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Study of the Optimal Integrated Control of a Dengue Transmission Model
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Abstract: A transmission model for dengue fever between mosquitoes and human beings was established. Three control
measures: Wolbachia, self-protection and insecticide were introduced. The constant control and the time-varying control
were discussed respectively. Firstly, the influences of the constant control on the basic regeneration number of the model
were analyzed. It is shown that Wolbachia helps reduce the basic regeneration number, and the basic regeneration number is
negatively correlated with self-protection and insecticide. Secondly, in order to minimize the number of infections and the
implementation cost, the optimal control was discussed with Pontryagin’s extreme value principle. Finally, the effects of the
optimal control was demonstrated through numerical simulation.
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Table I The meanings of variables in model (1)

state variable

biological meaning

S mi mosquito population infected with W and susceptible to D
S mu mosquito population not infected with W and susceptible to D
Enmi mosquito population infected with W and in the incubation period of D
Emu mosquito population not infected with W and in the incubation period of D
Ini mosquito population infected with W and D
Iy mosquito population not infected with W but infected with D
Sh human population susceptible to D
Iy human population infected with D

F2 BE () PESEIE L

Table 2 The meanings of parameters in model (1)

parameter biological meanings
w recruitment rate of human beings
bm birth rate of mosquitoes
dp natural death rate of human beings
dn natural death rate of mosquitoes
Bh D infection rate of human beings bitten by W-free mosquitoes
em rate at which exposed mosquitoes become infectious

B = 4Bn D infection rate of human beings bitten by W-infected mosquitoes (¢<1, which reflects the inhibition effect of W)
Bm D infection rate of mosquitoes biting D-infected human beings
7h recovery rate of infectious human beings
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Fig. 1 Effects of constant control on the number of dengue infections
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Fig.2 Effects of the control strategy on the number of dengue infections
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Fig.3 Comparison between the optimal integrated control and the single control: (a) the variation diagram of u#1 under 2 control strategies;

(b) the variation diagram of uy under 2 control strategies
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Fig. 4 The influences of different weights on control variables: (a) the influence of Bj on u1, A = 1, By = 1; (b) the influence of Boonup, A=1,B; = 1;

(c) the variation diagram of u; and up, A = 1,B = 1, By = 1; (d) the variation diagram of u; and u», A=5,B; =1,By =1
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