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Abstract

Brucellosis, as a typical zoonotic disease, is mainly transmitted across regions via animal transportation.
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A %

Taking Xinjiang Uygur Autonomous Region as the study area, this paper constructs a human-sheep cou-
pled metapopulation network model for brucellosis transmission based on the Markov process, and de-
rives the basic reproduction number and epidemic threshold of the model. Using actual epidemic
and transportation data, we complete parameter fitting and model validation, and identify key pa-
rameters affecting brucellosis transmission through sensitivity analysis. We focus on exploring the
transmission characteristics of brucellosis under real transportation networks. The results show
that the epidemic presents obvious multi-node heterogeneity and periodic outbreak characteristics.
Key parameters exert distinct impacts on brucellosis transmission: the infection rate acts as the core
driving factor of epidemic spread; the transportation rate shows a U-shaped effect on cumulative
cases, while the immunization rate and culling rate exhibit monotonic inhibitory effects. The network
average degree has a clear threshold effect on transmission: the transmission intensity changes dras-
tically when the average degree ranges from 2 to 7, and gradually stabilizes when it exceeds 7. This
study reveals the influence of real transportation networks on the cross-regional spread of brucello-
sis, providing a quantitative basis for the precise prevention and control of brucellosis and the sci-
entific management of livestock transportation networks.
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Figure 1. State probability transition diagram for individuals (sheep and humans)
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Figure 2. Schematic framework of the micro-Markov process for brucellosis infection during sheep transportation
in the metapopulation network
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Table 1. Table of parameter meanings for the dynamic model
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Figure 3. Visualization of of sheep metapopulation network in Xinjiang on map
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Table 2. Parameter table for the dynamic model
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Figure 4. Parameter fitting results of monthly new human cases in Xinjiang from January 2023 to
December 2024 under the sheep transportation network
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