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Abstract

Since the emergence of COVID-19, the viral strains have continuously mutated, with reduced viru-
lence and enhanced transmissibility. Most experts believe that we will coexist with COVID-19 in
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the long term. As the severity of infection largely depends on individual immunity, older adults
and children in high-risk groups face prolonged threats. Additionally, due to the lack of specific
drugs for treating COVID-19, and considering that multiple infections with the novel coronavirus
can lead to various lingering effects, many countries are developing and administering novel vac-
cines targeting the latest mutant strains to effectively reduce severe cases and fatalities. Further-
more, due to ongoing viral mutations and immune evasion, we will continue to research and de-
velop efficient and rapidly effective new vaccines. Therefore, this article proposes an SVIAR infec-
tious disease model with vaccination delays, calculates the model’s basic reproduction number,
investigates its dynamic characteristics, and validates theoretical results through numerical si-
mulations. The analysis also explores the impact of vaccination rates and vaccine efficacy duration
on epidemic control, providing corresponding vaccination strategies.
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Figure 1. The correlation of R, to o and p
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