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ABSTRACT.  Vaccine production processes have often been characterised by ambiguity, both for the public and, 
to some extent, for practitioners in the field. The selection of options for veterinary research extends beyond 
merely ensuring safety and efficacy. It also encompasses a careful evaluation of various factors, including 
the financial implications, the practicality of implementation, and the specific challenges encountered when 
introducing the vaccine to farmers. Additionally, considerations must be made regarding how effectively the 
vaccine can be administered to the targeted animals in real-world conditions. This comprehensive approach 
aims to ensure that the solutions developed are not only scientifically sound but also feasible and beneficial for 
those involved in animal husbandry. Therefore, this paper aims to elucidate the extensive and intricate journey 
of vaccine research and development, emphasising the economic and health ramifications associated with the 
improper use of veterinary vaccines, as well as its influence on both animal and human populations. By doing 
so, the paper seeks to enhance awareness of the significance of infection prevention. It begins by outlining 
the foundational aspects, including the types and requirements of veterinary vaccines and vaccination, and 
the necessity of vaccines for emerging and re-emerging animal diseases as well as the challenges of policies 
and guidelines on veterinary vaccine research and developments.
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Vaccination plays a vital role in protecting 
the health of animals, significantly contributing 
to the maintenance of high production standards 
in livestock as well as ensuring the well-being of 
companion animals (Rautenschlein and Schat, 
2024). The effective development of vaccines and 
the successful implementation of vaccination 
programs necessitate a comprehensive 
understanding of the intricacies of the immune 
system (De la Fuente and Contreras, 2021). This 
system is a well-coordinated network involving 
various key components, each interacting with 
the others, achieving a delicate balance (Thomas 
et al., 2022). 

To create effective vaccines, it is essential to 
explore the various mechanisms through which 
immunity can be stimulated by different vaccine 
candidates. The intricacies of these mechanisms 

INTRODUCTION

The use of animal vaccines plays a critical role in 
ensuring food security for millions by enabling 
farmers to produce food in an efficient, safe 
and economically viable manner (Capper, 
2023; Robi et al., 2024). Moreover, food safety 
and security represent a significant and pressing 
concern globally, stemming from challenges 
such as overpopulation, conflict, diseases 
affecting animals, plants, and humans, climate 
change, resource depletion and environmental 
degradation (Brooks et al., 2022; Charlier et al., 
2022). It is imperative that long-term solutions 
for food production consider their effects on 
the environment, water and other resources, as 
well as on human and animal health, and that 
they promote sustainable agricultural practices 
(Zhang et al., 2024).
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and their critical roles in health and disease 
have been highlighted by recent developments 
that have deepened our understanding of the 
innate and adaptive immune responses in 
animals (Pathak and Kim, 2024). The different 
cell types involved, signalling pathways, and 
the interaction between innate and adaptive 
immunity are some of the mechanisms that 
researchers are investigating to understand these 
immune responses. In addition to improving 
our understanding of basic immunological 
processes, this expanding corpus of research 
has important ramifications for the creation 
of vaccines, the prevention of disease, and 
therapeutic approaches in both human and 
veterinary medicine (Rautenschlein and Schat, 
2024). However, many aspects of these complex 
systems remain unclear, highlighting the on-
going need for further research and exploration 
in this critical area of animal health.

VETERINARY VACCINES AND VACCINATIONS

Vaccination is fundamentally based on the 
principle of introducing a vaccine, which contains 
an antigen, into a host, whether in an animal 
or a human (Hill et al., 2021). This controlled 
administration is designed to stimulate the 
body’s immune system, prompting it to recognise 
and respond to the specific pathogen without 
causing the disease itself (Thomas et al., 2022). 
By doing so, the immune system develops the 
necessary defences, enabling it to recognise and 
respond more effectively to the actual infection 
if encountered in the future (Park et al., 2024).

Veterinary vaccines and vaccinations are 
essential not only for protecting animal health  
but also for enhancing human health by ensuring 
a safer food supply (Chambers et al., 2015). 
Vaccinations utilised on farms aim to maintain 
animal welfare by reducing pain, suffering, and the 
impact of various diseases (Meeusen et al., 2007).

Vaccination of animals against various 
diseases, coupled with the prompt diagnosis 
and treatment of illnesses when they occurred 
enables farmers to maintain the supply of 
essential food products. The implementation 
of vaccination programs has not only enhanced 
human health but also contributed significantly 
to food security by reducing disease outbreaks 
in livestock production (Du et al., 2022; 
Laxminarayan et al., 2024; Mkulo et al., 2024). 
A thorough understanding of immunological 
principles and the development of advanced 
innovative vaccines have enabled effective 
vaccination strategies (Oladejo et al., 2024).

Vaccinations administered over the past 
century have significantly reduced mortality 
and morbidity in millions of animals (Jorge 
and Dellagostin, 2017). These vaccinations are 
extensively utilised across various animal species 
to protect them against highly contagious and 
lethal diseases (Tizard, 2020; Lewis and Roth, 
2021; Thomas et al., 2022). For instance, vaccines 
such as those for rabies, parvovirus, distemper 
and kennel cough are commonly given to 
companion animals (Egberink et al., 2022; Ellis 
et al., 2022; Weidinger et al., 2024). Additionally, 
in livestock and poultry sectors, species such as 
chickens, turkeys, pigs, and cattle are vaccinated 
against diseases including haemorrhagic 
septicaemia, swine fever, salmonellosis, 
Newcastle disease and infectious bronchitis 
(Lupini et al., 2020; Francis, 2021; Liu et al., 2023).

EMERGING AND RE-EMERGING ANIMAL 
DISEASES

Emerging infections refer to a category of 
diseases that has been recently identified and 
classified within a taxonomic framework (Paul-
Pierre, 2009). The transformative effects of 
globalisation, climate change and the opening of 
previously isolated ecosystems have significantly 
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altered the dynamics of endemic diseases 
(Roeder et al., 2013; Melkikh, 2022). Furthermore, 
these changes have facilitated the emergence 
of new pathogenic agents that threaten animal 
health.

The emergence and re-emergence of 
infectious diseases can be attributed to a 
multitude of mechanisms, each playing a vital 
role in the behaviour of pathogens (Leeks et al., 
2021; Le et al., 2022). One significant factor is 
the remarkable variability inherent in viruses, 
particularly RNA viruses. This variability gives 
rise to diverse populations of quasispecies, 
which enhances their ability to adeptly cross 
the boundaries between different species (Su 
et al., 2020; Brandao et al., 2022; Bi et al., 2024). 

Viruses possess an astonishing capacity for 
evolution that occurs at a rate far surpassing 
that of their host organisms (Koonin et al., 2022; 
Schuster and Stadler, 2023). They utilise a number 
of complex strategies, including point mutations, 
to enable this rapid evolution. Their genetic 
material undergoes minor but profound changes 
as a result of these mutations, enabling slow 
adaptations that eventually produce amazing 
changes (Koonin et al., 2022). Other methods 
include the deletions that remove segments of 
their genome and recombination that allows this 
virus to exchange genetic information with other 
viruses (Harvey and Holmes, 2022). Additionally, 
viruses with segmented genomes such as avian 
influenza virus (AIV), can undergo reassortment 
during co-infection of different strains, shuffling 
their genetic material in new combinations (Bi  
et al., 2024). Some viruses can even acquire genes 
from their host cells, integrating them into their 
own genome (Schonrich et al., 2017; Aylward and 
Moniruzzaman, 2022).

One significant source of diseases 
emergence is the opening of previously isolated 
ecosystems, which creates new interactions 
among unrelated species. These new interactions 

can reveal vulnerabilities, showing that a species 
once believed to be resistant to certain infections 
may actually be susceptible (Bi et al., 2024).

The introduction of invasive or migratory 
species can significantly contribute to 
the emergence of new diseases within 
animal populations (Melkikh, 2022). Such 
introductions may result from either deliberate 
actions or accidental releases into non-native 
environments. These species can serve as new 
reservoirs for pathogens, facilitating the spread 
of infectious agents to local wildlife (Bansal et al., 
2022). As a result, they may disrupt established 
ecosystems and propagate diseases to animal 
populations with no prior exposure or immunity 
(Tyson-Pello and Olsen, 2020; Sultan et al., 2022).

The movement of migratory species 
into livestock territories has produced a 
substantial rise in disease occurrence among 
the animals (Melkikh, 2022). The sudden arrival 
of these species disrupts the fragile ecosystem 
equilibrium which results in elevated risk levels 
among vulnerable animal groups. Consequently, 
enhancement of livestock diseases profoundly 
have adverse effects on production and cause 
distortions in value due to shocks in both 
domestic and international markets, leading 
to market inefficiencies (Hu et al., 2022). The 
health and sustainability of commercial livestock 
product markets, along with their growth to 
meet demand and support smallholder farming 
systems, are jeopardised by livestock disease 
outbreaks (Melkikh, 2022). Moreover, the 
prevalence of livestock diseases can promote 
unsustainable and detrimental practices within 
the agricultural sector (Ekwem et al., 2021; 
Akpan, 2024).

The significance of livestock disease in 
production, along with its impact on public 
health and market stability, underscores the 
necessity for government intervention through 
response and eradication programs (Ankers 
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and Bengoumi, 2020; Amenu et al., 2023). This 
situation also highlights the importance of 
implementing trade bans and restrictions to 
mitigate risks associated with such diseases.

ENDEMIC AND EXOTIC ANIMAL DISEASES

The subset of animal pathogens identified by the 
World Organisation for Animal Health (WOAH, 
founded as OIE) as high-risk biological threats 
is characterised by their highly transmissible 
nature, enabling them to spread rapidly across 
borders and inflict significant socio-economic 
and public health repercussions (Khurana  
et al., 2021; Durrwald et al., 2022; Sailleau  
et al., 2022). These pathogens are also classified 
as high-risk agents for deliberate introduction 
into non-endemic countries for similar reasons 
(Dixon et al., 2020). These biological agents 
include pathogens that affect animals, and 
in certain instances, zoonotic pathogens that 
have been eradicated in numerous countries but 
continue to persist in many developing regions 
(Karpagam and Ganesh, 2020). The effects of 
these pathogens can vary a lot depending on the 
specific environments where they naturally exist 
or have been introduced (Debnath et al., 2021). 
This shows how important it is to understand 
local conditions to effectively manage their 
impact.

Many researchers have studied and written 
about the significant impact of infectious 
diseases on livestock and poultry. These studies 
also explore zoonotic diseases, showing the 
close links between animal health and human 
well-being (Bach et al., 2023). Each piece of 
research offers important insights into how 
these diseases affect farming, animal care, 
and public health, emphasising the need to 
understand and control these pathogens in our 
food systems (Bosch-Camos et al., 2022; Bach 
et al., 2023). These studies examine the diverse 

characteristics of animal diseases, including the 
range of hosts affected, modes of transmission 
and the potential for spread. They further assess 
the consequences for production and survival, 
as well as the costs associated with prevention 
and control in different geographical contexts 
(Kang et al., 2024). 

The impact of an outbreak involving a 
known biological agent is always significant 
but can vary greatly depending on factors like 
location, population density, local healthcare 
systems, and the environment (McElwain and 
Thumbi, 2017). For example, urban areas might 
see faster spread because people live closer 
together, while rural areas may face challenges 
due to slower access to medical care. Cultural 
attitudes and public awareness about health also 
play a big role in how well response efforts work, 
ultimately affecting how much the outbreak 
impacts a specific region. Relevant comparisons 
and contrasts regarding the effects on animal 
health, economic stability, food security and 
safety, and public health within these diverse 
contexts have been previously documented 
(McElwain and Thumbi, 2017).

The impact of animal disease on food safety 
and security, economic and human health has 
prompted a growing interest in the integration 
of economics and epidemiology (Kappes  
et al., 2023). Policy formulation is increasingly 
informed not only by considerations of supply, 
market price fluctuations, and trade, but also 
by the implications for public health (Debnath 
et al., 2021). There is a major lack of knowledge 
about how animal diseases are spread within 
livestock value chains and their economic 
effects, especially considering the differences 
between high- and low-income countries (Rajala 
et al., 2021). To effectively assess the impacts 
of animal disease burdens, it is essential to 
obtain accurate and relevant data, as well as 
institutional information related to veterinary 

https://pubmed.ncbi.nlm.nih.gov/?term=%22McElwain%20TF%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Thumbi%20SM%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22McElwain%20TF%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Thumbi%20SM%22%5BAuthor%5D
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practices, health monitoring, and regulatory 
policies that segmented across all stakeholders 
and economies involved in these value chains 
(Kappes et al., 2023).

REDUCING DISEASE AND MORTALITY

The development of vaccines has revolutionised 
animal husbandry, leading to lower mortality 
rates and improvements in the production of 
healthy livestock (Coppo et al., 2013; Carpenter  
et al., 2022). This increase in animal production 
has played a crucial role in mitigating food 
insecurity by providing communities with 
essential nutrients and economic stability 
(Werling et al., 2024).

Despite these advancements, challenges 
persist. Climate change has intensified 
conditions favourable to disease vectors and 
pathogens, increasing the risk of new animal 
diseases emerging (Carlson et al., 2022; Philips 
et al., 2024). The transmission of such emerging 
infectious diseases, particularly at the animal-
human interface, poses a critical risk to global 
health, threatening to trigger epizootics and 
pandemics that could affect animal populations 
and human communities worldwide (Debnath 
et al., 2021). 

Therefore, it is increasingly urgent to 
focus on the development of novel vaccines 
to effectively prevent diseases in animals. This 
proactive approach is essential for protecting not 
only animal health but also public health on a 
global scale (Kaasschieter et al., 1992). In addition, 
vaccines play a critical role in the prevention 
of diseases that could necessitate antibiotic 
intervention (Hoelzer et al., 2018). A common 
objective within the agricultural sector is to 
maintain the health of animals while minimising 
the reliance on antibiotics (Lubroth et al., 2007). 
This approach ensures that antibiotics remain 
accessible for responsible use in alleviating 

animal suffering when necessary (Micoli et al., 
2021). Overuse of antibiotics can lead to the 
development of antibiotic-resistant pathogens, 
posing significant risks to both human and 
animal health (Hoelzer et al., 2018). Vaccination 
is instrumental in reducing the reliance on 
antibiotics, thereby mitigating resistance risks 
and preserving their effectiveness for essential 
treatments (Buchy et al., 2020).

PROTECTING PUBLIC HEALTH

Veterinary vaccines are integral to the protection 
of public health, particularly in the prevention 
of zoonotic diseases. Notable zoonotic diseases 
include tuberculosis (Ugochukwu et al., 2020), 
avian influenza (Kang et al., 2024) and the novel 
coronavirus (Ertuk et al., 2021), all of which pose 
significant threats to human health. 

By effectively controlling these diseases 
at their animal source, veterinary vaccines 
significantly mitigate the risk of human 
outbreaks, thereby contributing to the safety 
and health of populations (Busch et al., 2021; 
Lerch et al., 2022). This is especially important 
considering that animals are primary sources 
of essential food products, such as eggs, milk, 
meat and other protein-rich commodities. 
Healthy animal populations help ensure 
safer food for consumers, showing the 
important connection between veterinary 
interventions and public health (MacPhillamy  
et al., 2022; Davis et al., 2024).

ECONOMIC DRIVERS AND OPPORTUNITIES

Animals play a vital role in human society by 
providing not only essential food sources and 
clothing but also a diverse array of value-
added products that enhance the human 
daily existence. As human diets and lifestyles 
evolved, there has been a notable increase in the 
consumption and utilisation of animal products, 
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reflecting changing preferences and nutritional 
needs (Kiiza et al., 2023). 

However, alongside these benefits, infectious 
diseases affecting animals pose a significant and 
escalating threat to global animal health and 
welfare (Roth and Sandbulte, 2021). Effectively 
managing and controlling these diseases is 
paramount as it directly impacts animal health, 
ensures food security, and helps to alleviate rural 
poverty that often relies on livestock and animal 
production for income (Campbell et al., 2018; 
Alhaji et al., 2020; Brooks et al., 2022). 

At present, veterinary vaccines are only 
available for a limited number of diseases that 
impact animal health. A manufacturing process 
that maximises safety even when working in low 
containment conditions should be one of the 
ideal features for animal vaccines. This method 
guarantees that the vaccines can be produced 
without requiring a large infrastructure, while 
also reducing the chance of contamination 
(Farnos et al., 2020). Furthermore, it is essential 
that these vaccines have a strong ability to 
produce a large number of doses effectively 
(Roth, 2011). 

In order to maintain the vaccines’ 
accessibility and financial viability for broad use 
in veterinary clinics and agricultural settings, this 
scalability must be balanced with an economical 
production model (Koppu et al., 2022). In the 
end, these vaccines’ overall efficacy and uptake 
in preserving animal health will be improved 
by their affordability, scalability, and safety. 
Achieving widespread usage hinges on their 
affordability, making it accessible for farmers and 
pet owners alike to obtain these vital vaccines 
(Nuvey et al., 2023). This accessibility not only 
encourages vaccination but also strengthens 
overall community health by reducing the risk 
of disease transmission between animals and 
humans (Lewis and Roth, 2021; Davis et al., 2024).

A truly optimal vaccine would not only 

exhibit high efficacy but also facilitate a rapid 
onset of immunity after just a single dose. 
Besides that, it will have an amazing feature to 
provide cross protection from different strains 
of pathogens. Protection is the most important 
thing, hence, the vaccine should be safe for many 
different animal species and work well with all 
age groups (Koppu et al., 2022). Additionally, 
it should play a crucial role in preventing the 
transmission of viruses to both susceptible 
animals and humans, ensuring comprehensive 
health protection (Carpenter et al., 2022; Zhang 
et al., 2023).

POLICY AND SUPPORTING NATIONAL 
ERADICATING PROGRAMMES

Vaccine research and developments require 
collaboration between the multi discipline of 
human medicine, veterinary medicine, public 
health and environmental sciences (Kefaloudi 
et al., 2022; Allam et al., 2023). 

Emerging zoonotic diseases, which account 
for a staggering more than 60% of all newly 
identified illnesses, are predominantly linked 
to infections originating in animals (Rahman 
et al., 2020). This alarming trend highlights an 
urgent need for the development of innovative 
vaccines aimed at preventing and controlling 
these diseases effectively (Olawade et al., 2024). 
Such vaccines are crucial not only for protecting 
animal health but also for thwarting the potential 
transmission of pathogens from animals to 
humans (Ahmed et al., 2022). 

To address this complex challenge, it is 
essential to enhance our understanding of 
how diseases can jump across species barriers. 
This calls for dedicated efforts in research to 
unravel the intricacies of cross-species disease 
transmission (Brooks et al., 2022). Additionally, 
there is a pressing need for the creation of 
advanced diagnostic methods that can quickly 
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and accurately identify these emerging threats. 
Moreover, improving our grasp of the immune 
mechanisms that confer protection against 
these diseases is vital. This knowledge will 
inspire new innovative ways of speeding the 
vaccine discovery process, which may be a 
viable link between humans and animals health 
(Akkermans et al., 2020; Thornton et al., 2024). 
Embracing such innovative approaches is not 
only feasible but also critically important in 
our fight against emerging infectious diseases  
(Hu et al., 2022).

The One Health approach encompasses the 
study of emerging zoonotic diseases, which are 
newly identified diseases affecting animals that 
have the potential to cause widespread outbreaks 
and pandemics, as well as the ability to infect 
human populations (Dadar et al., 2021; Haselbeck 
et al., 2021). Despite the notable advancements 
in microbial genetics and genomics in recent 
years, the understanding of how these zoonotic 
agents persist in their natural environments and 
how they react to environmental changes which 
are often driven by human activities remains 
limited. There is a pressing need to enhance our 
detection capabilities and response strategies 
for emerging zoonotic agents, especially those 
that manifest rapidly and can spread across vast 
geographical areas (Schweizer et al., 2021). In the 
upcoming section, we will delve into a range 
of both well-established and newly emerging 
One Health pathogens, highlighting their 
significance and the challenges they present 
(Hill, 2011; Kulpa-Eddy et al., 2011).

Equally important is the regulatory process 
that ensures vaccines meet required safety and 
efficacy standards (Gifford et al., 2011; Roth, 
2011; Woodland, 2011; Ghattas et al., 2021). It 
is essential that this process strikes a balance, 
providing the necessary oversight to protect 
consumers while also avoiding an increase in the 
costs associated with licensing and production 

(Busch et al., 2021). If these costs become 
excessively high, there is a risk that the vaccine 
recipient will find the vaccines unaffordable, 
undermining the very purpose of regulation 
in promoting animal and public health, and 
accessibility (Ugochukwu et al., 2020; Rajala  
et al., 2021).

PREDOMINANT FACTORS INFLUENCING 
FUTURE TRENDS OF VETERINARY VACCINES 
RESEARCH AND DEVELOPMENTS

Omics Technologies

Omics technologies (genomics, transcriptomics, 
proteomics, metabolomics, etc.) represent a 
transformative approach to vaccine design, based 
on a detailed understanding of the molecular 
interactions between the immune system and 
the pathogens (De la Fuente and Contreras, 2021; 
Cwiklinski and Dalton, 2022; Dai and Shen, 2022). 
The substantial volume of data produced to 
elucidate host-pathogen interactions necessitates 
the development and validation of biologically 
robust models to effectively interpret and apply 
this knowledge to the design and implementation 
of vaccines (De la Fuente et al., 2018; De la Fuente 
and Contreras, 2023). 

Consequently, omics technologies offer 
insights into the molecular pathways and 
gene expression profiles associated with host 
cellular responses to pathogens, facilitating the 
identification, modelling, and prediction of the 
dynamics inherent in host-pathogen interactions 
(Cwiklinski and Dalton, 2022). Omics-based 
approaches offer significant benefits for both 
the research and development of veterinary 
vaccines (Kules et al., 2016).

Additionally, the advent of omics 
technologies has sparked a revitalised interest 
in the research and development of vaccines 
targeting animal diseases (Cwiklinski and Dalton, 
2022). These advanced methodologies allow 
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for the design, evaluation, and refinement of 
candidate vaccines to be accomplished in a 
remarkably reduced time frame compared 
to traditional approaches (De la Fuente and 
Contreras, 2021). This efficiency not only 
accelerates the process but also enhances the 
potential for creating effective vaccines that can 
better protect animal populations from various 
diseases (De la Fuente and Contreras, 2023; 
Yennamalli and Onteru, 2025).

Empowering the Vaccine Research Community 
and Talents Development

The vaccine research community plays a crucial 
role in promoting public health and enhancing 
global food security (Capper, 2023). To achieve 
these goals, it is essential to implement well-
structured health monitoring and regulatory 
policies that foster collaboration across various 
sectors. This includes the creation of advanced 
programs such as the One Health initiative 
that is designed to promote the integration 
of animal and human health efforts. From the 
acknowledgment of the inescapable linkage 
of the human and animal ecosystems, these 
programs aim at providing an overall well-being 
that will affect every living being as well as their 
habitats (Hu et al., 2022). 

Moreover, establishing effective 
communication mechanisms and platforms is 
vital for improving interactions between health 
authorities and local research communities 
(Fawzy and Helmy, 2019). By facilitating 
communication strategies, it can help prevent 
the emergence and spread of diseases that 
affect both animal and human populations 
(Overgaauw et al., 2020). Such proactive 
measures are important to build a resilient health 
framework that protects the communities and 
nurtures a sustainable environment.

The continuous advancement of expertise 
in vaccine research is essential for effectively 

responding to both emerging and re-emerging 
diseases, as well as zoonotic diseases that can 
be transmitted from animals to humans (Pike  
et al., 2010). To achieve this goal, a comprehensive 
strategy focused on promotion and integration 
is necessary. This strategy should involve 
the establishment of professional training 
programs aimed at cultivating the talents and 
skills of individuals in the field (Schembri et al., 
2015). By enhancing the biosecurity practices 
within both smallholder and industrial farming 
systems, we can significantly reduce the risk of 
infectious diseases emerging and spreading 
(Alarcon et al., 2021; Fountain et al., 2023). 
These training initiatives will equip workers 
with the knowledge and techniques needed 
to implement preventive measures and control 
strategies, ultimately protecting public health 
and agricultural systems (Ouyang et al., 2023; 
Zhang et al., 2024).

Enhance Veterinary Vaccinology Networking 
and Coordination

Veterinary vaccinology integrates the expertise 
from various disciplines and organisations, 
spanning local, national, and global initiatives, 
to enhance the health of animals and, by 
extension, protect human health (Allam et al., 
2023). This approach acknowledges the intricate 
interdependence between animal and human 
populations and recognises the significant threat 
posed by emerging and re-emerging infectious 
diseases that can impact livestock, public health, 
and global food security (Brooks et al., 2022). 

The implementation of veterinary vaccines 
plays a crucial role in mitigating the risk of 
disease transmission between animals and 
humans (Chambers et al., 2015). By effectively 
reducing the prevalence of both emerging 
and re-emerging infectious diseases, this field 
translates ground breaking advances in health 
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science into practical strategies and policies  
(Li H et al., 2021; Alders, 2024). These efforts are 
vital not only in protecting animal welfare but 
also in promoting overall community health and 
ensuring food security for the growing global 
population (Meeusen et al., 2007; Roth and 
Sandbulte, 2021).

In addition, the establishment and execution 
of a comprehensive global and national 
surveillance system for emerging infectious 
diseases provides timely alerts regarding the 
emergence of pathogens in targeted high-risk 
areas (Perez et al., 2011; Kumar et al., 2021). This 
proactive approach enhances the management 
of animal diseases, which may have significant 
implications for both socio-economic conditions 
and public health outcomes (Singh et al., 2024).

Integrating Vaccinology Research Through 
the Multidisciplinary Approach

The emergence and re-emergence of infectious 
diseases pose significant challenges to public 
health and global food security, necessitating 
a multidisciplinary approach to mitigate their 
impacts (Hu et al., 2022; Allam et al., 2023). 
Current vaccine research is increasingly focused 
on epizootic and zoonotic diseases, emphasising 
the importance of preventing the transmission 
of emerging infectious diseases at the interface 
between animals and humans (Pike et al., 2010).

It is critically important to protect both 
animal and human populations from epizootics 
and pandemics. Emerging and re-emerging 
pathogens can significantly impact food safety 
and security, therefore, it is essential to propose 
strategies for enhancing vaccinology research 
by integrating multidisciplinary approaches 
in the development of new vaccine design 
methodologies (Dungu et al., 2018; Fefferman 
et al., 2023). Furthermore, fostering open 
discussions and communication regarding 

the opportunities and risks associated with 
vaccine research is crucial for advancing this 
field effectively (Fawzy and Helmy, 2019).

Moreover, this research initiative, which is 
inherently multidisciplinary and collaborative, 
must incorporate both basic and applied 
research pertaining to food production (Potter 
and Babiuk, 2001; Gonzalez et al., 2024). It 
is imperative that this research seamlessly 
integrates and balances the various inputs 
required for crop and livestock production while 
simultaneously protecting human health, animal 
welfare and environmental integrity (Pastoret 
et al., 2000; Sleeman et al., 2017). Additionally, 
efforts must be directed toward the conservation 
of non-renewable resources. The success of this 
endeavour hinges on the equitable sharing and 
implementation of resources, technologies and 
knowledge across all nations, thereby fostering a 
collective international commitment to enhance 
food production practices (Swayne, 2012; 
Mumtaz et al., 2021).

FUTURE PERSPECTIVE IN VETERINARY 
VACCINE RESEARCH OPPORTUNITIES

Despite the remarkable progress achieved in 
the field of vaccinology, numerous intricate 
parts remain to be solved. A significant hurdle 
lies in the limited understanding of host-
pathogen interactions, which play a crucial 
role in determining immune responses (Hill et 
al., 2021; Hernaez and Alcami, 2024; Kalugotla 
et al., 2024). The variability in immunological 
reactions under diverse conditions adds another 
layer of complexity. The difficulties in precisely 
modulating protective responses in light of 
antigenic variability serve as undeniable obstacles 
that must be addressed in the ongoing effort to 
enhance vaccine efficacy (Li K et al., 2021).

Enhanced surveillance capabilities can 
be achieved by developing more effective 
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diagnostic tests, particularly those that can 
be rapidly deployed in the field (Gifford et al., 
2021). It is crucial that these tests are not only 
cost-effective but also rigorously validated 
to ensure high sensitivity and specificity, 
allowing for accurate and reliable detection 
in various environments (Hobbs et al., 2021). 
This improvement in diagnostic testing can 
significantly contribute to more timely and 
efficient monitoring of health threats.

Moreover, the combination of human 
and animal surveillance data aims to create a 
comprehensive and near real-time overview of 
the current situation. This integrated approach 
allows for the monitoring of health trends and 
potential outbreaks by analysing information 
from both populations simultaneously, thereby 
enhancing operational awareness and response 
capabilities (Pley et al., 2021; Hutchinson et al., 
2024).

Improvements of current vaccines are 
necessary, particularly platform vaccines 
that have undergone rigorous validation 
to ensure their purity, potency, and safety. 
These innovative vaccines have the capability 
to incorporate genetic material from newly 
identified pathogens, allowing them to be 
swiftly manufactured (Ghattas et al., 2021; Verma 
and Awasthi, 2024). This adaptability enables a 
rapid response to emerging infectious threats, 
making these vaccines a vital tool in veterinary 
and public health defence.

Gaining a deeper insight into the 
mechanisms underlying the development 
and spread of rapidly emerging diseases can 
help identify potential strategies to disrupt the 
transmission of these infections. By deciphering 
the biological processes and environmental 
factors that contribute to their emergence, we 
can develop targeted interventions aimed at 
preventing outbreaks and protecting animal and 
human health. 

Comprehensive outreach strategies that 
emphasise clarity and timely communication 
are crucial to build a stronger connection 
with the community (Figueroa et al., 2022). 
Improvement in the connection will help 
inform the public and encourage participation 
in activities designed to improve public health 
outcomes and promote animal welfare. This can 
be achieved through a range of communication 
avenues including workshops, social media 
campaigns, and information sessions (Garcia 
et al., 2023). Ultimately, this step will help to 
educate the public leading to concerted efforts 
between health authorities, local organisations 
and members of the community to effectively 
implement much needed health programmes 
(Baker et al., 2024).

CONCLUSION

In conclusion, this review highlights the 
importance of veterinary vaccine research 
and development and its influence toward 
the animal as well as public health and disease 
management strategies. For a vaccination 
strategy to be successful it must be built on a 
solid understanding of the immune system, their 
interdependence, and the delicate regulation 
involved. In addition, effective policies and 
regulations governing vaccine production 
should be taken into account. 

Recent understanding of the various factors 
contributing to the advancement in veterinary 
vaccine research and development for both 
animals and humans will address several 
critical considerations including the need of 
enhancing our knowledge of current veterinary 
vaccine technologies, implementing effective 
vaccination strategies and strengthening 
policies and supporting guidelines on vaccine 
research in animals. These actions will enable 
a comprehensive study of pathogenicity, 
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transmission dynamics, and disease prevalence 
to facilitate effective responses to potential 
future outbreaks of new animal diseases, 
particularly within economically important 
animal populations.

REFERENCES

1.	 Ahmed, A., Safdar, M., Sardar, S., Yousaf, S., 
Farooq, F., Raza, A., Shahid, M., Malik, K., and 
Afzal, S. (2022). Modern vaccine strategies for 
emerging zoonotic viruses. Expert Rev. Vaccines, 
21(12):1711-1725. 

2.	 Akkermans, A., Chapsal, J.M., Coccia, E.M., 
Depraetere, H., Dierick, J.F., Duangkhae, P., 
Goel, S., Halder, M., Hendriksen, C., Levis, R., 
Pinyosukhee, K., Pullirsch, D., Sanyal, G., Shi, L., 
Sitrin, R., Smith, D., Stickings, P., Terao, E., Uhlrich, 
S., Viviani, L., and Webster, J. (2020). Animal 
testing for vaccines. Implementing replacement, 
reduction and refinement: challenges and 
priorities. Biologicals, 68:92-107.

3.	 Akpan, C. (2024). Monitoring livestock pregnancy 
loss. Elife, 15:e98828.

4.	 Alarcon, L.V., Allepuz, A., and Mateu, E. (2021). 
Biosecurity in pig farms: a review. Porcine Health 
Manag., 7(1):5.

5.	 Alders, R.G. (2024). Emerging infectious disease 
prevention: veterinary action required. Aust. 
Vet. J., 102(9):426-430.

6.	 Alhaji, N.B., Ankeli, P.I., Ikpa, L.T., and 
Babalobi, O.O. (2020). Contagious bovine 
pleuropneumonia: challenges and prospects 
regarding diagnosis and control strategies in 
Africa. Vet. Med. (Auckl), 19:71-85.

7.	 Allam, A.M., Elbayoumy, M.K., and Ghazy, A.A. 
(2023). Perspective vaccines for emerging viral 
diseases in farm animals. Clin. Exp. Vaccine Res., 
12(3):179-192.

8.	 Amenu, K., McIntyre, K.M., Moje, N., Knight-Jones, 
T., Rushton, J., and Grace, D. (2023). Approaches 
for disease prioritization and decision-making in 
animal health, 2000-2021: a structured scoping 
review. Front. Vet. Sci., 10:1231711.

9.	 Ankers, P. and Bengoumi, M. (2020). Managing 
complex emergencies. Rev. Sci. Tech., 39(2):435-
443. 

10.	 Aylward, F.O. and Moniruzzaman, M. (2022). 
Viral complexity. Biomolecules, 12(8):1061.

11.	 Bach, E., Fitzgerald, S.F., Williams-MacDonald, 
S.E., Mitchell, M., Golde, W.T., Longbottom, D., 
Nisbet, A.J., Dinkla, A., Sullivan, E., Pinapati, R.S., 
Tan, J.C., Joosten, L.A.B., Roest, H.J., Østerbye, 
T., Koets, A.P., Buus, S., and Tom N McNeilly, 
T.N. (2023). Genome-wide epitope mapping 
across multiple host species reveals significant 
diversity in antibody responses to Coxiella 
burnetii vaccination and infection. Front. 
Immunol., 14:1257722.

12.	 Baker, T.M., Wallace, J.E., Adams, C., Bateman, 
S., Hopson, M.S., Rondenay, Y., Woodsworth, J., 
and Kutz, S.J. (2024). Exploring the experiences 
of visiting veterinary service providers in 
indigenous communities in Canada: proposing 
strategies to support pre-clinical preparation.  
J. Vet. Med. Educ., 19:e20230081.

13.	 Bansal, N., Singh, R., Chaudhary, D., Mahajan, 
N.K., Joshi, V.G., Maan, S., Ravishankar, C., Sahoo, 
N., Mor, S.K., Radzio-Basu, J., Kapur, V., Jindal, N., 
and Goyal, S.M. (2022). Prevalence of Newcastle 
disease virus in wild and migratory birds in 
Haryana, India. Avian Dis., 66(2):141-147.

14.	 Bi, Y., Yang, J., Wang, L., Ran, L., and Gao, G.F. 
(2024). Ecology and evolution of avian influenza 
viruses. Curr. Biol., 34(15):R716-R721.

15.	 Bosch-Camos, L., Alonso, U., Esteve-Codina, 
A., Chang, C.Y., Martín-Mur, B., Accensi, F., 
Muñoz, M., Navas, M.J., Dabad, M., Vidal, E., 
Pina-Pedrero, S., Pleguezuelos, P., Caratù, G., 
Salas, M.L., Liu, L., Bataklieva, S., Gavrilov, B., 
Rodríguez, F., and Argilaguet, J. (2022). Cross-
protection against African swine fever virus 
upon intranasal vaccination is associated with 
an adaptive-innate immune crosstalk. PLoS 
Pathog., 18(11):e1010931. 

16.	 Brandao, P.E., Berg, M., Silva, S.O.S., and Taniwaki, 
S.A. (2022). Emergence of avian coronavirus 
escape mutants under suboptimal antibody 
titers. J. Mol. Evol., 90(2):176-181.

17.	 Brooks, D.R., Hoberg, E.P., Boeger, W.A., and 
Trivellone, V. (2022). Emerging infectious 
disease: an underappreciated area of strategic 
concern for food security. Transbound. Emerg. 
Dis. 69(2):254-267.



12 

MALAYSIAN JOURNAL OF VETERINARY RESEARCH VOLUME 16 NO 2 DEC 2025

18.	 Buchy, P., Ascioglu, S., Buisson, Y., Datta, S., 
Nissen, M., Tambyah, P.A., and Vong, S. (2020). 
Impact of vaccines on antimicrobial resistance. 
Int. J. Infect. Dis., 90:188-196.

19.	 Busch, F., Haumont, C., Penrith, M.L., 
Laddomada, A., Dietze, K., Globig, A., Guberti, V., 
Zani, L., and Depner, K. (2021). Evidence-based 
African swine fever policies: do we address virus 
and host adequately?. Front. Vet. Sci., 8:637487.

20.	 Campbell, Z.A., Marsh, T.L., Mpolya, E.A., Thumbi, 
S.M., and Palmer, G.H. (2018). Newcastle disease 
vaccine adoption by smallholder households 
in Tanzania: identifying determinants and 
barriers. PLoS One, 13(10):e0206058.

21.	 Capper, J.L. (2023). The impact of controlling 
diseases of significant global importance on 
greenhouse gas emissions from livestock 
production. One Health Outlook, 5(1):17.

22.	 Carlson, C.J., Albery, G.F., Merow, C., Trisos, C.H., 
Zipfel, C.M., Eskew, E.A., Olival., K.J., Ross, N., 
and Bansal, S. (2022). Climate change increases 
cross-species viral transmission risk. Nature, 
607(7919):555-562.

23.	 Carpenter, A., Waltenburg, M.A., Hall, A., Kile, J., 
Killerby, M., Knust, B., Negron, M., Nichols, M., 
Wallace, R.M., Behravesh, C.B., and McQuiston, 
J.H., the Vaccine Preventable Zoonotic Disease 
Working Group. (2022). Vaccine preventable 
zoonotic diseases: challenges and opportunities for 
public health progress. Vaccines (Basel), 10(7):993.

24.	 Chambers, M.A., Graham, S.P., and La Ragione, 
R.M. (2015). Challenges in veterinary vaccine 
development and immunization. Methods Mol. 
Biol., 1404:3-35.

25.	 Charlier, J., Barkema, H.W., Becher, P., De 
Benedictis, P., Hansson, I., Hennig-Pauka, I., 
La Ragione, R., Larsen, L.E., Madoroba, E., 
Maes, D., Marin, C.M., Mutinelli, F., Nisbet, A.J., 
Podgorska, K., Vercruysse, J., Vitale, F., Williams, 
D.J.L., and Zadoks, R.N. (2022). Disease control 
tools to secure animal and public health in a 
densely populated world. Lancet Planet. Health, 
6(10):e812-e824.

26.	 Coppo, M.J., Noormohammadi, A.H., Browning, 
G.F., and Devlin, J.M. (2013). Challenges and recent 
advancements in infectious laryngotracheitis virus 
vaccines. Avian Pathol., 42:195-205.

27.	 Cwiklinski, K. and Dalton, J.P. (2022). Omics tools 
enabling vaccine discovery against fasciolosis. 

Trends Parasitol., 38(12):1068-1079.
28.	 Dadar, M., Tiwari, R., Sharun, K., and Dhama, 

K. (2021). Importance of brucellosis control 
programs of livestock on the improvement of 
one health. Vet. Q., 41(1):137-151.

29.	 Dai, X. and Shen, L. (2022). Advances and trends 
in omics technology development. Front. Med., 
9:911861.

30.	 Davis, S.K., Jia, F., Wright, Q.G., Islam, M.T., 
Bean, A., Layton, D., Williams, D.T., and Lynch, 
S.E. (2024). Defining correlates of protection 
for mammalian livestock vaccines against 
high-priority viral diseases. Front. Immunol., 
15:1397780.

31.	 De la Fuente, J. and Contreras, M. (2021). 
Vaccinomics: a future avenue for vaccine 
development against emerging pathogens. 
Expert Rev. Vaccines, 20(12):1561-1569.

32.	 De la Fuente, J. and Contreras, M. (2023). 
Quantum vaccinomics platforms to advance in 
vaccinology. Front. Immunol., 14:1172734.

33.	 De la Fuente, J., Villar, M., Estrada-Pena, A., and 
Olivas, J.A. (2018). High throughput discovery 
and characterization of tick and pathogen 
vaccine protective antigens using vaccinomics 
with intelligent big data analystic techniques. 
Expert Rev. Vaccines, 17(7):569-576.

34.	 Debnath, F., Chakraborty, D., Deb, A.K., Saha, 
M.K., and Dutta, S. (2021). Increased human-
animal interface & emerging zoonotic diseases: 
an enigma requiring multi-sectoral efforts to 
address. Indian J. Med. Res., 153(5-6):577-584.

35.	 Dixon, L.K., Stahl, K., Jori, F., Vial, L., and Pfeiffer, 
D.U. (2020). African swine fever epidemiology and 
control. Annu. Rev. Anim. Biosci., 15:8:221-246.

36.	 Du, Y., Hu, X., Miao, L., and Chen, J. (2022). 
Current status and development prospects of 
aquatic vaccines. Front. Immunol., 13:1040336.

37.	 Dungu, B., Lubisi, B.A., and Ikegami, T. (2018). 
Rift Valley fever vaccines: current and future 
needs. Curr. Opin. Virol., 29:8-15.

38.	 Durrwald, R., Kolodziejek, J., Oh, D.Y., Herzog, S., 
Liebermann, H., Osterrieder, N., and Nowotny, 
N. (2022). Vaccination against Borna disease: 
overview, vaccine virus characterization and 
investigation of live and inactivated vaccines. 
Viruses, 14(12):2706.

39.	 Egberink, H., Frymus, T., Hartmann, K., Möstl, 
K., Addie, D.D., Belák, S., Boucraut-Baralon, C., 



13

MALAYSIAN JOURNAL OF VETERINARY RESEARCHVOLUME 16 NO 2 DEC 2025

Hofmann-Lehmann, R., Lloret, A., Marsilio, F., 
Pennisi, M.G., Tasker, S., Thiry, E., Truyen, U., and 
Hosie, M.J. (2022). Vaccination and antibody 
testing in cats. Viruses, 14(8):1602.

40.	 Ekwem, D., Morrison, T.A., Reeve, R., Enright, J., 
Buza, J., Shirima, G., Mwajombe, J.K., Lembo, 
T., and Hopcraft, J.G.C. (2021). Livestock 
movement informs the risk of disease spread 
in traditional production systems in East Africa. 
Sci. Rep., 11(1):16375.

41.	 Ellis, J., Marziani, E., Aziz, C., Brown, C.M., Cohn, 
L.A., Lea, C., Moore, G.E., and Taneja, N. (2022). 
2022 AAHA canine vaccination guidelines. J. 
Am. Anim. Hosp. Assoc., 58(5):213-230.

42.	 Ertuk, A.G., Sahin, A., Ay, E.B., Pelit, E., Bagdatli, 
E., Kulu, I., Gul, M., Mesci, S., Eryilmaz, S., Ilter, 
S.O., and Yildirim, T. (2021). A multidisciplinary 
approach to coronavirus disease (COVID-19). 
Molecules, 26(12):3526.

43.	 Farnos, O., Gelaye, E., Trabelsi, K., Bernier, A., 
Subramani, K., Kallel, H., Yami, M., and Kamen, 
A.A. (2020). Establishing a robust manufacturing 
platform for recombinant veterinary vaccines: 
an adenovirus-vector vaccine to control 
Newcastle disease virus infections of poultry in 
Sub-Saharan Africa. Vaccines (Basel), 8(2):338.

44.	 Fawzy, M. and Helmy, Y.A. (2019). The one 
health approach is necessary for the control 
of Rift Valley fever infections in Egypt: a 
comprehensive review. Viruses, 11(2):139.

45.	 Fefferman, N.H., McAlister, J.S., Akpa, B.S., 
Akwataghibe, K., Azad, F.T., Barkley, K., 
Bleichrodt, A., Blum, M.J., Bourouiba, L., 
Bromberg, Y., Candan, K.S., Chowell, G., Clancey, 
E., Cothran, F.A., DeWitte, S.N., Fernandez, P., 
Finnoff, D., Flaherty, D.T., Gibson, N.L., Harris, 
N., He, Q., Lofgren, E.T., Miller, D.L., Moody, J., 
Muccio, K., Nunn, C.L., Papes, M., Paschalidis, 
I.C., Pasquale, D.K., Reed, J.M., Rogers, M.B., 
Schreiner, C.L., Strand, E.B., Swanson, C.S., 
Szabo-Rogers, H.L., and Ryan, S.J. (2023). A new 
paradigm for pandemic preparedness. Curr. 
Epidemiol. Rep., 10(4):240-251.

46.	 Figueroa, A., Escobedo, E., Solis, M., Rivera, C., 
Ikelman, A., and Gallardo, R.A. (2022). Outreach 
efforts to prevent Newcastle disease outbreaks 
in Southern California. Viruses, 14(7):1509. 

47.	 Fountain, J., Hernandez-Jover, M., Manyweathers, 
J., Hayes, L., and Brookes, V.J. (2023). The right 

strategy for you: using the preferences of beef 
farmers to guide biosecurity recommendations 
for on-farm management of endemic disease. 
Prev. Vet. Med., 210:105813.

48.	 Francis, M.J. (2021). Spotlight on avian 
pathology: the importance of recombinant 
vector platform technologies in poultry 
vaccination. Avian Pathol., 50(2):109-111.

49.	 Garcia, S.N., Mpatswenumugabo, J.P.M., 
Ntampaka, P., Nandi, S., and Cullor, J.S. (2023).  
A one-health framework to advance food safety 
and security: an on-farm case study in the 
Rwandan dairy sector. One Health, 31:100531.

50.	 Ghattas, M., Dwivedi, G., Lavertu, M., and 
Alameh, M.G. (2021). Vaccine technologies 
and platforms for infectious diseases: current 
progress, challenges, and opportunities. 
Vaccines (Basel), 9(12):1490.

51.	 Gifford, G., Agrawal, P., Hutchings, D., and Yarosh, 
O. (2011). Veterinary vaccine post-licensing 
safety testing: overview of current regulatory 
requirements and accepted alternatives. 
Procedia Vaccinol., 5:236-247.

52.	 Gifford, G., Szabo, M., Hibbard, R., Mateo, D., 
Colling, A., Gardner, I., and Vindel, E.E. (2021). 
Validation, certification and registration of 
veterinary diagnostic test kits by the World 
Organisation for Animal Health Secretariat for 
Registration of Diagnostic Kits. Rev. Sci. Tech., 
40(1):173-188.

53.	 Gonzalez, V., Hurtado-Monzon, A.M., O’Krafka, 
S.O., Muhlberger, E., Letko, M., Frank, H.K., 
Laing, E.D., Phelps, K.L., Becker, D.J., Munster, 
V.J., Falzarano, D., Schountz, T., Seifert, S.N., and 
Banerjee, A. (2024). Studying bats using a one 
health lens: bridging the gap between bat virology 
and disease ecology. J. Virol., 98(12):e0145324.

54.	 Harvey, E. and Holmes, E.C. (2022). Diversity 
and evolution of the animal virome. Nat. Rev. 
Microbiol., 20(6):321-334.

55.	 Haselbeck, A.H., Rietmann, S., Tadesse, B.T., 
Kling, K., Kaschubat-Dieudonne, M.E., Marks, 
F., Wetzker, W., and Thone-Reineke, C. (2021). 
Challenges to the fight against rabies-the 
landscape of policy and prevention strategies 
in Africa. Int. J. Environ. Res. Public Health, 
18(4):1736.

56.	 Hernaez, B. and Alcami, A. (2024). Poxvirus immune 
evasion. Annu. Rev. Immunol., 42(1):551-584.



14 

MALAYSIAN JOURNAL OF VETERINARY RESEARCH VOLUME 16 NO 2 DEC 2025

57.	 Hill, A., Beitelshees, M., and Pfeifer, B.A. (2021). 
Vaccine delivery and immune response basics. 
Methods Mol. Biol., 2183:1-8.

58.	 Hill, R.E. (2011). Alternative methods to 
reduce, refine, and replace the use of animals 
in the development and testing of veterinary 
biologics in the United States; a strategic 
priority. Procedia Vaccinol., 5:141-145.

59.	 Hobbs, E.C., Colling, A., Gurung, R.B., and Allen, J. 
(2021). The potential of diagnostic point-of-care 
tests (POCTs) for infectious and zoonotic animal 
diseases in developing countries: technical, 
regulatory and sociocultural considerations. 
Transbound. Emerg. Dis., 68(4):1835-1849. 

60.	 Hoelzer, K., Bielke, L., Blake, D.P., Cox, E., Cutting, 
S.M., Devriendt, B., Erlacher-Vindel, E., Goossens, 
E., Karaca, K., Lemiere, S., Metzner, M., Raicek, 
M., Surinach, M.C., Wong, N.M., Gay, C., and 
Immerseel, F.V. (2018). Vaccines as alternatives 
to antibiotics for food producing animals. Part 
1: challenges and needs. Vet. Res., 49:64. 

61.	 Hu, Z., He, X, Deng, J., Hu, J., and Liu, X. (2022). 
Current situation and future direction of 
Newcastle disease vaccines. Vet. Res., 53(1):99.

62.	 Hutchinson, D., Li, B., Lim, S., Stone, H., and 
MacIntyre, C.R. (2024). Using EPIWATCH® 
open-source surveillance to describe the 
epidemiology of lumpy skin disease outbreaks 
in South and Southeast Asia (2022-2023). Aust. 
Vet. J., 102(10):524-529.

63.	 Jorge, S. and Dellagostin, O.A. (2017). The 
development of veterinary vaccines: a 
review of traditional methods and modern 
biotechnology approaches. Biotechnol. Res. 
Innov., 1(1):6-13.

64.	 Kaasschieter, G.A., Dejong, R., Schiere, J.B., 
and Zwart, D. (1992). Towards a sustainable 
livestock production in developing countries 
and the importance of animal health strategy 
therein. Vet. Q., 14(2):66-75.

65.	 Kalugotla, G., Marmerstein, V., and Baldridge, 
M.T. (2024). Regulation of host/pathogen 
interactions in the gastrointestinal tract by 
type I and III interferons. Curr. Opin. Immunol., 
87:102425. 

66.	 Kang, M., Wang, L.F., Sun, B.W., Wan, W.B., Ji, X., 
Baele, G., Bi, Y.H., Suchard, M.A., Lai, A., Zhang, 
M., Wang, L., Zhu, Y.H., Ma, L., Li, H.P., Haerheng, 
A., Qi, Y.R., Wang, R.L., He, N., and Su, S. (2024). 

Zoonotic infections by avian influenza virus: 
changing global epidemiology, investigation, 
and control. Lancet Infect. Dis., 24(8):e522-e531.

67.	 Kappes, A., Tozooneyi, T., Shakil, G., Railey, A.F., 
McIntyre, K.M., Mayberry, D.E., Rushton, J., 
Pendell, D.L., and Marsh, T.L. (2023). Livestock 
health and disease economics: a scoping 
review of selected literature. Front. Vet. Sci., 
10:1168649.

68.	 Karpagam, K.B. and Ganesh, B. (2020). 
Leptospirosis: a neglected tropical zoonotic 
infection of public health importance-an 
update review. Eur. J. Clin. Microbiol. Infect. Dis., 
39(5):835-846.

69.	 Kefaloudi, C., Mellou, K., Dougas, G., Vorou, R., 
Mitrou, K., and Kontopidou, F. (2022). Human 
brucellosis in Greece, 2005-2020: a persistent 
public health problem. Vector Borne Zoonotic 
Dis., 22(3):163-169.

70.	 Khurana, S.K., Sehrawat, A., Tiwari, R., Prasad, 
M., Gulati, B., Shabbir, M.Z., Chhabra, R., Kathik, 
K., Patel, S.K., Pathak, M., Yatoo, M.I., Gupta, V.K., 
Dhama, K., Sah, R., and Chaicumpa, W. (2021). 
Bovine brucellosis – a comprehensive review. 
Vet. Q., 41(1):61-88.

71.	 Kiiza, D., Denagamage, T., Serra, R., Maunsell, 
F., Kiker, G., Benavides, B., and Hernandez, 
J.A. (2023). A systematic review of economic 
assessments for brucellosis control 
interventions in livestock populations. Prev. Vet. 
Med., 213:105878.

72.	 Koonin, E.V., Dolja, V.V., and Krupovic, M. (2022). 
The logic of virus evolution. Cell Host Microbe, 
30(7):917-929.

73.	 Koppu, V., Poloju, D., Puvvala, B., Madineni, K., 
Balaji, S., Sheela, C.M.P., Manchikanti, S.S.C., and 
Moon, S.M. (2022). Current perspectives and 
future prospects of mRNA vaccines against viral 
diseases: a brief review. Int. J. Mol. Cell. Med., 
11(3):260-272.

74.	 Kules, J., Horvatic, A., Guillemin, N., Galan, A., 
Mrljak, V., and Bhide, M. (2016). New approaches 
and omics tools for mining of vaccine 
candidates against vector-borne diseases. Mol. 
Biosyst., 12(9):2680-2694.

75.	 Kulpa-Eddy, J., Srinivas, G., Halder, M., Brown, 
K., Draayer, H., Galvin, J., Claassen, I., Gifford, G., 
Woodland, R., Doelling, V., Jones, B., and Stokes, 
W.S. (2011). Alternative methods and strategies 



15

MALAYSIAN JOURNAL OF VETERINARY RESEARCHVOLUME 16 NO 2 DEC 2025

to reduce, refine, and replace animal use for 
veterinary vaccine post-licensing safety testing: 
state of the science and future directions. 
Procedia Vaccinol., 5:106-119.

76.	 Kumar, H.B.C., Hiremath, J., Yogisharadhya, R., 
Balamurugan, V., Jacob, S.S., Reddy, G.B.M., 
Suresh, K.P., Shome, R., Nagalingam, M., Sridevi, 
R., Patil, S.S., Prajapati, A., Govindaraj, G., 
Sengupta, P.P., Hemadri, D., Krishnamoorthy, 
P., Misri, J., Kumar, A., Tripathi, B.N., and Shome, 
B.R. (2021). Animal disease surveillance: its 
importance & present status in India. Indian J. 
Med. Res., 153(3):299-310.

77.	 Laxminarayan, R., Gleason, A., Sheen, J., Saad-
Roy, C.M., Metcalf, C.J., Palmer, G.H., and 
Fevre, E.M. (2024). Unlock the potential of 
vaccines in food-producing animals. Science, 
384(6703):1409-1411.

78.	 Le, T., Sun, C., Chang, J., Zhang, G., and Yin, 
X. (2022). mRNA vaccine development for 
emerging animal and zoonotic diseases. 
Viruses, 14(2):401.

79.	 Leeks, A., West, S.A., and Ghoul, M. (2021). The 
evolution of cheating in viruses. Nat. Commun., 
12(1):6928.

80.	 Lerch, A., Bosch, Q.A.T., Jackson, M.L., Bettis, 
A.A., Bernuzzi, M., Murphy, G.A.V., Tran, Q.M., 
Huber, J.H., Siraj, A.S., Bron, G.M., Elliott, M., 
Hartlage, C.S., Koh, S., Strimbu, K., Walters, M., 
Perkins, T.A., and Moore, S.M. (2022). Projecting 
vaccine demand and impact for emerging 
zoonotic pathogens. BMC Med., 20(1):202.

81.	 Lewis, C.E. and Roth, J.A. (2021). Challenges 
in having vaccines available to control 
transboundary diseases of livestock. Curr. Issues 
Mol. Biol., 42:1-40.

82.	 Li, H., Chen, Y., Machalaba, C.C., Tang, H., 
Chmura, A.A., Fielder, M.D., and Daszak, P. 
(2021). Wild animal and zoonotic disease 
risk management and regulation in China: 
examining gaps and one health opportunities 
in scope, mandates, and monitoring systems. 
One Health, 13:100301. 

83.	 Li, K., Wang, C., Yang, F., Cao, W., Zhu, Z., and 
Zheng, H. (2021). Virus-host interactions in 
foot-and-mouth disease virus infections. Front. 
Immunol., 12:571509. 

84.	 Liu, W., Li, H., Liu, B., Lv, T., Yang, C., Chen, S., 
Feng, L., Lai, L., Duan, Z., Chen, X., Li, P., Guan, S., 

and Chen, L. (2023). A new vaccination regimen 
using adenovirus-vectored vaccine confers 
effective protection against African swine 
fever virus in swine. Emerg. Microbes Infect., 
12(2):2233643.

85.	 Lubroth, J., Rweyemamu, M.M., Viljoen, G., 
Diallo, A., Dungu, B., and Amanfu, W. (2007). 
Veterinary vaccines and their use in developing 
countries. Rev. Sci. Tech., 26(1):179-201.

86.	 Lupini, C., Quaglia, G., Mescolini, G., Russo, E., 
Salaroli, R., Forni, M., Boldini, S., and Catelli, E. 
(2020). Alteration of immunological parameters 
in infectious bronchitis vaccinated-specific 
pathogen-free broilers after the use of different 
infectious bursal disease vaccines. Poult. Sci., 
99(9):4351-4359. 

87.	 MacPhillamy, I., Olmo, L., Young, J., Nampanya, 
S., Suon, S., Khounsy, S., Windsor, Toribio, J.A., 
and Bush, R. (2022). Changes in farmer animal 
health and biosecurity knowledge, attitudes 
and practices: insights from Cambodia and 
Laos. Transbound. Emerg. Dis., 69(4):e517-e531. 

88.	 McElwain, T.F., and Thumbi, S.M. (2017). Animal 
pathogens and their impact on animal health, 
the economy, food security, food safety and 
public health. Rev. Sci. Tech., 36(2):423–433. 

89.	 Meeusen, E.N., Walker, J., Peters, A., Pastoret, 
P.P., and Jungersen, G. (2007). Current status of 
veterinary vaccines. Clin. Microbiol. Rev., 20:489-
510. 

90.	 Melkikh, A.V. (2022). Viruses, immunity and 
evolution. Biosystems, 220:104761.

91.	 Micoli, F., Bagnoli, F., Rappuoli, R., and Serruto, 
D. (2021). The role of vaccines in combatting 
antimicrobial resistance. Nat. Rev. Microbiol., 
19(5):287-302. 

92.	 Mkulo, E.M., Wang, B., Amoah, K., Huang, Y., 
Cai, J., Jin, X., and Wang, Z. (2024). The current 
status and development forecasts of vaccines 
for aquaculture and its effects on bacterial and 
viral diseases. Microb. Pathog., 196:106971. 

93.	 Mumtaz, M., Hussain, N., Baqar, Z., Anwar, S., 
and Bilal, M. (2021). Deciphering the impact 
of novel coronavirus pandemic on agricultural 
sustainability, food security, and socio-
economic sectors-a review. Environ. Sci. Pollut. 
Res. Int., 28(36):49410-49424.

94.	 Nuvey, F.S., Hanley, N., Simpson, K., Haydon, 
D.T., Hattendorf, J., Mensah, G.I., Addo, K.K., 



16 

MALAYSIAN JOURNAL OF VETERINARY RESEARCH VOLUME 16 NO 2 DEC 2025

Bonfoh, B., Zinsstag, J., and Fink, G. (2023). 
Farmers’ valuation and willingness to pay for 
vaccines to protect livestock resources against 
priority infectious diseases in Ghana. Prev. Vet. 
Med., 219:106028.

95.	 Oladejo, M., Tijani, A.O., Puri, A., and Chablani, 
L. (2024). Adjuvants in cutaneous vaccination: 
a comprehensive analysis. J. Control Release, 
369:475-492. 

96.	 Olawade, D.B., Teke, J., Fapohunda, O., 
Weerasinghe, K., Usman, S.O., Ige, A.O., and 
David-Olawade, A.C. (2024). Leveraging 
artificial intelligence in vaccine development: 
a narrative review. J. Microbiol. Methods, 
224:106998. 

97.	 Ouyang, H., Wang, L., Sapkota, D., Yang, M., 
Moran, J., Li, L., Olson, B.A., Schwartz, M., Hogan 
Jr, C.J., and Torremorell, M. (2023). Control 
technologies to prevent aerosol-based disease 
transmission in animal agriculture production 
settings: a review of established and emerging 
approaches. Front. Vet. Sci., 10:1291312. 

98.	 Overgaauw, P.A.M., Vinke, C.M., van Hagen, 
M.A.E., and Lipman, L.J.A. (2020). A one health 
perspective on the human-companion animal 
relationship with emphasis on zoonotic aspects. 
Int. J. Environ. Res. Public Health, 17(11):3789. 

99.	 Park, S.C., Wiest, M.J., Yan, V., Wong, P.T., and 
Schotsaert, M. (2024). Induction of protective 
immune responses at respiratory mucosal sites. 
Hum. Vaccin. Immunother., 20(1):2368288. 

100.	Pastoret, P.P., Bennett, M., Brochier, B., and 
Akakpo, A.J. (2000). Animals, public health and 
the example of cowpox. Rev. Sci. Tech., 19(1):23-
32. 

101.	Pathak, R.K. and Kim, J.M. (2024). Veterinary 
systems biology for bridging the phenotype-
genotype gap via computational modelling for 
disease epidemiology and animal welfare. Brief 
Bioinform., 25(2):bbae025. 

102.	Paul-Pierre, P. (2009). Emerging diseases, 
zoonoses and vaccines to control them. Vaccine, 
27(46):6435-6438. 

103.	Perez, A., Alkhamis, M., Carlsson, U., Brito, 
B., Carrasco-Medanic, R., Whedbee, Z., and 
Willeberg, P. (2011). Global animal disease 
surveillance. Spat. Spatiotemporal Epidemiol., 
2(3):135-145. 

104.	Philips, M.C., LaRocque, R.C., and Thompson 3rd, 
G.R. (2024). Infectious diseases in a changing 
climate. JAMA, 331(15):1318-1319. 

105.	Pike, B.L., Saylors, K.E., Fair, J.N., Lebreton, M., 
Tamoufe, U., Djoko, C.F., Rimoin, A.W., and 
Wolfe, N.D. (2010). The origin and prevention of 
pandemics. Clin. Infect. Dis., 50(12):1636-1640.

106.	Pley, C., Evans, M., Lowe, R., Montgomery, H., 
and Yacoub, S. (2021). Digital and technological 
innovation in vector-borne disease surveillance 
to predict, detect, and control climate-
driven outbreaks. Lancet Planet. Health, 
5(10):e739-e745.

107.	Potter, A.A. and Babiuk, L.A. (2001). New 
approaches for antigen discovery, production 
and delivery: vaccines for veterinary and 
human use. Curr. Drug Targets Infect. Disord., 
1(3):249-262.

108.	Rahman, M.T., Sobur, M.A., Islam, M.S., Ievy, 
S., Hossain, M.J., El Zolawaty, M.E., Rahman, 
A.M.M.T., and Ashour, H.M. (2020). Zoonotic 
diseases: etiology, impact, and control. 
Microorganisms, 8(9):1405.

109.	Rajala, E., Lee, H.S., Nam, N.H., Huong, C.T.T., 
Son, H.M., Wieland, B., and Magnusson, U. 
(2021). Skewness in the literature on infectious 
livestock diseases in an emerging economy 
– the case of Vietnam. Anim. Health Res. Rev., 
22(1):1-13.

110.	Rautenschlein, S. and Schat, K.A. (2024). The 
immunological basis for vaccination. Avian Dis., 
67(4):366-379.

111.	Robi, D.T., Bogale, A., Temteme, S., Aleme, M., 
and Urge, B. (2024). Adoption of veterinary 
vaccines, determining factors, and barriers in 
Southwest Ethiopia: implications for livestock 
health and disease management strategies. 
Prev. Vet. Med., 225:106143.

112.	Roeder, P., Mariner, J., and Kock, R. (2013). 
Rinderpest: the veterinary perspective on 
eradication. Philos. Trans. R. Soc. Lond. B Biol. Sci., 
368(1623):20120139.

113.	Roth, J.A. (2011). Veterinary vaccines and their 
importance to animal health and public health. 
Procedia Vaccinol., 5:127-136. 

114.	Roth, J.A. and Sandbulte, M.R. (2021). The role 
of veterinary vaccines in livestock production, 
animal health, and public health. In Metwally, 



17

MALAYSIAN JOURNAL OF VETERINARY RESEARCHVOLUME 16 NO 2 DEC 2025

S., El Idrissi, A., and Viljoen, G. (Eds.), Veterinary 
Vaccines: Principles and Application (pp. 3-10). 
Wiley-Blackwell. 

115.	Sailleau, C., Postic, L., Chatenet, X., Salat, O., 
Turpaud, M., Durand, B., Vitour, D., Zientara, S., 
and Breard, E. (2022). Serological responses in 
cattle following booster vaccination against 
serotypes 4 and 8 bluetongue virus with two 
bivalent commercial inactivated vaccines. 
Viruses, 14(12):2719.

116.	Schembri, N., Hernandez-Jover, M., Toribio, 
J.A.L.M.L., and Holyoake, P.K. (2015). On-farm 
characteristics and biosecurity protocols 
for small-scale swine producers in eastern 
Australia. Prev. Vet. Med., 118(1):104-116.

117.	Schonrich, G., Abdelaziz, M.O., and 
Raftery, M.J. (2017). Herpesviral capture of 
immunomodulatory host genes. Virus Genes, 
53(6):762-773.

118.	Schuster, P., and Stadler, P.F. (2023). Virus 
evolution on fitness landscapes. Curr. Top. 
Microbiol. Immunol., 439:1-94.

119.	Schweizer, M., Stalder, H., Haslebacher, A., 
Grisiger, M., Schwermer, H., and Di Labio, E. 
(2021). Eradication of bovine viral diarrhoea 
(BVD) in cattle in Switzerland: lessons taught by 
the complex biology of the virus. Front. Vet. Sci., 
8:702730. 

120.	Singh, S., Sharma, P., Pal, N., Sarma, D.K., 
Tiwari, R., and Kumar, M. (2024). Holistic one 
health surveillance framework: synergizing 
environmental, animal, and human 
determinants for enhanced infectious disease 
management. ACS Infect. Dis., 10(3):808-826. 

121.	Sleeman, J.M., DeLiberto, T., and Nguyen, N. 
(2017). Optimization of human, animal, and 
environmental health by using the One Health 
approach. J. Vet. Sci., 18(S1):263-268.

122.	Su, H., Zhao, Y., Zheng, L., Wang, S., Shi, H., and 
Liu, X. (2020). Effect of the selection pressure of 
vaccine antibodies on evolution of H9N2 avian 
influenza virus in chickens. AMB Express., 10(1):98.

123.	Sultan, S., Eldamarany, N.M.I., Abdelazeem, M.W., 
and Fahmy, H.A. (2022). Active surveillance and 
genetic characterization of prevalent velogenic 
Newcastle disease and highly pathogenic avian 
influenza H5N8 viruses among migratory wild 
birds in Southern Egypt during 2015-2018. 
Food Environ. Virol., 14(3):280-294.

124.	Swayne, D.E. (2012). Impact of vaccines and 
vaccination on global control of avian influenza. 
Avian Dis., 56(4 Suppl):818-828.

125.	Thomas, S., Abraham, A., Callaghan, P.J., 
and Rappuoli, R. (2022). Challenges for 
vaccionologists in the first half of the twenty-
first century. Methods Mol. Biol., 2410:3-25. 

126.	Thorton, P., D’Croz, D.M., Kugler, C., Remans, R., 
Zornetzer, H., and Herrero, M. (2024). Enabling 
food system innovation: accelerators for 
change. Glob. Food Sec., 40:100738. 

127.	Tizard, I.R. (2020). Vaccination against 
coronaviruses in domestic animals. Vaccine, 
38(33):5123-5130.

128.	Tyson-Pello, S.J. and Olsen, G.H. (2020). 
Emerging diseases of avian wildlife. Vet. Clin. 
North Am. Exot. Anim. Pract., 23(2):383-395. 

129.	Ugochukwu, A.I., Philips P.W.B., and Ochieng, B.J. 
(2020). Driving adoption and commercialization 
of subunit vaccines for bovine tuberculosis and 
Johne’s disease: policy choices and implications 
for food security. Vaccines (Basel), 8(4):667.

130.	Verma, A., and Awasthi, A. (2024). Innovative 
strategies to enhance mRNA vaccine delivery 
and effectiveness: mechanisms and future 
outlook. Curr. Pharm. Des., 30(14):1049-1059.

131.	Weidinger, A.K., Bergmann, M., König, M., 
Zablotski, Y., and Hartmann, K. (2024). Anti-
rabies humoral immune response in cats after 
concurrent vs separate vaccination against 
rabies and feline leukaemia virus using 
canarypox-vectored vaccines. J. Feline Med. 
Surg., 26(2):1098612X231218643.

132.	Werling, K.K., Shipman, K., and Lyons, N. (2024). 
Disease investigations & initial response: 
considerations from policy to farm. Vet. Clin. 
North Am. Food Anim. Pract., 40(2):205-218. 

133.	Woodland, R. (2011). European regulatory 
requirements for veterinary vaccine safety and 
potency testing and recent progress towards 
reducing animal use. Procedia Vaccinol., 5:151-
155. 

134.	Yennamalli, R.M. and Onteru, S.K. (2025).
Immunoinformatics: A Veritable Toolbox for 
Livestock Omics and Veterinomics. OMICS: 
A Journal of Integrative Biology, 29(2):32-35. 
doi:10.1089/omi.2024.0208 

135.	Zhang, G., Qiu, Y., Boireau, P., Zhang, Y., Ma, X., 
Jiang, H., Xin, T., Zhang, M., Tadesse, Z., Wani, 



18 

MALAYSIAN JOURNAL OF VETERINARY RESEARCH VOLUME 16 NO 2 DEC 2025

N.A., Song, J., and Ding, J. (2024). Modern 
agriculture and one health. Infect. Dis. Poverty, 
13(1):74. 

136.	Zhang, H., Zhao, S., Zhang, H., Qin, Z., Shan, H., 
and Cai, X. (2023). Vaccines for African swine 
fever: an update. Front. Microbiol., 14:1139494. 

ACKNOWLEDGEMENT. The author would like to 
extend his gratitude to the Director General of the 
Malaysian Department of Veterinary Services, the 
Director of the Veterinary Research Division, and the 
Director of Veterinary Research Institute (VRI) for the 
permission to publish this paper.


