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: safety and efficacy. Live attenuated vaccines (LAVs), which contain weakened
IntrOdUCtlon versions of the pathogen, can induce strong and long-lasting immunity by
closely mimicking natural infection. However, there are concerns regarding

Vaccination has been a crucial pillar of modern veterinary medicine,  the safety of LAVs, particularly for viruses with high mutation rates, as they
significantly impacting the prevention and control of infectious diseases  nhaye the potential to revert to a virulent form, causing disease in vaccinated
in sw_ine populgtions. Viral patr_]ogens, which pose signiﬂca_mt health risks animals. For example, certain LAVs for PRRSV have shown instances
to swine, contribute to economic losses in the global pork industry due o ¢ roversion to virulence, raising concems about their use in large-scale

decreased productivity, increased mortality, and coslly disease management vaccination programs. Alternative approaches, such as inactivated vaccines

practices. The development of effective vaccines against these viral . g ; - .
. e S or subunit vaccines, offer a safer option but often elicit weaker immune
pathogens has therefore been a high-priority objective for researchers and . . . . -
responses and require multiple doses or adjuvants to achieve sufficient

industry stakeholders. Swine vaccines have seen remarkable progress ) )
over the past decades, contributing to the control of diseases like Porcine  Immunity levels [4].
Reproductive and Respiratory Syndrome (PRRS), Swine Influenza, and Foot- In addition to safety and efficacy concerns, the choice of vaccination
and-Mouth Disease (FMD). However, despite these advances, substantial  gtrategy is critical in combating swine viral pathogens. Vaccination strategies
knowledge gaps and challenges remain, particularly due to the complex nature vary widely based on factors such as the pathogen's transmission dynamics,
of vir_al pathogens,_ the evolving dynamics .Of v_iral mu_tations, and the need for the prevalence of the disease within a population, and the genetic diversity
vaccines that provide broad, cross-protective immunity [1] of circulating viral strains. For instance, mass vaccination programs are
In the process of vaccine development, researchers are continuously often implemented in areas where the disease burden is high, while targeted
exploring the characteristics of viral pathogens to determine how they evade  vaccination may be more appropriate in regions with sporadic outbreaks.
immune responses and establish infection. One of the primary concerns in The timing and frequency of vaccination also play a role in achieving
designing effective vaccines is the high rate of mutation observed in many optimal protection. For diseases like SIV, which have seasonal peaks,
swine viruses, especially those with RNA genomes, such as PRRSV and  {iming vaccinations to precede periods of high transmission can enhance
Swine Influenza Virus (SIV). RNA viruses exhibit high genetic variability,  yneir effectiveness. However, predicting optimal vaccination timing can be

which allows them to afiapt qukly to enwronmental (_:hanges,.eva_de immune challenging due to variations in disease seasonality and virus evolution [5].
responses, and persist within populations despite vaccination efforts.

Consequently, the effectiveness of a vaccine can be short-lived, as the -
targeted virus may soon diverge genetically from the vaccine strain [2]. Conclusion

Description In conclusion, the development of viral vaccines against swine pathogens

represents a complex and evolving field with numerous challenges and
opportunities. Although significant progress has been made in controlling
related to understanding and manipulating the immune responses in swine. Filseases I|ke.PRRS and .SIV, the high genetic variability of RNA wrusgs,
Swine possess unique immunological characteristics, and certain pathogens ~IMmmune evasion mechanisms, and the need for cross-protective immunity
exploit these features to establish long-lasting infections. For instance, ~ continue to pose substantial obstacles. Balancing safety and efficacy,
PRRSV is known to target and replicate within macrophages, the cells ~ developing cost-effective and widely applicable vaccines, and addressing
responsible for initiating and coordinating immune responses. By impairing  reak-world factors that impact vaccine performance are all critical components
the function of macrophages, PRRSV can inhibit the swine immune system's of successful vaccine development. Continued research and innovation are
ability to respond effectively to infection and vaccination. Moreover, some  essential for overcoming these barriers and improving our ability to protect
viral pathogens can cause immunosuppression in infected animals, making ~ swine populations against viral diseases. Ultimately, the success of swine
them more susceptible to secondary infections and complicating efforts to vaccination programs depends on an integrative approach that considers the
elicit robust vaccine-induced immunity [3]. biological, environmental, and economic factors that influence vaccine efficacy
and adoption. As we deepen our understanding of swine immunology and viral
pathogenesis, there is hope that new technologies and approaches will enable
the development of more effective vaccines, contributing to improved animal
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Vaccine development for swine pathogens also faces technical difficulties

Another critical issue in vaccine development is the balance between
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