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The ongoing global health challenges, underscored by the COVID-19 pandemic, have 
accelerated advancements in vaccine technology, highlighting the importance of novel vaccine 
platforms in addressing both emerging and endemic diseases [1]. This letter aims to review 
recent developments in vaccine platforms, particularly focusing on mRNA, viral vector, and 
protein subunit vaccines, and their potential applications in global health. 

Traditional vaccine platforms, such as inactivated, live-attenuated, and subunit vaccines, have 
been foundational in the control of infectious diseases. These vaccines, including those for polio, 
hepatitis B, and influenza, have significantly reduced disease burden globally [2,3]. However, 
the limitations of traditional approaches, such as long development timelines, high production 
costs, and the complexity of scaling up for global distribution, have spurred the exploration of 
novel vaccine technologies [4,5]. 

Among the most promising innovations are mRNA vaccines, which gained significant 
attention during the COVID-19 pandemic. mRNA vaccines, exemplified by the Pfizer-
BioNTech and Moderna vaccines, offer several advantages, including rapid development 
timelines, flexibility in design, and scalability for mass production. These vaccines have shown 
robust efficacy in preventing COVID-19 and have paved the way for broader applications in 
other infectious diseases, such as Rabies and HIV [6,7]. However, challenges remain, including 
the need for stringent cold-chain storage and the potential for immune tolerance over time [8]. 

Viral vector vaccines, which use modified viruses to deliver genetic material encoding for an 
antigen, have also seen substantial advancements. The AstraZeneca and Janssen COVID-19 
vaccines are prominent examples of this platform. Viral vector vaccines are advantageous in 
terms of inducing strong immune responses and relatively simple manufacturing processes. 
However, pre-existing immunity to the viral vector may reduce their efficacy in certain 
populations [9]. Despite this, ongoing research is exploring the use of alternative vectors, such 
as vesicular stomatitis virus, to overcome this limitation [10]. 

Protein subunit vaccines, such as the Novavax COVID-19 vaccine, are another critical 
development. 
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These vaccines use fragments of the pathogen to 
stimulate immunity without introducing the risk of live 
infection. Subunit vaccines are particularly beneficial 
for immunocompromised individuals and offer a safer 
profile compared to live-attenuated vaccines [11]. 
Furthermore, recent innovations in virus-like particle 
(VLP) vaccines have shown promise, particularly in 
developing vaccines for HPV and hepatitis B, with 
ongoing research aiming to extend their use to other 
pathogens [12]. 

The implications of these novel platforms extend 
beyond COVID-19, with applications in addressing 
long-standing global health issues. mRNA vaccines are 
being explored for Zika virus, and viral vector vaccines 
are being tested for HIV and tuberculosis [7,13,14]. 
These innovations offer the potential for more rapid and 
cost-effective vaccine development, which is crucial for 
responding to emerging infectious threats, particularly 
in low-resource settings . Moreover, novel vaccine 
technologies may reduce the cost and complexity of 
vaccine distribution, facilitating greater global access to 
life-saving immunization.  

Despite these advances, challenges remain in terms of 
vaccine acceptance, distribution logistics, and ensuring 
equitable access, particularly in low-income countries. 
Cold-chain requirements and infrastructure limitations 
pose significant barriers to global vaccine rollout. 
Additionally, public trust in vaccines remains a critical 
challenge in many regions [3,8]. Continued research and 
global collaboration will be essential to overcoming 
these barriers and ensuring the benefits of novel vaccine 
technologies reach populations in need. 

In conclusion, recent developments in vaccine 
platforms, particularly mRNA, viral vector, and protein 
subunit vaccines, represent a significant leap forward in 
global health. These innovations offer the potential to 
address both existing and emerging infectious diseases 
more efficiently and equitably. Continued investment in 
vaccine research, infrastructure, and global 
collaboration is critical to ensuring the widespread 
success of these novel platforms. 

Acknowledgement 
The authors confirm that generative artificial 

intelligence (AI) and AI-assisted tools were used solely 
to improve the clarity, grammar, and language of the 
manuscript. No AI tool was used to generate, analyze, 
or interpret scientific data, nor to draft the intellectual or 
conceptual content of the review. All scientific 
judgments, interpretations, and conclusions were made 
by the authors. The authors take full responsibility for 
the integrity and accuracy of the content presented in 
this manuscript. 

Authors’ contributions 
SSA: conceived the review topic, defined the scope, 

and supervised the overall project. SSA, MM: 
performed the comprehensive literature search, data 

extraction, and organized the thematic structure of the 
manuscript. NB: contributed to data interpretation, 
synthesized the key findings, and drafted the initial 
version of the manuscript. All authors critically revised 
the manuscript for important intellectual content and 
approved the final version for submission. 

Conflict of interest 
No potential conflict of interest was reported by the 

authors. 

Ethical declarations 
Not applicable. 

Financial support 
Self-funded. 

References 
1. Bok K, Sitar S, Graham BS, Mascola JR. Accelerated COVID-19 

vaccine development: milestones, lessons, and prospects. 
Immunity. 2021;54(8):1636-1651.  
DOI: 10.1016/j.immuni.2021.07.017 PMID: 34348117 

2. Ghattas M, Dwivedi G, Lavertu M, Alameh MG. Vaccine 
Technologies and Platforms for Infectious Diseases: Current 
Progress, Challenges, and Opportunities. Vaccines (Basel). 
2021;9(12):1490.  
DOI: 10.3390/vaccines9121490 PMID: 34960236 

3. Kennedy RB, Ovsyannikova IG, Palese P, Poland GA. Current 
Challenges in Vaccinology. Front Immunol. 2020;11:1181.  
DOI: 10.3389/fimmu.2020.01181 PMID: 32670279 

4. Gebre MS, Brito LA, Tostanoski LH, Edwards DK, Carfi A, 
Barouch DH. Novel approaches for vaccine development. Cell. 
2021;184(6):1589-1603.  
DOI: 10.1016/j.cell.2021.02.030 PMID: 33740454 

5. Lu B, Lim JM, Yu B, Song S, Neeli P, Sobhani N, et al. The next-
generation DNA vaccine platforms and delivery systems: 
advances, challenges and prospects. Front Immunol. 
2024;15:1332939.  
DOI: 10.3389/fimmu.2024.1332939 PMID: 38361919 

6. Katoto PD, Tamuzi JL, Brand AS, Marangu DM, Byamungu LN, 
Wiysonge CS, et al. Effectiveness of COVID-19 Pfizer-
BioNTech (BNT162b2) mRNA vaccination in adolescents aged 
12-17 years: A systematic review and meta-analysis. Hum Vaccin 
Immunother. 2023;19(1):2214495.  
DOI: 10.1080/21645515.2023.2214495 PMID: 37277959 

7. Pardi N, Hogan MJ, Porter FW, Weissman D. mRNA vaccines - 
a new era in vaccinology. Nat Rev Drug Discov. 2018;17(4):261-
279. DOI: 10.1038/nrd.2017.243 PMID: 29326426 

8. Saxena S, Mandrah V, Tariq W, Das P, Sambhav K, Devi SH. 
The Future of mRNA Vaccines: Potential Beyond COVID-19. 
Cureus. 2025;17(5):e84529.  
DOI: 10.7759/cureus.84529 PMID: 40546533 

9. Vanaparthy R, Mohan G, Vasireddy D, Atluri P. Review of 
COVID-19 viral vector-based vaccines and COVID-19 variants. 
Infez Med. 2021;29(3):328-338. DOI: 10.53854/liim-2903-3 
PMID: 35146337 

10. Marzi A, Feldmann F, O'Donnell KL, Hanley PW, Messaoudi I, 
Feldmann H. Preexisting Immunity Does Not Prevent Efficacy of 
Vesicular Stomatitis Virus-Based Filovirus Vaccines in 
Nonhuman Primates. J Infect Dis. 2023;228(Suppl 7):S671-S676. 
DOI: 10.1093/infdis/jiad208 PMID: 37290042 

https://doi.org/10.1016/j.immuni.2021.07.017
https://pubmed.ncbi.nlm.nih.gov/34348117
https://doi.org/10.3390/vaccines9121490
https://pubmed.ncbi.nlm.nih.gov/34960236
https://doi.org/10.3389/fimmu.2020.01181
https://pubmed.ncbi.nlm.nih.gov/32670279
https://doi.org/10.1016/j.cell.2021.02.030
https://pubmed.ncbi.nlm.nih.gov/33740454
https://doi.org/10.3389/fimmu.2024.1332939
https://pubmed.ncbi.nlm.nih.gov/38361919
https://doi.org/10.1080/21645515.2023.2214495
https://pubmed.ncbi.nlm.nih.gov/37277959
https://doi.org/10.1038/nrd.2017.243
https://pubmed.ncbi.nlm.nih.gov/29326426
https://doi.org/10.7759/cureus.84529
https://pubmed.ncbi.nlm.nih.gov/40546533
https://doi.org/10.53854/liim-2903-3
https://pubmed.ncbi.nlm.nih.gov/35146337
https://doi.org/10.1093/infdis/jiad208
https://pubmed.ncbi.nlm.nih.gov/37290042


 

 

2025, Volume 6, Number 4 

3 

Salem Ahim et al. 

11. Bayani F, Hashkavaei NS, Arjmand S, Rezaei S, Uskoković V, 
Alijanianzadeh M, et al. An overview of the vaccine platforms to 
combat COVID-19 with a focus on the subunit vaccines. Prog 
Biophys Mol Biol. 2023;178:32-49.  
DOI: 10.1016/j.pbiomolbio.2023.02.004 PMID: 36801471 

12. Kheirvari M, Liu H, Tumban E. Virus-like Particle Vaccines and 
Platforms for Vaccine Development. Viruses. 2023;15(5):1109. 
DOI: 10.3390/v15051109 PMID: 37243195 

13. Li J, Liu D, Li X, Wei J, Du W, Zhao A, et al. RNA vaccines: The 
dawn of a new age for tuberculosis? Hum Vaccin Immunother. 
2025;21(1):2469333. DOI: 10.1080/21645515.2025.2469333 
PMID: 40013818 

14. Hu Z, Lu SH, Lowrie DB, Fan XY. Research Advances for Virus-
vectored Tuberculosis Vaccines and Latest Findings on 
Tuberculosis Vaccine Development. Front Immunol. 
2022;13:895020.  
DOI: 10.3389/fimmu.2022.895020 PMID: 35812383 

 
 
 
 
 

 

 

https://doi.org/10.1016/j.pbiomolbio.2023.02.004
https://pubmed.ncbi.nlm.nih.gov/36801471
https://doi.org/10.3390/v15051109
https://pubmed.ncbi.nlm.nih.gov/37243195
https://doi.org/10.1080/21645515.2025.2469333
https://pubmed.ncbi.nlm.nih.gov/40013818
https://doi.org/10.3389/fimmu.2022.895020
https://pubmed.ncbi.nlm.nih.gov/35812383

	Acknowledgement
	Authors’ contributions
	Conflict of interest
	Ethical declarations
	Financial support
	References

