies were generated for ELISA assay 

development. Validation criteria completed for: 

• Limit of detection (LOD) 

• Specificity 

• Linearity & efficiency 

• Intra assay Precision 

• Inter assay precision 

• Repeatability 

• Interference. 

 

2.4 Vaccine optimisation & production 

Aquaxprs had previously tested three experimental vaccines in the field: a single immersion and injection 

VNN, and an experimental triple VNN/Vibrio/Pasteurella injection vaccine. Although these products 

showed promising results in the field and passed safety trials, it was evident that they still required ample 

optimisation and improvement with respect to the strain selection and vaccine production. These first 

experimental vaccines contained a mix of 7 VNN strains from Greek fish farms, one Vibrio and three 

Pasteurella strains. From the previous partial characterisation of the 7 VNN strains by ISZVe, three VNN 

RGNNV strains were selected for the 2019 experimental vaccine. The aim of the PerformFISH research is 

to pick one of these three VNN RGNNV strains, and also to include any other available reassortment strains 

in an improved triple and single vaccine for testing in efficacy trials, which if successful will go on to a 

licensed vaccine range. Accordingly, there is an equal need to characterise the bacterial components to 

ensure that the highly pathogenic strains are include in order to give broad immunogenic protection. 

Several aspects of the vaccine production are being  investigated to optimise and produce an effective 

and economical portfolio of vaccines. The aim is to develop a selection of products to optimise the 

vaccination program to offer long term protection over the life cycle of the fish from the nursery to 

market. The areas investigated: 

• Bacterial and Viral strain selection 

• Cell substrate selection 

• Growth conditions of antigen production 
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• Adjuvant selection 

• Route of administration. 

 

2.5 Vaccine safety & Efficacy lab trials 

The new range of vaccines produced will require lab testing for: 

1. Overdose safety 

2. Challenge stock efficacy 

3. Vaccine efficacy 

4. Shelf life efficacy. 

5.  Strain efficacy 

Trials 1 to 4 are required for inclusion in the dossier for licencing, while others are required for 

optimisation of the vaccine production and will be performed in CETGA and/or ULPGC. Initial safety data 

is required to proceed to field trials of an experimental vaccine.  

 

3 Results  

3.1  Strain selection, sequencing & data analysis 

A number of PerformFISH partners contributed to the strains collection from outbreaks across the 

Mediterranean. Table 2 and Table 3 provide full list of the viral and bacterial strains, respectively, received 

along with testing details. Overall, strains were supplied as follows: 

• Aquaxprs: 40 Noda strains from outbreaks in Greece 2013-2015 

• UNIBO:  22 strains of Photobacterium damsela subsp. piscicida and 27 strains of Vibrio 

anguillarum and 25 strains of Vibrio harveyi. 2 VNN samples received before PerformFISH was 

initiated. 

•  CCMAR: 41 Samples of DNA from BSS and SBG larvae (PerformFISH samplings in Greece in 2018) 

• CETGA: provided 8 Noda strains from outbreaks in Spain from SBG & BSS 

• AQUARK sourced: Photobacterium damsela subsp piscicida & 6 Noda samples from outbreaks in 

vaccinated fish from farms in Greece; several Pasteurella strains from HCMR (Hellenic Centre for 

Marine Research) and one VNN sample from UAB. 
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Table 2. List of VNN strains collected 
 

Our Ref. Source Date of 
Receipt 

Animal of origin 

V
N

N
 sam

p
le

s b
e

lo
n

gin
g to

 A
q

u
axp

rs 

V1/13 IZSVe Italy – Ref Strains 12.04.13 European Sea Bass 

V2/13 IZSVe Italy – Ref Strains 12.04.13 European Sea Bass 

V3/13 IZSVe Italy -West Greece 10.05.13 European Sea Bass 

V4/13 IZSVe Italy – Saronikos gulf 10.05.13 European Sea Bass 

V5/13 IZSVe Italy – Saronikos gulf 15.05.13 European Sea Bass 

V6/13 IZSVe Italy – West Greece 15.05.13 European Sea Bass 

V7/13 IZSVe Italy – West Greece 15.05.13 European Sea Bass 

V8/13 IZSVe Italy – West Greece 15.05.13 European Sea Bass 

V9/13 IZSVe Italy – West Greece 15.05.13 European Sea Bass 

V10/13 IZSVe Italy – West Greece 15.05.13 European Sea Bass 

V11/13 IZSVe Italy – Saronikos gulf 20.06.13 European Sea Bass 

V12/13 IZSVe Italy 04.12.13 Gilthead sea bream 

V13/14 Saronikos gulf 16.01.14 European Sea Bass 

V14/14 Saronikos gulf 16.01.14 European Sea Bass 

V15/14 Saronikos gulf 16.01.14 European Sea Bass 

V16/14 Saronikos gulf 16.01.14 European Sea Bass 

V17/14 Saronikos gulf 16.01.14 Gilthead sea bream 

V18/14 West Greece 16.01.14 European Sea Bass 

V19/14 West Greece 16.01.14 European Sea Bass 

V20/14 West Greece 16.01.14 Gilthead sea bream 

V21/14 West Greece 16.01.14 European Sea Bass 

V22/14 West Greece 16.01.14 European Sea Bass 

V23/14 West Greece 16.01.14 European Sea Bass 

V24/14 West Greece 16.01.14 European Sea Bass 

V25/14 West Greece 16.01.14 European Sea Bass 

V26/14 West Greece 16.01.14 European Sea Bass 

V27/14 West Greece 16.01.14 European Sea Bass 

V28/14 West Greece 16.01.14 European Sea Bass 

V29/14 Eastern Greece 16.01.14 European Sea Bass 

V30/14 Central Creece 16.01.14 European Sea Bass 

V31/14 Central Creece 16.01.14 European Sea Bass 

V32/14 Central Creece 16.01.14 European Sea Bass 

V33/14 Central Creece 16.01.14 European Sea Bass 

V34/14 Central Creece 16.01.14 European Sea Bass 

V35/14 Central Creece 16.01.14 European Sea Bass 

V36/14 Central Creece 16.01.14 European Sea Bass 
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V37/14 Central Creece 16.01.14 European Sea Bass 

V38/14 Central Creece 16.01.14 European Sea Bass 

V39/14 Central Creece 16.01.14 European Sea Bass 

V40/14 Saronikos gulf 16.01.14 European Sea Bass 

V43/16 UAB - Spain 22.02.16 Gilthead sea bream 

V46/16 UNIBO – Italy 02.06.16 Gilthead sea bream 

V47/16 UNIBO – Italy 02.06.16 Gilthead sea bream 

V
N

N
 co

llected
 in

 P
efo

rm
fish

 p
ro

ject 

V147/17 CETGA – Spain 16.05.17 European Sea Bass 

V148/17 CETGA – Spain 16.05.17 European Sea Bass 

V149/17 CETGA – Spain 16.05.17 European Sea Bass 

V150/17 CETGA – Spain 16.05.17 European Sea Bass 

V151/17 CETGA – Spain 16.05.17 European Sea Bass 

V152/17 CETGA – Spain 16.05.17 Gilthead sea bream 

V153/17 CETGA – Spain 16.05.17 Gilthead sea bream 

V154/17 CETGA – Spain 16.05.17 European Sea Bass 

V178/17 AQUARK - Saronikos gulf 26.10.17 European Sea Bass 

V179/17 AQUARK - Saronikos gulf 26.10.17 European Sea Bass 

V180/17 AQUARK - Saronikos gulf 26.10.17 European Sea Bass 

V181/17 AQUARK - Saronikos gulf 26.10.17 European Sea Bass 

V263/19 AQUARK - West Greece 02.12.19 European Sea Bass 

V264/19 AQUARK - West Greece 02.12.19 European Sea Bass 

 

Table 3. List of bacterial strains collected 

Our 
Ref. 

Source 
Location 

Type of 
Farming system 

Date of 
Receipt 

Animal of 
origin 

Country 
of origin 

Species 

B1/18 West Greece 
Cages 12.06.18 BSS 

Greece Photobacterium 
damselae 

B2/18 West Greece 
Cages 12.06.18 BSS 

Greece Photobacterium 
damselae 

B7/18 West Greece Cages 12.06.18 BSS Greece Vibrio anguillarum 

B8/18 West Greece Cages 12.06.18 BSS Greece Vibrio anguillarum 

B9/18 CETGA-Spain  Tanks 12.10.18 Flatfish Spain Vibrio anguillarum 

B10/18 CETGA-Spain  Tanks 12.10.18 Flatfish Spain Vibrio anguillarum 

B11/18 CETGA-Spain  Tanks 12.10.18 Flatfish Spain Vibrio anguillarum 

B20/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B21/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B22/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B23/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B24/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B25/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 
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B26/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B27/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B28/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B29/18 UNIBO-Italy Cages 07.11.18 BSS Croatia Vibrio anguillarum 

B30/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B31/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B32/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B33/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B34/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B35/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B36/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B37/18 UNIBO-Italy Cages 07.11.18 SBG Italy Vibrio anguillarum 

B38/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B39/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B40/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B41/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B42/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B43/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B44/18 UNIBO-Italy Land 07.11.18 BSS Italy Vibrio anguillarum 

B45/18 UNIBO-Italy Cages 07.11.18 BSS Italy Vibrio anguillarum 

B46/18 UNIBO-Italy Land 07.11.18 SBG Italy Vibrio anguillarum 

B47/18 UNIBO-Italy Land-based 
Brackish water 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B48/18 UNIBO-Italy Land-based 
farm 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B49/18 UNIBO-Italy In-shore 
floating cages 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B50/18 UNIBO-Italy Land-based 
farm 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B51/18 UNIBO-Italy Land-based 
farm 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B52/18 UNIBO-Italy Land-based 
farm 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B53/18 UNIBO-Italy Land-based 
farm 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B54/18 UNIBO-Italy Land-based 
farm 

07.11.18 SBG 
Italy 

P. damselae  piscicida 

B55/18 UNIBO-Italy Cages 07.11.18 SBG Tunisia P. damselae  piscicida 

B56/18 UNIBO-Italy In-shore 
floating cages 

07.11.18 N/A 
Italy 

P. damselae  piscicida 

B57/18 UNIBO-Italy Land-based 
farm 

07.11.18 SBG 
Italy 

P. damselae  piscicida 

B58/18 UNIBO-Italy In-shore 
floating cages 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B59/18 UNIBO-Italy Land-based 
farm 

07.11.18 BSS 
Italy 

P. damselae  piscicida 
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B60/18 UNIBO-Italy In-shore 
floating cages 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B61/18 UNIBO-Italy In-shore 
floating cages 

07.11.18 SBG 
Italy 

P. damselae  piscicida 

B62/18 UNIBO-Italy Land-based 
farm 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B63/18 UNIBO-Italy Land-based 
farm 

07.11.18 SBG 
Italy 

P. damselae  piscicida 

B64/18 UNIBO-Italy Cages 07.11.18 BSS Italy P. damselae  piscicida 

B65/18 UNIBO-Italy Off-shore 
floating cages 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B66/18 UNIBO-Italy Off-shore 
floating cages 

07.11.18 BSS 
Italy 

P. damselae  piscicida 

B67/18 UNIBO-Italy Land-based 
farm 

07.11.18 SBG 
Italy 

P. damselae  piscicida 

B68/18 UNIBO-Italy Land-based 
farm 

07.11.18 SBG 
Italy 

P. damselae  piscicida 

B69/18 Aquark-
Greece 

Cages 13.11.18 BSS 
Greece 

P. damselae  piscicida 

B70/18 Aquark-
Greece 

Cages 13.11.18 BSS 
Greece 

P. damselae  piscicida 

B71/18 Aquark-
Greece 

Cages 16.11.18 BSS 
Greece 

P. damselae  piscicida 

B72/18 Aquark-
Greece 

Cages 16.11.18 BSS 
Greece 

P. damselae  piscicida 

B73/18 Aquark-
Greece 

Cages 16.11.18 BSS 
Greece 

P. damselae  piscicida 

B74/18 Aquark-
Greece 

Cages 16.11.18 BSS 
Greece 

P. damselae  piscicida 

B75/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B76/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B77/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B78/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B79/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B80/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B81/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B82/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B83/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B84/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B85/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B86/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B87/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B88/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B89/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B90/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B91/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B92/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 
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B93/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B94/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B95/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B96/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B97/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B98/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

B99/18 UNIBO-Italy No data 20.12.18 No data No data Vibrio harveyi 

 

3.1.1 Noda (VNN)  

The characterisation and extraneous agent testing of the Aquaxprs VNN samples led to discarding several 

strains, listed in Table 2, as they also contained Lymphocyctis virus (LCDV). As stated previously the first 

experimental vaccines contained 7 VNN samples from several farms. These were selected based on 

picking one strain from each of the farms, and all of the strains where identified as RGNNV. For small scale 

experimental production this was acceptable, but for large scale production this is not practical or cost 

effective. More work was required to check possible differences between these strains or the strains left 

out to warrant inclusion in a future vaccine.   

There are continuous reports of emerging reassortant VNN strains which were infecting BSS and SBG. A 

special effort was made to locate and secure new and reassortant Noda strains to evaluate and include in 

the vaccine. The strains typed by ISZVE in 2017 did were not classified as reassortant and although this 

work was not undertaken in the PerformFISH budget, it is relavant information for strain selection for the 

PerformFISH vaccines. (See report in Annex 3).  

No Noda strains were supplied by UNIBO. Yet, a new strain was collected from Greece in 2019, which is 

currently typed to see if this is different from the current vaccine strains. The current experimental vaccine 

contains a RGNNV strain, based on the virulence history on the farm where it was isolated as the 

provisional typing and sequence data which showed all the strains were RGNNV.  

Thirty (30) Noda samples were sent for NGS in June 2019 and the data are being analysed to check for 

strain variations and to identity if we have any reassortant strains. AQUAxprs does not have the 

appropriate software or IT capacity to run the bioinformatics analysis required for sequence comparisons. 

AQUAxprs has been offered support with this process by the UTH team and all data has been transferred 

to them for analysis. Once all the data is analysed a decision can be made on the final vaccine formulation 

for each market dependant on species and geographical region.  

Aquaxprs initial summary of VNN sequencing data: All sequences were aligned to RNA1 (NC_008040.1) 

and RNA2 (NC_008041.1) of RGNNV reference sequence by the Sequencing lab (University of Leeds). De 

novo sequence analysis was also performed to capture any potentially different sequence alignments. 

These data were reviewed in house, looking at alignments of all the sequences to RGNNV (RNA1, RNA2). 

With this analysis all samples appeared to be RGNNV type for RNA1 and RNA2 - SNP data was used to look 

at coverage of the two genome parts. This was confirmed with UGENE whereby all samples clustered with 

RG/SJ or RG/RG type on RNA1, and only RGNNV on RNA2 (with >95% similarity). There are some clusters 

of different samples but this data needs to be investigated further before any firm conclusions can be 

made. To date all sequences from the viral strains look like RGNNV type. 
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We are however waiting for the full analysis of the sequencing data to fully appreciate any differences 

between the strains. In case differences are identified, a further strain will be included in a vaccine, which 

will be subsequently tested. In the autumn of 2020 some other strains were isolated from BSS and SBG 

from chronic low mortality incidence, which are being also analyzed and evaluated for inclusion in the 

vaccines for 2021.  

 

3.1.2 Photobacterium and Vibrio  

The Master and working seeds for commercial vaccine production were collected produced and tested 

under European pharmacopeia GMP guidelines. The same procedure is being carried out with all the 

Photobacterium and Vibrio strains. 

AQUAxprs collaborated closely with AQUARK and UNIBO to gather current strains from different 

geographical origin and add these strains to the strain collection already available in AQUAxprs. These 

strains have been stocked, stored, identified by validated qPCR and were shipped to be characterized by 

sequencing/typing. The quest for screening new strains from the field and other partners in PerformFISH 

continues to ensure the relevance of the strains that are included in the vaccines.  

All strains were sent for NGS and AQUAxprs forwarded the sequencing data results on UNIBO samples  

(22 strains of Photobacterium damsela subsp piscicida, 27 strains of Vibrio anguillarum and 25 strains of 

Vibrio harveyi)  back to UNIBO for further analysis; interpretation of the data is pending. The aim of the 

analysis is to identify the differences between the isolates, to record how many strains exist in the field 

and to pinpoint any regional strain differences and potential virulence factors. We wish to establish how 

many virulent strains are present and which strains need to be included in the future vaccine production 

in 2021 to offer full protection.  

Currently, the strains selected for testing in the lab and field trials for efficacy in 2020 based on the present 

of virulence factors. The new vaccine contains 3 strains. The virulence testing was carried out outside the 

PerformFISH project as complementary expertise was identified in University of Santiago de Compostela. 

This analysis screened all P. damselae subsp. piscicida isolates for specific markers. Marker A is a gene 

encoding a phospholipase, which has been reported to constitute a virulence factor (vf). Marker B: Is the 

gene encoding the apoptosis-inducing toxin AIP56, a major virulence factor. Markers C1 and C2 are two 

markers corresponding to two distinct genes of the virulence plasmid pPHDP70, that encodes the 

siderophore piscibactin. Finally, markers D1-D2-D3 are three novel markers that correspond to three 

distinct genes of a putative novel virulence mechanism reported for the first time in March 2019. So in 

total 7 virulence factors have been reported in P. damselae subsp. piscicida.  The three P. damselae subsp. 

piscicida strains that were included in the AQUAxprs vaccines produced in 2019-2020 represent one strain 

with two virulence factors and two strains with four virulence factors. The aim is to include in the vaccines 

to be field tested in 2021 three P. damselae subsp. piscicida strains, one with two vf, one with 4 vfs and 

one with 7 vfs and perform lab trials to check potential cross protection between strains with multiple vfs 

vs strains with lower number of vfs.  The sequence data obtained in the context of PerformFISH will be 

analyzed to highlight differences between the strains and they will be compared with the virulence data.   
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Aquaxprs initial summary of the sequencing data: 

Photobacterium Damselae subsp. Piscicida (PDP): alignment was attempted to two different types of 

strains (GCF_002142615 and OT-51443). Alignment was only successful to OT-51443 (both 

chromosomes). SNP analysis  revealed genetic  variability between the samples, but this could not be 

correlated with any of the meta data for the samples (e.g. location, size/age of fish, species) -  except for 

the vaccine strain(B3/19) which implies some genetic variation as a result of laboratory sub-culture. Using 

blast (NCBI), the most prevalent plasmids were identified (>90% identity). UNIBO y were provided with 

the fastq files and their analysis is ongoing. 

Vibrio Anguillarum (VA): Samples were analysed as per PDP; these were aligned to the ATCC-68554 

(NZ_CP023208.1, NZ_CP023209.1) type strain sequences for chromosomes 1 and 2. All but two samples 

contained the most common plasmid p67vangNB10. The plasmid coding for iron uptake pJM1 was present 

in all but one sample. SNP analysis was inconclusive, with respect to correlation with meta data. UNIBO 

were provided with the fastq files and their analysis is ongoing. 

Vibrio Harveyi (VH): Samples were analysed as per PDP; these were aligned to the ATCC – 43516 

(CP014039.2, CP014038.2) type strain sequences for chromsomes 1 and 2. The most highly present 

plasmid was pVH1, although plasmids were not aligned with much success in the VH data set. SNP analysis 

was inconclusive with respect to the meta data provided. UNIBO were provided with the fastq files, and 

their analysis is ongoing. 

 

General Comment: A lot of raw data has been generated for all the bacteria strains, and the collaboration 

with UNIBO is expected to reveal in more detail the importance of various plasmids and different 

clusterings of the pathogens based on antibiotic resistance markers. Sequence analysis at Aquaxprs has 

been rudimentary at best due to the huge file sizes involved, therefore plasmids were chosen as a focus 

area. The function and purpose of all the plasmids identified needs to be further investigated. 

 

3.2 ELISA & qPCR validation & diagnostic use 

3.2.1 qPCR 

Aquaxprs has validated 27 QPCR assays (Table 4) for both viral and bacterial pathogens, which are 

required for the extraneous agent testing and pathogen detection and identity for vaccine production. 

The validated qPCR assays are also available for diagnostic testing of field isolates. Certain PCR asays were 

validated by Aquaxprs outside PerformFISH and are indicated in the list since they are tools for vaccine 

development. These PCR kits are essential in the process of strain selection, diagnostic testing and vaccine 

production and have therefore been made available to PerformFISH and hence are listed here. 

Diagnostic surveillance can impact on fish diseases and health as early diagnosis can be treated before the 

disease takes hold and large numbers of fish are diseased. If we have new variants, we can react quickly 

to develop new vaccines for treatment of the disease. 

Aquaxprs participated to the VNN inter-laboratory proficiency test organized by UNIBO and IZSVe (partner 

in MedAid project) and results from this proficiency tests, for identification on nodavirus RGNNV and 
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SJNNV reassortants, showed that our QPCR assay was not picking up one of the reassortant strains. We 

had the assay redesigned by primer Design, revalidated it using the positive samples obtained from IZSVe 

and established that the new kit will detect RGNNV, SJNNV and the two reassortants. This coordinated 

testing is a very good idea and should be continued as a quality test for all diagnostic testing facilities.  

 

3.2.2 ELISA 

Polyclonal and monoclonal antibodies to various Noda strains including the reassortants were developed 

by a specialized company. These antibodies are used to validate ELISA assays for screening brood stocks 

and for virus strain typing. 

ELISA is also a method of in-vitro potency testing for the batch release of vaccines. This has involved doing 

some challenge experiments to produce the positive serum.   

Noda antibody stocks available:  

• RGNNV, TPNNV & SJ/RG polyclonal 

• RGNNV & RG/SJ monoclonals 

• Development SJNNV polyclonal is in progress. 

For the validation of ELISA the following materials were sourced: 

• Anti-Noda antibody stocks from two other sources to compare quality; 

• Both negative and positive serum samples from various sources (CETGA, Aquabiotech, & 

Andromeda fish farm) for this validation process;  

• Anti-SBG and anti-BSS IgM. 

ELISA validations are currently in process and will be completed by June 2020. The ELISA assays will be 

utilised for in-vitro potency testing for the batch release of vaccines and to assess stability of inactivated 

antigen.  

 

3.3 Vaccine production 

3.3.1 NODA (VNN) 

All Noda field samples were isolated by AQUAxprs using replication in cell culture and amplification and 

sequencing of the viral genomes. RGNNV genotypes and one RGNNV/SJNNV reassortant strain have been 

detected. CSIC has conducted RNA-seq (head kidney, brain) with BSS infected with Noda virus in order to 

determine the physiological processes affected by infection to plan possible vaccination strategies. 

Aquaxprs has performed optimisation of the cell substrates and explored cell culture growth 

characteristics to improve the growth of Noda virus and the vaccine production methods.  

The initial NGS analysis identified the current experimental vaccine isolates as RGNNV. There is no 

identifiable difference between the isolates and therefore based on titre and growth characteristics, one 

isolate has been selected for the current experimental vaccine. The current triple Noda-Vibrio-Pasteurella 
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vaccine includes an RGNNV strain selected according to the virulence history on the farm where it was 

isolated as the provisional typing and sequence data showed all the strains were RGNNV.   

The quest for screening of new strains from the field and other partners in PerformFISH continues to 

ensure the relevance of the strains that are included in the vaccines. As an example, in the autumn of 

2019, other strains were isolated from BSS and SBG from chronic low mortality incidence and are being 

also analyzed and evaluated for inclusion in the vaccines for 2021. 

This is especially true for the reassortant strains of VNN-VER that are rarer than RGNNV strains. These 

reassortants can be RGSJ & SJRG, yet any of the current strains could be identified as reassortants. The 

on-going sequencing data analysis is expected to provide conclusive results. 

It may be prudent to test if the inclusion of a RGNNV & SJNNV strain of Noda in a vaccine would cross 

project against the reassortants. This is an experiment Aquaxprs plans to carry out in collaboration with 

CETGA once effective challenge models for both the reassaortants Noda strains and also the SJNNV strain 

are available.   

Next steps include the optimisation of the VNN vaccine component with the potential inclusion in the 

2021 vaccines of the reassortant strains in close collaboration with UNIBO team while trials will be 

organised in CETGA and ULPGC with the support of AQUARK and all the other WP3 partners. 

 

3.3.2 Photobacterium and Vibrio 

Provisional screening of Pasteurella strains for seven virulence factors has revealed important differences 

between strains obtained in different years. PD strains have been identified with different virulence 

factors and strains isolated from recent major outbreaks contain all seven virulence factors.  

The AQUAxprs novel triple injection vaccine (VNN-VER/Vibrio/Pasteurella) that was produced in 2019 for 

use in late 2019 and 2020 includes three different strains of Photobacterium damsela subsp. piscicida: 

One PD strain with two virulence factors and two PD strains with four virulence factors. However, the 

latest screening for virulence factors revealed that several recent PD strains bore 7 virulence factors and 

it was decided to include these more virulent strains in the vaccine to be produced in 2020 to field tested 

in 2021.  

Results from the analysis of the NGS data will provide further insight of the strain variability and 

correlation with the geographical location. Once all this data is analysed, the best strains to build the 

future commercial triple vaccine to be tested in 2021 will be established, which will protect against the 

current strains in the field. The results of the analysis will be reported in the Deliverable 6.2. 

More work is required to analyse the data and to test the strains in experimental fish lab efficacy trials to 

establish whether the 7 virulence factor PD strain offers cross protection of other strains which will 

alleviate the need for several strains in the vaccine and will reduce production costs and the final vaccine 

cost to the fish farmer. These lab trials will be completed in 2020 to finalise the formulation of the 2021 

vaccine.  

As next steps, AQUAxprs will require the support of CETGA and ULPGC, AQUARK and other WP3 partners 

to organize lab optimization trials for the Pasteurella component of the target vaccines in order to finalise 
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the vaccines to be tested in summer of 2021. The aim is to include in the vaccines to be field tested in 

2021 three P. damselae subsp. piscicida strains one with two vfs, one with 4 vfs and one with 7 vfs, and 

perform lab trials to check potential cross protection between strains with multiple vfs and strains with 

lower number of vfs.  The sequence data are analyzed to highlight differences between the strains and 

they will be compared to the virulence data.   

 

3.3.3 Adjuvant optimisation 

The blending equipment is currently being used to investigate the efficacy of existing Seppic adjuvants 

“Montanide” IMS 1312 & ISA 763 versus a new more cost-effective adjuvant produced by Ictyopharma 

“ICTYOLANE 30 & 17” and a flagellin adjuvant by Vertebrate Antibodies Ltd. Aquaxprs is currently blending 

both immersion and injection NODA vaccines with the existing and new adjuvants and overdose safety 

and efficacy in lab trials will be run in CETGA facilities in 2020. Novel adjuvant technologies will be included 

in the vaccines to be field tested in 2021. These experimental adjuvant batches are being produced 

currently and will go to fish trails once all quality control (QC) is completed.  

The plan is to run a series of optimization trials in CETGA starting in June 2020 (dependant on tank & fish 

availability) to get ready to launch the improved triple vaccine in the summer of 2021. These will include 

the new adjuvant trials, strain selection, cross protection efficacy trials, shelf life and dose response 

experiments that will support future dossier preparation and submission. 

Note: Adjuvants for testing where provided free of charge by Aquaxprs, Verterbrate antibodies & 

Ictyopharma. 

 

3.3.4 Novel Cell line development 

This is an additional activity that was not presented in the DoA but was required in order to make the 

industrial production of the target vaccines cost effective. The scope is to improve the vaccines and the 

problem with growing Noda virus is that the specified cells which grow the Noda and show CPE are the 

SSN-1 or the clone E-11. These cannot be used for vaccine production as they contain a retro virus. The 

current GFC-D7 cell line used is a Japanese Eel cell, which supports the growth of VNN but shows no CPE, 

which hampers vaccine production. It is difficult to monitor virus growth and impossible to perform virus 

titration. Therefore, two cell lines are needed in the process; the GFC-D7 to grow the virus and the SSN-

1/E-11 for testing. The aim is to produce a BSS and/or a SBG cell line preferably from brain, which is the 

target organ for VNN growth. This will hopefully improve the virus yield and will show CPE. The extraneous 

agent testing will be decreased, which will all improve the vaccine production. This is a task to improve 

the vaccine production and also the diagnostic testing and virus isolation and the cost will be covered 

from sources outside PerformFISH.  

AQUAxprs team has been investigating the sourcing of several fish species that are available and of 

suitable quality to perform tissue explants to produce new cell substrates for vaccine production using 

the target species cell line in order to improve viral growth and vaccine production. Specimens of several 

fish species including European sea bass, gilthead sea bream and tilapia were received from both CETGA 

and Aquabiotech and several tissue explants were established to produce cell substrates.  Two cell lines 



D3.5: New Vaccines   

20 

 

were immortilized and they are currently assessed as potential vaccine cell substrates. Should any of these 

new cell lines show potential as a vaccine substrate then full extraneous agent testing will be required 

prior to use. 

Several BSS and SBG tissues from explant including, brain, heart, kidney, and  gill were grown and although 

they grew for several passages as primary cells, they did not immortalise into continuous cell lines. 

Aquaxprs will continue the efforts  to develop a BSS brain or eye continuous cell line to provide a cell 

substrate for improved Noda growth. The current cell line stocks available are:  

• TBR Tilapia Brain cell 

• SBGI Sea Bass gill cell 

 

3.3.5 Challenge stocks 

Aquaxprs has recently commissioned a challenge experiment for Noda, Vibrio and Pasturella to establish 

dosing for testing the efficacy of all the experimental and commercial vaccines using its in-house challenge 

models. Challenge models validated in Task 3.2.2 will be used in the upcoming efficacy studies. 

 

3.3.6 Laboratory and Field Trials 

AQUAxprs team produced the required VNN-VER antigen that was included in the Triple VNN-VER/Vibrio 

(VA)/Pasteurella (PD) injection vaccine and Vibrio/Pasteurella injection for field trials. Given that there is 

no such capacity in PerformFISH, the vaccines were blended by the GMP CMO company CZV.  

Small quantities of Autogenous Vibrio/Pasteurella injection and Pasteurella immersion vaccines were also 

produced with AQUAxprs guidance under the CZV autovaccines production license. The autogenous 

vaccines were based on isolates from a farm in Spain where they will be filed tested. All vaccines were 

safety tested in Aquabiotech in Malta (GLP facility) to support a dossier development.  

A portfolio of new test vaccines that have been designed that will be tested in CETGA and ULPGC in 2020 

to check safety and efficacy and assess the optimisation criteria listed in methods 2.5 above. However, 

some of the strain testing, blending and vaccine testing has been delayed due to Covid-19 lockdown. 

Experimental Vaccines in plan for production in 2020 are: 

1. Triple injection (VNN, VA, PD) 

2. Double injection (VA, PD) 

3. Single immersion (PD) 

4. Single injection (VNN) 

5. Single Immersion (VNN) 

6. Double immersion (VA, PD) 

7. Double injection (VA, PD) Ictyopharma adjuvant  

8. Single immersion (VNN) Ictyopharma adjuvant 
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9. Double injection (VA, PD) - VAL Flagelins 

10. Single injection (PD-7VF) 

 

The testing and analysis of all the data and constant monitoring of the situation in the field can establish 

if there is a need to reduce or replace the strains included in the vaccine to improve protection and 

streamline the production process.  Aquark provides constant updates of situation in the field and 

feedback on the vaccine performance through contacts and visits in the fish farms in Greece on a regular 

basis. 

The current vaccines produced in PerformFISH require testing and analysing to establish the final vaccine 

formulations before the preparation of a full GMP produced vaccine, which will be tested to generate the 

data required for compiling the application dossier for a fully licensed product available to the market. 

This process is extremely costly and it will be funded exclusively by Aquaxprs. 

The triple vaccine & single VNN immersion vaccines blended with Seppic adjuvants will be tested against 

the vaccines blended with the Ictyopharma & VAL flagelin adjuvants. They will be tested for overdose 

safety. If the safety is confirmed, they will then undergo efficacy testing performed by challenge with VNN, 

Vibrio & Pasteurella and also reflected at the antibody production levels. These steps will provide 

sufficient data to inform the final choice on the best and most cost-effective adjuvant to use for the future 

vaccines. 

Single VNN RGNNV, VNN RGNNV+SJNNV & VNN RGNNV+ RGSJ + SJRG (if strains available) will be tested 

for safety and then efficacy tested with challenge against all strains to check cross protection. 

 The new vaccine strains will be tested against the old 2018 and 2019 Aquaxprs vaccines to check the 

efficacy of the shelf life of the vaccines. If funds allow, Aquaxprs will also carry out dose response 

experiments to determine the minimum protection dose for the vaccines. This is required once the final 

vaccine formulation is established.  

The range of vaccines above with the current strains will provide solutions for disease in the field from 

immersion vaccines for the fry and injection booster vaccine.  

 

 

Table 4. List of validated qPCR. Assays in bold were validated in the context of PerformFISH, while the rest 

were made available to PerformFISH to carry out diagnostic and extraneous agent testing 

Validation ID Description Date completed 

JAV01 
 
 
J 
AV01v2 

Assay validation of reverse transcription quantitative PCR 
(RT-qPCR) assay for detection and identification of 
Nodavirus 
 
Validation of new QPCR assay for detection of all 
reassortant Noda Strains 

Not PerformFISH  
 
 
 
Complete in 2019 report 
being written 
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JAV01 
Addendum 
Report 

Assay validation of reverse transcription quantitative 
PCR (RT-qPCR) assay for detection and identification of 
Nodavirus 

 

JAV02 Assay validation of quantitative PCR (qPCR) assay for 
detection and identification of Epizootic Haematopoietic 
Necrosis Virus (EHNV) 

Not PerformFISH 
18.02.2016 

JAV02 
Addendum 
Report 

Assay validation of quantitative PCR (qPCR) assay for 
detection and identification of Epizootic Haematopoietic 
Necrosis Virus (EHNV) 

Not PerformFISH 
26.08.2016 

JAV03 Assay validation of reverse transcription quantitative PCR 
(RT-qPCR) assay for detection and identification of 
Infectious Haematopoietic Necrosis Virus (IHNV) 

Not PerformFISH 
19.04.2016 

JAV04 Assay validation of reverse transcription quantitative PCR 
(RT-qPCR) assay for detection and identification of 
Infectious Pancreatic Necrosis Virus (IPNV) 

Not PerformFISH 
25.04.2016 

JAV05 Assay validation of reverse transcription quantitative PCR 
(RT-qPCR) assay for detection and identification of 
Infectious Salmon Anaemia Virus (ISAV) 

Not PerformFISH 
21.04.2016 

JAV06 Assay validation of reverse transcription quantitative PCR 
(RT-qPCR) assay for detection and identification of 
Salmon Pancreatic Disease Alphavirus (SPDV) 

Not PerformFISH 
01.09.2016 

JAV07 Assay validation of reverse transcription quantitative PCR 
(RT-qPCR) assay for detection and identification of Viral 
Hemorrhagic Septicaemia Virus (VHSV) 

Not PerformFISH 
18.02.2016 

JAV07 
Addendum 
Report 

Assay validation of reverse transcription quantitative 
PCR (RT-qPCR) assay for detection and identification of 
Viral Hemorrhagic Septicaemia Virus (VHSV) 

10.08.2017 

JAV08 Assay validation of quantitative PCR (qPCR) assay for 
detection and identification of Lymphocystis virus (LCDV) 

Not PerformFISH 
30.08.2016 

JAV09 Assay validation of quantitative PCR (qPCR) assay for 
detection of Mycoplasma sp 

03.02.2017 

JAV10 Assay validation of quantitative PCR (qPCR) assay for 
detection and identification of Red Sea Bream Iridovirus  
(RSIV) and Infectious Spleen and Kidney Necrosis Virus 
(ISKNV) 

Not PerformFISH 
25.04.2016 

JAV12 Assay validation of quantitative PCR (qPCR) assay for 
detection and identification of Lymphocystis virus 
(LCDV) 

03.08.2017 

JAV13 Viral Copy Number Detection Supplementary 
Validation. 

11.07.2017 

JAV14 Assay validation of reverse transcription quantitative 
PCR (RT-qPCR) assay for detection and identification of 
Salmon Alphaviruses (SAV-I to SAV-V) 

21.01.2019 

JAV15 Mycoplasma MycoSeq Precision 03.08.2017 

JAV18 Precision and Repeatability Supplementary Validation Not PerformFISH 
04.10.2018 

JAV20 Validation of the Primer Design  07.12.2018 
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Vibrio spp. qPCR Assay 

JAV21 Validation of the Primer Design Photobacterium 
damselae qPCR Assay 

18.12.2018 

JAV22  Validation of the Primer Design  
Vibrio anguillarum qPCR Assay 

Complete report being 
written 

JAV23 Validation of the Primer Design Aeromonas salmonicida 
qPCR Assay 

06.06.2019 

JAV24 Validation of the T.maritimum qPCR assay Complete report being 
written 

JAV25  Validation of the Primer Design Aeromonas veronii 
qPCR assay 

Complete report being 
written 

JAV26 Validation of Sea Bass IgM Detection ELISA Complete report being 
written 

JAV27  Validation of Sea Bream IgM Detection ELISA Complete report being 
written 
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Annex I. Workflow towards optimisation of Betanodavirus Experimental Vaccines. 

 
 

 

 

 

 

 

 

 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 

 
 

 
 
 
 

 
 

 
 

 
 
 

 

 

 

 

All Partners  

• Reliance on AQUAxprs VNN-VER isolates library  

• During PERFORMFISH: Collection of VNN-VER isolated from AQUARK and CETGA  

• NO other input from Performfish partners 

• Only UNIBO mentioned the possibility to source some reassortant strains are were under study.  

 

 

AQUAxprs  
Collection & Molecular characterization, Selection, Characterisation of 

Specific virus strains, (includes PCR testing, viral cell growth on positives)  

characterisation in terms of virulence and host susceptibility 

AQUAxprs 
Production of a new improved  

experimental inactivated vaccine 

Partners 
Development of a new vaccination programme will 

be produced for seabass and seabream 

After Month 36 
A standardised vaccination programme (size/age)  

will also be developed and field tested in WP6 

CETGA (in 2020) 
Safety studies and efficacy tests using different 

isolates                                           

Shelf life testing of blended vaccines 

Dose response experiments 

Cross protection of different strains 

(in progress for 2021 vaccine) 

 

 

 

 

Partners (in 2020) 
Proposed Primary vaccination 

(immersion/hyperosmotic) 

Booster (IP/oral) 

Outsourcing 
sequencing and 

typing of viral strains 

Task 3.2.2 

partners 
Standardized 

challenge 

method (in 
2020)  

 

Challenge models will be 

developed by several 

partners (not only UNIUD 

and UNIBO, which were 

mainly involved in challenge 

trials with betanodavirus in 

sea bream in strict 

connection to WP1, but also 

CSIC and ULPGC etc.) for 

their application in several 

WPs/tasks, included task 

3.3. 

 

in task 3.3.1 is written “Safety 

studies and efficacy tests 

using different isolates and 

with standardized challenge 

methods developed in task 

3.2.2 will be performed 

AQUAxprs (in 2020) 
Dose rate  

Adjuvant 

Formulation 

(in progress for 2021 vaccine) 

 

Lab safety testing  

(AQUABIOTECH) 

2020 

 

FIELD TRIALS GREECE 

2019-2020 

 
FIELD TRIALS GREECE 

2020-2021 

 

AQUAxprs work achieved AQUAxprs - CETGA in progress (2020) for 2021 vaccine Other Partner expected input for 2021 vaccine 
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Annex II. Workflow towards the Improvement of Efficacy and Longevity of Protection in 
Ph.damselae subsp. piscicida Vaccines.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Wide collection and analysis of               
Ph. damselae subsp. piscicida strains 

 

Source: The consortium 
ONLY UNIBO:  
22 strains of  Pasteurella  
27 strains  of Vibrio anguillarum 
& 25 Vibrio Harveyi  
  

Source: particular collections  
AQUAxprs PD collection 
AQUARK coordinated the 
shipment of isolates from 
company strain libraries 

AQUAxprs: Vaccine Reformulation 
Growth conditions / Dose / Adjuvant / Formulation  

 
 

Testing for efficiency and safety according present legislation.  
Safety studies and efficacy tests using different isolates /                                           

Shelf life testing of blended vaccines / 
Dose response experiments / 

Cross protection of different strains 

IN PROGRESS FOR THE VACCINE OF 2021 

 

Production of combined multivaccine against Betanodavirus, 
Ph. damselae subsp. piscicida and V. anguillarum will also be 

developed and tested for efficacy. 

After Month 36 
Vaccines will be incorporated in WP6 field trials in order to identify field 

performance of different vaccination strategies in different scenarios. 

Source: the industry 
AQUARK coordinated the 

shipment of bacterial isolates 
from serious outbreaks 

Vibrio anguillarum strains collection to include in the formulation 
 

CETGA (in progress in 2020) 
Safety studies and efficacy tests  

using different isolates                              

Shelf life testing of blended vaccines 

Dose response experiments 

Cross protection of different strains 

(For the vaccine in 2021) 

 

 

 

Outsourcing 
sequencing and typing of bacterial strains 

No cost Outsourcing 
VIRULENCE FACTORS SCREENING (USC) 

 

Lab safety testing  
(AQUABIOTECH) 

2020 

 

FIELD TRIALS GREECE 

2019-2020 
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Annex III. Call for strain collection 

Email sent to PerformFISH partners to request samples; 

Dear PERFORMFISH Project Partners, 

  

We hope that this email finds you well and that you are preparing to meet-up in Gran Canaria in late May. 

  

As you know, AQUAxprs Limited is responsible tor PERFORMFISH Task 3.3:Vaccines and Vaccination. This 

task refers to the development of solid vaccination programmes and which has been identified as the key 

issue to improve the KPI's including the survival in Mediterranean fish farming industry in the future.  

  

The performance of currently-available vaccines is sub-optimal and alternative vaccination strategies may 

contribute to improved performance. To address this issue, two different sub-tasks will focus on the 

optimization of specific vaccines and vaccination strategies. The PERFORMFISH Project provides a unique 

opportunity to develop safe and effective vaccines and vaccine delivery technologies 'tailor-made' for the 

aquaculture industry. 

  

We would like to extend our invitation to all the fish farming companies as well as fish health laboratories 

based in Research Institutes and Universities participating in the PERFORMFISH Project in contributing to 

the building of a comprehensive isolate collection including Betanodavirus, Ph. 

damsella subsp. piscicida, Vibrio anguillarum, Vibrio harveyi ,Aeromonas veronae, Tenacibaculum spp, 

Aeromonas salmonicide, etc. which have caused mortalities in different production systems in different 

countries. 

  

AQUAxprs will provide the relevant bio boxes, transport media & and customs declaration forms to the 

partners that are willing to participate in the development of an enriched isolate collection from natural 

outbreaks. 

 

We are at your disposal for comments or queries and hope to discuss this further in Las Palmas. 

 

Best Wishes 

 

 

Prof. Patrick Smith           

Director  
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Mrs. Sue Didlick  

Director 

 

AQUAxprs Limited 

12 Pembroke Avenue, Denny Industrial Centre,  

Waterbeach, Cambridge, CB25 9QR,  

Telephone: +44 (0)1223 815244 

Email: aquaxprs@gmail.com 

Company No: 9633725  

VAT Number: UK238543885  

 

 

 

 

 

Attachments to email: 

 

10th April 2018 

Waterbeach, Cambridge UK 

 

TASK 3.3 FISH VACCINES 

INVITATION TO SEND ISOLATES TO CREATE A COMPREHENSIVE FISH PATHOGEN ISOLATE COLLECTION 

 

Dear PERFORMFISH Project Partners, 

 

We hope you are doing well and that you are preparing to meet up in Gran Canaria in late May. 

 

As you know AQUAxprs Limited is responsible for PERFORMFISH Task 3.3: Vaccines and Vaccination. This 

task refers to the development of solid vaccination programmes which has been identified as the key issue 

mailto:aquaxprs@gmail.com
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to improve the KPI’s such as survival in Mediterranean fish industry in the future.  

 

The Performance of currently available vaccines is suboptimal and alternative vaccination strategies may 

contribute to improved performance.  

 

To address that, two different subtasks will be focused on the optimization of specific vaccines and 

vaccination strategies. The PERFORMFISH Project provides a unique opportunity to develop safe and 

effective vaccines and vaccine delivery technologies “tailor-made” for the aquaculture industry. 

 

We would like to extent our invitation to all the fish farming companies 

as well as fish health laboratories based in Research Institutes and 

Universities participating in the PERFORMFISH project in contributing to 

the building of a comprehensive isolate collection including 

Betanodavirus, Ph.damselae subsp. piscicida, Vibrio anguillarum strains 

as well as other bacterial (like Vibrio harveyi, Aeromonas veronae, 

Tenacibacullum spp, Aeromonas salmonicida etc) which have caused 

mortalities in different production systems in different countries.   

 

We will provide the relevant bio boxes, transport media and customs 

declaration forms to the partners that are willing to participate in the development of an enriched isolate 

collection from natural outbreaks.  

OUTLINE OF PLANNED WORK 

TASK 3.3: Vaccines and Vaccination  (Month 3-36) 

Leader: P[18]: AQUAxprs,  Participants: P[25]: UNIBO, P[13]:UNIUD, P[7]: CSIC, P[2]: ULPGC, P[28]: CETGA, 
P[17]: AQUARK. 

Task 3.3.1: Optimisation of Betanodavirus Experimental Vaccines and  

Task 3.3.2: Improvement of Efficacy and Longevity of Protection in Ph.damselae subsp. piscicida Vaccines 

 

Task 3.3.1 

There is intense effort to develop and license Betanodavirus Vaccines and already the first ip injection 

vaccine (RG) for sea bass has been licensed. However the Meditarranean industry needs an immersion 

and ip injection vaccine that will include RGRGNNV, SJSJNNV and Reasortant strains of NNV now isolated 

in both sea bream and sea bass. Task 3.3.1 refers to  

• molecular characterization of the main relevant genotypes/strains in the Mediterranean  

• selection and characterisation of specific virus strains in terms of virulence and host susceptibility.  

• Development of a improved prototype inactivated vaccine selecting the right dose, adjuvant & 

formulation 
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• Safety studies and efficacy tests using different isolates and with standardized challenge methods 

developed in Task 3.2.3. will be performed according EU regulatory framework on fish vaccines. 

• Development of a comprehensive vaccination programme for both seabass and seabream 

utilising various vaccination methods at specific conditions (size/age at vaccination).  

After Month 36 the developed vaccines will be field tested in WP6.  

 

Task 3.3.2 

Pasteurellosis has become more important in the recent years and there is a clear need for improvement 

of Efficacy and Longevity of Protection in Ph.damselae subsp. piscicida Vaccines. It has been suggested by 

the industry that a new reformulation of this vaccine is necessary. This will be achieved by: 

• A wide collection of Ph. damselae subsp. piscicida from all the consortium members and from 

particular collections 

• Virulence analysis of the isolates will be associated to Task 3.2.2.  

• Development of a improved prototype inactivated vaccine selecting the right dose, adjuvant & 

formulation  

• Safety studies and efficacy tests using different isolates and with standardized challenge methods 

developed in Task 3.2.3. will be performed according EU regulatory framework on fish vaccines. 

 

Based on results of 3.3.1and 3.3.2 and existing vaccine formulation against V. anguillarum, a combined 

multivaccine against Betanodavirus, Ph. damselae subsp. piscicida and V. anguillarum will also be 

developed and tested for safety and efficacy.   Developed Vaccines will be incorporated in WP6 field trials 

in order to identify field performance of different vaccination strategies in different scenarios. Please let 

us know in info@aquaxprs.com if you are interested to contribute in building this PERFORMFISH fish 

pathogen collection that will be essential on the development of industry relevant vaccines. 

 

 

 

 

 

 

 

 

 

 

 

mailto:info@aquaxprs.com


D3.5: New Vaccines   

30 

 

 

 

We would like to thank you for your support and contribution in the framework of PERFORMFISH project.

On Behalf of AQUAxprs Limited 

 

 

Prof. PATRICK SMITH       Mrs Susan Didlick 

AQUAxprs Limited Director     AQUAxprs Limited Director 

 

 

 

 

GUIDE FOR SHIPMENT OF DIAGNOSTIC FISH SAMPLES TO AQUAxprs Limited  

FOR VIRAL ENCEPHALOPATHY AND RETINOPATHY (VER) 

                                                                           AQUAxprs Limited 2018 

 

Types of specimens  

Specimens submitted may be viruses isolated in the submitting country or 

clinical specimens such as organs (brain, eye, etc.) (single or pooled) of 

juveniles, adults and brood fish, entire larvae (weight < 0,1 gr.), entire fry 

(0,1-5 gr.), gonadal biopsies, eggs. Antibodies against betanodavirus can be 

measured in sera.  

 

Sampling procedures and delivery  

 

Viral isolation in cell culture:  

Place specimens frozen at -80°C or liquid nitrogen in sealed tubes or 

containers, and ship in dry ice. Alternatively, suspend specimens in VTM 

(viral transport medium) and ship frozen or refrigerated.  

 

Molecular diagnosis:  

Place specimens in sealed tubes with RNA stabilization solution (e.g. 

RNAlater®) (1:5-1:10 w/v) and ship at room temperature. Alternatively, 

suspend specimens in VTM (viral transport medium) and ship frozen or 

refrigerated.  

 

Serological diagnosis (SN, IFAT):  

Place sera (without blood clot) in sealed tube and ship frozen or refrigerated.  

 

Histology and immunohistochemistry:  

Place specimens in sealed containers with buffered formalin and  

ship at room temperature.  

 

Packaging requirements  

All materials should be placed in leak-proof containers. Packaging should be 

composed of (1) a primary receptacle, (2) a secondary packaging and (3) a 

rigid outer packaging. Packaging of diagnostic samples should be labelled 

“UN3373” and comply with IATA PI650 standards. Please contact your 
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shipping agent to confirm the provision of boxes complying with these 

requirements.  

 

Documents that should accompany the shipment for customs clearing  

Import permits from the VMD (provided by AQUAxprs Ltd in advance) and a 

signed pro-forma invoice (the template will be provided by AQUAxprs Ltd) 

should be attached firmly to the box.  

 

 

Shipping procedure  

Please inform AQUAxprs Ltd at least 1 week in advance and arrange for 

shipments to arrive from Mondays to Thursdays only. Please note that a 

door-to-door delivery is highly recommended, so please ask your agent for 

this type of service.  

 

Important information  

It is essential to:  

• contact AQUAxprs Ltd before shipping;  

• provide the name and details (including telephone number) of a 

contact person from the shipping laboratory.  

 

 

 

 

 

 

 

 

Notification of shipment  

Before shipping, please provide the following information to the AQUAxprs 

Ltd contact person:  

• Date of shipment;  

• Airline name and flight number;  

• Name of destination airport;  

• Expected date of arrival in Italy;  

• Airway bill number (the airway bill should be faxed or e-mailed 

to the contact person as soon as possible);  

• Name and contact details of the person to whom the results 

should be communicated.  

 

Shipping Address  

AQUAxprs Limited 

12 Pembroke Avenue, Denny Industrial Centre,  

Waterbeach, Cambridge, CB25 9QR,  

Telephone: +44 (0)1223 815244 

 

Contact persons  

Mrs Sue Didlick    

E-mail: aquaxprs@gmail.com

mailto:aquaxprs@gmail.com
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Annex IV. IZSVe VNN results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


