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Fig.1 Disease transmission pathway
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Fig.5 Optimal control simulation
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Construction and Research of Hepatitis B Transmission Model

Based on Population Heterogeneity

SHEN Huichen, XUE Yakui
(School of Mathematics, North University of China, Taiyuan 030051, China)

Abstract: To investigate the impact of immunotolerant populations on the progression of infectious
diseases, a dynamic model of hepatitis B transmission is constructed, incorporating separate compart-
ments for immunotolerant individuals and actively infected individuals. The basic reproduction number is
calculated using the next-generation matrix method. The stability of equilibrium points is analyzed by
combining the Routh-Hurwitz criterion, LaSalle's invariance principle, and Lyapunov functions. Opti-
mal control is solved using Pontryagin’s principle, and numerical simulations are conducted to validate
the theoretical findings. The results indicate that subdividing the I, and I, compartments can accurately
reflect the transmission characteristics of hepatitis B and avoid biases inherent in traditional models,
while & exhibits potential for epidemic control and prevention. The study clarifies the critical role of
immunotolerant populations and provides theoretical support for targeted prevention and control
strategies.

Key words: hepatitis B; immune tolerance; population heterogeneity; basic reproduction number;

stability



