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Table 1 Comparison of immunogenicity and duration of immunity between LAVs and Vs
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Figure 1 Comparison of adaptive immune response mechanisms between live attenuated vaccines (LAVs) and inactivated vaccines (IVs). LAVs can
replicate within host cells and activate both the MHC- I and MHC-1I antigen presentation pathways, thereby inducing CD8" cytotoxic T cell
responses and CD4" helper T cell responses. LAVs can drive a strong germinal center reaction, promote B cell affinity maturation, and differentiate
into long-lived plasma cells and memory B cells. LAVs mimic natural infection to establish comprehensive and long-lasting immune protection. In
contrast, IVs lack replicative capability and can only activate CD4" T cells through exogenous antigen presentation. The immune response IVs induce
is primarily humoral, with weak germinal center reactions, primarily producing short-lived plasma cells and insufficient memory B cells.
Consequently, immune memory persists for a shorter duration, typically requiring booster immunizations
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Figure 2 Synergistic antiviral mechanism of humoral and cellular immunity. Following viral invasion, neutralizing antibodies secreted by plasma
cells first directly neutralize the virus, blocking its infection of host cells and constituting the first line of defense. Meanwhile, through the mechanisms
of ADCC, ADCP, and CDC, NK cells and macrophages are recruited to clear the virus or infected cells, thereby achieving initial interception. If the
virus breaches this defense and infects host cells, leading to replication and spread, CD8" T cells, the core effector cells, directly kill infected cells
through the perforin-granzyme (PFN/GzmB) pathway. Concurrently, CD8" T cells secrete cytokines such as IFN-y and TNF-a to inhibit viral
replication, clear lesions, and block viral spread, with CD4" T cells playing a supportive regulatory role. CD4" T cells have been demonstrated to play a
supporting regulatory role in this process. When confronted with variant strains, antibodies are susceptible to immune evasion due to their single-target
nature. In contrast, T-cell responses target a broad range of epitopes, rendering them less susceptible to viral evasion. Consequently, humoral and
cellular immunity work synergistically to collectively defend against viral infection and the immune evasion of variant strains
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Vaccines are one of the most effective ways to prevent infectious diseases. The aim of vaccine development is to induce a long-lasting
and broad-spectrum protective immune response. In particular, the synergistic response between antibody-mediated humoral
immunity and T-cell-mediated cellular immunity is pivotal to achieving efficient and long-lasting protection. However, significant
variations in the capacity of traditional vaccines to elicit such synergistic responses have been observed. This review systematically
summarizes the differences in immune response characteristics and protective effects between live attenuated vaccines (LAVs) and
inactivated vaccines (IVs) and analyzes the potential immunological mechanisms from the aspects of antigen presentation pathways,
innate immune activation, and memory cell generation. This foundation is then built upon to provide a systematic outline of design
strategies for next-generation vaccines based on “antibody-T cell synergistic responses”. These strategies encompass the design of
conserved B/T cell immunogens and co-assembly approaches grounded in structural biology and bioinformatics; the development of
novel adjuvants and delivery systems that promote cross-presentation; and the optimization of immunization strategies. This review
aims to provide a theoretical basis and design concepts for the development of broad-spectrum antiviral universal vaccines with both
potent and long-lasting properties.
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