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Abstract

This study develops a hepatitis B transmission dynamics model that includes carriers, acute hepa-
titis B patients, and chronic hepatitis B patients, aiming to realistically capture the transmission
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mechanism of hepatitis B within the population. Firstly, the existence and global stability of the
model’s equilibrium points are analyzed using LaSalle’s invariance principle and the Lyapunov
function method. Secondly, the Pontryagin Maximum Principle is applied to investigate the optimal
control problem, and the corresponding optimal control strategies are obtained. Finally, numerical
simulations and sensitivity analysis are conducted to examine the influence of key parameters on
the transmission dynamics of hepatitis B. The results indicate that improving the diagnosis rate of
HBV carriers, reducing the effective contact rate between infectious and susceptible individuals,
and increasing the vaccination rate are key strategies for controlling the spread of hepatitis B. This
study provides a theoretical foundation and practical reference for optimizing hepatitis B preven-
tion and control measures and formulating sound public health policies.
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Figure 1. Transmission mechanism of an SIcICR model for acute and chronic hepatitis B
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Table 1. Description of the parameters in model (1)
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Figure 4. Optimal control simulation
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Figure 5. Impact analysis of key parameters and sensitivity heatmap
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Figure 6. Impact of y on the number of HBV infections
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