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Infectious Disease Percolation Model Considering Vaccine
Effectiveness

GAO Jie, LI Yihong, LUO Xiaofeng
(School of Mathematics, North University of China, Taiyuan 030051, China)

Abstract: Vaccination is currently recognized as one of the most cost-effective public health interventions for
preventing and controlling the spread of infectious disease, and it is essential for preventing and controlling
outbreaks. Ultilizing the site-bond percolation model, which simulated infectious disease spread with vaccination
in complex networks, we innovatively considered the impact of vaccine effectiveness on the spread of the
infectious disease in the population, taking into account practical factors. We analyzed and calculated precise
theoretical results for the epidemic threshold of infectious disease transmission and average outbreak size.
Furthermore, through numerical simulations, we explored the influence of vaccine effectiveness on both the
epidemic threshold and the final scale of disease spread, under various degree distributions including Poisson,
exponential, and power-law. The results show that enhancing vaccine effectiveness and reasonably homog-
enizing contact network can effectively prevent outbreaks of infectious diseases.
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