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1. Introduction

COVID-19, caused by the novel coronavirus SARS-CoV-2, emerged in late 2019 and quickly escalated into a global health
crisis. The urgent need for effective vaccines led to the rapid development and deployment of several vaccine types. Among
them, two platforms stood out: mRNA vaccines and viral vector vaccines. These technologies, though different in design and
implementation, became the frontline defense against the pandemic. This study provides a detailed comparison between mRNA
and viral vector vaccines, assessing their scientific foundation, real-world effectiveness, and sociopolitical implications.

2. Mechanism of Action

2.1 mRNA Vaccines

mRNA vaccines, such as Pfizer-BioNTech's BNT162b2 and Moderna's mRNA-1273, use synthetic messenger RNA to instruct
cells to produce the spike protein of SARS-CoV-2. This triggers an immune response without exposing the body to the live
virus. These vaccines do not alter DNA and degrade naturally after translation.

2.2 Viral Vector Vaccines

Viral vector vaccines, like AstraZeneca's ChAdOx1 nCoV-19 and Johnson & Johnson's Ad26.COV2.S, use a harmless
adenovirus to deliver DNA encoding the spike protein. The vector enters cells and uses the host machinery to produce the spike
protein, eliciting an immune response.

3. Development and Approval Timelines

Both vaccine types were developed under "Operation Warp Speed" and emergency frameworks. mRNA vaccines reached market
first, owing to the rapid manufacturing capabilities. Viral vector vaccines followed, benefiting from previous vector research
(e.g., Ebola).
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4. Efficacy in Clinical Trials

4.1 mRNA Vaccines

e Pfizer-BioNTech: ~95%
symptomatic COVID-19

e Moderna: ~94.1% efficacy

efficacy in preventing

4.2 Viral Vector Vaccines

e AstraZeneca: ~70.4% efficacy (varied across trials)

e Johnson & Johnson: ~66.3% efficacy globally, higher
against severe illness

5. Real-World Effectiveness

Real-world studies confirmed clinical findings. mRNA
vaccines showed high effectiveness against severe illness and
hospitalization, even with emerging variants. Viral vector
vaccines performed well but showed reduced protection
against some variants, such as Beta and Delta.

6. Safety and Side Effects

6.1 mRNA Vaccines

Common: Soreness, fever, fatigue. Rare: Myocarditis
(especially in younger males)

6.2 Viral Vector Vaccines

Common: Flu-like symptoms. Rare: Thrombosis with
thrombocytopenia syndrome (TTS), particularly with
AstraZeneca

7. Storage and Distribution

e mRNA vaccines require ultra-cold storage (-70°C for
Pfizer), posing logistical challenges in low-resource
areas.

e Viral vector vaccines are more stable at normal
refrigeration temperatures (2—8°C), easing distribution
in developing countries.

8. Public Perception and Vaccine Hesitancy

mRNA vaccines initially faced skepticism due to their novel
mechanism. Over time, transparency and efficacy data
increased public trust. Viral vector vaccines were initially
more acceptable but faced setbacks due to rare side effects.

9. Global Distribution and Equity

Viral vector vaccines were more accessible to low- and
middle-income countries due to ease of storage and cost.
mRNA vaccines dominated high-income markets. COVAX
and WHO efforts aimed to balance this inequity.

10. Booster Doses and Variant Response

e mRNA platforms were rapidly adapted for boosters
targeting Omicron.

e Viral vector vaccines also updated, but with slower
rollout.

11. Technological Advancements and Future Potential
mRNA technology proved scalable and adaptable, paving the
way for vaccines against other diseases (e.g., influenza,
cancer). Viral vectors remain valuable for single-dose
efficacy and long-term immunity studies.

12. Immunological Response and Durability
Studies show that mRNA vaccines elicit strong neutralizing
antibody responses and robust CD4+/CD8+ T cell activation.
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Viral vector vaccines also generate broad T cell responses,
often with a slower antibody peak. Durability varies by

platform, with boosters enhancing long-term protection.

13. Comparative Summary Table

Table 1
Feature mRNA Vaccines Viral Vector Vaccines
Mechanism Delivers mRNA Uses adenovirus vector
Examples Pfizer, Moderna AstraZeneca, J&J
Efficacy ~94-95% ~66-70%
Side Effects Mild to moder.a.te, rare Mild to moderate, rare
myocarditis blood clots
Storage Ultra-cold Refrigerated
Cost Higher Lower
|Adaptability] Rapid Moderate
Dosing 2 doses + booster 1 dose + booster (optional)

14. Ethical, Regulatory, and Policy Considerations
Emergency Use Authorizations (EUAs) raised debates on
data transparency and regulatory rigor. Ethical questions
emerged around vaccine nationalism and intellectual
property rights. WHO's call for temporary patent waivers
stirred global discourse. Informed consent, equitable
allocation, and compensation for adverse effects became key
policy pillars.

15. Case Studies: Country-Level Deployment

o Israel: Mass mRNA rollout with real-time data
monitoring.

o India: AstraZeneca’s Covishield widely used due to
manufacturing ease.

e USA: Diverse deployment with both vaccine types.

e Brazil: Mixed vaccine strategy combining mRNA and
vector vaccines.

16. Lessons for Future Pandemics

e Investment in flexible platforms (like mRNA)
Importance of transparent communication

Equitable global supply chains

Regulatory preparedness

Infrastructure development for vaccine storage and
delivery

17. Conclusion

Both mRNA and viral vector vaccines played vital roles in
the fight against COVID-19. Each brought unique strengths
and challenges. mRNA vaccines excelled in efficacy and
adaptability; viral vector vaccines offered ease of distribution
and affordability. A diversified vaccine approach proved
essential in curbing the pandemic, and continued research in
both domains remains crucial for future global health
security.
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