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Zoonotic viruses, which originate in animal
reservoirs and infect humans, account for a
significant proportion of emerging infectious
diseases. Viruses such as coronaviruses (e.g., SARS-
CoV-2), filoviruses (e.g., Ebola), and flaviviruses
(e.g., Zika) have demonstrated remarkable
adaptability in overcoming host immune defenses.
Understanding the immune evasion strategies
employed by these viruses is critical for developing
effective vaccines. This review examines the
molecular and immunological mechanisms of
immune evasion in zoonotic viruses and their impact
on vaccine design.
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antigenic variation that enables escape from host
immune recognition. RNA viruses, in particular,
exhibit high mutation rates due to error-prone
replication mechanisms. For instance, influenza
viruses undergo antigenic drift and shift, while
SARS-CoV-2 variants display spike protein
mutations that impact vaccine efficacy.

Table 1: Examples of Antigenic Variation in Zoonotic Viruses

Virus Mechanism Impact on Immunity
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A shift annually

SARS- Spike protein | Reduced neutralization
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changes response
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Zoonotic viruses deploy multiple strategies to
modulate both innate and adaptive immunity,
including interference with interferon (IFN)
signaling, suppression of antigen presentation, and
alteration of T-cell responses. For example, Ebola
virus inhibits IFN-0/f responses via VP35 and VP24
proteins, while coronaviruses encode non-structural
proteins (e.g., NSP1) that degrade host mRNA to
evade immune detection.

2.3 Persistence and Latency Strategies

Certain zoonotic viruses establish persistent or latent
infections to evade immune clearance. For example,
filoviruses may persist in immune-privileged sites,
such as the eyes and testes, leading to viral re-
emergence. Similarly, some henipaviruses exploit
host Teservoirs, maintaining long-term
asymptomatic infection in bats before spilling over
into humans.

3. Challenges in Vaccine Development Against
Immune-Evasive Zoonotic Viruses

3.1 Rapid Viral Evolution and Escape Mutants
The continuous emergence of viral variants presents
a challenge for vaccine efficacy. RNA viruses, due
to their error-prone replication, frequently generate
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escape mutants that reduce neutralization by pre-
existing antibodies. SARS-CoV-2 variants of
concern (e.g., Delta and Omicron) exemplify this
challenge, requiring booster vaccinations and
updated formulations.

3.2 Incomplete or Short-Lived Immunity

Several zoonotic viruses induce incomplete or
waning immunity, necessitating frequent booster
doses. The durability of immune memory remains a
significant hurdle in vaccine design, especially for
viruses with high antigenic variability.

3.3 Immunopathology and Vaccine
Concerns

Immune responses against some zoonotic viruses
may lead to adverse effects, such as antibody-
dependent enhancement (ADE). Dengue virus
vaccines  have  demonstrated  ADE-related
complications, where pre-existing suboptimal
antibodies exacerbate infection severity. Addressing
these risks is crucial for safe and effective vaccine
development.

Safety

4. Strategies for Next-Generation Vaccines
Against Immune-Evasive Viruses

4.1 mRNA and Viral Vector Vaccines

The success of mRNA vaccines (e.g., Pfizer-
BioNTech and Moderna COVID-19 vaccines)
highlights their potential for rapid adaptation to
emerging variants. Viral vector platforms, such as
adenovirus-based vaccines, also provide robust
immune responses and scalability for zoonotic virus
outbreaks.

4.2 Broadly Neutralizing Antibody (bnAb)

Approaches
Targeting conserved viral epitopes can enhance
vaccine  effectiveness. Broadly  neutralizing

antibodies (bnAbs) have shown promise against
influenza, HIV, and coronaviruses by recognizing
stable antigenic regions less prone to mutation.

4.3 T-Cell-Based and Pan-Viral Vaccines
Developing vaccines that elicit strong T-cell
immunity can provide long-lasting protection
against evolving viruses. Additionally, pan-viral
vaccine strategies aim to induce cross-protective
immunity against multiple zoonotic viruses within a
single platform.

Table 2: Emerging Vaccine Strategies and Their Advantages

Vaccine Type Advantages

mRNA Vaccines Rapid development, adaptable to
variants

Viral Vector Strong immunogenicity, durable

Vaccines response

bnAb-Based Target conserved viral epitopes

Vaccines

T-Cell-Based Long-lasting cellular immunity

Vaccines
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5. CONCLUSION AND FUTURE
PERSPECTIVES

Zoonotic viruses continue to pose a major challenge
to global health due to their ability to evade immune
surveillance. Understanding their immune evasion
mechanisms is critical for developing effective
vaccines. While current vaccine platforms have
made significant advancements, future research
should focus on universal and broadly protective
vaccine strategies. Integrating novel immunological
insights, bioinformatics-driven antigen selection,
and innovative vaccine delivery technologies will be
pivotal in mitigating the threat of emerging zoonotic
viruses.
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