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Abstract

Vaccination promises to be the most sustainable means of preventing
and managing disease outbreaks in aquaculture. Fish vaccines should
be efficient, potent and safe, and should not have adverse effects on
humans or the environment. Although vaccination for fish includes
immersion and oral delivery routes, injection delivery is currently
the most widely applied method industry wide. This is effective for
highly valued fish species; however, injection vaccination is not
practical for species of lower value or for diseases affecting fish at
small sizes. Under these circumstances, oral and immersion delivery
holds the greatest promise, but requires antigens to be efficiently
taken up through mucosal surfaces. Oral delivery of vaccines in the
feed is difficult due to challenges in delivering a consistent and
adequate dosage, potential for degradation of antigens in the
gastrointestinal tract, and risks of developing oral tolerance.
Immersion delivery of killed antigens (bacterins) or live attenuated
vaccines is more common and much less stressful than injection
delivery. This method involves dipping or bathing fish in a vaccine
solution for a period of time to allow antigen uptake across mucosal
surfaces resulting in stimulation of both a mucosal and systemic
immune response. This review discusses multiple delivery methods
for vaccination of fish with primary emphasis on immersion delivery
and the factors affecting efficacy such as dose, duration of
protection, delivery time, size at first vaccination, booster regimes,
and storage requirements. All of which must be optimized before a
vaccine is commercialized. Such criteria have been evaluated for a
recently  developed live attenuated immersion  vaccine,
Flavobacterium psychrophilum 259-93-B.17 grown in iron limiting
medium (called B.17-ILM) that protects trout and salmon against
coldwater disease. This vaccine requires a booster immunization but
protects rainbow trout for at least 24 weeks with a relative percent
survival of 70%. A vaccine dose as low as ~ 10° cfu/mL has been
shown to provide significant protection following pathogen
challenge, and fish as small as 0.5 g can be administered the vaccine
by immersion and protected from CWD. This review highlights
aquaculture vaccines and emphasizes the potential to utilize live
attenuated vaccines and mucosal vaccination (immersion) for
aquaculture, but it is clear that a better understanding of antigen
uptake mechanisms could aid in designing and optimizing future
vaccines for fish. As newer developments in vaccine production and
processing technologies, storage technologies and novel delivery
strategies become available for aquaculture, it is likely that
immersion vaccination will be the method of choice for most fish
farmers.

Copyright 2017 KEI Journals. All Rights Reserved Page | 1


mailto:kcain@uidaho.edu

International Biology Review, Vol. 1, Issue 1, May 2017
Prospects and challenges of developing and commercializing immersion vaccines for aquaculture

1. Introduction

Aquaculture is the fastest growing
food production sector globally. With a
steady growth of 8-10% over the past three
decades, aquaculture now supplies over half
of the seafood used for human consumption
[1]. Growth is likely to continue as human
population and demand for healthy seafood
products increase. Similar to other animal
production systems, land, water, feed and
energy are major inputs for aquaculture.
Traditionally, aquaculture consisted of more
extensive systems requiring less input or
management. Aquatic species were grown at
lower stocking densities in larger water
bodies/ponds with minimal supplemental
feeding. The need to improve production
efficiency has led to the development of
more intensive aquaculture systems such as
net pens, off-shore cages, raceways and
recirculating aquaculture systems (RAS).
Intensive aquaculture typically raises high
value species at high densities that are fed
commercially available feed under highly
controlled conditions. This level of
intensification can lead to greater risk of
disease outbreaks, which in turn affect
production and result in substantial
economic losses [2].

Infectious diseases, mainly caused by
bacterial pathogens as well as viral and
parasitic pathogens, are by far the most
serious constraint to the sustainable
expansion of aquaculture worldwide [3-6].
Prevention and control of disease outbreaks
have become the biggest challenge for
aquaculture. Diseases can be treated using
chemicals and antibiotics, but such options
are limited for fish farmers. The practice of
using antibiotics to control bacterial diseases
was predominant in the early stages of
intensive aquaculture development.  For
example, during the beginning of
development  of industrial salmon
aquaculture in Norway, as much as ~50,000
kg of antibiotics was used annually to
control bacterial diseases [7]. Even recently,
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antibiotics have been extensively
administered for disease control in the
salmon industry in Chile [8] and in many
other countries. It has been estimated that
bacterial infections are responsible for 15-20
% loss of annual production in China, which
accounts for more than 60% of global
aquaculture production [1]. Extensive use of
various classes of antibiotics, including
sulfonamides, fluoroquinolones (e.g., cipro-
floxacin), tetracyclines (e.g., oxytetra-
cycline), and macrolides (e.g., erythromycin)
is prevalent in Chinese aquaculture [9]. The
lack of judicious use of antibiotics has led to
public health and environmental concerns
due to the potential development of
antibiotic resistant bacteria and antibiotic
residue in aquaculture products or the
environment  [10-14]. Hence, several
countries  have  implemented  strict
regulations on the use of antibiotics for
aquaculture. For example, only three
antibiotics are approved for aquaculture in
the United States and the Food and Drug
Administration  (FDA) now  requires
veterinary approval prior to their use.

In addition to antibiotics, fish farmers
have adopted various disease control and
prevention approaches including the use and
application of various disinfectants and
chemicals, establishment of best aquaculture
practices, better environmental and feed
management, strict biosecurity measures,
and use of vaccines, probiotics and
immunostimulants [7, 15-19]. Vaccination is
proven as one of the most cost-effective,
practical and environmental friendly
methods currently available to prevent or
minimize losses due to infectious disease in
aquaculture [7]. In this review, we will
highlight different delivery strategies for
aquaculture vaccines, but will focus
primarily on immersion delivery and work in
the authors’ laboratory on the development
and challenges associated with
commercializing a live attenuated vaccine
for the industry.
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2. Vaccination in aquaculture

The earliest report of experimental
vaccination in fish was published in 1938,
when protective immunity was demonstrated
in carp immunized with Aeromonas punctata
[20]. Later, oral vaccination of trout against
A. salmonicida was reported in English [21]
generating a wider interest in the field.
However, fish vaccination was a neglected
field for another three decades, mainly due
to the availability of antimicrobial
compounds after World War 1. In an early
study, injection vaccination of trout was
shown to elicit a specific antibody response
against A. salmonicida [22]. Concurrent
developments in human vaccination and
successful application of oral vaccination in
the poultry industry sparked renewed interest
in vaccination of fish [23-25]. Increasing
public health and environmental concerns
regarding the wuse of antibiotics in
aquaculture continue to spark the search for
effective alternatives to antibiotics and
improved disease preventive methods such
as vaccination. The first US licensed
vaccines to be used in commercial
aquaculture were against the gram negative
bacterial pathogens Yersinia ruckeri and
Vibrio anguillarum [26,27]. Currently,
vaccines are available for more than 22
bacterial and 6 viral diseases in aquaculture
[28].

3. Vaccine delivery methods

Administration of vaccines to fish is
achieved by different methods, mainly by
injecting into the intraperitoneal cavity or by
immersing/dipping fish in a vaccine
solution, but in some cases vaccines are
delivered orally by incorporating into fish
feeds (reviewed in [7, 28-30]). Other
methods of vaccination with varying levels
of  commercial  application include
intramuscular injection of DNA vaccines
[31], nasal vaccination [32,33] and hyper-
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osmotic  pretreatment  [34,35] before
immersion vaccination.

3.1. Injection vaccination

Among different  administration
methods, injection vaccination is currently
the most widely used method to vaccinate
fish grown in commercial aquaculture
facilities. The introduction and use of water-
in-oil emulsion (w/0) injection vaccines in
the 1990s helped the Norwegian salmon
farming industry counter the problems of
furunculosis and other diseases and has
significantly improved production
efficiencies [7]. Injection vaccination is
highly efficacious and generally provides
long-term protection [36]. Today,
multivalent injection vaccines containing up
to seven antigens are used in salmon farming
to protect against four major bacterial
diseases (furunculosis, vibriosis, cold-water
vibriosis, and winter-ulcer) and two viral
diseases (infectious pancreatic necrosis
[IPN] and infectious salmon anemia [ISA])
[28]. Such multivalent vaccines have
become a critical factor for the success of
salmon farming in Norway and other
countries [37]. Antigenic competition,
interference  between  antigens  and
nonspecific immunosuppression can be a
challenge for formulating and licensing such
multivalent vaccines [38].

Major factors that determine the
success of aquaculture vaccines are efficacy,
potency and safety. Additionally, a vaccine
should be cost-effective and easy to apply
with minimal stress to the fish. Injection
vaccination is a more practical method when
vaccinating high value species such as
Atlantic salmon. Fish greater than 20 g can
be easily injected with a small volume of a
multivalent vaccine to prevent major
diseases. However, injection vaccination is a
highly labor intensive method involving
handling and anesthesia, and requires several
vaccinators to work together to carry out the
process at a facility. Recently, automated
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vaccinating machines have been introduced
that can lower labor costs and reduce stress
to the fish [39,40], but such machines are not
adapted to multiple fish species. More
serious problems with injection vaccination
are associated with the development of side
effects and tissue damage around the
injection site or formation of abdominal
lesions [41]. Inflammation, granulomatous
peritonitis, adhesion between body wall and
internal organs, and pigmentation at the site
of injection are commonly observed in
injection vaccinated fish and may lead to
increased stress, reduced growth, increased
mortality and poor welfare [42-45]. The final
product quality at commercial production
facilities is very often downgraded to
unacceptable levels because of poor flesh
quality and melanization [42,46]. Moreover,
injection vaccination cannot be used to
vaccinate small size fish and if inflammation
occurs in broodfish it could impact gonad
development [41].

3.2. Oral vaccination

Orally feeding fish with antigens that
have been top coated or mixed into the feed
iS a very attractive method of antigen
delivery through the intestinal mucosa of
fish [21,47]. It is a stress free method and a
large number of fish can be mass vaccinated
relatively easily. However, oral vaccination
very often produces inconsistent results due
to the instability and degradation of antigens
while passing through the harsh and acidic
environments of the foregut prior to
absorption in the hindgut [48-51]. Lack of
cost-effective and efficient methods to
protect antigens and deliver them to the
hindgut has prevented the widespread
application of this vaccination method for
aquaculture.

3.3. Immersion vaccines

Immersion vaccination is probably the
simplest of three major vaccination methods.
In general, fish are dipped or immersed in a
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defined dose of vaccine solution for a short
period of time. In this review we will
highlight the different types of bacterial
immersion vaccines (bacterins) and further
focus on the advantages and specific
challenges of immersion vaccination in fish.
In addition, challenges and considerations
for cost-effectiveness, commercialization
and licensing of immersion vaccines will be
discussed. Currently, two forms of
immersion vaccines are popular: killed
bacterins and live attenuated vaccines.

Killed vaccines (bacterins)

Killed immersion vaccines were one of
the earliest vaccines used in aquaculture and
continue to be used widely. The first
commercially licensed aquaculture vaccine
was a formalin-killed immersion vaccine
against Y. ruckeri [52]. Other formalin-killed
immersion vaccines were developed to
control vibriosis in salmon and trout and A.
salmonicida infections in Atlantic salmon
[53]. Currently, a range of killed vaccines
are commercially available in various
countries. In the US, there has also been an
increase in the use of custom autogenous
vaccines, which are typically killed vaccines
developed from bacterial strains isolated
from specific aquaculture facilities and used
only at those sites. Killed immersion (and
injection) vaccines are very important to the
aquaculture industry globally, but more
recently there has been increased interest in
the development and use of live attenuated
immersion vaccines.

3.4. Live attenuated immersion

vaccines

There are several approaches used for
the production of live attenuated immersion
vaccines (reviewed in [54]). Attenuation can
be achieved by generating avirulent mutated
strains  through genetic manipulations,
sequentially growing the virulent strain in
increasingly concentrated doses of specific
antibiotics [55], or by simple serial passage
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of virulent strains on laboratory media
[56,57]. Early immersion vaccination trials
on O. mykiss used both these approaches to
generate live attenuated strains of V.
anguillarum that provided protective
immunity against V. anguillarum and were
cross-protective against A. salmonicida [55].
However, most of the early experimental
studies to develop live attenuated strains
employed genetic manipulations to generate
avirulent mutants [58-65]. Another method
that has been utilized involves the induction
of random mutation(s) by serially passaging
bacteria in media containing increasing
concentrations of the antibiotic rifampicin.
This is an elegant strategy to generate live
attenuated strains of bacteria that have been
commercially developed for aquaculture and
terrestrial animals [66]. This strategy has
been successfully adopted in aquaculture to
develop vaccines against pathogens such as
Edwardsiella ictaluri, which causes enteric
septicemia of catfish and Flavobacterium
columnare, which causes columnaris disease
in many warm water fish species. [63,67].
Two such vaccines currently licensed for
commercial use are AQUAVAC-ESC®
against enteric septicemia of catfish (ESC)
and AQUAVAC-COL®™ against columnaris
disease. Following a similar approach, our
laboratory has developed a live attenuated
vaccine strain of F. psychrophilum ( 259-93-
B.17) that protects fish against bacterial
coldwater disease (CWD) or rainbow trout
fry syndrome (RTFS) as it is often referred
to in Europe. CWD/RTFS is a devastating
disease that primarily affects smaller life
stages of salmonids and other species [68].
Efficacy of the 259-93-B.17 vaccine was
recently enhanced by altering production
conditions and growing this strain under iron
limiting (ILM) conditions [69,70]. Further
optimization of this vaccine is underway as
part of the process to successfully
commercialize and license in the US [70].
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4. Strategies to enhance antigen
uptake in immersion vaccination

Immersion vaccination is currently the
most suitable method for mass vaccination
of fish. Direct immersion (DI) is the most
widely used form of immersion vaccination
[71,72] and consists of fish being immersed
in a defined dose of vaccine solution for a
specific period of time (usually one to
several minutes) and then transferred back to
the rearing tank. Different variations of this
method and other more novel methods such
as ultrasound/immersion vaccination are
described in the literature [47]. An important
consideration for attempting these variations
is the need to enhance antigen uptake during
immersion exposure.

As the fish is immersed in the vaccine
solution, all mucosal surfaces including skin,
gills, nostrils, eyes, vent and intestinal
surfaces are exposed to antigens in the
vaccine solution. Unlike terrestrial animals,
fish are continuously bathed in the
surrounding water medium. Hence, they are
in continuous contact with any non-
pathogenic and potentially pathogenic
organisms that may be present in the water.
Mucosal surfaces of fish such as skin, gills
and gut are the first site of interaction and
clear portals of entry for pathogens [51,73-
75]. Thus, the mode of contact between
vaccine antigens and fish mucosal surfaces,
and the immune response produced during
immersion vaccination is similar to what
occurs during exposure to a virulent
pathogen [76-79]. In fact, antigen uptake
during immersion vaccination is believed to
occur mainly through the skin and gills of
fish [80-84]. However, other studies have
shown that antigen uptake mainly occurs
through the intestine [85-88], and in some
cases uptake occurs through the lateral line
[89]. Bacteria have been recovered from
gastrointestinal tracts of fish immediately
following immersion in  concentrated
suspensions of a vaccine solution [90,91].
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In a slightly modified method of
immersion vaccination, called hyperosmotic
infiltration (HI), antigens are infiltrated into
the fish by using a hyperosmotic solution to
enhance antigen uptake during immersion
vaccination. For vaccination by HI, fish are
briefly pre-treated with a hyperosmotic
solution such as urea or sodium chloride
before vaccination by a standard immersion
method [89,92-95].  The hyperosmotic
pretreatment is believed to stimulate the
drinking and water intake in some fish
[86,96]. These authors postulated that
physiologically  manipulating  fish to
stimulate chemoreceptors or the endogenous
renin-angiotensin  system that regulates
drinking in fish may enhance antigen uptake
during immersion vaccination. Literature on
antigen uptake, immune response and
protection following HI is contradictory
[95,97-99], and at present this vaccination
method is uncommon.

A recent immersion vaccination study
in zebrafish using Y. ruckerii bacterin
showed that antigen uptake is quick and
varies with different life stages of the fish
[100]. The bacterin was observed within 30
min of vaccination in scale pockets, skin,
esophagus, intestine and fins of adult fish
and within two hours in the spleen and at 24
h in liver and kidney.

5. Improving the efficacy of
immersion vaccines

The exact mechanism of how a
protective immune response is generated by
immersion vaccination is still unclear. In
contrast, injection vaccination in fish usually
elicits an adaptive immune response
measured by the presence of antigen specific
antibodies in the circulation a few weeks
later depending on water temperature. Such
antibody molecules may function as
antitoxins, anti-adhesions, and anti-invasions
as well as activating the classical
complement system [101-104]. Thus,
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injection vaccines are typically efficacious
and generally provide long-term protection
[36]. Immersion vaccination may stimulate
mucosal immunity, but the role this plays in
protection is not clear and there is a lack of
reliable and standardized measures to
determine specific as well as non-specific
immunity at mucosal surfaces. Thus,
optimizing immersion vaccines in a way that
stimulates both a mucosal and systemic
immune response has been constrained
[105,106]. Measurement of serum antibody
titers following immersion vaccination of
rainbow trout with a live attenuated F.
psychrophilum vaccine (259-93B.17 or
B.17-1ILM) induces a significant serum
antibody response that generally (but not
always)  correlates  with  protection
[69,70,107,108]. In the case of vaccines
delivered by the immersion route, it is
possible that adaptive immune response
localized in different mucosal organs could
play a more significant role. There is
mounting evidence that mucosal immunity is
important in fish and that mucosal
immunoglobulins (1gs) are elicited following
infection or vaccination. It may be important
to have adequate stimulation of mucosal
associated 1gs to bind or neutralize antigens
during pathogen invasion at such sites
[51,109-121]. Our lab has found that
secretory IgD and IgT gene expression
levels were significantly upregulated in gill
and intestinal mucosa of fish vaccinated with
the B.17-ILM vaccine, both by immersion
and anal intubation routes [107].

Unlike in mammals, there is still no
clear evidence for a common mucosal
immune system and mucosal homing
receptors in fish [122]. Further research on
mucosal immunity, especially homing
receptors and transport and secretion of
mucosal antibodies will shed more light on
the protective mechanisms of immersion
vaccination. The intricate mechanisms and
molecules that coordinate the development
of humoral and cell-mediated immunity
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during immersion vaccination are poorly
understood in fish. Induction of a variety of
nonspecific molecules including
antimicrobial peptides, surface defensins,
proinflammatory cytokines (such as IL-1p,
TNFa, and IL-8), chemokines and pattern
recognition receptors, coupled with cell
mediated immunity involving antigen
presenting cells  (APCs,  monocytes
macrophages, eosinophilic granulocytes,
neutrophils, M-cells and dendritic-like cells)
is essential for efficient protection achieved
by immersion vaccination (Reviewed in
[51,106,120, 123]).

A defined vaccine dose can be
delivered into the fish when administering
injection vaccines, whereas the actual dose
absorbed into the fish during immersion
vaccination is difficult to determine. Several
factors related to the fish, environment
(vaccination medium), the method of antigen
delivery and the nature and composition of
vaccine itself can affect the dose of vaccine
actually exposed and absorbed into the fish
mucosal surfaces [70,124,125]. Preliminary
immersion vaccination trials in Coho salmon
using the improved B.17- ILM vaccine
produced high relative percent survival
(RPS) values of 73% [69]. However, these
fish were adipose fin clipped and immersed
in the vaccine solution for 1 h. This may
have contributed to antigen uptake,
enhanced antibody responses, and strong
protection. A commercial fish vaccine
however, must be economical to produce
and deliver using practical strategies that fit
into the production schedule of an
aquaculture facility. Ideally, the vaccine
should produce the desired immune response
and protect fish for a prolonged period with
a minimum antigen dose delivered
efficiently in a short period of time.

One of the most difficult tasks of
optimizing live immersion vaccines is to
determine the minimum dose that the fish
should be exposed to in order to elicit an
optimum immune response. Lack of
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standard methods to reliably measure the
dose of vaccine exposed to and absorbed
into the fish has led to empirical
determination of doses and subjective
assessments. However, it has been estimated
that only 0.01-0.2% of the of the initial
vaccine bath concentration is taken up by
each fish [97]. They also noted that more
antigens were absorbed through the head
portion of the fish, and the uptake increased
with increase in temperature, size of the fish,
and use of an adjuvant.

Early reports of immersion vaccination
of channel catfish with a live E. ictaluri
isolate at a dose of 6 x 10° cfu/mL produced
an RPS of > 90 % [126]. In another study,
vaccination of different age groups of
channel catfish (7-31 days post hatch) by a
modified live E. ictaluri RE-33 vaccine for 2
or 10 min immersion at a dose of 5 x 10° to
5 x 10° cfu/mL produced RPS values
ranging from 45.3 to 79.5% [127]. The
efficacy of the same vaccine was found to
vary significantly among different families
of channel catfish when vaccinated at a dose
of 1 x 10" cfu/mL with RPS values among
families ranging from 67 to 100% [128].

In  our studies, rainbow trout
immersion vaccinated with the B.17-ILM
vaccine for 3 min at doses of ~ 1 x 10° to 1
x 10 cfu/mL were strongly protected
against CWD out to at least 24 weeks with
RPS wvalues up to 70%, whereas, fish
vaccinated with lower doses (~1 x 10° and 1
x 10° cfu/mL) were protected out to 12
weeks, but RPS values dropped to 34% and
36%, respectively by 24 weeks [70]. Studies
on small (1.5-3.0 g) rainbow trout have
shown that uptake of BSA-conjugated
fluorescent latex microspheres from bath
suspensions is logarithmically proportional
to particle concentration in suspensions
indicating the dose dependent nature of
antigen uptake by immersion vaccinated fish
[129].
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How long the fish is exposed to
antigens (vaccine delivery time) during
immersion vaccination is important for
practical field considerations as well as for
efficacy of the wvaccine. Commercial
immersion vaccines typically dip a certain
biomass of fish in the vaccine solution for
30-60 s [130,131]. Rainbow trout immersion
vaccinated with B.17-ILM vaccine for 3, 6
and 30 min were significantly protected
against CWD with comparable RPS values
of 47%, 53% and 52%, respectively [70];
however, a 1.5 min exposure resulted in
lower levels of protection. Earlier studies
have shown that prolonged vaccination at
lower doses can provide greater protection
and reduce the stress on fish if it can be done
with minimal handling in rearing troughs or
tanks [98,129,132-134]. It has been
demonstrated that antigen uptake is greater
when fish are subjected to prolonged
immersion in a low dose vaccine solution
when compared to a brief dip in high dose
vaccine [129]. Such techniques have been
commonly used in the past even for killed
bacterins [135], and continue to be used in
the industry today either in the hatch house
or on trucks during transport. Vaccination
by single pass for 30 min may be more
practical in hatcheries, where small fish held
in tanks or raceways can be concentrated to
a smaller area of the tank and vaccinated
together. This will avoid subjecting fish to
undue handling stress that happens while
fish are vaccinated in multiple passes. This
method of vaccination, in addition to
reducing stress to fish during vaccination,
can be more practical and cost-effective by
reducing labor and time required for vaccine
administration at the hatchery.

A critical consideration in the
vaccination of fish is the minimum size at
vaccination. Disease susceptibility and
incidence varies with different life stages of
fish, and early life stages are especially
vulnerable to most infectious diseases. This
is particularly true in the case of rainbow
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trout fry syndrome and certain viral diseases
such as IPN. From a practical perspective,
fish are considered immunocompetent once
they are > 1 g in size; however, studies have
suggested that long term duration of
protection is achieved only when fish are >
than 2 g [136]. Using our live attenuated
bacterial vaccine, it has been shown that
protection in rainbow trout against CWD can
be achieved even when fish are vaccinated
as early as 0.5 g size [70]. It has been shown
that onset and development of both non-
specific and humoral immunity and their
coordinated actions involving non-specific
molecules, specific antibody molecules and
specialized immune cells in fish begins very
early in life [137-140]. It is reported that a
true functionally competent specific immune
response involving immunological memory
appears to develop in fish larvae of 20-30
mm in size or later [139]. Appearance of
functional lymphocytes and other immune
cells in the renal hematopoietic tissue shortly
after hatch and the development of spleen by
day 3 post-hatch in Ictalurus punctatus has
been reported [141,142].

Channel catfish vaccinated with a live
attenuated vaccine as early as 7- 12 day post
hatch and as eyed eggs have been
successfully protected against ESC and
columnaris disease [127, 143-146]. Thus, it
is likely that non-specific immune cells and
maternally transferred immune molecules
may be playing a key role in the protection
of eggs and newly hatched larvae, and a
fully functional adaptive response may play
a more significant role in later life stages
[139,147]. The onset of these processes may
also vary among fish species.

6. Safety and regulatory issues of
live attenuated immersion vaccines.

Efficacy, potency and safety are three
major factors to consider when developing
any vaccine. The vaccine should contain
antigenic component(s) that are highly
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immunogenic and have been demonstrated
to provide protective immunity. It should be
safe for the vaccinated fish as well as for
humans without producing an infection. In
addition, live vaccines should be traceable in
the vaccinated fish population and in the
environment. It is also desirable to be able to
differentiate vaccinated fish from infected
fish by serological or molecular means. Any
commercial vaccine should be cost-effective
and stable for long-term storage.

Live attenuated immersion vaccines
are highly efficacious because they induce
innate, cell-mediated, as well as systemic
and mucosal antibody-mediated immunity
[148,149]. Large scale production of live
bacterial vaccines in industrial fermenters is
possible and can be used to mass vaccinate
fish by the immersion route relatively easily.
However, the live vaccines are generally
derived from pathogenic organisms by
attenuation and can potentially survive and
multiply in the host fish. Thus, the main
safety concern of live vaccines is related to
the instability and possible reversion to
virulence, as has been reported for some live
vaccines of terrestrial animals [150-152].
Although such reversion to virulence has not
been reported for live vaccines used in
aquatic animals, similar safety issues are a
concern to regulatory agencies when
developing and commercializing live
vaccines for aquaculture. Adverse reactions
in target animals, stability of the vaccine in
experimental animals, extent of vaccine
shedding, genetic stability and lot-to-lot
consistency are some of the safety
observations that must be demonstrated for
regulatory approval [153]. Permitting and
licensing for the production and use of
commercial fish vaccines in the US is
regulated by the United States Department
of Agriculture (USDA)-Animal Plant Health
Inspection Service’s (APHIS) Center for
Veterinary Biologics (CVB). Back passage
studies should be carried out to show that a
vaccine does not revert to virulence along
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with recovery and dose studies to show
safety. In addition, risk analyses should be
carried out to determine the potential of the
vaccine strain for release to the environment,
establishment in the environment and any
possible harm to target and non-target
organisms including humans.

7. Future challenges and research
needs for commercialization of live
immersion vaccines

Immersion vaccination of fish using
live bacteria closely imitates the mode of
natural infection by a pathogen, and
therefore is a very effective method for
inducing innate as well as the adaptive arms
of the immune system. Typically, vaccinated
fish are tested in the lab for efficacy and
protective immunity by challenging against a
particular pathogenic strain of the disease in
question. Mortality and RPS after challenge
with the virulent strain are considered the
gold standard for measuring protective
immunity in fish. Measurement of specific
antibody titers using an ELISA assay is also
important to assess development of a
humoral immune response. However,
developing, optimizing and commercializing
a live immersion vaccine has its challenges
and it is important to understand a range of
issues related to identifying protective
antigens, purity, safety, antigen dose,
potency (efficacy) testing, scalability,
storage, shelf life and packaging.

Considerations that must be addressed
are many but it is important that protection
be conferred to different strains of a
pathogen with varying degrees of virulence.
It is known that multiple bacterial strains can
co-exist in fish farms complicating the
etiology of the disease and the efficacy of
the vaccine. The degree of protection offered
by the wvaccine during actual disease
situations is related to the number of shared
antigens and the degree of cross-protective
immune response generated by those shared
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antigens among the various strains. The
cross-protective efficacy of the vaccine is
especially important when vaccinating
against diseases involving multiple virulent
strains and related species causing similar
diseases. Testing of cross protection to a
variety of strain or serotypes is important.
For example, trials using our B.17- ILM
vaccine have demonstrated cross-protection
to multiple different strains of F.
psychrophilum and some similar pathogenic
species within the Flavobacteriaceae family
(Sudheesh and Cain, unpublished). It is
nearly impossible to test the cross-protective
efficacy against all virulent strains of a
pathogen. It is believed that pathogen
virulence  continuously  evolves  and
circumstantial evidence points to the
increase in pathogenicity and emergence of
more virulent strains of certain bacterial
pathogens [154,155]. Maintaining the
efficacy and meeting the label claims in the
face of evolving pathogenic virulence can
pose a challenge.

It is relatively easy to mass produce
live bacterial vaccines in large fermenters
starting from a small inoculum of the
starting material. However, concentrating
the bulk produced vaccine suspension to
small quantities without losing the efficacy
and potency is important and can potentially
affect storage, marketability and profitability
of immersion vaccines. Antigenic
extracellular components that are released by
the bacteria into the medium with some role

Copyright 2017 KEI Journals. All Rights Reserved

in providing protection may be lost while
concentrating immersion vaccines using
industrial centrifuges and filters. The role
and importance of extracellular antigens
secreted by bacteria in providing protective
immunity is well recognized [156].

Storage and distribution of a vaccine to
remote farm locations without losing its
efficacy and potency is critical for the
successful commercialization of any fish
vaccine. Live immersion vaccines are
generally stored frozen. However, freeze
drying may be a preferred choice for storage
and distribution of live vaccines due to
storage space and shipping demands [157].

A major factor limiting the
commercial availability and development of
aquaculture vaccines is the cost of
optimizing and licensing such products. Due
to the nature of aquaculture and variety of
fish species reared, many fish diseases do
not have a market large enough to attract
investment from Aquatic Animal Health
companies to  fully license  and
commercialize a vaccine regardless of the
efficacy observed in experimental trials.
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