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ABSTRACT

Vaccines are proven to be very effective in reducing the prevalence and transmission rates of infectious diseases like
polio and smallpox. Recently they have also shown promising results in immune-oncology. The influence of
Biotechnology has proven to be a transformative force in revolutionizing animal vaccine development. Use of
Biotechnology has enabled the development of more effective and innovative vaccination platforms including the
development of recombinant proteins, nucleic acid therapeutics, synthetic biology and nanotechnology that offer
enhanced efficacy and safety. Various biological research sectors have attained rapid developments due to the use of
biotechnology-based approaches. Limitations of traditional vaccines such as delayed manufacturing and limited
applicability in cancer-like non-infectious disorders have now been addressed by these technological advancements. This
chapter reviews the potential applications and advancements of Biotechnology in the revolution of veterinary vaccines
and their importance in maintaining animal health. The potential for developing highly effective vaccines against the
most prevalent infections of domestic animals is tremendous due to better understanding of pathogenesis and microbe-
host responses to the infections and the immense progress in genetics and biochemical techniques.
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INTRODUCTION

Importance of Animal Vaccines in Agriculture, Food Security and Veterinary Medicines

Biotechnology is defined as the biological process involved in the agricultural, medicinal, and industrial applications to
the manipulation of microorganisms and production of genetically modified organisms (Khan, 2020). The veterinary
vaccine plays a significant role in protection against animal infection and improving their health. Food-related diseases are
a major problem worldwide because they contribute to high rates of mortality and disability in human beings. Some
parasites are considered as highly ranked foodborne parasites including Echinococcus granulosus, Trichinella spiralis,
Cryptosporidium spp, and Toxoplasma gondii. They commonly affect domestic livestock and cause huge risks to human
health and food production (Sander, et al., 2020). Animal vaccines ultimately reduce the need for antibiotics to control
foodborne infections (Kolotilin, et al, 2014). Moreover, animal vaccines prompted the consumer's interest in food
production without chemical residues in milk, eggs and meat and also fostered the development of novel livestock
vaccines (Joachim, 2016). Veterinary vaccine development has great importance over human vaccines because it can
conduct successful experiments on living organisms. Most vaccines against bacterial and viral diseases are produced by
veterinary industries (Jorge, et al.,, 2017). The chemically produced synthetic subunit vaccines are easy to preserve without
prolytic enzymes and contaminations. However, it has an ability to develop immunity while avoiding side effects of the
elements present in pathogenic microorganisms (Nascimento, et al., 2012).

Traditional Animal Vaccine Development

Animal health and welfare are seriously threatened by infectious diseases, which must be effectively controlled to
protect agronomic health, ensure food security, and reduce poverty in rural areas. Traditionally, empirical trial-and-error
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methods were used to develop veterinary vaccines to simulate the immunity brought on by a natural infection. A variety
of bacterial and viral diseases can be cured or prevented by the traditional "isolate, inactivate, or kill and inject" method
(Delany, et al.,, 2014). Currently, licensed veterinary vaccines are mostly delivered as toxoids, live-attenuated vaccinations,
or inactivated (killed) vaccines. Traditional vaccinations are more costly to make and require repeated administration to
achieve  maximum  immunity. The goal of traditional vaccine  development tends to mimic  the  immune
response that is elicited by an infection that occurs naturally. Nevertheless, this approach could not be considered the
most effective durable immunity against many infections. Surpassing innate immunity levels while reducing harmful effects
associated with inflammation may be necessary to achieve robust and lasting immunity. This requirement is most apparent
in situations involving chronic infections, in which the pathogen coexists with the host's immune system for a
long period despite the host's maximal efforts to eliminate it (Jorge, et al, 2017). The most significant and widely used
traditional vaccines are the toxoid, Live-attenuated vaccines, Subunit vaccines and inactivated or killed vaccines usually
called traditional vaccines.

a) Live-attenuated Vaccines

Live-attenuated vaccines have been around since 1950s and are derived from pathogens like viruses and bacteria.
They proliferate in immunized animals, but they rarely or never cause disease, however they intend to trigger a humoral
and cell-mediated immune response that resembles an actual infection. Attenuated vaccines are now considered extremely
safe, highly immunogenic, and capable of inducing a long-lasting protective immune response with just one dose when
maternal antibodies are absent (Moreira Jr, et al.,, 2016).

b) Subunit Vaccines

Synthetic subunit boosters use a short, non-infectious pathogen protein that is unable to multiply in the host. The
recombinant immunization can be administered as a safe, non-replicating vaccination. Both producers and consumers are
safer when antigen expression occurs in a heterologous system because immunity is induced without needing a toxic or
partially harmful bacterium (Weiner, et al., 2018).

c) Inactivated or Killed Vaccine

A vaccine that involves the growth of bacteria, viruses, or other pathogens in culture, followed by their destruction to
render them incapable of causing disease. They may not be as effective as attenuated vaccines, but they are safer than
typical (Ghattas, et al., 2021).

d) Toxoid Vaccinations

Toxins are dangerous substances that are produced by bacteria that cause disease and are used in toxoid
vaccinations. Rather than developing immunity against the bacteria themselves, they do so against the portions of the
bacteria that cause illness. The primary factor causing the disease's symptoms is the entry of toxins into the bloodstream.
Immunity is induced by neutralizing protein-based toxins (Shuja, et al., 2022).

Evolution and Milestones in the Development of Traditional Animal Vaccines

The history of the vaccination began in 400 B.C. when Hippocrates discussed diphtheria and mumps for the first
time. It was an inefficient process for a while, but in the middle of the 18th century, smallpox, cholera, and yellow fever
vaccinations were discovered (Abdaal, et al., 2024). The Evolution of virology is followed by scientific advancements and
ground-breaking research from various disciplines like biochemistry, microbiology, and genetics. Having started with the
smallpox vaccine in 1796 and progressing to COVID-19 in the 20th century milestones have experienced remarkable
progress (Zuo, et al., 2024). Smallpox pus pustules were applied to skin tissue as the first smallpox prevention technique,
known as variolation, which may have originated in China or India (Mati¢, et al., 2022). However, English physician Edward
A. Jenner noted in 1796 that milkmaids who had contracted cowpox were resistant to smallpox. He vaccinated a youngster
with pus from a cowpox blister, demonstrating the efficacy of immunization and contributing to the widespread usage of
the smallpox vaccine. The first effective rabies vaccination was developed by Louis Pasteur in 1885. A major step forward
in the prevention of this fatal disease was made when the vaccine was created using the spinal cords of rabies-infected
rabbits. Formaldehyde was found by Alexander Glenny in 1923 to be an efficient way of combating the tetanus toxin. This
innovative approach was then utilized in 1926 to produce a diphtheria vaccine. Additionally, the pertussis vaccine took
longer to develop, and the first approved whole-cell vaccination was released in the US in 1948 (Cavaillon, 2022). Due to its
repeated outbreaks, polio became the most feared disease in the world in the late 1800s and early 1900s. More than 2000
people died in a serious polio outbreak that struck New York City in 1916, and more than 3000 people suffered in the
deadliest polio outbreak in American history in 1952. By growing the polioviruses in human tissue in 1949, Enders, Weller,
and Robbins eventually won a Nobel Prize. Soon after this discovery, in 1953, Jonas Salk created the first effective polio
vaccine, which was then tested on 1.6 million children in the USA, Canada, and Finland by 1954.

The United Nations (UN) estimates that immunization saves up to three million lives yearly and is a successful and
affordable public health strategy. There has been a noticeable decline in childhood illnesses and fatalities from avoidable
causes since the Expanded Programme on Immunization (EPI) was introduced in 1974 to vaccinate everyone against six
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diseases (Mantel, et al, 2020). The FDA authorized the Gardasil vaccination in 2006, which was created by Merck
and was the first HPV vaccine. In the meanwhile, the European Medicines Agency approved the GSK-created Cervarix®
vaccine in 2007 and the FDA approved it in 2009 (Cheng, et al., 2020). Around 200 candidates were produced in the early
2020 global race among scientists to develop a safer and more effective COVID-19 vaccine. Before the end of 2020, the
Pfizer-BioNTech partnership made history by creating the first COVID-19 vaccine to be authorized, making it one of the
fastest-acting vaccine development successes to date (Saleh, et al., 2021).

Limitations and Challenges of Traditional Vaccines

The rapid alterations and genomic diversity of certain pathogens are obstacles to the development of vaccines and
could contribute to vaccine evasion, which reduces the potency of existing vaccinations. The emergence of novel diseases
with increased transmissibility, fatality rate, or potential for immune evasion poses one of the most significant obstacles to
public health. The development of vaccines against infections that evade the immune system, such as HIV has not shown
to be successful and remains an ongoing concern (Ghattas, et al., 2021). Developing vaccines for many important public
health pathogens is difficult due to their evolving nature. These obstacles include a lack of comprehension about the
development of immunity, genetic heterogeneity in both hosts and pathogens and a rise in public fear of the safety
(Kennedy, et al., 2020).

Advancements in Nanotechnology for Targeted Vaccine Delivery and Antigen Presentation

A likely novel approach for vaccine development is nanotechnology, whilst scientists have been focusing progressively
on nanoparticles for displaying antigens and precise vaccination administration. By tailored administration in vivo,
nanomaterials stimulate immune responses by providing monitored features like diameter, zeta-potential, surface
structure, and antigen loading efficacy (Gheibi Hayat, et al., 2019). Subunit vaccines containing particular antigens that
provoke tailored immune responses account for the majority of nano vaccines, in contrast to traditional vaccinations that
contain inactivated microorganisms (Zhang, et al, 2019). However, subunit vaccinations lack pathogen-associated
molecular patterns (PAMPs), they are less immunogenic but safer, demanding added adjuvants or nanomaterial delivery
systems for maximum effectiveness (Tandrup Schmidt, et al,, 2016). By limiting unwanted immune reactions from exposing
antigens in systemic circulation, nanomaterials ensure optimal antigen protection till they reach their intended location. A
wide variety of nanomaterial delivery methods, comprising liposomes, metallic nanoparticles, polymer-based
nanoparticles, inorganic nanoparticles, and composited nanoparticles, have been investigated for use in nano vaccine
development (Cai, et al.,, 2020).

As smaller diameters permit easier internalization by antigen-presenting cells (APCs) using a variety of delivery
pathways, the size of nano vaccine plays a substantial role in their immunogenicity. Particle diameter and immunogenicity
interplay in an intricate manner that is regulated by delivery routes, particle types, and doses. This is due to the reason that
smaller nanoparticles exhibit a tendency to drain to lymphatic veins and aggregate in lymph nodes (Kijanka, et al., 2018).
Immunogenicity is modulated by immuno-particle’s shape, which also affects immune cell formation and bio distribution.
The most rapid endocytosis rate is observed in spherical nanoparticles, which are followed in order by cubic, rod, and disk-
shaped nanoparticles. Multiple endocytosis pathways lead to various levels of internalization and trends in biodistribution
(Shao, et al., 2017).

Phagocytic cell intake, circulatory time, and hydrophilicity are all affected by the surface coating, another vital
nanoparticle attribute. When a surface coating called PEGylation is administered repeatedly, it can lead to the generation
of anti-PEG antibodies in animals, thereby lowering the potency of the treatment. Hyaluronic acid and poly(sarcosine)
surface coatings (Rao, et al., 2020), on the other hand, demonstrate modified coronal protein composition and diminished
immunogenicity, particularly affecting the immunogenicity of nanoparticles. Furthermore, novel avenues for the
development of nano vaccines are offered by biomimicking approaches that employ cell membrane-based strategies.
These approaches take advantage of tumor-specific proteins and APC surface proteins to boost immune responses. Owing
to their ease of manufacturing and safety, genetic nano vaccines, such DNA and mRNA vaccines, are also being
investigated for the treatment of cancer (D'amico, et al., 2021). With all factors taken into account, nanotechnology offers
novel opportunities to improve vaccination safety, effectiveness, and cellular transportation. Scientists from multiple fields
must collaborate to develop next-generation vaccines with better qualities, such as increased immunogenicity, long-lasting
protection, and reduced potential for pathogenicity (Yenkoidiok-Douti, et al., 2020).

Synthetic Biology: Engineering Tomorrow's Vaccines

Synthetic biology is a multidisciplinary field connected to various fields like molecular biology, biotechnology and
biomaterials, for the synthesis of new biological systems, parts or individuals and assists in providing disciplines and
methodology guidelines to these diverse fields. It designs and constructs various biological circuits to efficiently produce
high-value-added pharmaceutical intermediates and products by providing a sustainable, robust, feasible and scalable
alternative to excessive cultivation of medicinal plants. (Yan, et al., 2023). Le Duc (1914) proposed the concept of synthetic
biology in 1910s. Figure 1 contains a summary of developments in synthetic biology, listing important events from the
1950s to 2020s. From its origins in chemical biosynthesis, fields like medical treatments, environmental conservation,
chemical engineering, pharmaceutical research, agriculture and food have also been included in its applications.
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Fig. 1: Timeline of major milestones in
Synthetic Biology. From 1950s to
1950s 2020s (Yan, et al., 2023)
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Production of Next-Generation Vaccines Using Synthetic Biology Tools

Vaccination, an effective disease control and prevention strategy, has resulted in the eradication or control of once-
catastrophic pandemics like measles, smallpox, poliomyelitis etc. However, the synthesis of vaccines continues to be an
extremely challenging step. With the integration of computational analysis and biological data, synthetic biology has the
ability to enhance the safety and efficacy of vaccines and lower production times (Charlton Hume, et al., 2019;Tan, et al.,
2021). Synthetic biology uses various technologies such as pathway design, expression fine-tuning, genetic circuits, protein
and molecular engineering, machine learning and CRISPR/Cas systems for the promotion of design-build-test-learn cycle
of cell factory construction (Yan, et al, 2023). Various techniques for the large-scale manipulation of nucleic acid are
mentioned in the following section (figure 2).

Genomic Codon De-Optimized Vaccines

Synthetic biologists can re-engineer viral genomes using large-scale synonymous mutations due to advances in low-
cost nucleic acid synthesis. This approach of viral inactivation uses the non-random frequencies of codon pairs and
degeneracy of triplet codons that exist in many species. As a result, an infectious virus with severely attenuated virulence is
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produced. Codon deoptimization technique has several benefits including robust vaccine synthesis and long-lasting
protective immunity. However, culture conditions, handling, storage, refrigeration and compromised immune system are
some of the shortcomings of using this strategy for virus attenuation (Tan, et al., 2021).

DNA-Based Vaccines

DNA vaccines induce robust cellular and humoral immunity by delivering plasmid-free dsDNA of viral components
into the cell nuclei where transcripts are cytoplasmically translated. DNA vaccines have several advantages such as higher
thermostability, prolonged antigen expression (upto 1.5 years), rapid design and ease of manufacturing (Tan, et al,, 2021).
Recently DNA-based vaccines have been developed for Ebola (Tebas, et al., 2019) and SARS-CoV-2 (Smith, et al., 2020).

RNA-Based Vaccines

RNA-based vaccines are designed to introduce pathogen-specific antigens in the form of synthetic RNA that triggers
immune responses in individuals. They provide advantages over conventional vaccines in terms of higher immunogenicity,
safety, speed of development and scalability (Pfeifer, et al.,, 2023). MRNA vaccines have been developed against a variety of
infectious diseases such as SARS-CoV-2 (Kashte, et al., 2021), dengue virus (Wollner, et al.,, 2021), influenza (Chivukula, et
al, 2021), Zika virus (Essink, et al., 2023), rabies (Li, et al., 2022), herpes simplex virus type 2 (HSV-2) (Latourette li, et al,,
2020) and Mycobacterium tuberculosis (M.tb) (Larsen, et al., 2023). Treatment of prostate cancer (Kibler, et al., 2015) and
breast cancer (Jiang, et al., 2023) using mRNA vaccines has also shown promising results by inducing immune responses
against these cancer cells.

Viral Vector-Based Vaccines

Viral vectors have the ability to induce antigen-specific immunity by expressing heterologous antigens without
requiring any exogenous adjuvants. The first virus developed as a vaccine vector was vaccinia virus (Moss, et al., 1984).
Several vectors are currently undergoing clinical trials such as novel adenovirus (Phase Il), cytomegalovirus (Phase 1),
measles virus (Phase I) and vesicular stomatitis virus (Phase Ill) (Humphreys, et al., 2018).

Virus-like Particle (VLP) Vaccines
VLPs are self-assembling, recombinant viral structures that are noninfectious but exhibit immune-protective characters
of native viruses. Porcilis PCV®, Gardasil®, Hecolin® and Cervarix® are prophylactic VLP vaccines that are licensed,
effective and safe. Besides their applications in vaccinology, they are also efficient biodegradable delivery agents for drugs
and gene therapy (Charlton Hume, et al., 2019).
Fig. 2: Next-generation Vaccines
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Next-Generation Adjuvants and Immune-Modulators

When administered in conjunction with an antigen, adjuvants are substances, mixtures, or macromolecules that
augment non-specific immunity and modify the nature of the immune reaction in the body, but their toxicity and potential
need to be controlled. With nanoparticles having a higher prospect of adjuvant activity than microparticles, nano-carriers
provides an appealing platform for immune activation and antigen delivery. By better overcoming biological barriers,
nano-adjuvants precisely target antigen-presenting cells (APCs) and enable tailored antigen delivery (Nooraei, et al., 2023).
Next generation vaccine adjuvants are summarized below.

a) Bacterial Derivatives

Lipopolysaccharides (LPSs) and cholera toxin are typical bacterial derivatives that serve as adjuvants in vaccines,
boosting immune responses. As adjuvants that elicit humoral and cell-mediated immunity, Bacterial Ghosts (BGs) and
Outer Membrane Vesicles (OMVs) from Gram-negative bacteria have been studied. Additionally, components of Poly-a-L-
Glutamine (PLG) and flagellin exhibit as adjuvants, enhancing vaccination efficacy and stimulating robust immune
responses (Li, et al., 2020).

b) Liposomes

Liposomes offer an innovative way of trapping both hydrophilic and lipophilic antigens in vaccines to boost immune
responses owing to their lipid bilayer composition. By modifying liposome parameters including size, charge, and
membrane fluidity, one may maximize the targeting of APCs and influence the immune response. Current clinical research
and commercially accessible liposomal vaccines illustrate their potential for both prevention and treatment of infectious
illnesses (Karunakaran, et al., 2023).

c) Nanosomes

Similar to liposomes, lipid-based nanoparticles called nanosomes are used as adjuvants in vaccinations because they
can better transfer antigens to APCs by packaging them. Nanosomes, which are smaller (20-50 nm) lipid bilayers, have
been integrated into vaccine formulations to enhance cellular and antibody immune responses and provide a shield
against viral infections (Moni, et al., 2023).

Bioinformatics Approaches for Antigenic Epitope Prediction for Vaccine Candidates

Vaccines were formerly created to prevent infectious diseases caused by different infectious agents but now different
autoimmune diseases (Zhang, et al, 2018), degenerative and for cancer vaccines (Safavi, et al., 2019) are used as new
vaccine technology. Conventional vaccines are not very effective for diseases where complex immune pathways are
involved. Therefore, with advancements in vaccine production area there is needed to develop new generation vaccines
such as epitope-based vaccines. These vaccines have minimum side effects and are more effective and target oriented.

Bioinformatics approach is now used for vaccine designing. Reliable data regarding genome and protein is available
on NCBI website (www.ncbi.nlm.nih.gov) which is freely available and easily accessible. This database provides
comprehensive information about nucleotides, genes, proteins, assembles and transcripts. The PDB (www.rcsb.org)
provides complete information about proteins their structures, crystallography, three-dimensional structure, fiber
diffraction, powder diffraction and associated molecules (Rose, et al., 2012).

Fig. 3: Workflow
schematics of vaccine
development (Soria-
Guerra, et al., 2015)
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After genomic and protein data analysis from database. Comparative analysis and homology modeling can be
performed on 3D structures. MODELER is used for protein modeling and homology-derived spatial restraints are created
(Janson, et al., 2019). Protein docking is performed which predicts ligand binding. First ligand binding sites are determined
and then score them and select highest score for complex structures. Molecular docking is performed to check interactions
of candidate epitope with immune cell receptors such as toll-like receptors (TLR), TLR2, TLR3 and TLR4. Also, interactions
with major histocompatibility complex (MHC) | and MHC Il are analyzed (Kar, et al., 2020).

Antigenicity prediction is very important and includes Welling method and Kolaskar-Tongaonkar method. In welling
method presence of specific amino acids on antigenic site and in protein is determined. While in Kolaskar-Togaonkar
method presence of hydrophobic amino acids such as leucicne, valine and cysteine are determined and check whether
peptide is antigenic or not (Kolaskar, et al., 1990). This method has 75 % accuracy. Epitopes which are recognized by B-cells
are of two types, Continuous epitopes and discontinuous epitopes. B-cells are basically mediate humoral immune response
and produce antibodies to kill or neutralize the antigens. Continuous epitopes are short peptides which are specific to
antibodies and recognized by antibodies while discontinuous epitopes are complex. B-cells mostly recognize
discontinuous epitopes.

Table 1: B-cell epitope prediction tools (Yurina, et al., 2022)

Tools Description URL
ABCpred  Based on sequence with ANN http://crdd.osdd.net/raghava/abcpred/
BEPITOPE Based on sequence to predict continuous epitope http://bepitope.ibs.fr/
BCPREDS Predicting linear B-cell epitopes using the subsequence http://ailab-

kernel projects.ist.psu.edu:8080/bcpred/index.html
Bepro Based on antigen structure to predict discontinuous epitope http://pepito.proteomics.ics.uci.edu/
CEP Based on structure to predict continuous and discontinuous http://bioinfo.ernet.in/cep.htm

epitopes

COBEpro Based on B-cell epitope primer sequence. Secondary http://scratch.proteomics.ics.uci.edu/
structure and solvent accessibility are also responsible for
increasing prediction accuracy

DiscoTope Based in sequence and structure for predicting continuous http://www.cbs.dtu.dk/
and discontinuous epitopes

Ellipro Based on solvent accessibility and protein flexibility http://tools.immuneepitope.org/tools/ElliPro/ied
binput
EMT Based on phage display to predict continuous and elro@novozymes.com

discontinuous epitopes

T-cells epitopes can be predicted more accurately and is easier. T-cells epitopes are short linear peptides of about 9-
15 amino acids in length. T-cells epitopes are recognized by T-cells receptors and MHC | and MHC II. These epitopes bind
with MHC parts with van der waals interactions, hydrogen bonds and electrostatic interactions. In-silico studies are not
very complex but these approaches are less time consuming and give more accurate results for determining new vaccine
targets and vaccine designing. To improve the accuracy of epitope prediction, it is necessary to analyze multidimensions of
proteins to validate the binding of antibodies to receptors and increase protein-protein interactions. By improving
accuracy in this manner, the effectiveness of vaccines is also expected to be improved.

Advantages of Bioengineered Vaccines

The development of novel and next-generation vaccines as well as their distribution to clinical settings can be sped up
by using tools that aid in the in silico prediction of immune responses to biothreats and emerging infectious illnesses.
African swine fever, PCV2, and swine influenza A are among the viral diseases of pigs that have been the subject of animal
vaccine applications so far. Adjuvants with higher efficacy and innovative delivery methods could promote timely
vaccination adoption (Celis-Giraldo, et al., 2021). Compared to traditional vaccine development methods, the integration of
bioinformatics and immunogenetics has transformed vaccine design and improved specificity and thermodynamic stability.
A recombinant thermostable NDV vector vaccine that expresses multiple epitope cassette of the IBV is developed using
the reverse genetics method. This vaccine can be sprayed on and given through drinking water, eliminating the need for a
cold chain during administration, storage and distribution (Abdelaziz, et al., 2024).

Commercial trivalent vaccines, including an HVT vector expressing IBDV antigen with either NDV or LTV antigen, have
been approved for use in immunizing chicks. However, current research is investigating its potential use in the creation of
multi-epitope vaccines that target parasitic pathogens like Eimeria species in poultry, viral pathogens like IBD and chicken
anemia virus, and bacterial pathogens like M. gallisepticum, C. jejuni, and C. perfringens (Fulber, et al., 2022). The fast
growth rate and minimal needs of the algal expression system have made it possible to be a potential platform for
producing proteins at a reasonable cost (Cid, et al., 2021). Engineering yeast and bacteria can reduce manufacturing costs
and times while improving the yields of heterologous protein expression (Legastelois, et al., 2017). The construction and
equipment requirements for a vaccine manufacturing facility are streamlined by the versatility and ease of scaling up that
come from using insects as single bioreactors (Francis, 2018).
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Future Prospects and Challenges

The development of safe and effective immunotherapy for a wide range of pathogens and species will be accelerated
by the successful integration of in silico immunoinformatics tools, ex vivo/in vitro, and in vivo immune system technologies
across the entire vaccine development pipeline. This will allow developers to predict and assess the safety, toxicity, efficacy,
quality, and performance of vaccines (De Groot, et al.,, 2020).

The main objectives of veterinary vaccinations are to enhance animal health, boost livestock productivity in an
economical way, and prevent the spread of diseases from domestic animals and wildlife to humans. It will be crucial for
researchers and medical practitioners to continue collaborating with animals to adapt new technology, provide animal
models of sickness, and combat newly discovered infectious diseases (Kahn, 2006) In addition to fully knocking out
virulence factors, modification in genetic makeup or expression of desired gene products can be done. These approaches
range from simple yet efficient whole-pathogen preparations to molecularly specified subunit vaccines, chimeras or
genetically altered organisms, vector antigen formulations, and naked DNA injections. The ultimate effective result of
vaccine research is development of a product that will be sold or utilized in the field to accomplish desired results
(Meeusen, et al., 2007). Developing new vaccines and enhancing the quality of those that already exist has been made
possible by the application of advanced technologies such as proteomics and genetic engineering (Shams, 2005).

Personalized vaccine is developed through a complex interplay between environmental, genetic, and other factors that
affect the host's immune system. Therefore, identifying these genetically encoded limitations presents a chance to improve
clinical decision-making while also advancing research by using the knowledge to create more effective vaccinations and
improved algorithms for administering vaccines (Poland, et al, 2008). The high variability of microorganisms poses a
challenge to the development of such vaccines. The serotype determines the immunological response in the majority of
cases. Rather than employing multivalent vaccination mixtures, the cross-protective ability of vaccine strains could be
enhanced by increasing the immunogenicity of the conserved antigens (Nagy, et al., 2008).

The public's acceptance of bioengineered vaccines is the primary obstacle, as some believe that genetically modified
items are bad for the environment and society. Since there is a possibility of cross-contamination during pollination
between genetically modified and non-genetically modified plants in molecular farming, careful observation is necessary
while manufacturing bioengineered vaccines (Rasool et al, 2023). Pharmaceuticals may unintentionally find their way into
the human food chain and have an impact on wildlife. Bioengineered vaccines have advantages over side effects that make
them worthwhile to pursue, and they have the potential to usher in a new era of improved control over infectious illnesses.

Conclusion

This chapter provides a comprehensive overview of a highly innovative and revolutionary biotechnological approach
to veterinary vaccine development, which effectively caters to the urgent and dire requirements of the animal health
industry. In today's globalized world, the surge of diseases like avian flu in poultry, foot-and-mouth disease virus (FMDV) in
cattle, and a multitude of immunodeficiency-syndrome-related viruses poses colossal threats to the global economy and
the very sustenance of animal agriculture. Perturbingly, the currently available vaccines predominantly rely on conventional
technologies and suffer from significant drawbacks. They showcase limited efficacy in terms of duration, lack specificity,
and often manifest harmful side effects, potentially perpetuating the very diseases they aim to combat if not implemented
alongside stringent control measures. However, a magnificent breakthrough in the form of genetically engineered peptide
vaccines has emerged, offering a prodigious solution to this predicament. These groundbreaking vaccines exhibit an
unprecedented ability to precisely target the T-cell response, an unreachable feat for traditional vaccines. The improved
efficacy and broad-spectrum protection provided by these peptide vaccines render them an unparalleled option when
combating the emergence, reemergence and pandemics of diseases. Leveraging this cutting-edge technology, researchers
employ a traditional yet immensely powerful technique to construct multiepitope vaccines. By ingeniously designing an
intricately woven amino acid sequence derived from a multitude of peptides sourced from diverse genes or obtained from
a vast pool of random peptides, the stage is set for a quantum leap in veterinary vaccine development. Hence, the future
of animal immunization seems promising, with biotechnology establishing possibilities for safer, targeted, and more
effective vaccination strategies.
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