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Respiratory viral infections, such as influenza and COVID-19, pose a long-term threat to global health, and
the development of vaccines is crucial for prevention and control. Inactivated influenza vaccines have evolved
over the years and can be categorized into four major platforms: egg-based, cell-based, recombinant protein, and
adjuvanted vaccines. Cell-based vaccines eliminate the issue of “egg adaptation,” thereby improving antigenic
match, while adjuvanted vaccines enhance immune responses in older adults and prolong antibody durability. The
effectiveness of influenza vaccines is strongly influenced by antigenic matching and provides substantial benefits
for high-risk populations such as individuals with diabetes and pregnant women. COVID-19 vaccines primarily
utilize three platforms: mRNA, viral vector, and protein subunit, significantly reducing the risks of severe disease
and mortality following infection. mRNA vaccines demonstrate high efficacy but require cold storage; viral vector
vaccines elicit strong cellular immune responses but are associated with rare thrombotic events; and protein subunit
vaccines offer excellent safety and tolerability, although they may exhibit slower adaptability to viral evolution.
Widespread vaccination has yielded meaningful public health benefits across diverse populations. Future vaccine
development will focus on broad-spectrum, long-lasting, and enhanced safety, integrating emerging technologies
such as nanoparticle delivery systems, mucosal immunization strategies, and artificial intelligence-assisted antigen
design to establish more flexible and sustainable respiratory disease prevention strategies.



