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. INTRODUCTION

In recent decades, aquaculture has undergoneosktrary growth, establishing itself
as the leading food industry and surpassing mame kfalf of the total fishery production [1].
In 2022 alone, global aquaculture production adckdewan impressive milestone 0f184.6
million metric tons. This significant contributialigns with several sustainable development
goals (SDGs) of the United Nations, including ptyeradication (G1), zero hunger (G2),
good health and well-being (G3), life below wat€14) and life on land (G15) [1].
However, the intensification of aquaculture, chegazed by high densities and artificial
conditions, has also led to increased risks ofctides disease outbreaks. Globally, around
10% of aquaculture production is lost attributioglisease outbreaks, resulting in substantial
economic losses exceeding 10 billion USD [1]. Tonbat these diseases, antibiotics and
chemicals are commonly used, but their indiscrinenase poses threats to ecological
balance, human well-being and access to safe od\ptimicrobial resistance (AMR) is a
nationwide threat, highlighting the need for altdive strategies such as substituting
antibiotics with probiotics and plant-based bioaetisubstances in aquaculture health
management [2]. Ensuring the sustainable developnzem growth of aquaculture
production, fish production has emerged as a higfffigient and eco-friendly approach to
safeguard farmed fish from diseases, with minimgact on the environment. Vaccination
has become the standard practice in modern aqueewbrldwide, and momentous progress
was seen in the improvement of fish vaccines siee 1980s. Currently, there are 34
commercially produced fish vaccines, and over 1glf ¥accines are approvedworldwide [3].
The main focus of this chapter is to provide anreesv of plant-based vaccines in
aguaculture and discuss the promising potentigblaht biotechnological engineering for
advancing vaccine development in this context.

II. NOVEL FISH ORAL VACCINES

In the realm of aquaculture, oral vaccination dsaout as the most favourable method
for fish and other aquatic animals due to its nwassful nature and energy saving approach
[3]. As of now, there are around 20 commercialingdl vaccines in aquaculture against
myriad pathogens [3]. Nevertheless, establishimgdardized oral vaccination procedures
can present challenges, primarily due to the lssgdace area of the intestine, which
increases the risk of antigen breakdown and lonaiune responses. Against the age-old oral
vaccination techniques, virus-like particles (VLPghcapsulation and other vaccination
strategies have gained popularity in aquacultufeB8 incorporating theEscherichia coli-
derived orange-spotted grouper nervous necrosigs V(NNV) VLP vaccine into the
commercial feed, oral vaccination achieved a reaf@ek survival rate of over 50% against
NNV infection[4]. Feasibility for vaccination wagported using lyophilized recombinant
yeast that produces red grouper NNV capsid prasia diet for groupers[5]. The selection
of the vaccine and delivery method relies on varidactors, including the specific
characteristics of the farmed fish, the nature athpgen, the level of protection needed and
economic considerations. Future fish vaccines gshbal economical, environment friendly,
suitable for commercial production, and accessilbbe small fishers. Plant-based
biotechnological techniques hold promise for megtinese requirements in fish vaccine
development.
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[11.PHYTOVACCINE DEVELOPMENT

Compared to microbial or human cell expressiortesys, plant-derived platforms
offer several advantages for producing geneticalbdified subunit vaccines [6]. Firstly,
they are environmentally friendly, harvesting sa@aergy and sequestering & @esulting in
minimal energy demands and zero greenhouse gasienss This leads to reduced vaccine
production costs. Secondly, they can generate wescsuitable for oral delivery, which
makes them cost-effective. Scaling up producticalsse more affordable and not constrained
by the size or number of available bioreactorss ttonsidered safe since they lack the safety
concerns associated with live vaccines and unddsi@mponents like bacterial endotoxins
or hyperglycosylated proteins are absent [6]. Mower these systems possess a high capacity
for post-translational modifications, such as ghgdation and complex folding, thereby
enhancing the vaccines’ immunogenicity [6].

Various plant biotechnology platforms have beeilizatl to produce vaccine
antigens, monoclonal antibodies (mAbs), and oth&pHarmaceuticals [6]. These platforms
encompass various methods, such as transientingiliziral vectors, stable nuclear
expression in transgenic plants or cell culturesl atable expression in the plastid
(chloroplast) genome of trasnplastomic plants. Ealeltform has its own advantages and
limitations, and the selection of a specific tecju@ depends on the desired production
requirements. Additionally, regulatory consideraioegarding the production of plant-made
recombinant proteins and adherence to good manuiiagt practices have been well
established in this field [6].

IV.APPLICATION OF PHYTOVACCINES

Plant molecular farming can utilize various plamecies for protein production.
Plastid genome engineering has been successfulpyogad in consumable plants such as
lettuce, tomato, potato, and cabbage to produceide wange of foreign proteins. The
chloroplast expression system, in particular, lesve promise for the manufacture of oral
vaccines [6]. Vaccines against viruses, bacterid parasites have been successfully
produced using transgenic plants. Another systentrémsient expression is the production
of vaccines and biopharmaceuticals in  algae. Migag such as
Chlamydomonasreinhardtii, Dunaliellasalina, and cyanobacteria, offer potential benefits as a
protein production and oral delivery system for craating fish [7]. Microalgae possess
digestibility, high nutrient content, and immunogéty, making them suitable as functional
feed additives. However, further research is neddegstablish effective and mature genetic
manipulation systems in many microalgae specied wusthe aquaculture industry [7].

Plant-based vaccine development has been extgnsikeviewed, although
commercialization of human plant-based vaccinestiispending. Numerous attempts have
been made to produce subunit vaccines in transg#aits, demonstrating the potential of
this approach. Examples include the productionepfatitis C virus antigens in lettuce, which
successfully induced immune responses in mice P8qnt-derived vaccines have been
developed to combat various diseases, includingsaporcine reproductive and respiratory
syndrome virus, porcine post-weaning diarrhea aedddstle disease in poultry [9]. The
only plant-made vaccine approved by the UnitedeStBepartment of Agriculture to date is a
tobacco-made Newcastle disease vaccine for poltmthermore, research has explored the
development of plant-made veterinary vaccines émsdand cats [8].
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These examples highlight the potential of plantlemalar farming for vaccine
production in both human and veterinary medicine.

V. THE PROSAND CONSOF PHYTO-VACCINES

Plant-derived vaccines are well-suited for oramadstration, offering a simpler
manufacturing process without the need for addiiamection devices. These vaccines offer
excellent purity, making the vaccination processranconvenient and eliciting robust
immune responses. When administered orally, vacaméens pass through the gastric
environment and reach the intestine, where M dellshe follicle-associated epithelium
absorb them, triggering both mucosal and systemiune responses. Edible plants such as
lettuce, potato, tomato, corn, and rice provideldeundations for these vaccines, presenting
a needle-free, convenient, and easily administdedislery method. Lettuce, in particular, has
shown promise as a plant base for oral vaccindh, suiccessful expression of several human
therapeutic proteins at high levels in lettuce obppasts. Notably, oral vaccines from lettuce
chloroplasts against diseases like dengue fevee ha&en investigated, demonstrating the
potential of this approach [7,8,9].

VI.THE POTENTIAL OF PHYTOVACCINESIN AQUACULTURE

Plant-based production platforms offer a costetiVe, efficient, and safe approach
for the development of new fish vaccines in theternof aquaculture's high-density farming
and large scale. Despite higher initial costs caegbao antibiotics, plant-based vaccine
systems show promise in delivering effective anfé saccines to protect fish health and
support sustainable development in aquacultureafiiob/Vhen selecting a plant expression
system for fish vaccine production, factors suchfists species diversity, target diseases,
scalability, resources, biosafety concerns, comialerpotential, feeding habits, and
management feasibility should be considered. Oaatwation emerges as an ideal method,
providing a non-stressful and energy-saving adrvatien for both fish and farmers.
Vaccines delivered orally using edible plants redube need for costly fermentation,
purification, cold storage, transportation, andielelivery associated with other methods,
offering distinct cost advantages and antigen ktylat room temperature. Fish vaccines
made in edible plants hold great potential for aratcination in aquaculture, and plant-
generated recombinant subunit vaccines could dffersimultaneous delivery of multiple
antigen proteins, further enhancing their effic8y[However, no plant-produced fish
vaccine has been commercialized to date (TabldJiiizing a plant expression system,
VLPs composed of viral capsid proteins that mimatunal viral structures have emerged as
promising subunit vaccine candidates for fish Bdsed on the success of human vaccines
produced in plants, the development of fish vaccimeedible or non-food crops for oral
vaccination holds significant potential. Thus theed for further research efforts in plant
biotechnology is imminent to advance cost-effectigd health management and foster a
sustainable aquaculture industry.
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Table 1: Plant-Based Vaccines Which Have Been Reported In Aquaculture

Ho§t Disease/Pathogen Plant species Deliver Reference
species y route
Grouper Red grouper Yeast Oral [5]
Nnervous necrosis
virus (RGNNV)

Salmonids| Cardiomyopathy | Nicotianabenthamiana Intrapef10]

syndrome (PMCV) itoneal
Salmonids| Atlantic cod Nicotianabenthamiana Intramy11]
nervous necrosis scular

virus (ACNNV)

VIl. CONCLUSION

Researchers are currently working on plant-basactimes, aiming to make the
antigens they produce in plants more potent irgétigng immune responses. They also want
to target specific parts of plant cells to get tight amount and quality of antigens. Though
there are challenges, these improved plant-basednes have a lot of potential. People
believe they will eventually get approval from régars. As the world's population grows,
it's crucial to protect aquatic health in fish famgn Plant-based vaccines for fish can be a
cheap and safe way to do this. However, making imascfor fish from plants is not as
advanced as making vaccines for humans and otlmabn This review gives an overview
of how fish vaccines are managed and how planttgearegineering is used to make them.
Using plant-made vaccines that are taken by moathdome great benefits for production
and vaccination. But, it's important to know thhéede oral plant-based vaccines are not
approved yet.

REFERENCES

[1] Shahbandeh, M. (2023) Global fish production from002 to 2022. Available at
https://www.statista.com/statistics/264577/totaFdish-production-since-2002 (Accessed on™1duly
2023

[2] Abraham, T. J., Qureshi, Q. A., and Bardhan, A2@0Enteric pathogenic and multiple antibioticisent
Escherichiacoli in farmed Indian major carps and their environraéntPeri-Urban Kolkata, Indidournal
of Aquatic Food Product Technology, 31(10), 1092-1108.

[3] Shefat, S. H. T. (2018). Vaccines for use in finfimquacultureActa Scientific Pharmaceutical
Sciences, 2(11), 15-19.

[4] [4] Chien, M. H., Wu, S. Y., & Lin, C. H. (2018).r@ immunization with cell-free self-assembly viile
particles against orange-spotted grouper nervouscrosis virus in  grouper larvae,
Epinepheluscoioided/eterinary immunol ogy and immunopathology, 197, 69-75.

[5] Cho, S. Y., Kim, H. J., Lan, N. T., Han, H. J., L& C., Hwang, J. Y., ...& Kim, H. J. (2017). Oral
vaccination through voluntary consumption of thedot grouperEpinephelusseptemfasciatus with yeast
producing the capsid protein of red-spotted groumrvous necrosis viru¥eterinary microbiology, 204,
159-164.

[6] Clarke, J. L., Waheed, M. T., L6ssl, A. G., Margsan, |., &Daniell, H. (2013). How can plant geoeti
engineering contribute to cost-effective fish vaeci development for promoting sustainable
aquaculture?Plant molecular biology, 83, 33-40.

[71 NewajFyzul, A., & Austin, B. (2015). Probiotics, immunosulants, plant products and oral vaccines, and
their role as feed supplements in the control ctdrgal fish diseasesournal of fish diseases, 38(11), 937-
955.

Copyright © 2024 Authors Page | 125



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-103-3
IIP Series, Volume 3, Book5, Part 3, Chapter 1
PLANT-BASED VACCINES IN AQUACULTURE: PROGRESS ANBUTURE OUTLOOK

[8] Clarke, J. L., Paruch, L., Dobrica, M. O., CarasTucureanu, C., Onu, A., ...&Braniichita, N. (2017).
Lettuceproduced hepatitis C virus E1E2 heterodimer triggemmune responses in mice and antibody
production after oral vaccinatioRlant biotechnology journal, 15(12), 1611-1621.

[9] Liew, P. S., & Hair-Bejo, M. (2015). Farming of plabased veterinary vaccines and their applicatfons
disease prevention in animakgivancesin virology, 2015.

[10]Su, H., van Eerde, A., Steen, H. S., Heldal, |.ud#dien, S., Drpetveit, I., ...& Clarke, J. L. (292
Establishment of a piscine myocarditis virus (PMQHallenge model and testing of a plant-produced
subunit vaccine candidate against cardiomyopathyndeymne (CMS) in Atlantic salmon
SalmosalarAquaculture, 541, 736806.

[11]Su, H., Yakovlev, I. A,, Van Eerde, A., Su, J., 8afke, J. L. (2021). Plant-produced vaccines: fitur
applications in aquaculturerontiersin Plant Science, 12, 718775.

Copyright © 2024 Authors Page | 126



