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Abstract

In the realm of infectious disease dynamics research, although high-order transmission, the influ-
ence of individual behaviors, and latent infection have each been extensively studied, mathematical
models that integrate these three elements are relatively scarce. In this study, a simplicial SAEIS
infectious disease model was constructed, incorporating high-order interactions, individual vigi-
lance behaviors, and the characteristics of latent infection. Through theoretical derivation, the
boundedness of the model solutions, the structure of the invariant set, as well as the existence and
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stability conditions of the equilibrium points were determined. By means of numerical simulations,
the discontinuous phase transitions and bistable dynamic behaviors of the model were revealed.
The study has found that an increase in the high-order infection rate and the rate of vigilance loss
will accelerate the spread of infectious diseases. Conversely, an enhancement in the rate of vigilance
acquisition, the conversion rate of latent individuals to infected individuals, and the proportion of
recovered individuals transitioning to the vigilance state can effectively curb the epidemic. Notably,
the impact of the recovery rate on the spread of infectious diseases is related to the infection density.
When the infection density is low, increasing the recovery rate is beneficial for controlling the epi-
demic. However, under conditions of high infection density, an increase in this rate will instead ex-
pand the scope of infection. This study combines theoretical and numerical analyses to elucidate
the dynamics of the model and the parameter mechanisms, providing a theoretical basis for the
prevention and control of infectious diseases in complex scenarios.
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Figure 1. Simplex topology schematic diagram
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