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Figure 1 Schematic diagram of the protective mechanisms and system architecture of next-generation vaccines
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Rethinking next-generation vaccine strategies
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Contemporary vaccinology is at a critical turning point, shifting from an “antigen- and platform-driven” paradigm to one driven by
“protection logic and systems design.” Confronted with multiple challenges—including highly mutable pathogens, emerging
infectious diseases, population aging, and global health equity—the core objective of next-generation vaccine development is
evolving from passively tracking pathogen variations to proactively shaping the host’s protective immune status. Realizing this vision
relies on deep insights into the nature of immunity, innovations in antigen design, precise modulation of adjuvants and delivery
systems, targeted induction of multi-dimensional protective immunity, and breakthroughs in frontier fields such as Al assistance,
systems immunology, and multi-omics integration. Exploratory efforts targeting respiratory pathogens like influenza virus, SARS-
CoV-2, and pneumococcus are driving vaccine R&D beyond a sole focus on peak serum functional antibody titers. The field is
expanding to encompass the simultaneous sculpting of mucosal barriers, tissue-resident memory, broad-spectrum T-cell responses,
trained innate immunity, and the capacity to constrain inflammatory damage. Systems immunology and multi-omics are advancing
vaccine development from mere endpoint readouts to the design of immune trajectories; artificial intelligence is elevating empirical
optimization to rational design; and the discovery of novel mechanisms like trained immunity is bringing “broad-spectrum, rapid, and
proactive” respiratory protection within the realm of designability. In the coming decade, what will rewrite the paradigm is not any
single technology, but rather the capability system that integrates antigen design, adjuvants and delivery, multi-dimensional immune
induction and monitoring, Al modeling, and population stratification into a unified immune engineering framework.

next-generation vaccines, systems immunology, multi-omics, artificial intelligence, trained immunity, mucosal vaccines,
precision vaccinology
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