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Abstract

This paper constructs a class of SEIR infectious disease dynamics models that incorporate a quar-
antine compartment for latent individuals, aiming to quantitatively assess the impact of latent-pe-
riod isolation measures on disease transmission from a dynamical perspective. Using the next-gen-
eration matrix method, the basic reproduction number (Ro) is derived as the threshold for deter-
mining whether the infectious disease will die out. Through Lyapunov second method and LaSalle in-
variance principle, the global asymptotic stability of the disease-free equilibrium is rigorously proved.
Sensitivity analysis is applied to identify key parameters influencing disease transmission. Numerical
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simulation results demonstrate that increasing the vaccination rate and the isolation rate of latent
individuals can significantly reduce the peak number of infections, delay the spread process, and
shorten the duration of the epidemic. This study provides theoretical foundations and decision-mak-
ing support for the precise implementation of isolation during the latent period and the coordinated
promotion of vaccination as part of prevention and control strategies.
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Figure 1. Evolutionary relationship diagram of different population groups
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Table 1. Description and assigned values of parameters
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Figure 2. Sensitivity indices of various parameters to the basic reproduction number
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Figure 3. Time evolution of (a) susceptible individuals and (b) latent individuals, infected individuals, isolated
latent individuals, and isolated infected individuals
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Figure 4. When ¢ = 0.2, impact of different vaccination rates on (a) latent individuals, (b) infected individuals, (c) isolated
latent individuals, and (d) pre-symptomatic infectious individuals
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Figure 5. When ¢ = 0.4, impact of different latent individual isolation rates on (a) latent individuals, (b) infected individuals,
(c) isolated latent individuals, and (d) isolated infected individuals
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