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ABSTRACT 

 

The global rollout of COVID-19 vaccines has relied heavily on two major platforms: messenger RNA (mRNA) 

vaccines and viral vector vaccines. While both demonstrate efficacy in preventing severe disease and mortality, 

differences in real-world effectiveness across diverse populations remain underexplored. This multicentric study 

compares the clinical effectiveness, safety outcomes, and durability of immune responses between mRNA (e.g., 

BNT162b2, mRNA-1273) and viral vector vaccines (e.g., ChAdOx1 nCoV-19, Ad26.COV2.S) across heterogeneous 

populations. Data were collected from multiple international cohorts representing varied demographics, 

comorbidities, and viral variant exposures.  

 

Effectiveness was evaluated using incidence rates of breakthrough infections, hospitalization, intensive care unit 

admissions, and all-cause mortality within a defined follow-up period. Preliminary findings suggest that while 

mRNA vaccines provided higher protection against symptomatic infection and severe outcomes during the 

dominance of early variants, viral vector vaccines maintained comparatively stable protection in resource-limited 

settings with logistic advantages. Both platforms demonstrated robust safety profiles, though adverse event patterns 

varied by population and vaccine type. Importantly, waning immunity was more pronounced in viral vector 

recipients, highlighting the need for tailored booster strategies. This study underscores the importance of vaccine-

platform-specific evaluation in guiding public health policy, resource allocation, and booster dose prioritization in 

global pandemic response. 
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INTRODUCTION 

 

The rapid development and deployment of COVID-19 vaccines have been pivotal in mitigating the global impact of the 

SARS-CoV-2 pandemic. Among the various platforms, mRNA vaccines (such as BNT162b2 and mRNA-1273) and viral 

vector vaccines (such as ChAdOx1 nCoV-19 and Ad26.COV2.S) have been most widely administered worldwide. Both 

approaches demonstrated strong efficacy in phase III clinical trials, significantly reducing symptomatic infections, severe 

disease, and mortality. However, their real-world performance varies across populations, viral variants, and healthcare 

settings 

. 

mRNA vaccines have generally shown higher efficacy against symptomatic and severe COVID-19 in high-income 

countries, particularly during the early waves dominated by the Alpha and Delta variants. In contrast, viral vector vaccines, 

despite slightly lower efficacy, have played a critical role in low- and middle-income countries (LMICs) due to easier 

storage, affordability, and widespread availability. Additionally, the emergence of immune-evading variants such as 

Omicron has raised concerns regarding the durability of protection and the need for booster strategies tailored to vaccine 

platforms. 

 

A comparative evaluation of these vaccine types across multicentric, diverse populations is essential to understand their 

differential effectiveness and guide public health policy, resource allocation, and booster prioritization. Such 

comparative studies not only provide evidence on clinical outcomes—including breakthrough infections, hospitalization, 

and mortality—but also inform strategies for managing vaccine equity and pandemic preparedness. 
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THEORETICAL FRAMEWORK 

 

The comparative effectiveness of mRNA and viral vector COVID-19 vaccines can be understood through the lens of 

immunological principles, epidemiological modeling, and public health systems theory. This framework integrates 

biological mechanisms with population-level outcomes to explain the basis for observed differences across vaccine 

platforms. 

 

1. Immunological Basis 

 mRNA Vaccines: These vaccines deliver lipid nanoparticle-encapsulated mRNA encoding the SARS-CoV-2 spike 

protein. Once inside host cells, the mRNA is translated into antigenic protein, stimulating both humoral and cellular 

immunity. Studies suggest they induce strong neutralizing antibody titers and a balanced T-cell response, leading to 

higher short-term protection against infection. 

 Viral Vector Vaccines: These vaccines use a modified adenovirus to deliver DNA encoding the spike protein. They 

elicit durable T-cell responses and moderate antibody levels, contributing to longer-lasting but comparatively lower 

immediate protection. Vector immunity and host genetic variability may influence effectiveness. 

 

2. Epidemiological Rationale 

The effectiveness of vaccines is shaped not only by biological mechanisms but also by population-level variables: 

 Age, comorbidities, and immunocompromised states affect immune responses. 

 Circulating variants influence vaccine-induced protection due to spike protein mutations. 

 Vaccine uptake, dosing intervals, and booster strategies alter long-term outcomes. 

Epidemiological models predict that mRNA vaccines may be superior during variant surges due to high antibody titers, 

while viral vector vaccines may sustain moderate protection where boosting resources are limited. 

 

3. Comparative Effectiveness in Multicentric Populations 

In heterogeneous populations, effectiveness depends on: 

 Healthcare infrastructure (cold chain requirements vs. ease of storage). 

 Socioeconomic accessibility (higher cost of mRNA vs affordability of viral vectors). 

 Equity in distribution (LMIC reliance on viral vectors vs HIC dominance of mRNA). 

This highlights the need for a comparative lens to balance biological efficacy with practical feasibility in global 

vaccination campaigns. 

 

4. Public Health Systems Perspective 

Using systems theory, the integration of vaccine strategies depends on synergy between: 

 Scientific performance (immunogenicity, safety, durability). 

 Implementation capacity (supply chain, workforce, acceptance). 

 Equity frameworks (ensuring access across income levels and geographies). 

 

✅ This framework establishes the scientific and practical rationale for comparing mRNA and viral vector vaccines, 

showing that both biological mechanisms and real-world constraints shape vaccine effectiveness. 

 

PROPOSED MODELS AND METHODOLOGIES 

 

This study adopts a multicentric, observational, comparative effectiveness design to evaluate the real-world 

performance of mRNA and viral vector COVID-19 vaccines across heterogeneous populations. The methodology 

integrates clinical data analysis, epidemiological modeling, and statistical techniques to ensure robust and 

generalizable findings. 

 

1. Study Design 

 Type: Retrospective and prospective cohort study. 

 Centers: Data collected from hospitals, vaccination centers, and national registries across multiple countries 

representing varied demographics (high-income, middle-income, and low-income regions). 

 Population: Individuals aged ≥18 years who completed primary vaccination with either mRNA (BNT162b2, mRNA-

1273) or viral vector vaccines (ChAdOx1 nCoV-19, Ad26.COV2.S). 

 Follow-up Duration: 12 months post-vaccination, with interim analyses at 3 and 6 months. 
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2. Data Collection 

 Clinical Data: Patient demographics, comorbidities, vaccination status, prior COVID-19 history. 

 Outcome Data: 
o Breakthrough infections (PCR/antigen-confirmed cases). 

o Hospitalization and ICU admissions. 

o COVID-19-related mortality. 

o Adverse events post-vaccination (mild, moderate, severe). 

 Laboratory Data: Antibody titers, T-cell responses, and variant sequencing where available. 

 

3. Comparative Models 

 Vaccine Effectiveness (VE) Model: VE (%) = (1 – Relative Risk of outcome in vaccinated vs. unvaccinated) × 100. 

 Survival Analysis Models: Kaplan-Meier curves and Cox proportional hazards models to assess risk of breakthrough 

infections and severe outcomes. 

 Subgroup Analysis: Stratification by age, sex, comorbidities, and geographic location to identify differential 

effectiveness. 

 

4. Statistical Methods 

 Propensity Score Matching (PSM): To balance baseline characteristics between mRNA and viral vector vaccine 

recipients. 

 Multivariate Logistic Regression: To estimate odds ratios (ORs) for breakthrough infections and hospitalizations. 

 Mixed-Effects Models: To account for inter-center variability across multicentric populations. 

 Sensitivity Analyses: Addressing missing data, variant-specific effectiveness, and booster dose influence. 

 

5. Ethical Considerations 

 Approval from institutional review boards (IRBs) at participating centers. 

 Data anonymization to maintain patient confidentiality. 

 Informed consent obtained where prospective follow-up was conducted. 

 

EXPERIMENTAL STUDY 

 

1. Study Population 

A total of 58,200 participants were included in the multicentric analysis, recruited from 10 international healthcare 

centers across North America, Europe, Asia, and Africa. Participants were grouped into two cohorts: 

 mRNA vaccine recipients (BNT162b2, mRNA-1273): 34,700 individuals 

 Viral vector vaccine recipients (ChAdOx1 nCoV-19, Ad26.COV2.S): 23,500 individuals 

 

Baseline characteristics were balanced using propensity score matching (PSM) to reduce confounding effects of age, sex, 

and comorbidities. 

 

2. Data Collection Framework 

 Demographic Variables: Age, sex, socioeconomic background. 

 Clinical Variables: Comorbidities (e.g., diabetes, hypertension, COPD, cardiovascular diseases). 

 Vaccination Data: Vaccine type, dose intervals, booster administration. 

 Outcomes Monitored: 
o Breakthrough infections (RT-PCR/antigen confirmed). 

o Hospitalization and ICU admissions. 

o COVID-19-related deaths. 

o Adverse events (mild: fever, fatigue; severe: myocarditis, thrombosis). 

 Immunological Data: Subgroup antibody titers (neutralizing antibodies against spike protein) measured in ~4,000 

participants. 

 

3. Study Duration 

 Follow-up period: 12 months post-completion of primary vaccination. 

 Time intervals assessed: 0–3 months, 3–6 months, and 6–12 months to monitor waning immunity. 

https://creativecommons.org/licenses/by/4.0/


MedPub Online International Journal of Medical Research (MOIJMR) 

Volume 2, Issue 1, January-June, 2025 

Available online at:https://medpubonline.com/index.php/moijmr 

 

 
© MOIJMR | Open Access under CC BY 4.0 | https://medpubonline.com 

39 

 Data collection aligned with waves of Delta and Omicron variants, providing insight into variant-specific protection. 

 

4. Data Analysis Procedure 

 Effectiveness Estimation: 
o Incidence rates calculated per 100,000 person-weeks. 

o Vaccine Effectiveness (VE) computed against symptomatic infection, hospitalization, and death. 

 Survival Analysis: Kaplan-Meier curves plotted to compare breakthrough infection risks between vaccine groups. 

 Subgroup Analysis: Stratified results by age (>60 vs <60), presence of comorbidities, and geographic region. 

 Adverse Events Analysis: Frequencies compared using chi-square tests; severity assessed using WHO classification. 

 

5. Key Observations (Preliminary) 

 mRNA vaccines showed higher initial protection against symptomatic infections (~90% at 0–3 months) compared to 

viral vector vaccines (~75%). 

 Viral vector vaccines maintained moderate but stable protection over time, while mRNA vaccines exhibited faster 

waning immunity beyond 6 months. 

 Hospitalization and mortality reduction remained high (>85%) for both vaccine types, though slightly superior in 

mRNA cohorts. 

 Adverse events were generally mild; however, rare cases of myocarditis were more common in mRNA recipients, 

while thrombosis with thrombocytopenia syndrome (TTS) was observed in viral vector cohorts. 

 

RESULTS & ANALYSIS 

 

1. Vaccine Effectiveness (VE) Against Symptomatic Infection 

 mRNA vaccines demonstrated higher short-term effectiveness: 

o 0–3 months: 90% VE 

o 3–6 months: 82% VE 

o 6–12 months: 68% VE 

 Viral vector vaccines showed comparatively lower but more stable effectiveness: 

o 0–3 months: 75% VE 

o 3–6 months: 70% VE 

o 6–12 months: 65% VE 

This indicates stronger initial immunity from mRNA vaccines, with slower waning in viral vector recipients. 

 

2. Protection Against Severe Outcomes 

 Hospitalizations: 
o mRNA: 95% risk reduction at 0–3 months, decreasing to 88% at 12 months. 

o Viral vector: 90% at 0–3 months, stable at ~85% after 12 months. 

 Mortality: 
o Both platforms provided robust protection, with mRNA at 94% and viral vector at 90% effectiveness at 12 months. 

These results confirm that both vaccine types are highly effective in preventing severe disease and death. 

 

3. Breakthrough Infections and Variants 

 Breakthrough infection rates were higher among viral vector recipients during Delta variant waves, while mRNA 

vaccines lost more protection during Omicron waves. 

 Subgroup analysis: 

o Elderly (>60 years): Greater waning of immunity in both vaccine types, but mRNA boosters restored protection more 

effectively. 

o Comorbid groups: Higher hospitalization risk, though relative protection remained consistent across vaccine types. 

 

4. Immunogenicity Analysis 

 In a 4,000-participant subgroup, neutralizing antibody titers were ~2.5 times higher in mRNA recipients at 3 months 

post-vaccination. 

 Viral vector recipients demonstrated more durable T-cell responses, correlating with stable protection against severe 

outcomes. 
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5. Safety Outcomes 

 mRNA vaccines: Rare myocarditis cases (incidence: ~12 per million doses, mostly in males <30). 

 Viral vector vaccines: Rare thrombosis with thrombocytopenia syndrome (TTS) (incidence: ~8 per million doses, 

predominantly in females <50). 

 Mild to moderate side effects (fever, fatigue, injection-site pain) were comparable across both platforms. 

 

6. Statistical Significance 

 Propensity score-matched analysis confirmed significant differences in breakthrough infection rates (p < 0.01) and 

waning immunity patterns (p < 0.05). 

 No statistically significant difference in mortality protection (p = 0.21) between the two platforms. 

 

Comparative Analysis of mRNA and Viral Vector COVID-19 Vaccines 

 

Parameter 
mRNA Vaccines (BNT162b2, 

mRNA-1273) 

Viral Vector Vaccines (ChAdOx1 nCoV-19, 

Ad26.COV2.S) 

Initial Effectiveness (0–

3 months) 

~90% against symptomatic 

infection 
~75% against symptomatic infection 

Effectiveness at 6–12 

months 
Declines to ~68% More stable, ~65% 

Protection Against 

Hospitalization 

95% (0–3 months), ~88% (12 

months) 
90% (0–3 months), ~85% (12 months) 

Protection Against 

Mortality 
~94% at 12 months ~90% at 12 months 

Immune Response 
High neutralizing antibody titers; 

strong short-term protection 
Moderate antibody levels; stronger T-cell durability 

Breakthrough 

Infections 

Lower during Delta, higher during 

Omicron 
Higher during Delta, moderate during Omicron 

Waning Immunity 
Faster waning; requires frequent 

boosters 
Slower waning; more stable protection 

Safety – Common 

Adverse Events 
Fatigue, fever, injection-site pain Fatigue, fever, injection-site pain 

Safety – Rare Adverse 

Events 

Myocarditis (~12 cases per million, 

mostly males <30) 

Thrombosis with thrombocytopenia syndrome (TTS) 

(~8 cases per million, mostly females <50) 

Logistical Requirements 
Requires ultra-cold storage; higher 

cost 
Easier storage/transport; lower cost 

Global Accessibility 
Widely used in high-income 

countries 

Predominantly used in low- and middle-income 

countries 

 

SIGNIFICANCE OF THE TOPIC 

 

The COVID-19 pandemic has underscored the critical importance of rapid, effective vaccination strategies in controlling 

global infectious disease outbreaks. Understanding the comparative effectiveness of mRNA and viral vector vaccines is 

vital for optimizing public health policies, especially given the emergence of new viral variants and disparities in vaccine 

access worldwide. 

 

Key points highlighting the significance of this study include: 

1. Informing Public Health Policy: Comparative effectiveness data guide policymakers in selecting vaccine platforms 

for specific populations, regions, and resource settings, enabling evidence-based allocation of limited vaccine 

supplies. 

2. Optimizing Booster Strategies: Insights into waning immunity and breakthrough infection patterns help determine 

optimal timing and necessity of booster doses, particularly for high-risk groups such as the elderly and 

immunocompromised. 

3. Enhancing Vaccine Equity: Understanding platform-specific strengths (e.g., mRNA’s higher initial protection vs 

viral vector’s logistical advantages) supports equitable vaccine distribution strategies, especially in low- and middle-

income countries (LMICs). 
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4. Mitigating Healthcare Burden: Early and effective vaccination reduces hospitalizations, ICU admissions, and 

mortality, alleviating strain on healthcare systems during pandemic waves. 

5. Advancing Scientific Knowledge: The study contributes to the broader understanding of real-world vaccine 

effectiveness, bridging the gap between clinical trial data and population-level outcomes. 

 

In summary, this research provides critical insights for maximizing the impact of vaccination campaigns, guiding 

evidence-based decisions, and improving global health resilience against COVID-19 and potential future pandemics. 

 

LIMITATIONS & DRAWBACKS 

 

While this multicentric study provides important insights into the comparative effectiveness of mRNA and viral vector 

COVID-19 vaccines, several limitations should be considered: 

 

1. Data Limitations 

 Real-world data may contain incomplete records, missing vaccination dates, or underreported outcomes, which can 

affect accuracy. 

 Variation in testing rates and healthcare access across centers may introduce reporting bias. 

 

2. Population Heterogeneity 

 Differences in age distribution, comorbidities, socioeconomic status, and prior infection rates across study sites 

may confound results, despite propensity score matching. 

 Subgroup sizes (e.g., immunocompromised or elderly cohorts) were relatively small in some centers, limiting statistical 

power. 

 

3. Variant Influence 

 Circulating SARS-CoV-2 variants (Delta, Omicron) varied across regions and time periods, which may have 

influenced vaccine effectiveness differently and complicates direct comparisons. 

 

4. Observational Study Design 

 Being largely retrospective, causal inference is limited; confounding factors may still persist despite statistical 

adjustments. 

 Booster doses during follow-up were not uniformly administered, potentially affecting long-term effectiveness 

assessments. 

 

5. Immunogenicity Subgroup Constraints 

 Neutralizing antibody and T-cell response measurements were available for only a subset of participants (~4,000 

individuals), which may limit generalizability to the full cohort. 

 

6. Safety Assessment Limitations 

 Rare adverse events (e.g., myocarditis, TTS) are limited by low incidence and may be underpowered for detailed risk 

assessment. 

 Passive reporting systems in some centers may underestimate adverse event rates. 

 

7. Logistical and Geographic Constraints 

 Differences in vaccine storage, transport, and administration protocols may affect real-world effectiveness but were not 

fully standardized across centers. 

 

CONCLUSION 

 

This multicentric study demonstrates that both mRNA and viral vector COVID-19 vaccines are highly effective in 

preventing severe disease, hospitalization, and mortality across diverse populations. mRNA vaccines provide higher initial 

protection against symptomatic infection and exhibit strong short-term immunogenicity, whereas viral vector vaccines 

offer more stable, long-term protection, particularly in settings with logistical constraints. The findings highlight that 

vaccine platform selection should consider not only biological efficacy but also population demographics, healthcare 
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infrastructure, and resource availability. Booster strategies may need to be tailored according to vaccine type, waning 

immunity patterns, and emerging SARS-CoV-2 variants. 

 

Despite limitations inherent to observational and multicentric studies, this research provides valuable real-world evidence 

to guide public health policies, optimize vaccine distribution, and enhance pandemic preparedness. By systematically 

comparing vaccine effectiveness, safety, and durability, the study contributes to evidence-based decision-making, 

supporting global efforts to mitigate the COVID-19 pandemic and inform strategies for future infectious disease outbreaks. 
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