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Analysis of a Brucellosis Model with Transportation Between Two Flocks

ZHANG Yifei, XUE Yakui’
(School of Mathematics, North University of China, Taiyuan 030051, China)

Abstract: This paper proposes a multi-group susceptible-exposed-infected-vaccinated (SEIVW) dynamic model with transportation
between two flocks considering environmental factors, in order to propose a multi-group SEIVW dynamical model with two flocks'
transport. Firstly, the basic reproduction number R, is obtained, and the global dynamics are completely determined by R,. When R,<
1, the disease-free equilibrium is globally asymptotically stable; when Ry>1, there is a unique local equilibrium that is globally as-
ymptotically stable. The sensitivity analysis of the parameters of the basic reproduction number is carried out and confirmed that
timely removal of the bodies of infected sheep and increasing vaccine coverage were effective control strategies for sheep brucello-
sis. In addition, reasonably reducing the transportation between flocks and achieving self-sufficiency of flocks is another effective
control strategy for controlling brucellosis.
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Table 1 Representation and description of each parameter variable
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Fig. 1 Time series diagram of system (1) with R,= 0. 356 <_1, which is the disease-free equilibrium
(a) shows that the number of all latent compartments, infected compartments and environmental compartments tends to zero. (b)
shows that all susceptible compartments and immune compartments tend to nonzero constants. This indicates that the disease will

disappear over time.
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Fig. 2 Time series diagram of system (1) with R, = 2. 439 = 1, which is the endemic equilibrium
(a) shows that the number of all latent compartments, infected compartments and environmental compartments tends to be non-zero
constants, respectively. (b) shows that all susceptible compartments and immune compartments tend to nonzero constants, respec-

tively. This indicates that the disease eventually becomes an endemic epidemic over time.
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Fig.3 Phase diagram of system (1) when R,= 0. 356 <1
Under different initial values, all trajectories tend to a fixed point, and the system eventually reaches a stable equilibrium state.

(a) Phase diagrams of S, and I,,;; (b) Phase diagrams of S, and I,; (c) Phase diagrams of s, and I,
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Fig. 4 Phase diagram of system (1) when R, =2. 439 > 1.
Under different initial values, all trajectories tend to a fixed point, and the system eventually reaches a stable equilibrium state.

(a) Phase diagrams of S ,; and 1 ,,;; (b) Phase diagrams of S 1, and I ,,,; (c¢) Phase diagrams of s;; and I};.
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Fig. 5 Sensitivity analysis of different parameters
(a) R, in terms of A; (b) R, in terms of 8,;; (¢) R, in terms of ;5 (d) R, in terms of y 45 (€) R, in terms of 11,5 (f) R, in terms of a;;.

By changing the parameter value to make R, <1, the spread of the disease is controlled.
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