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Vaccination - definition

• Vaccination is 
– the process of administering weakened or 

dead pathogens to a healthy individual 

– with the intent of conferring immunity against 
a targeted form of a related disease agent



The origin of vaccination

• Edward Jenner (1749-

1823)

– Discovered that vaccination 

of people with cowpox 

(virus) will protect against 

smallpox

– Vaccination (Latin: vacca—

cow) - the first vaccine was 

derived from a virus 

affecting cows

http://www.sc.edu/library/spcoll/nathist/jenner2.jpg
http://www.sc.edu/library/spcoll/nathist/jenner2.jpg


Milestones in the early history of vaccination

12th century

1798

1882

1879

Variolation against small
pox by the Chinese

Discovered that vaccination 
of people with cowpox 
will protect against 
smallpox. ”Vacca”=cow

Louis Pasteur’s discovery - forgotten P. 
multocida culture protected chickens 
against virulent challenge

Louis Pasteur discovers vaccine
against Anthrax

(Adapted from Tizard, 2001)
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Vaccination in disease control in veterinary 

medicine 



Fish vaccination

• The first report of disease prevention using 

vaccines is probably by Snieszko et al -

protective immunity in carp immunized with 

Aeromonas punctata (1938)

• The first report in English - Duff in 1942
– showed protection against Aeromonas salmonicida in 

trout immunized by parenteral inoculation and by oral 

administration

• The first vaccine for aquaculture (commercial)
– prevention of yersiniosis in salmonid fish, licensed in 

USA in 1976 - produced by Wildlife Vaccine Inc. 

• In 1988 in Norway – Atlantic salmon and 

rainbow trout in were vaccinated at large 

scale against cold-water vibriosis
– initially via immersion, later injection

• Since 1993, all fish in Norway have been

vaccinated against 3-4 bacterial diseases and 

since 1995 against IPN and 2007/8 also

against PD



Current use of fish vaccines (globally)

.

Brudeseth BE1, Wiulsrød R, Fredriksen BN, Lindmo K, Løkling KE, Bordevik M, Steine N, Klevan A, Gravningen K. Status and future 

perspectives of vaccines for industrialised fin-fish farming. Fish Shellfish Immunol. 2013;35(6):1759-68. 



Have vaccines contributed to the 

control of diseases in salmon 

farming?



Treatment Prevention

Salmon production and use of antibiotics



Which vaccines are being used today and 

how are they used?



Types of fish vaccines 



Non-replicating vaccines are poor immunogens

• Inactivated vaccines 

are poor 

immunogens

• Need adjuvant to 

«kick off» the 

inflammation and 

the immune 

response

• An adjuvant in 

general use in 

vaccines for salmon 

– oil adjuvanted as 

an water-in-oil 

formation



“Structure” of a w-o formulation (schematic)

This has been the solution in salmon farming particularly for 

vaccination against bacterial diseases



Vaccination modalities



Modalities

• Efficacy

• Stress
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• Time 

consumin
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Injection vaccination strategies in 

fish



Comply with industry needs

• But also develop new protocols and procedures together



Injection vaccination - the “Wet Method”



Injection vaccination - “Dry Method”



Immune induction period

Prior to or at smoltification

Post Immune induction

Period of protection

Vaccination: at parr 

stage/end of

freshwater period

Vaccination timing
(when to vaccinate)
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The salmon story – can it be applied universally?



“You can have any color you like, as long as it is black”

Vaccination of pangassius -

Vietnam



Tailor-made vaccines 

• Price (low values species)
– Development, manufacturing and 

distribution cost

• Comply with production environment
– Provide solutions during different 

stages of the production cycle
• Modalities

• Founded on sound disease 
diagnostics
– Etiology

• Training of personnel
– Correct usage

• Develop government knowledge and 
confidence in disease control

• Regulatory authorities
– Understanding disease, disease 

control in aquaculture and the use of 
vaccines

– and understand how vaccines work, 
what you can expect



Inactivated, oil-adjuvanted vaccines induce primarily 

humoral responses

• Inactivated vaccines are B cell 
vaccines
– give a humoral immune response 

– protect against pathogens in the 
extracellular environment

• viruses (sometime or partially) because 
virus spread extracellularly

• extracellular bacteria 

– poor protection against intracellular 
pathogens

• Vaccines against intracellular 
pathogens
– Live vaccines or DNA vaccines confer 

immunity to intracellular pathogens 
• Tc – cytotoxic T cells – or by 

• activating macrophages that will kill 
cell/intracellular pathogen



Protection against mortality

Protection against shedding and 

spreading of pathogens



• There are two kinds of polio vaccine
– IPV (Salk’s) is given by injection (i.m.)

– OPV (Sabin’s) is given orally in drop form

• Inactivated polio vaccine (IPV)
– IPV vaccine is safe for use

– protects against systemic infection (CNS)

– does not protect against fecal shedding / spread of virus

• Oral polio vaccine (OPV)
– long-term immunity achieved with a live, attenuated virus 

– induces local (gut) and systemic immunity (circulating 
ab)

– prevents spread of virus (fecal-oral)

Polio vaccine 



Use of live vaccines in finfish aquaculture 

(bacterial / viral)

 Advantages

 High efficacy (elicit long-lived, 

humoral and cellular immunity) 

 Lower production cost compared to 

inactivated vaccines (lower antigen 

dose needed) – viral and bacterial

 Easy to administer, can be delivered

by dip, bath, oral route and for 

efficient systemic distribution

 Humoral and cell-mediated immunity

 Challenges 

 Vaccine safety

 Reversion to virulence

 Attenuation by use of genetic 

modification (GMO issues)



Characteristics of live vaccines
Example from a virus of salmon (infectious pancreatic necrosis virus)

• Protection in vaccinated 
individuals depends on 
immunogenicity

• Dynamic interaction between 
vaccinated and naïve individuals 
in the population
– naïve cohabiting individuals can 

be immunized through spread of 
the vaccine virus from the 
vaccinated animal

• Vaccine with higher residual 
virulence/spreading potential 
“infects/immunizes” naïve 
controls and protect them 
(better) than more attenuated 
vaccine strains of IPNV

Same tanks

Same tanks

TAT

PTA

Separate 

challenge tanks



sykdom

• R0 - the total number of secondary 

infections produced by a primary infection 

in a population of susceptible hosts

•Ro = 1 (A primary case must attempt to generate at least one new case)

•Ro > 1 (Expansion of infected individuals)

•Ro < 1 (Shrinking pool of infected individuals).



R0,V – spread of a vaccine virus

i.e. transmissible vaccines

The densities of susceptible host individuals (black lines), vaccine infected individuals (blue lines) and disease 

infected individuals (red lines) predicted by the stochastic simulations (jagged line showing one of the 100 runs) and 

deterministic model (smooth line) over the 50 years following initiation of the vaccination programme in year 100.

Nuismer SL, Althouse BM, May R, Bull JJ, Stromberg SP, Antia R. 2016 Eradicating infectious disease using weakly 

transmissible vaccines. Proc. R. Soc. B 283: 20161903.



In a fish farming environment - would live vaccines 

be allowed?



Live vaccine candidates tested experimentally 

Munang’andu & Evensen 2015



Mutations affecting the 

virulence of the three Sabin 

vaccine strains of poliovirus. 

Each has a mutation in 

Domain V of the 50 non-

coding region and each at 

least one mutation in the 

capsid region. The types 

concerned are shown in 

paranthesis. 

Minor, Vaccine 2015



Approach to attenuate VHS virus

: Terminal UTR RNA 
(3’)-RNA (5’) 
interaction forms a 
secondary 
structure.



• The polymerase 

(L) together 

with P and N 

will attach to 

the 3’ end (UTR) 

and start 

transcription 

3’



Schematic Diagram of RG

for negative ss RNA virus

vRNA

RNP complex

mRNA, cRNA

Infectious Virus

Kanar
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CMV
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CMV
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U8C A4G-G5A A7C-U8A rWT U25C

A4G-G5A

3 log lower (rescued virus titer)



Recombinant A4G-G5A VHSV strain



 

Good protection by immersion immunization – tested in Olive flounder 

Kim et al. Vaccine 2016

Immunization Challenge



Other technologies





DNA vaccine against PD was approved by EMA 

2017



Summary

• Vaccination – a tool in disease control 
• Fish vaccine modalities and technologies must comply with the 

production environment/production cycles
– Price structure of the fish species

• Duration of immunity will depend on mode of delivery – injection 
vaccines provides longer immunity than immersion vaccines/oral 
vaccines 

• Inactivated vaccines have low immunogenicity in fish – as in other 
animals – and strong adjuvants are needed to induce long-lasting 
immunity (‘antigen depot’ type of memory)

• Live vaccines, DNA vaccines or other technologies will make their way 
into high-price segments
– Better disease control 
– Better at identifying determinants of attenuation
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