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INTRODUCTION 

 

Livestock vaccination has been used for over a century and is 

widely regarded as an effective strategy for preventing a wide 

range of bacterial, parasitic and viral infections. The smallpox 

vaccine is an excellent example of the prevention and control 

of diseases through vaccination in both animal and human 

health. Controlling zoonotic diseases in farm animals, domestic 

pets, and occasionally wild animals has a significant impact on 

the spread of zoonotic infections in humans. The relationship 

between human and animal health in terms of bacterial, viral, 

parasitic, and fungal diseases continues to have a significant 

impact. Even a cursory look at the history of virology, 

bacteriology, parasitology, and mycology demonstrates that the 

analysis of illness etiological agents, as well as prevention 

methods and therapies, is highly dependent on the encounter 

of humans, animals, and microorganisms (Sander et al. 2020). 

Human vaccinology, with its own principal focus on the 

individual, appears to be diametrically opposed to veterinary 

medicine, with its problem for livestock health. Historical, with 

a few exceptions, immunization appears to have been primarily 

a public health method, aimed at population densities rather 

than individual people. A vaccine used to be administered by a 

veterinarian to household pets, feral animals, as well as farm 

animals’ herds. However, the utility of veterinary vaccines 

transcends outside these boundaries because most of them 

furthermore keep people safe from zoonotic diseases that 

affect both people and animals. There are many differences 

between veterinary immunization and human immunizations in 

aspects of moral issues related to research and testing, as well 

as the importance of financial concerns and even priorities in 

animal care. There is still a significant shift in the use of viable 

methods for vaccinating or treating sick pets, such as bulk 

slaughter, a tactic commonly used in veterinary health care 

systems that costs and this is due to the unexpected impression 

created (Kaiser and Alan 2019). 

The historical background of veterinary immunization is very 

similar to that of the human vaccine, and because of the 

animals, it can serve as a model for the veterinary vaccine as it 

hosts many bacterial and viral human diseases including sheep 

pox, smallpox and bovine contagious pleuropneumonia. The 

smallpox vaccine is the oldest known example of a key link 

between human and animal vaccines (Esparza et al. 2020). 

There's no doubt that this strategy drew attention to the 

possibility of establishing immunity to a severe illness by 

creating a milder variant of the disease. The substitution of 

treatment using smallpox fluids, termed variolation, to injection 

with cowpox, a process established from a British physician, 

Edward Jenner, could be summed as the historical development 

of the vaccine against smallpox called vaccinia vaccine 

(Kaynarcalidan et al. 2021). 

Cowpox papules, pustules, and scab have also been applied 

with variolation and may contribute to human protection 

against smallpox. This approach was usually employed at the 

beginning of the nineteenth century to reduce the catastrophic 

impact of smallpox outbreaks on people. Later, cowpox 

lymphatic fluid was grown in human arms, notably in children. 

This approach had a number of drawbacks, including moral 

dilemmas and lymphatic fluid that had lost its immunogenicity 

and effectiveness. As a result, calves, the original reservoir, 

have been used to produce cowpox vaccine while also ensuring 

an ample and immediately available source of lymphatic fluid 

(Esparza et al. 2018). The era of modern vaccines began with 

the scientist Louis Pasteur (1822-1895), who pioneered rabies, 

anthrax, and chicken cholera vaccines. The identification of 

bacteria using a microscope, confirmation of their virulence, 

and, most crucially, laboratory culture opened the door to the 

long-term establishment of novel preventative strategies while 

also giving animal studies of human healthcare trials (Iwasaki 

and Saad 2020). The aphtisation technique is the earliest known 

method of protecting a herd against FMD. We used FMD-

infected saliva and rubbed it against the lips or muzzles of 

healthy animals in the herd, resulting in long-lasting robust 

immunity (Berdah 2021).  
Friedrich Löffler developed filterable FMD serum as a 

therapeutic  strategy to rescue the herds in 1897. Rinder pest,  
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foot and mouth disease, and bovine infectious 

pleuropneumonia are the key diseases that have influenced the 

development of veterinary vaccinology. They all devoured 

human livestock for decades. The technology for making 

industrial vaccines is directly linked to the history of FMD 

vaccines (Guzman and Maria 2018). In 1886, Salmon and Smith 

vaccinated pigeons against the Hog Salmonella heat treatment 

culture, which led to the idea of a killed vaccine. This method 

of vaccination was discovered to be quite efficient against 

dangerous bacteria, and by the end of the nineteenth century, 

killed vaccines for cholera, plague and typhoid in humans, as 

well as many bacterial infections in animals, had been developed 

(Plotkin 2014). In 1888, Roux and Yersin's experiments with 

diphtheria toxins on animals prompted the invention of toxoid 

vaccinations. Initially, a toxin and antitoxin balancing 

formulation was used. However, the use of formalin for toxoid 

inactivation by Glenny and Hopkins in 1923 may have signaled 

a revolution in toxoid vaccines. The toxoid vaccine was first 

used by Roman in 1924 against Marek's disease in poultry 

(Cavaillon 2018). Subcutaneous rout was initially employed for 

toxoid Marek’s vaccine injection. In ovo rout is now employed 

in embryonated eggs on day 18. The operational costs involved 

in managing individual chickens after hatching save a large 

number of eggs from being vaccinated at the same time. In ovo 

injection has no adverse effect on egg production or long-term 

production of chickens. During the early years of the modern 

age of immunization formulations, infectious materials such as 

scab, pustules and others were extensively used as a 

microbiological source, with adopting various procedures such 

as grinding, centrifugation, filtering, and inactivation with 

formaldehyde solutions. Most of these vaccinations were 

developed in national research centers (Peebles 2018).  

Modernization of the vaccine production techniques started in 

the late 1940s, when Waldmann and colleagues pioneered 

massive scale, controlled approach to produce foot and mouth 

disease antigens in Germany. High-volume roller bottle 

technologies, improvement of inactivation methods, 

identification of adjuvants, cell line systems and bioreactors for 

large scale microbial production were established between 

1950 and 1960. Since these technological advancements were 

implemented in the industrial world, various state agencies 

worked independently and collaboratively to develop legislative 

framework which formed rules and guidelines for the induction 

of new vaccines as well as the consistent production of pure, 

sterile, secure, and effective immunization. The establishment of 

good manufacturing practice (GPM), as well as parent inoculum, 

master seed and cell line approaches, has also guaranteed 

ensure the production of safe, sterile and secure vaccines. As 

a result, a veterinary doctor can use any authorized 

commercially prepared vaccines to attain the intended 

treatment outcomes of the prevention of specific disease 

(McVey and Jishu 2010). 

In this chapter, we discussed significance with historic point of 

view about vaccines, types of vaccines, public health link of 

veterinary vaccines, the role of adjuvants used in vaccine 

design, mode of action of vaccines and challenges to the 

efficacious use of veterinary vaccines. 

 

Public Health Link of Veterinary Vaccines 
 

Veterinary vaccines have three main goals: to increase the 

safety and well-being of domestic animals, to promote low-cost 

livestock farming, and to reduce the transmission of zoonotic 

disease from both domestic and wild animals (Monath 2013). 

The expanding global demand for meat, eggs, and dairy 

commodities is being driven by an increasing human population 

and high living standards in developing countries. Larger and 

denser populations of farm animals have resulted from 

advances in livestock husbandry over the last few decades. 

Infectious diseases that wreak havoc on cow herd performance 

and health can be financially devastating and destabilize food 

supplies. Viral and bacterial microorganisms are transmitted 

zoonotically from animals through meat, milk skin hides etc., to 

peoples, posing a significant risk to human health. To prevent 

infectious and contagious diseases in livestock, a variety of 

measures are implemented, such as station hygiene, separation 

or slaughtering of infected animals, screening of illnesses gene 

pools, chemoprophylaxis, and immunization (Rahman et al. 

2020). 

Vaccines comprise biological agents which are required to 

generate adaptive immunity particular to microbial pathogens 

in the hopes of preventing or reducing deadly infections. 

Veterinary vaccination has numerous advantages, including 

being the most cost-effective way to combat infectious 

diseases, ensuring the availability of nutritious food like meat, 

milk, eggs and dairy & meat products from domestic animals, 

protecting companion and pet animals, and preventing the 

spread of foodborne and zoonotic diseases to humans (Francis 

2020). The intimate bond between humans and their 

companions would have been less secure without 

immunization. Animal vaccines that are both safe and 

dependable have now become a requirement in today's life 

(Pollard and Bijker 2021). 

The aim of providing enough animal protein to feed the world's 

billion people would have been substantially higher and which 

is not possible without vaccination in food producing mammals. 

Vaccines improve the efficiency of animal farming by allowing a 

dynamic business to avoid output losses due to infectious 

illnesses in food-producing livestock. There are over a hundred 

different veterinary vaccinations available in the market. 

Without access to immunizations, farmers, territories and 

governments would be at greater risk of contracting the deadly 

diseases of livestock. Rinderpest, a severe highly infectious 

disease caused by the rinderpest virus, a member of the 

Morbillivirus genus and the Paramyxoviridae family, is a perfect 

illustration of the human-animal health relationship. This 

disease primarily affects cattle and buffalo (Hoelzer et al. 2018).  

The Rinderpest virus spread from Asia to Africa via cattle 

transportation. It caused massive mortality in African cattle and 

sheep, massacring more than 90% of them. The depletion of 

working animals, household cattle, and wildlife resulted in mass 

hunger, eradicating one-third of Ethiopia's population and two-

thirds of Tanzania's citizens. Thickets formed in pastures as the 

number of grazers decreased (Roeder et al. 2013). These trees 

and bushes serve as perfect breeding sites for the growth of 

tsetse flies resulting in an epidemic of sleeping sickness 

infections or trypanosomiasis in humans. Several scientists 

thought the rinderpest outbreak was one of the most 

devastating natural disasters to ever hit African countries. The 

Worldwide Rinderpest Elimination Project was a significant 

multinational teamwork that included immunizations, 

economic sanctions at the international and regional levels, and 

monitoring. The rinderpest disease was confirmed to be 

completely eradicated from the world's domestic and wild 

animals in 2011, highlighting one of veterinary medicine's most 

significant successes.   
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Table: List of Commercially available zoonotic disease vaccines worldwide 

Sr. No Name of Disease Trade Name  Types of Vaccine Host References 

1.  Rabies Lyssavac® / Rabipur® Inactivated Humans Giesen et al. 2015 

Rabisin® Inactivated Dogs and Cats Mantik and Putra 2012 

Imrab®  Inactivated Cattle, Horses and 

Sheep 

Brown et al. 2016 

2.  Avian influenza Fluzone® Inactivated Humans Robertson and Lauren 2016 

Cevac Flu-Kem® Inactivated Broilers, Layers Kapczynski et al. 2015 

3.  Hantavirus  Hantavax® Inactivated Humans Song et al. 2016 

4.  Yellow Fever Yf-Vax® Inactivated Humans Gershman and Mark 2017 

5.  Rift Valley Fever  Rift Valley Fever Vaccine® Inactivated Cattle, Sheep and Goats Faburay et al. 2017 

6.  Monkey pox  Jynneos® Live  Humans Overton et al. 2020 

7.  Dengue Fever Dengvaxia® Chimeric vaccine Humans Salje et al. 2021 

8.  COVID-19 Sinovac® Inactivated Humans Chuaychoosakoon et al. 2021. 

9.  MERS-CoV ChAdOx1-MERS DNA based Humans, Camels Alharbi et al. 2019 

10.  Hepatitis E HEV 239® Recombinant  Humans  Li et al. 2015 

11.  ORF Disease Scabivax® Forte Live Sheep, Goats Silk and Lovatt 2016 

12.  Brucellosis RB-51 CZV Inactivated  Cattle, Buffalo Caetano et al. 2016 

Ocurev® Inactivated Sheep, Goats Ponsart et al. 2019 

13.  Anthrax Anthrax Vaccine Adsorbed (AVA)/ 

BioThrax® 

Live avirulent 

strain 

Humans Sandra and Olga 2011 

Anthravax®/Sterne live spore vaccine Live  Cattle, Sheep and Goats Jauro et al. 2020 

14.  Leprosy/Tuberculosis Bacillus Calmette–Guérin®  Live  Humans, Bovine Cernuschi et al. 2018 

15.  Leptospirosis  Spirolept® Inactivated  Humans Verma et al. 2013 

Lepto 3-Way® Inactivated  Cattle Cave et al. 2014 

VANGUARD L4®  Inactivated  Dogs Midence et al. 2012 

16.  Lyme disease LYMErix®  Subunit  Humans Stricker and Johnson 2014 

Nobivac® Subunit Dogs Scott‐Garrard et al. 2018 

17.  Q Fever Q-VAX®  Inactivated Humans Bond et al. 2017 
18.  Leishmaniosis  LetiFend® recombinant  Dogs Cotrina et al. 2018 

 

People are continuing to improve and increase the use of 

animal immunizations, which may have a number of benefits 

such as improve animal health, effective food output, farmer 

financial damage, and zoonotic risks. Animal vaccinations must 

be extensively used in order to have a significant influence on 

livestock and global health, which implies that vaccines must be 

inexpensive (Donadeu et al. 2019). 

Immunizations to govern zoonotic maladies in farm animals, 

domestic pets and sometimes wild animals have a significant 

effect in decreasing the spread of zoonotic infections in 

humans. Rift Valley Fever, Brucellosis, Salmonellosis, Niphah, 

Influenza, Rabies, COVID-19, MERS-CoV, Leptospirosis, Q-

fever, Hendra, Trypanosomiasis, and Japanese encephalitis are 

some examples of zoonosis that have been managed using 

veterinary immunization only (Hasanov et al. 2018; Abd El-

Ghany, 2020; Mohapatra et al. 2020; Petrovan et al. 2021).  

People are hesitant to keep domestic animals such as dogs and 

cats if rabies vaccines are not available. Vector-based 

recombinant rabies vaccines were shown to be helpful in 

reducing rabies occurrence in feral animals when administered 

orally. The brucellosis vaccination campaign had been 

responsible for the eradication of Brucella abortus in the United 

States. Many governments are struggling to control brucellosis 

in cows, sheep, goats, and humans because of a shortage of the 

brucella vaccine for cattle. Brucellosis live immunization has 

occasionally shown signs and symptoms. The latest, safest 

vaccine is needed to control brucellosis (Khan and Muhammad, 

2018). Novel and rare animal diseases are becoming a 

significant hazard to humans and animals, putting food 

production in danger. Human and livestock population 

increases, as well as ecological degradation, global climate 

change, the spread of insect vectors, and global trade 

agreements, have all increased the potential for pathogenic 

transmission of   microbes   between   and across the species. 

The subsequent maladies are a major issue, either now or in 

the near future. Rising consumption of animal nutrients 

resulted in increased economic food producing animals and 

expanded village farming in many parts of the world (Sekaran 

et al. 2021). 

Disease emergence and management present unique challenges 

in both commercial and village production systems. Large-scale 

production systems with a high animal density produce more 

food for human consumption at a lower cost. These 

production systems integrate biosecurity, vaccination 

therapies, and vet services. High densities of domestic and wild 

animals, on the other hand, can hasten the onset of the disease 

due to the widespread multiplication of large numbers of 

animals, resulting in adaptation to the genetic type of the 

microorganisms (Perry et al. 2013). In village animal farming, 

sheep, goat, as well as chicken rearing can effectively utilize 

domestic waste for diet and could be a significant source of 

nutrients to protein intake and revenue (Reddy 2016). 

Moreover, close contact to peoples, especially adolescents and 

children, carries the potential of spread of zoonotic pathogens, 

such as bird flu, Salmonella species, Brucella abortus and Brucella 

melitensis. Biosecurity, biosafety and satisfactory immunization 

are relatively uncommon in rural animal farming. The use of 

farmed animals’ meat, eggs, milk, and other byproducts have 

led in the establishment of novel and emerging zoonotic 

diseases that pose a substantial threat to people worldwide. 

Superbug outbreaks will undoubtedly continue to haunt the 

earth in the coming decades. Animal vaccines' continuous 

improvement has the potential to play a major role in the 

control of harmful emerging diseases (Renault et al. 2021). 

 

Types of Veterinary Vaccines 

 

Vaccination has been proved to be the most effective technique 

of controlling bacterial, viral, and protozoan infections in both 

animals and humans, both in terms of preventing deaths and 
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reducing severity. Veterinary immunization improves the well-

being and prosperity of domestic and pet animal owners while 

also improving animal health and performance. Vaccination 

against viral and bacterial zoonotic infections e.g., rabies and 

brucellosis has boosted animals and human wellbeing. Vaccines 

for animals can also assist in reducing the usage of veterinary 

medicines in the food animals and the need for medications by 

preventing diseases (Hoelzer et al. 2018). 

Now days, three categories of veterinary vaccines have been 

existed such as first, second and third generation of veterinary 

vaccines. First generation vaccines comprise conventional 

killed/inactivated and live attenuated vaccines and toxoid 

vaccines. Pathogenic microorganisms such as bacteria, viruses, 

and protozoa have been employed in vaccination approaches 

that are either killed or inactive (Jiskoot et al. 2013). It has been 

grown in nutrient broth, embryonated eggs and cell culture 

systems, where it is inactivated using chemicals (glutaraldehyde, 

binary ethylenimine, formalin, β-propiolactone, Hydrogen 

peroxide) and physical means (heating, UV radiation), which 

reduce pathogenicity and hence prevent disease from 

vaccination. There are numerous advantages of using 

inactivated or killed veterinary vaccines such as more stable, 

less storage and transportation issues, no reversion to virulent 

form, do not replicate and are safe to use in people with 

weakened immune systems. There are several disadvantages to 

using inactivated immunization, including the inability to 

provide adequate long-term safety due to the destruction of 

microorganism propagation, the inability to deal with prevalent 

serotypes throughout the field, needing boosting doses, the 

need for new vaccines to be derived from clinical strains with 

novel epidemics, and enhancers such as adjuvants are 

frequently designed to accomplish and establish protective 

immune responses (Mebatsion 2021). Toxoid vaccines are 

another type of immunization in which toxin is isolated and 

inactivated before being used as a vaccine candidate. Toxoid 

can be produced by suppressing the toxicity of toxins with 

formaldehyde and heating. Toxoid vaccinations stimulate the 

immune system and provide protection against certain toxins. 

Tetanus and diphtheria toxoid vaccines are examples of toxoid 

vaccines (Fortner et al. 2018). 

Live immunizations are sometimes known as modified live 

attenuated vaccines. A live vaccine is formed by reducing the 

pathogenicity of a pathogen while keeping it alive. Attenuation 

is the process of altering a pathogen so that it becomes benign 

or less virulent. Viruses can be attenuated following 

evolutionary principles by serially passing the virus throughout 

a distinct host organism, such as cell cultures, fertilized eggs 

chicken eggs and live animals. The reverse genetic process is 

also used for virus and bacterial attenuation. Live vaccines have 

numerous advantages, including generation of an efficient and 

long-lasting immune system response, accurately mimicking 

natural infections, and need of only one or two doses. 

However, there are significant drawbacks, including live 

pathogens not always being responsible for protection, 

reversion to infectivity towards a more aggressive phenotypic 

expression recurrence, the necessity for refrigerated storage, 

severe difficulties in immunocompromised patients, and being 

costly. First generation or conventional immunizations have 

dominated commercialized human and livestock vaccinations 

over the past century. Nonetheless, the disadvantages 

highlighted above have pushed second and third generation 

immunizations into the focus of study (Baron et al. 2018; Chen 

2021). 

Second generation vaccines strategy contains recombinant 

subunit vaccination. A subunit immunization consists of pure 

pathogenic components that have been infectious or necessary 

to elicit a protective immune response. Unlike a live or 

weakened and killed vaccine, this vaccinations method contains 

only the pathogen's antigenic components, such as peptides and 

polysaccharides. Cloning and heterologous expression vector 

methods have been used to produce subunit vaccines. The 

accuracy of the immune system response elicited is enhanced 

with this method; however, the intensity of the immune 

reaction is lesser than with weakened or live vaccines. 

Immuno-adjuvants, targeted methods, or acute boost 

protocols could thus be investigated to improve immune 

function. There are four categories of subunit vaccines such as 

polysaccharide subunit vaccine, conjugated subunit vaccine, 

peptide subunit vaccine and virus like particles subunit vaccines 

(Jorge and Dellagostin 2017).  

Vi capsular polysaccharide vaccine (ViCPS), which contained 

capsular Vi antigen and was used to treat typhoid fever caused 

by Salmonella enterica, is an example of a polysaccharide’s 

subunit vaccination (Hitri et al. 2019). Conjugate is used to 

boost immunological responses. The advantages of subunit 

vaccines include inability of reversal to pathogenicity, stability, 

safety and secure for use in immunosuppressed ones but still it 

needs adjuvants to boost immunogenicity, requires numerous 

doses, can be challenging to isolate and manufacturing (Bashiri 

et al. 2020).  

The 3rd generation immunization strategy contains DNA or 

RNA vaccines, inactivated or live chimeric vaccines and viral 

vector-based vaccines (Crommelin et al. 2021). A DNA 

vaccination is a type of immunotherapy in which containing an 

antigen-coding nucleotide sequence of interest is transfected 

into living cells to trigger an immunological response. Many 

DNA vaccines in livestock application have been investigated. 

In some circumstances, pathogen control in animals has been 

established, while in others it really hasn't. The method is being 

researched for bacterial, viral and protozoan infections in 

people, and also malignancies (Imtiaz et al. 2018). ZyCoV-D 

was granted urgency status by Indian official authorities in mid 

of 2021. This is the first DNA vaccine licensed for human use 

against COVID-19, manufactured by Cadila Healthcare. Some 

benefits of DNA vaccines were identified, such as no risk of 

complications, stimulate MHC class I and class II molecules 

and type 1 or type 2 T-cell response, ease of production and 

development, stable for storage and transporting and provide 

long-term immunity (Sarkar et al. 2021). Some disadvantages of 

DNA vaccines include ineffectiveness against polysaccharides 

and parasite antigens, as well as cross-contamination when 

producing several kinds of live attenuated vaccines within the 

same laboratory (Lee et al. 2018). 

Recombinant viral vector immunizations are novel veterinary 

science approaches that utilize viruses as immunization or 

vaccinology tools. These immunizations are genetically 

modified, with necessary antigen nucleotide sequences 

incorporated into a viral vector. Long-term safety is 

comparable to that of killed subunit vaccinations, and hence 

elicits both cell-mediated and humoral immune responses. 

Many viral vectors, such as canarypox, adenovirus, fowl pox, 

alphaviruses, and others, have been used to develop a variety 

of veterinary immunizations, namely those against feline 

leukemia virus, equine influenza virus, West Nile fever virus, 

rabies virus, and canine distemper virus (Giles and 

Vanniasinkam 2021).  
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Although an effective animal conventional vaccination strategy 

is the protective way to combat viral infection, it would 

interfere with disease surveillance systems depending upon 

the serological assays, thus jeopardizing the nation's disease-

free status. The foot and mouth disease is the excellent 

example in cattle. Despite of the fact that inactivated Foot and 

Mouth Disease conventional vaccinations methods have been 

used for a decade and are extremely effective in suppressing 

clinical signs and symptoms of disease, they are not used in 

FMD-free countries due to the risk of jeopardizing this status 

and thus foreign trade. Furthermore, traditional vaccines have 

lowered illness frequency in highly endemic regions (Singh et 

al. 2019). Vaccination was employed to prevent the spread of 

the illness in a recent incident in The Netherlands, but the 

vaccinates had afterwards slaughtered to allow for the 

country's speedy reinstatement of FMD-free status. To address 

this crucial concern, the concept of marker vaccines has gained 

popularity around the world. Marker vaccines are 

immunizations strategy that enable for the antibody distinction 

of diseased and immunized people. This distinction is based on 

the vaccine's lack or deleted of one or even more viral found 

naturally in the wild-type microbes. Marker vaccines, when 

combined with appropriate diagnostic assays, allow 

differentiating infected from vaccinated animals (DIVA) by 

distinguishing immunogenicity elicited by the immunization i.e., 

neither any immunoglobulin produced to erased 

genomic sequences, by those generated following disease with 

field virus. These diagnostic tests are now commercially 

available for a variety of disease such as FMD, pseudorabies, 

Influenza virus, bovine herpesvirus, leishmania and infectious 

bovine rhinotracheitis (Wong et al. 2020). 

 

The Role of Adjuvants Used in Vaccine Design 

 

An adjuvant is a substance that is added to a vaccine to 

stimulate and enhance the magnitude and durability of the 

immune response. The traditional development of new vaccine 

adjuvants has been described as one of the slowest processes 

in the history of medicine. For more than seven decades since 

initial licensure in the 1920s, insoluble aluminum salts (alum) 

remained the only adjuvant included in licensed products, such 

as vaccines against hepatitis B, diphtheria, tetanus and pertussis 

or human papilloma virus (Pulendran et al. 2021). The ideal 

adjuvant is stable, effective, non-toxic, well-defined, increase 

antibody affinity, multifunctional, in expensive, stimulate both 

innate and humoral immune response (Nooraei et al. 

2021). We emphasized on commonly available veterinary 

vaccination adjuvants like emulsions, saponins, mineral salts, 

TLR agonists, and other immunoactive substances (Burakova 

et al. 2018). Emulsions have historically been used as adjuvant 

systems in veterinary immunizations. When two immiscible 

solutions are combined, one of them that can assemble into 

minute particles those are disseminated inside the other and 

maintained by an intermediate surfactant surface. Emulsions are 

also a great option for livestock vaccinations since they are easy 

to make, inexpensive, and successful at producing immune 

reaction. Various kinds of emulsion formulations such as water 

in oil (W/O) and oil in water (O/W) have been used in 

veterinary vaccine manufacturing (Zhang et al. 2018). Freund's 

adjuvants are the well-studied example of water-in-oil (W/O) 

emulsion. Its further divides into two categories freund's 

complete adjuvant (FCA) and freund's incomplete adjuvant 

(FIA) on the bases of heat-killed and dried mycobacteria 

(Abdelsadig et al. 2021). Adjuvants elicited a humoral immune 

response. However, some adverse effects have been reported, 

including pain, discomfort, and local inflammation. The FIA is 

marketed under the brand name Montanide™ adjuvants. These 

are commercially used in ND vaccines, Foot and Mouth disease 

vaccines, and subunit mycoplasma vaccines all around the 

world (Young 2019). MF59 is a perfect representation of the 

oil-in-water emulsion adjuvant. MF59 significantly outperforms 

than calcium phosphate and aluminum hydroxide in enhancing 

cellular immunogenicity against flu virus (Tahara et al. 2022). 

Several commercially available O/W emulsion adjuvants, 

including MetaStim® and Emulsigen®, have been employed in 

the development of animal vaccines. Water-in-oil emulsions 

are better adjuvants when used for the production of 

viral vaccines than mineral salts (Bhat and Sheikh 2021). 

Aluminum hydroxide and calcium phosphate, two mineral salt 

adjuvants, have been utilized in livestock vaccination. Adjuvants 

comprising aluminum salts were first to be introduced in 

vaccinations manufacturing. Alum is universally acknowledged 

for stimulating humoral immunity, providing long term stable 

immunity, easy in preparation, and an extended history of 

success of overall safety (Shi et al. 2019). Calcium phosphate 

adjuvant is commercially available in market as an adjuvant. It 

has been investigated and used in vaccinations against a variety 

of toxoids and viral pathogens. Numerous investigations have 

shown that calcium phosphate causes lower tissue 

inflammation than aluminum adjuvants, which can be linked to 

lower immunoglobulin IgE synthesis. Mineral salts, on the other 

hand, are reasonably safe and effective adjuvants with such a 

long record in human and livestock vaccine development. 

These exhibit great adjuvanticity in immunization towards 

bacteria, and their use in immunizations towards obligate 

intracellular pathogenic bacteria are weak (Abkar and 

Sattarahmady 2019). 

TLR agonists have received much interest in animal vaccination 

research as adjuvants; however, their implementations are 

extremely challengeable. Toll-like receptors (TLR) are an 

important component of the innate immune system. TLRs have 

two key receptors, RIG-1 and NOD-like receptors, and are 

capable of detecting a wide range of infections at places 

wherever microbes’ interactions within cells can occur, such as 

cell membrane, lysosomes, and the cell cytosol. The discovery 

of such receptor and associated agonists opens the door to the 

development of vaccine techniques where both boost and 

target the immune system response throughout the ways that 

will benefit animals. The best well investigated examples of TLR 

agonists are Lipopolysaccharides (LPS), flagellin, lipoprotein and 

monophosphoryl lipid A (MPLA). MPLA has been used as an 

adjuvant in hepatitis B vaccine. Some disadvantages of TLR 

agonist such as septic shock, toxicity and hypersensitivity 

reaction have been reported. Some immunoactive substances, 

such as saponins, cytokines, chitosan, carbomers, 

polyoxidonium, and others, have been employed as powerful 

adjuvants in the production of veterinary vaccines (Kirtland et 

al. 2020). 

 

How do the Vaccines Act? 

 

The primary objective of immunization is to stimulate the 

innate, cell mediated and humoral immune responses which 

provide long term immunity against infectious pathogens. It 

appears that vaccine-mediated protection can be a difficult task. 

Vaccines available today are primarily developed with little or 
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no understanding of how they activate the immune response. 

Their initial protective efficacy is mainly due to antigen-specific 

immunoglobulin activation. Furthermore, antibody-mediated 

protection is primarily concerned with enhancing vaccine-

stimulated antibody response. Immunogens' avidity, sensitivity, 

or combating capacity has been used to determine their quality 

and efficacy (Speiser and Martin 2020).  

Long-term immunity required the presence of 

immunoglobulins above the protective level on a consistent 

basis, as well as the monitoring of immunological memory cells 

capable of prompt and efficient upregulation in response to 

subsequent microbial attack. The importance of cell-mediated 

responses should never be underestimated in light of the 

central role of humoral immune B cells in the efficacy of current 

vaccines.  T lymphocytes have been required for the formation 

of high affinity immunoglobulin and immunologic memory cells, 

and they contribute significantly to the defense achieved by 

current vaccines such as bacilli Calmette-Guérin (BCG). In 

scientific jargon, immunogen is used instead of antigen for 

vaccine. The vaccine was given to the animal via intramuscular 

injection. First, it was recognized by antigen-presenting cells 

(macrophages, dendritic cells, B cells, and T cells) via receptors 

such as MHC-Class 1 and MHC-Class 11. These are found on 

the surface of cells that present antigens (Pollard and Bijker 

2021). 

These antigen-presenting cells then migrate to nearby lymph 

nodes, from which they 'display' the immunogens to certain 

other antigen presenting cells of the immune system, eliciting a 

bigger, more clear response. Specific antibodies are produced 

as a result of this response. Specific antibodies help to minimize 

infectious illness by removing extracellular pathogenic 

microbes in various ways, such as high affinity to toxic 

substance enzymatic binding sites or blocking their absorption, 

inactivating viral growth e.g., blocking viral attachment and 

entrance into host cells, boosting process of opsonization and 

complement cascade stimulation (Zhang et al. 2021).  

Viral immunogen binds with MHC-Class 1 receptors and 

presented with dendritic cells to cytotoxic T lymphocytes 

(CD8+) while bacterial and parasitic antigen attach with MHC-

Class 11 and presented by the antigen-presenting cells to T 

helper cells (CD4+). CD8+ cells induce cell mediate immune 

response while CD4+ stimulates antibody mediated immunity. 

Cytotoxic T lymphocyte cells (CD8+) cannot completely 

eliminate infection but can decrease, govern, and clear 

intracellular pathogenic organisms. These cells eliminate 

infected cells by releasing perforins, cytokines, and granzymes. 

T helper cells (CD4+) further produce cell subsets such as 

Follicular T-helper (Tfh) cells, T-helper 1 (Th1), T-helper 2 

(Th2), Th9 and Th9 effector cells. These cells secrete different 

kind of immune mediators such as TNF-α, TNF-β, IL-4, IL-5, 

IL-12, IL-13, IL-17, IL-21, IL-22, IL-26 and interferons (IFN)-γ. 
These immune mediators help to remove intracellular as well 

as extracellular pathogens from body (Abualrous et al. 2021). 

 

Challenges to the Efficacious Use of Veterinary 

Vaccines 

 

Two types of vaccine challenges have been reported during 

veterinary vaccination: antigenic component and 

immunological host reactivity (Chambers et al. 2016). The 

antigenic and immunogenic structural components of any 

vaccine is the key to success any immunization strategies. The 

proper titer of vaccine against specific virus or bacteria during 

manufacturing process should be maintained. The decrease in 

titer may be the cause of low protection level in animals. 

Therefore, standard manufacturing procedures should be 

strictly adopted during vaccine formulation (Gomez and 

Robinson 2018). Various circulating serotypes of various 

viruses provide a significant hurdle to the effectiveness of any 

immunization effort. Serotyping of numerous dangerous viral 

and bacterial infections, such as infectious bursal disease, 

Newcastle disease, foot and mouth disease, and salmonella, has 

also proven a barrier to vaccination success (Belsham 2020). 

Several serovars have been widespread with one geographical 

area but many are ubiquitous in some other. Nonetheless, local 

microbial pathogens in any place continue to be important for 

vaccine production. Regional serogroups and immunogens 

extracted locally are known to be the most effective 

immunogens for vaccine development. If indigenous 

immunogens are not exploited, epidemics may occur (Rauch et 

al. 2018).  

Viruses for vaccine production have been grown in 

embryonated eggs and viable cells such as Vero cells and MRC-

5. Bacterial strains used in vaccine production were grown in 

agar medium such as nutrient broth. A correct vaccine 

formulation process would result in an optimal immunological 

response to either the antigen or the vaccination, and hence a 

systemic immune system. Cold chain maintenance during 

vaccine delivery from the production to remote regions, 

especially during hot and developing nations, is a significant 

impediment to the effectiveness of vaccine initiatives 

(Chambers et al. 2016).  

Temperature has a direct impact on the efficacy and fragility of 

vaccination strains. The effectiveness of vaccines deteriorates 

over time. As a result, proper chilly temperatures are essential 

for them to remain stable and alive for prolonged periods of 

time. The appropriate storage and cold storage conditions for 

vaccinations appears to be crucial. Vaccine strains must be 

stored at temperatures less than 4°C. Foods, pharmaceutical 

drugs, histopathological samples, laboratory samples, and 

vaccines should never be stored in the same place (Yakum et 

al. 2015).  

When the vaccinal strains in the vial were exposed to direct 

sunshine, they perished. As a result, the immunogen titer in 

vaccinations was reduced, but it became inactive. For oral 

vaccinations, direct sunlight must be avoided during 

formulation production, and the top of the vaccinated vials 

must be removed within water. These vaccines must be diluted 

in drinkable water inside rooms or in a shaded area; 

additionally, dark or colored boxes and packages are used 

throughout vaccine shipment to prevent light from damaging 

the vaccine strains (Kurup and Thomas 2020). The expired 

vaccines should not be used at any cost. Stabilizer and adjuvants 

must be used to enhance the effectiveness of vaccines.  

Vaccine should be administered in healthy stress-free animals. 

The temperature should be normal during immunizations, so 

early morning is a good time for vaccination, especially in hot 

areas. In addition, animals must be in good physical condition 

before being vaccinated. Because stress reduces the immune 

response of animals, they should never be vaccinated under 

stress. Animal’s discomfort can be reduced by adding minerals 

and vitamins to animal water before, during and after 

vaccination. Deworming should be done at least two weeks 

before immunization particularly in pets (Sánchez et al. 2018).  

Nutrition is critical in the development and maintenance of the 

immune system. Toxin concentrations in commercial animal 
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feed should be checked on a regular basis. The fungus grows 

on food, particularly in humid settings, and the fungus's toxins 

penetrate the animal's body, causing a reduction in immunity, 

stunted growth, allergies, and low feed consumption. Maternal 

antibodies, in particular, in poultry chicks, have a negative 

impact on immunization programmed success. It is 

recommended that chicks have administered the infectious 

bursal disease vaccination at 11 days and the Newcastle disease 

vaccine at 7 days of age. To eliminate financial loss, a record 

should be kept, and a rigorous immunization protocol 

regarding disease incidence in the region should be 

implemented in livestock (Dey et al. 2019; Ma et al. 2019). 

 

Conclusion 

 

Immunization could be referred to as disease protection. The 

cow pox vaccine is an outstanding historical example of the 

evolution of human and animal vaccination concepts. The 

development of novel vaccine production technologies is a 

prerequisite for meeting the growing human population's 

demand to prevent zoonotic disease transmission from both 

wild and domestic animals. Vaccination has been shown to be 

the most efficient method of controlling bacterial, viral, and 

protozoan diseases in both animals and people, in terms of the 

both minimizing mortality and lowering intensity. The ideal 

adjuvant is stable, effective, non-toxic, well-defined, increase 

antibody affinity, multifunctional, in expensive, stimulate both 

innate and humoral immune response. Vaccines must be 

stimulating the innate, cell mediated and humoral immune 

responses against particular pathogens. An effective 

immunization is dependent on a variety of factors, including 

vaccine processing, vaccine kind and quantity, use of indigenous 

antigens, immunomodulatory reaction inside the animal's body, 

and compliance to manufacturer directions. In developing 

nations such as Pakistan, India, Bangladesh, and Sri Lanka, 

infectious animal diseases are frequent, and vaccination is the 

only option to protect animals from all of these diseases. 

Reduced vaccination failure can enhance the country's supply 

of foods such as meat and chicken eggs, and animal protein 

deficits can be eradicated, boosting per capita access to meat 

and eggs.  
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