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encoding the target antigen. This template is used in an in vitro transcription (IVT) )
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residual DNA. Chromatography and filtration techniques are commonly employed to
ensure high purity and integrity of the mRNA product [3,4].

A critical step in mRNA vaccine manufacturing is formulation. Naked mRNA is unstable
and susceptible to degradation, so it is typically encapsulated in lipid nanoparticles
(LNPs). These LNPs protect the mRNA and facilitate efficient delivery into host cells. The
formulation process requires precise control over lipid composition, particle size, and
encapsulation efficiency to ensure consistent vaccine performance [5].

Manufacturing mRNA vaccines presents unique challenges. mRNA is inherently unstable,
requiring stringent control of temperature and environmental conditions throughout
production and storage. Scale-up of IVT reactions and LNP formulation must be carefully
optimized to maintain product quality. Additionally, regulatory requirements demand
thorough characterization of critical quality attributes, including mRNA sequence
integrity, purity, and potency.

Despite these challenges, mRNA vaccine manufacturing is highly adaptable. The core
process remains largely unchanged when targeting different pathogens, allowing
rapid redesign and production of new vaccines. Advances in automation, single-use
technologies, and continuous manufacturing approaches are further improving efficiency
and scalability.

Conclusion

mMRNA vaccine manufacturing represents a paradigm shift in vaccine development and
production. Its flexibility, speed, and scalability have demonstrated immense value in
addressing global health challenges. While technical and regulatory hurdles remain,
ongoing innovations in process optimization, formulation, and quality control are
strengthening manufacturing capabilities. As technology continues to evolve, mRNA
vaccine manufacturing is expected to play a central role in future pandemic preparedness
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and the development of next-generation
vaccines.
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