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ABSTRACT

This review explores the current understanding of mRNA vaccines, the technologies involved in their
development and it examines future directions and challenges. As emerging technologies and new
diseases pose threats to animal health and human food security, research into innovative methods for
improving animal health is continuously evolving. One such technology under extensive study is the use
of messenger RNA (mRNA) vaccines in livestock production. The potential displacement of traditional
livestock vaccines by mRNA vaccines remains uncertain. Factors such as manufacturing costs, the
requirement for cold storage to prevent degradation, and varying efficacy of mRNA vaccine types need
resolution before widespread adoption can occur. mRNA vaccines function by introducing a small piece
of genetic material known as messenger RNA (mRNA) into the body. This mRNA carries instructions to
produce a protein similar to a part of the virus or bacteria the vaccine targets. The immune system
recognizes this protein as foreign, triggers an immune response, and creates a memory of the invader,
aiding the body in combating future infections. Traditional vaccines have long safeguarded food
animals against numerous diseases. Restricting the use of mRNA vaccines at this stage would forego a
new approach to protecting animals from pathogens that existing vaccines may not adequately address
such as African swine fever virus in pigs etc. The public needs to be educated to prevent fear stemming
from disinformation or misinformation, which can lead to widespread misunderstanding and confusion.
Messenger RNA vaccines have the potential to address gaps in animal disease prevention, but further
advancements are needed before a vaccine for food animals can be developed.
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INTRODUCTION

The first three sustainable development goals (SDG) of United nations (UNs) were on poverty, hunger
and good health with increase number of global human population within the range of 8.7 to 10.7 billion
(Mahony et al., 2024) at the end of the 21* century are pointing towards solving the problem by increase
in production of edible protein (Adam, 2021). A world without vaccines for livestock would jeopardize
food security, causing more livestock deaths, reducing supply, and increasing grocery prices. Vaccines
impacts animal health and welfare, farmers' economic stability, community economic health, and global
food supply (McMorris, 2023). Vaccines are essential and increasingly critical for producing sustainable
food while ensuring animal welfare.

A vaccine is a biological preparation made to provide protection against man and animal diseases by
stimulating immune responses (Centers for Disease Control and Prevention (CDC), 2021). It represents
the most cost-effective pharmaceutical interventions for disease prevention (Amanna and Silfka, 2018).
Various approaches have been implemented to streamline the timeline and reduce costs, focusing
primarily on the selection of optimal antigens, carriers, and adjuvants (Health for animals (HFA), 2021).
Vaccines are recognized as pharmaceutical products offering exceptional cost-effectiveness in disease
prevention. However, their development and production are resource-intensive processes that typically
span years (Domazet-Loso, 2022). The role of safe and effective vaccines in improving human and
animal health by reducing disease is numerous. In livestock, such vaccines also help in avoiding the use
of antimicrobial treatments, crucial in combating antimicrobial resistance. The mRNA vaccines have
potential for controlling infectious diseases in animals (Le et al, 2022), which are vital for global food
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production due to their efficient conversion of low-quality forage into high-quality protein (Mahony et
al., 2024). The challenges and opportunities of optimizing mRNA technology for ruminant diseases are
explored, with the goal of contributing to sustainable development goals (SDGs) (Mahony et al., 2024).
There are various types of vaccines, including those containing living or killed organisms, purified
antigens, and newer technologies like DNA and RNA vaccines. Live vaccines often elicit stronger
immune responses but may pose risks (Mahony et al., 2024). In contrast, killed vaccines are safer but
typically require adjuvants for effectiveness. Subunit vaccines use purified antigens and avoid non-
essential components, enhancing safety and efficiency. Genetic techniques enable the development of
gene-deleted and virus-vectored vaccines, which offer targeted immune responses without causing any
disease. These advancements mark significant progress in vaccine technology, catering to diverse
infectious agents and ensuring safer, more effective immunization strategies and mRNA vaccine is one
of these advancements, since the technology is a promising potential in human health, it could also be
valuable in animal health (Carlson, 2023). There is need for both farmers and consumers to be educated
on this new advancement of animal vaccination for sustainable livestock production and health.

Historically, animals have played dual roles as recipients and origins of vaccines. The first animal
vaccine, developed through laboratory testing, was for chicken cholera in 1879 by Louis Pasteur (The
Antibody initiative, 2020). Subsequently, Pasteur created an anthrax vaccine for sheep and cattle in
1881, followed by a rabies vaccine in 1884 (Antibody initiative, 2020). Monkeys and rabbits were
utilized to cultivate and attenuate the rabies virus (Meeusen et al., 2007). Starting in 1881, dried spinal
cord material from infected rabbits was administered to dogs to immunize them against rabies (WHO,
2020). The virus was weakened through the drying of infected nerve tissue (Long, 2020). In 1885, this
vaccine was successfully administered to Joseph Meister, a 9-year-old boy infected with rabies, who
became the first person to survive the disease (Long, 2020). This achievement was hailed as a
breakthrough by the French National Academy of Medicine and garnered worldwide attention,
prompting scientists to collaborate and advance Pasteur's pioneering work (WHO, 2020; Long 2020).

A significant aspect of animal vaccination can be seen through the history of smallpox. The vaccine
initially administered to humans was derived from animals. Smallpox, known for its severe rash and
high mortality rate of 30% among those infected (Smallpox, 2020), saw Edward Jenner's
groundbreaking experiment in 1796. Jenner demonstrated that individuals previously infected with
cowpox were protected from smallpox, marking the beginning of efforts to eradicate the disease
(Steward and Delvin, 2006). Under the auspices of the World Health Organization (WHO), extensive
vaccination efforts led to at least 80% coverage in every country (Smallpox, 2020). This was followed
by case identification and ring vaccination strategies, culminating in the eradication of smallpox in 1980,
a historic milestone as the first disease eradicated through vaccination (Smallpox, 2020).

There are different types of vaccines, some_may contain either living or killed organisms or purified
antigens from these organisms. These antigens were processed by the host immune systems and present
them to either T or B cells. The T cells are a vital subset of white blood cells in the immune system and
are crucial for the adaptive immune response. They are characterized by the presence of a T-cell receptor
(TCR) on their cell surface, setting them apart from other types of lymphocytes (Pascolo et al., 2004;
Marthinon et al., 1993). B cells belong to a subset of white blood cells known as lymphocytes and they
play a key role in the humoral immunity branch of the adaptive immune system while Live virus
vaccines, on the other hand, infect host cells and grow briefly.

Live virus vaccines, on the other hand, infect host cells and grow briefly. Non- living vaccines
containing killed organisms or purified antigens might be less immunogenic than live vaccines and they
resemble the living organisms as closely as possible but Chemical inactivation cause minimal change to
their antigens. These Compound chemicals used include formaldehyde, ethylene oxide, ethyleneimine,
acetyl ethyleneimine, and beta-propiolactone (Tizard, 2023). These inactivate them and prevents them
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from growing and spreading within the host, making them less likely to optimally stimulate the immune
system while killed organisms and purified antigens are often less expensive and potentially safer (e.g.,
no risk of reversion to virulence). The infected cells process the viral antigens, triggering a response
dominated by cytotoxic T cells (a type 1 response) and commonly stimulating antibody-dominated
responses (a type 2 response). This type of response may not provide optimal protection against some
organisms. Consequently, vaccines with killed organisms or purified antigens may require multiple
doses and the use of adjuvants to maximize their effectiveness (Tizard, 2023).

mRNA Vaccines

Vaccines work by using components of the pathogen, which can either be inactive (killed) or weakened
(live attenuated), to train the immune system to recognize and defend against the pathogen effectively.
Scientists have developed a novel vaccine type employing messenger RNA (mRNA), a molecule
essential for protein synthesis, rather than fragments of actual pathogens. Biotechnology analysts predict
that mRNA will become the leading vaccine technology within the next 15 years (African Development
bank group (ADBG), 2022). Unlike traditional vaccines, mRNA vaccines do not integrate into the
nucleus or affect DNA. Instead, they function by introducing mRNA fragments that encode specific
viral proteins, typically derived from surface proteins of the virus. This allows cells to generate these
proteins, prompting an immune response where antibodies are produced to combat the perceived foreign
protein (Maruggi ef al., 2019). These antibodies remain in the body to swiftly recognize and neutralize
the virus upon future exposure, thus preventing severe illness. mRNA vaccines function by introducing
a small piece of genetic material known as messenger RNA (mRNA) into the body (Figure 01) (Rackley,
2024, Riggs, 2023). This mRNA carries instructions to produce a protein similar to a part of the virus
or bacteria the vaccine targets.
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Figure 01: Messenger RNA vaccines get the recipient’s body to produce a viral protein that then
stimulates the desired immune response. Trinset/iStock via Getty Images Plus

Source: https://theconversation.com/what-is-mrna-the-messenger-molecule-thats-been-in-every-living-
cell-for-billions-of-years-is-the-key-ingredient-in-some-covid-19-vaccines-158511

The immune system recognizes this protein as foreign, triggers an immune response, and creates a
memory of the invader, aiding the body in combating future infections (Jain et al., 2021; Medilineplus,
2022). Rackley (2024) also explained that mRNA vaccines carry instructions to produce a specific
pathogen protein that the immune system will recognize and neutralize, with the body manufacturing
this protein instead of a laboratory. This mimics a viral infection without causing disease, as the protein
is only a small, non-disease-causing part of the pathogen. The immune system mounts a strong response
to these foreign proteins. Since no live viruses are involved, the development process is much quicker
than traditional vaccines, which require time to deactivate, weaken, or kill a virus. Scientists have
researched mRNA vaccines for over three decades with the aim of preventing diseases like
Cytomegalovirus (CMV), Influenza (flu), Rabies, and Zika virus (Yangzhuo et al., 2022). Nolan (2023)
reported that the use of mRNA vaccines in livestock has become a significant issue. It has been revealed
that these vaccines have been used in the pork and poultry industries for several years, with trials
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currently underway in the beef industry. Sharif (2024), made statement that it is a common vaccine like
other vaccine used before for improving animal health. He stated that according to the Livestock
Research Innovation Corporation, vaccines have been used on animals since 1879, and Canada currently
has an approved mRNA vaccine for swine. Rackley (2024) reported that currently, there are two types
of mRNA vaccines: one that closely resembles the natural mRNA found in the body, and another that is
self-amplifying (saRNA), enabling the production of higher levels of proteins. SaRNA provides the
instructions for the body to produce more proteins but does not include modified nucleotides (Rackley,
2024). In the United States, all vaccnes, including mRNA vaccines, must receive authorization or
approval from the Food and Driug Administration (FDA) before use. Currently, mRNA vaccines
authorized for COVID-19 utilize mRNA to instruct cells to produce copies of the coronavirus's spike
protein. Ongoing research explores the potential of mRNA technology for creating vaccines against
various other diseases for both human and animals. (Medlineplus, 2020).).

University of Queensland researchers emphasize the potential of mRNA vaccine technology in
enhancing livestock production to meet global food needs. Mahony (2023) underscores the importance
for the livestock industry to capitalize on the significant investment in mRNA vaccination spurred by
the COVID-19 pandemic. He highlights that infectious diseases currently hinder the production of edible
protein, impacting both its quality and quantity. The potential of mRNA vaccines lies in their ability to
adapt swiftly to new disease variants, unlike conventional vaccines which require separate formulations
for each pathogen. This flexibility could revolutionize livestock production by mitigating substantial
economic losses due to diseases like Bovine respiratory disease (BRD), African swine fever (ASF), Bird
flu etc. A report estimates that such losses amount to $US 982 million daily for BRD, impacting
productivity and global food supply, while mRNA vaccines for livestock are not yet approved, their
development holds promise pending rigorous safety assessments. Investment and collaboration among
governments, industry bodies, and veterinary health sectors are crucial for advancing this technology to
protect ruminants and other livestock effectively (Mahony, 2024)
(https://www.ug.edu.au/news/article/2024/03/can-mrna-vaccines-help-boost-livestock-production).
Traditional vaccines have been successful against many animal pathogens, but diseases like porcine
reproductive and respiratory syndrome, hoof-and-mouth disease, HSN1 influenza, and African swine
fever still pose threats due to ineffective vaccines. mRNA vaccines could address these gaps, as
advancements allow for rapid isolation of disease-specific genetic sequences (Rackley, 2024).

In Australia, mRNA vaccines for animals are currently under research and development globally and hold
significant promise. The COVID-19 pandemic has demonstrated that mRNA vaccines can be produced quickly,
are easily adaptable to new virus strains, and can differentiate between natural infection and vaccination through
diagnostic testing. With appropriate regulatory measures to ensure their safety, these vaccines could eventually be
safe and effective for use in livestock (Australia government, 2023). The Australian Government, along with the
New South Wales and Queensland governments and Meat & Livestock Australia, is investing $4.95 million in a
research project focused on developing mRNA vaccines for livestock (Australia government, 2023).

mRNA In Africa Continent

According to Hwanda et al. (2022), Africa is the second most populous continent, bears 25% of the
global disease burden but imports 99% of its vaccines and 95% of its medicines (Saied et al., 2022).
Africa consumes nearly 25% of globally produced vaccines, a figure expected to rise with a projected
2.5% yearly population growth (Saied et al., 2022). The African Development Bank is funding the
Africa Centres for Disease Control and Prevention, pledging $3 billion over the next decade to enhance
vaccine manufacturing and meet the African Union's goal of producing 60% of needed vaccines by 2040
(Saied, 2022b).

mRNA vaccines hold significant potential for Africa, offering a way to combat various bacterial and
viral infections beyond COVID-19 (Saied, 2022a). This is the same for animal or livestock health where
the mRNA can be a great weapon for combating animal diseases if accepted. This technology could
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enable the development of vaccines for diseases like ASF, providing African nations with effective tools
to fight these animal diseases without vaccine yet. Rwanda has become a trailblazer by hosting the first
mRNA vaccine manufacturing facility in Africa. This is as a result of collaborative efforts between
Rwanda, Ghana, Senegal, the African Union, WHO, and the European union (EU). These three countries
(Senegal, South Africa, and Kenya) will also establish their own mRNA vaccine manufacturing facilities
on the continent (Saied, 2023). Challenges in building vaccine production capacities in Africa include a
lack of trained personnel, specialized equipment, cold chain infrastructure, power outages, and public
health infrastructure. Their pharmaceutical sectors are still in their early stages, facing challenges such
as a limited scientific workforce and difficulties in importing reagents and equipment (Bowman, 2024).
He added shortage of skills and experience, long lead times for equipment and raw material supplies,
and no access to existing procedures and analytics to expedite development. Investments made in ultra-
cold chains for COVID-19 vaccines can be repurposed for future mRNA vaccine storage. Stabilizing
mRNA vaccines through lyophilization (freeze-drying) is proposed as a strategy to manage these
challenges, as it would eliminate the need for a cold chain for some vaccines. The commencement of
large-scale mRNA vaccine manufacturing in Africa is crucial for creating a sustainable healthcare
system. It also provides an opportunity to enhance vaccine training in African countries, as expertise is
often gained within manufacturing facilities. Rwanda becoming the first African country to host an
autonomous mRNA manufacturing facility.

Advantages of mRNA Vaccines

mRNA in cells carries instructions to produce proteins necessary for various functions. Vaccines use
mRNA to encode proteins from pathogens, training immune cells to identify and combat these proteins.
This creates immunological memory, enabling a rapid and robust immune response when the actual
pathogen enters the body as shown in Figure 1. Sharif (2023) noted that mRNA vaccines for livestock
are easier and quicker to produce and can be updated for new pathogen variants more efficiently, thus
potentially saving more livestock. Folta (2024) highlights the advantages of mRNA vaccines, describing
them as cleaner and easier to use than other type of vaccines. They demonstrate consistent effectiveness
in inducing immune responses (Yangzhuog, 2020). They are efficient, safe, and can be produced in
large quantities quickly and with minimal effort, even without prior knowledge of biological
pharmacological agents (Saied, 2022b). mRNA vaccines can stimulate both humoral and cellular
immunity (Pardi et al., 2020). Additionally, RNA directly interacts with pattern recognition receptors
(PRRs), eliciting a strong innate immune response without the need for additional adjuvants (Painter et
al., 2021; Gutiérrez-Bautista et a/ 2022). mRNA vaccines are safe, avoiding many risks associated with
conventional vaccines, such as reversion to virulence or insertional mutagenesis (Domatez-Loso et al.,
2022; Hajissa and Musa, 2021). Additionally, as a minimal genetic unit, mRNA does not trigger
antivector immunity, making repeated administration of mRNA vaccines both safe and straightforward
(Xu et al., 2020; Sadarangani et al., 2021).

According to Loomis ef al. (2018) mRNA vaccine is a rapid and inexpensive vaccine to manufacture,
because the synthesis of mRNA vaccines mainly uses in-vitro transcription (IVT), which bypasses the
time-consuming steps of in-vivo protein expression (i.e., cloning and cell culture) (Chen, et al., 2022;
Noor et al., 2022). mRNA is a manageable transient modulator of physiologic processes (Yangzhuo et
al., 2022). Acabonac farms (2023) reported that mRNA vaccines offer quick development, allowing for
faster responses to emerging diseases. Their technology is flexible and easily adaptable to various
pathogens, making them versatile for fighting multiple diseases. Additionally, mRNA vaccines do not
use live viruses or bacteria, enhancing their safety by reducing the risk of causing disease in vaccinated
animals. mRNA vaccines do not use or manipulate live viruses, eliminating the risk of causing the
disease they target. According to Verhoeven (2024), the absence of virus cultivation shortens the
manufacturing process to months or even days, enabling a rapid response to disease outbreaks (Rackley,
2024). Due to their long-lasting responses, ease of production, ability to encode complex protein designs,
and safety, mRNA vaccines are also an excellent platform for HIV vaccine development (Saied, 2022).
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Limitations to mRNA Vaccines

Challenges of mRNA vaccines include the instability and rapid degradation of mRNA without proper
storage, complicating distribution. Efficient delivery systems to target cells are essential and may need
further research for livestock. Additionally, the long-term effects on animal health are not fully
understood due to the novelty of mRNA technology (Acabonac farms (2023). The main challenge has
been the rapid degradation of natural mRNA and its destruction by enzymes called RNases (Rackley,
2024). To be effective, as shown in Figure 1, mRNA vaccines must be packaged to survive long enough
to instruct cells to produce sufficient protein for an effective immune response as seen in human viral
disease (COVID-\19) as an example (Riggs, 2023). Vahoeven (2024) reported that while the basic
technology for mRNA vaccines has existed for decades, newer methods prevent immediate rejection.
Mixing modified and unmodified nucleotides allows the mRNA to evade detection and train the immune
system. Additionally, packaging the mRNA in a fatty outer shell helps it avoid cellular sensors. Despite
this stabilization, mRNA vaccines are eventually broken down by normal cellular processes. In ability
of SaRNA to include modified nucleotides with other proteins instucted to produce (Rackley, 2024) but
identifying the protective antigens of some diseases, remains a critical knowledge gap (Mahony 2024).

Misconception About mRNA Vaccines

Despite the promising benefits of mRNA vaccines demonstrated by their effectiveness against COVID-
19, concerns and misinformation regarding their safety circulated concurrently. These
misunderstandings have extended to fears about potential exposure to vaccine components through
agricultural animals, such as meat or milk (Vahoeven, 2023).

There is a misunderstanding that administering these vaccines to animals poses a health risk to people
who consume their products. However, these vaccines have proven effective in reducing diseases on
farms, and it is highly unlikely for them to transfer into the food supply. Nolan (2023) reported that
mentioned that mRNA technology is seen as genetic manipulation rather than a traditional vaccine while
the synthetic spike protein it uses can persist and spread throughout the body. Pathogens adapt quickly,
necessitating multiple boosters, as seen with COVID-19 shots in human. European studies, cited by
Peter McCullough, suggest mRNA remains in the body, can transfer to humans through meat, and
survives digestion. The long-term effects on animal or human health remain unknown.

There is a belief that mRNA vaccines altered genes of an animal when vaccinated which is not true but
contains genetic code which do not alter the recipient’s mRNA (Folta, 2024). The mRNA acts as an
intermediary between the gene and the products it encodes, similar to a construction worker using a
blueprint to build a house while the mRNA uses DNA information to build part of a cell's structure
without changing the DNA itself (Folta, 2024).

There is believe that there is transfer of mRNA through meat consumption or the vaccine is in the food
(Carlson, 2023). The vaccine is not present in the food, it’s a vaccine. After vaccination there is a need
for withdrawal period of 7 days before entry into the food chain. The vaccine will modify the genes of
the organisms when vaccinated. This is untrue according to Carlson (2023).

Applications in Animal Vaccination

The mRNA is essential in livestock such as pigs, chicken and cattle), Companion animals (dogs, cats),
Aquaculture (fish and shellfish) and Wildlife conservation. For livestock, diseases include foot-and-
mouth disease, swine fever, and avian influenza. For example, mRNA vaccine for avian influenza in
chickens (Naidoo, 2019) African wine fever in pigs (Gong et al., 2024). For companion animals,
diseases include rabies, distemper, and parvovirus. E.g mRNA vaccine for rabies in dogs and cats (Xia
et al., 2019). Diseases include salmon anemia and white spot syndrome (Wang et al., 2020), while for
wild life, diseases include rabies and Ebola.
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Way Forward

Recently, researchers are developing mRNA vaccines for pork production to combat porcine
reproductive and respiratory syndrome (PRRS), a viral disease causing approximately $664 million in
economic losses annually in the U.S. (Montaner-Tarbes, 2019). Incorporating mRNA technology
provides an additional tool that could be useful in fighting diseases like African swine fever (ASF),
avian influenza, and other illnesses affecting food animals. Advocates for mRNA vaccine technology
highlight its potential to combat diseases such as Foot and Mouth Disease, African Swine Fever, Porcine
Reproductive and Respiratory Syndrome, and Highly Pathogenic Avian Influenza. Research on mRNA
vaccines for livestock has been ongoing for over a decade and requires government approval before use
especially for cattle. Some countries like Tennessee lawmakers proposed bans and labeling requirements
for meat from animals treated with mRNA vaccines in 2023. Like existing vaccines, mRNA vaccine
components are broke9n down by immune cells, leaving no trace in animal tissues, and withdrawal
periods before slaughter would be mandatory (Policy development, 2023). to enhance vaccine training
in African countries, as expertise is often gained within manufacturing facilities.

Research and development needed to overcome challenges in mRNA vaccines for animal vaccination
are;

1. Regulatory frameworks: There should be regulatory considerations for mRNA Vaccines
(Talagrand-Reboul et al., 2020; Videc et al., 2020).

2. Large-scale production and distribution: There should be scalable production, manufacturing,
challenges and solutions of mRNA Vaccines (Guzman, 2020).

3. mRNA Vaccine Manufacturing, Challenges and Solutions (Kim et a/., 2020). Public acceptance
and education: There should be public perceptions, education and awareness of mRNA vaccines
(Savinovia et al., 2020)

4. mRNA Vaccine Education and Awareness (Dudley et al 2024; Bell et al. 2020)

5. Continuous monitoring and evaluation of safety and efficacy animal mRNA vaccines: There
should be safety monitoring and efficacy (Jamous et al 2023; Li et al 2024).

6. Overcoming technical challenges: mRNA Vaccine Delivery Systems, Stability and Storage
(Bouazzaoui and Abdellatif, 2024).

CONCLUSION

Messenger RNA (mRNA) vaccines are rapid and cost-effective to produce because they use in-vitro
transcription (IVT), bypassing the lengthy steps of in-vivo protein expression. Their quick development
allows for faster responses to emerging diseases and easy adaptation to different pathogens, making
them versatile for combating various diseases. Since mRNA vaccines do not use live viruses or bacteria,
they are safer, eliminating the risk of causing disease in vaccinated animals. This technology is
especially beneficial for livestock, as it allows for quicker production and updates to address new
pathogen variants. mRNA vaccines have the potential to fight diseases like Foot and Mouth Disease,
African Swine Fever, Porcine Reproductive and Respiratory Syndrome, and highly Pathogenic Avian
Influenza, if accepted by the public and if all challenges can be tackled in details to produce effective
vaccines
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