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  Fish Vaccines and Fish Vaccine                                  

                 Research  

 

         “From Zero to Hero” 



The Aquaculture Industry 

• 65 million tonnes 

• US$ 150 billion 

• 40% of whole fish consumption 

• Crossover (50/50) predicted between 2025 and 2030 
already exceeded wild catch in Mediterranean 

• Growth at 10-12% per annum (1% = capture fish; 2.3% 
= other animal production 

• Fin-fish (30+ species), shellfish, crustaceans, algae 

• Becoming a key component of worldwide Food 
Security Programmes 



Commercially-Available Fish 
Vaccines 

1982              2014 
1 Enteric Redmouth (ERM) vaccine   1 Enteric Redmouth (ERM) vaccine 
2 Vibrio anguillarum vaccine                               2 Vibrio anguillarum vaccine 
      3 Furunculosis vaccine 
      4 Vibrio salmonicida vaccine 
      5 Combined Vibriosis/Furunculosis vaccine 
      6 Combined Vibriosis/Furunculosis/Coldwater Vibriosis/Moritella viscosa vaccine 
       7 Combined Vibriosis/Furunculosis/Coldwater Vibriosis/Moritella viscosa/IPNV vaccine 
       8 IPN Virus vaccine 
       9 Pasteurella vaccine 
    10 Combined Pasteurella/Vibriosis vaccine  
    11 Vibriosis vaccine for cod 
    12 Shrimp Vibriosis vaccine 
    13 Warmwater Vibrio spp vaccine 
    14 SVC virus vaccine 
    15 Lactococcus garvieae/Streptococcus iniae vaccine 
    16 KHV vaccine 
    17 Aeromonas hydrophila vaccine 
    18 Carp Erythrodermatitis/Ulcer disease vaccine 
    19 Piscirickettsia salmonis vaccine 
    20 ISA virus vaccine 
    21 Gaffkaemia vaccine 
    22 Flavobacterium psychrophilum vaccine 
    23 Nodavirus vaccine 
    24 Pancreas disease virus vaccine 
    25 Edwardsiella ictaluri vaccine 
     

    TOTAL = 25 + 

TOTAL = 2 



Benefits of vaccination 

• Economic benefits 

• Environmental benefits 

• Animal welfare 

• Reduction in the use of antibiotics 



Reduction in levels of 
disease 

 



Reduction in losses due to disease 





External Symptoms 







 

 

    Reduction in the use of antibiotics in the 
aquaculture industry following widespread 
adoption of vaccines 

 

         ESSENTIALLY A ‘GOOD NEWS’ STORY 





ANTIBIOTIC USE IN EARLY DAYS OF 
FARMING ATLANTIC SALMON 

• Introduction of a number of bacterial diseases- 
notably furunculosis. 

• First response in absence of vaccine was to use a 
range of antibiotic treatments. 

• “Dirty industry ?” 

• Multiple resistance became commonplace. 

• Effective vaccines developed and initial success 
led to widespread adoption of vaccination 
throughout industry. 

 





 



                                                             
There has been a recent focus on the 

use of antibiotics in animal husbandry 
throughout Europe 

 

•     “Over-use of antibiotics is an issue in animal husbandry, agriculture and fish 
farming” 

 
• “The development of germs that are resistant to even the strongest of our 

current antibodies is one of the biggest health threats in the world.” 
 

• “ We continue to use them (antibiotics) in agriculture, fish farming and myriad 
other areas of life.” 
 

• “......the typical farmed American salmon eats its own weight in antibiotics before 
it is sold.” 

•                                                                                                                                                             
Dame Sally Davies, UK Chief Medical Officer 
 

WHAT ARE THE FACTS ? 



Norwegian Salmon Production  

Consumption of Pure Antibiotics and Effect of Vaccines 
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Norway 

• In 2013, the total sales of antimicrobial agents for 
therapeutic use in farmed fish were 972 kg of active 
substance of which quinolones accounted for 69%. The 
sales of antimicrobial VMPs in Norwegian aquaculture 
declined by approximately 99% from 1987 – 1996 and 
have thereafter remained relatively constant. This 
reduction is mainly attributed to the introduction of 
effective vaccines in salmonids. 
 
 

NORM/NORMVET 2013 
“Usage of Antimicrobial Agents and Occurrence of 

Antimicrobial Resistance in Norway” 





Example: Use of Antibiotics on a French trout 
farm as vaccine use has increased over time. 

 Quantity of medicinal feed distributed at Trout Farm in France 
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Use of antibiotics against fish diseases  
in Iceland 1990 - 2014 
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Exceptions to the Rule ? 

• Ornamental fish industry 
 

• SE Asia 
 

• Latin America (mainly Chile) 
 

    Latter two must be regarded as ‘work in 
progress’- new industries, new emerging diseases 
and lateness in developing/adopting vaccination. 
 



What about the use of other 
chemicals and anti-parasiticides? 

• Possibly not such a ‘good news story’ 

• Use being reduced by integrated management 
systems. 

• Much research into vaccine development 

• Amoebic Gill Disease 









The ‘blind-alley’ 

• Most ‘easy’ vaccines have been developed leaving 
vaccines against the more-difficult pathogens to be 
focused upon e.g. viruses, slow-growing bacteria, 
fungi, parasites.  

• We need to focus on new technologies etc. to make 
these vaccines available and thus remove a 
considerable constraint on the continued 
development of the aquaculture industry. 



 Despite these new approaches to fish vaccine 
development, there are still a range of fish disease 
pathogens against which it is difficult/impossible to 
develop effective vaccines using conventional 
techniques: 

• Viruses 

• Slow-growing bacteria (BKD, SRS) 

• Parasites 

• Fungi 



 
 

Development and application  
of new technologies 

 



Manipulation of  
the growth medium 







Attenuated Vaccines 



Attenuated Vaccines • Viral 
Channel Catfish Virus (CCV) 
Infectious Haematopoetic Necrosis Virus 
Infectious Pancreatic Necrosis (IPN) Virus 
Spring Viraemia of Carp (SVC) Virus 
Viral Haemorrhagic Septicaemia (VHS) Virus 

       Koi herpes virus (KHV) 
• Bacterial 
      Flavobacterium psychrophilum 

Aeromonas salmonicida 
Aeromonas hydrophila 
Edwardsiella ictaluri 

      Flexibacter columnarae 
      Edwardsiella tarda 
• Parasite 

Crytobia salmositica 
  

However, it is the problems with licensing attenuated vaccines 
for use in the aquatic environment which has been a  

     major constraint on their continued development.  



Recombinant DNA Vaccines 



Recombinant Fish Vaccines 
• Viral 

Channel Catfish Virus (CCV) 
Infectious Haematopoietic Necrosis (IHN) Virus 
Infectious Pancreatic Necrosis (IPN) Virus 
Spring Viraemia of Carp (SVC) Virus 
Viral Haemorrhagic Septicaemia (VHS) Virus 
Infectious Salmon Anaemia (ISA) Virus 
Whitespot Virus of Shrimp (WSV) 

• Bacterial 
Bacterial Kidney Disease (BKD) 
Piscirickettsia salmonis (SRS) 

• Parasite 
Ichthyophthirius multifiliis (“Ich”) 
Lepeophthirius salmonis (Salmon louse) 
 



    DNA Vaccines 



 



Other ‘second generation’  
vaccines/technologies which have shown 
promise under experimental conditions  

• Virus-like Particle (VLP) Vaccines 

• Chimera vaccines 

• Molecular Decoys 

• Molecular sponges 

• Fish-derived anti-microbial peptides (broad-spectrum 
antibiotic properties.( No anti-microbial resistanc problems ?) 



Virus-Like Particles (VLPs) 



… The way it works – a “Ghost” virus 

Nuc

Yeast Cell (feed)

VP1 

VP2 

self 

assemble 

Yeast 

high copy 

plasmid 

Empty VLP’s 

(no nucleic acid) 

Antigenic  

   … but not infective 

“Ghost 

    Virus” 



   “Effective, but not Infective” 

Infective virus Empty virus-like particle 

… The way it works – a “Ghost” virus 



Chimera Vaccines 



… Making a bivalent vaccine using an 

IPNV VLP Platform 



Gene Silencing 





Molecular Decoys 



Edible Shrimp “Vaccines” 
… “Sponges” vs. “Decoys” 

Molecular Decoys Molecular Sponges 

Healthy 

Decoy blocks virus binding  

Virus binding to gut mucosa

Diseased

Healthy 

Sponge binds up virus 

Both strategies 

presently in trials at 

SC-DNR 



Oral Vaccines 









 Antigen Protection System 

(APV) 

 Oral Vaccine  

Incorporated Feed Pellets 

Fish Stomach  

(Acid Environment) 

Hind Gut 

1.  In the acid environment of  the  
 fish stomach, the feed pellets  
 are digested.  The Antigens  
 themselves are protected by the 
 APV and pass through intact. 

2.  Antigens are delivered to the  
 area of  the hind gut where they 
 are absorbed and activate an  
 effective immune response in  
 the fish.    



Microencapsulation 

 Problems associated with microencapsulation: 

• Expensive 

• Shelf-life/stability 

• Difficulties with licensing 

• Difficulty of incorporation into commercial 
feeds 

• Palatability 







 





Development of Improved Adjuvants 



Speilberg Scale - Adhesion Scoring 

GRADE 6          GRADE 6? 



Adjuvants that specifically 
stimulate Th1 response in fish 

 



Interleukins 
 Interleukins are produced by many cell types in response to 

damage and infection. 
 So far in mammals 15 interleukins have been discovered. 

 Of those Il-1 is the most important in the regulation and 
control of the immune response including: 

• Killer-cell activity 
• Polymorphonuclear leucocyte activity 
• Activation of macrophages and macrophage killing 
• B-cell proliferation 
• Other functions 





 

 

 

                     Growth of  Research 





TargetFish 



TargetFish brings together a large number of leading European 
research groups that are experts on the fish immune system and 
enterprises from the Biotech and Veterinary sectors to advance the 
development of vaccines against important viral or bacterial 
pathogens in European aquaculture. 
 
  
 

TargetFish is a large collaborative project funded by  
the European Commission under the 7th Framework  
Programme for Research and Technological Development. 



The ‘blind-alley’ 

• Most ‘easy’ vaccines have been developed 
leaving vaccines against the more-difficult 
pathogens to be focused upon. 

• We need to focus on new technologies etc. to 
make these vaccines available and thus 
remove a considerable constraint on the 
continued development of the aquaculture 
industry. 



Registration of ‘second generation 
vaccines – a way forward or a ‘glass 

ceiling’ for aquatic animal health 
products? 

• All veterinary vaccines for which the active 
ingredient has been derived by biotechnology 
must be registered through the Centralised 
Procedure 

• Includes those containing genetically modified 
organisms (GMOs), recombinant but non-
living organisms, virus-like particles, DNA 
vaccines, etc. (Definition in Directive 2001/18) 

 



• Pros and cons: 
- Compared to National Procedures the Centralised 

route is the most predictable in terms of timelines, 
administration and interaction with the Rapporteur 
and Co-rapporteurs. 

- It can be expensive - > Euro 150,000 + Euro 32,000 
maintenance fee. (but see later) 

• The requirements for the registration dossier are fairly 
honerous 

• An Environmental Risk Assessment (ERA) is required- 
expensive !! 

• Potency test required 



 



How can we utilize some of the 
incentives available for the 

registration of ‘second generation’ 
products ? 

• Not an easy answer and ‘level playing field’ 
arguments come into play. 

• MUMS and SMEs can command a reduction in 
registration fees – Fees reduced by 90-100% ! 

• Rainbow trout = MUMS 

    Sea Bass and Sea Bream =MUMS 

• If we use SME status, how can large 
pharmaceutical companies work with them. 



 

 

          Disease/ Research  

               Prioritisation   



   With the increase of disease pressures in 
aquaculture and funding constraints there 
needs to be a robust and regularly-applied  

                  Prioritisation Exercise 



TROUT CONDITION 2013 
v. 
2012 

5 year 
trend 

Ranking/Cos
t 
???? 

CONTROL COMMENTS 

Proliferative Kidney 
Disease (P.K.D.) 

1 
£?? 

Exposure programmes 
No treatment 
Resistant strains? 
 

Failure of 2012 exposure 
programmes? 

Red mark Syndrome 
(R.M.S.) 

2 
£?? 

Untreated recovery 
Oxytetracycline 
Health diets 

Increase on restocking farms and 
sport fisheries 
Now confirmed on brown trout 
Rejections on table farms 

Enteric Redmouth 
(E.R.M.) 

3 
£?? 

Immersion/oral /injection 
vaccination 
Oxolinic acid (Branzil) 

5 year trend down. 
Properly executed vaccination is 
controlling impact. Some farms 
injecting – 100% effective 

‘Puffy Skin Condition’ 4 
£?? 

None? 
Fish health diets? 

Mostly large triploid fish, increasing 
incidence and severity, CEFAS 
project 

Rainbow Trout Fry 
Syndrome (R.T.F.S.) 

5 
£?? 

Florfenicol (Florocol), 
Amoxycillin (Vetremox) 
Preventative health diets,  

Affecting larger fish. 
Resistance to florfenicol ?? 

White Spot 6 
£?? 

Formalin, long term salt 
baths, increase water 
velocity 

Increase v. 2012 
Hot weather and low water levels 
Future availability of formalin? 

League table 1 - 2013 



            

DISEASE SCORECARD SEALICE None (0) Low (1) Moderate (2) High (3) Weight 

 Weighted item 

score  

              

1. RISK & IMPACTS             

              

1.1 Human health  (only one score per item)     

Is this a zoonotic disease? What is the risk? 0       5            -    

Risk of food poisening? 0       5            -    

Sum Human health            -    

              

1.2 Aquatic animal health (only one score per item)     

Risk of territorial spread       3 4         12.0  

Risk of spread across species   1     4           4.0  

Sum health risk           8.0  

              

1.3 Environmental  (only one score per item)     

Effect on wild populations       3 4         12.0  

Ecological effects     2   3           6.0  

Sum environmental score           9.0  

              

1.4 Financial (only one score per item)     

Direct loss from mortality     2   5         10.0  

Direct loss due to high FCR/reduced growth/lower quality     2   5         10.0  

Trade loss   1     3           3.0  

Loss due to cost of official control measures     2   4           8.0  

Sum Financial           7.8  

              

1.5 Customer view and societal impact (only one score per item)     

Customer view    1     1           1.0  

Societal impact     2   2           4.0  

Security of supply 0       4            -    

Sum customer view and societal impact           1.7  

              

TOTAL RISK & IMPACT SCORE         26.4  

              

              

2. KNOWLEDGE GAP (only one score per item)     

Characterisation of agent / disease 0       4            -    

Basic epidemiology     2   5         10.0  

Immunology       3 5         15.0  

Strain/species variation     2   5         10.0  

Diagnostics 0       4            -    

SUM GAP SCORE           7.0  

              

              

3. REQUIREMENT OF CONTROL MEASURES (only one score per item)     

Management/husbandry practices   1     5           5.0  

Chemotherapeutants       3 3           9.0  

Vaccines 0     3 5         15.0  

SUM CONTROL SCORE           9.7  

              

OVERALL RATING       75.3  

              

              





Diagnostics 

    Reduction in the use of antibiotics,as well as 
relying on the use of vaccines, also depends 
on trained veterinary monitoring and the 
development and routine use of rapid 
diagnostic methods. 



 
 
 

PRODUCTS 

• AquaMab-P  Detect pathogens IHC & IFAT 

• AquaMab-F  Detect fish species IgM ELISA 

• Pre-coated ELISA plates 

• HRP Conjugates 

• Rapid Test Kits 

 

 

 



ISAV RAPID KITS 

• Negative Result 

 

 

 

 

• Positive Result 

 

 

 

 





                                            Thank you 

 

 





                                                             
There has been a recent focus on the 

use of antibiotics in animal husbandry 
throughout Europe 

 

•     “Over-use of antibiotics is an issue in animal husbandry, agriculture and fish 
farming” 

 
• “The development of germs that are resistant to even the strongest of our 

current antibodies is one of the biggest health threats in the world.” 
 

• “ We continue to use them (antibiotics) in agriculture, fish farming and myriad 
other areas of life.” 
 

• “......the typical farmed American salmon eats its own weight in antibiotics before 
it is sold.” 

•                                                                                                                                                             
Dame Sally Davies, UK Chief Medical Officer 
 

WHAT ARE THE FACTS ? 



CHEMICAL USE IN SALMON AQUACULTURE: A REVIEW OF CURRENT PRACTICES AND POSSIBLE ENVIRONMENTAL EFFECTS 

(2008) 

Les Burridge1, Judith Weis2, Felipe Cabello3 and Jaime Pizarro4 

http://stopptt.com/wp-content/uploads/2013/12/32bfe50e457fb45a03.pdf 

 

a Data accessed at FAO (HUhttp://www.fao.org/fi/website/FIRetrieveAction.do?dom=collection&xml=global-aquaculture-production.xml&xp_nav=1UH)  

b Data accessed at HUhttp://www.dfo-mpo.gc.ca/communic/statistics/aqua/index_e.htmUH and New Brunswick Salmon Growers Association (personal 

communication).  

c Source: Government of British Columbia ( HUhttp://www.al.gov.bc.ca/ahc/fish_health/antibiotics. 

http://stopptt.com/wp-content/uploads/2013/12/32bfe50e457fb45a03.pdf
http://stopptt.com/wp-content/uploads/2013/12/32bfe50e457fb45a03.pdf
http://stopptt.com/wp-content/uploads/2013/12/32bfe50e457fb45a03.pdf




 





UK 

 

 



UK 
 

 



 
 

• UK 





Norwegian Salmon Production  
Consumption of Pure Antibiotics and Effect of Vaccines 

0

50

100

150

200

250

300

350
1
9
8
1

1
9
8
3

1
9
8
5

1
9
8
7

1
9
8
9

1
9
9
1

1
9
9
3

1
9
9
5

1
9
9
7

1
'0

0
0
 T

o
n

s
 o

f 
S

a
lm

o
n

0

10

20

30

40

50

60

T
o

n
s
 o

f 
A

n
ti

b
io

ti
c
s

Vibriosis Vaccine 

Furunculosis Vaccine 

Oil-based Fur. 
 Vaccine 

Combination 
Vaccine 



 





Exceptions to the Rule ? 

• Ornamental fish industry 
 

• SE Asia 
 

• Latin America (mainly Chile) 
 

    Latter two must be regarded as ‘work in 
progress’- new industries, new emerging diseases 
and lateness in developing/adopting vaccination. 
 


