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Overview

In this work we propose a model that represents the relation between fish ponds, the mosquito population and the transmission of malaria. It has been
observed that in the Amazonic region of Acre, in the North of Brazil, fish farming is correlated to the transmission of malaria when carried out in
artificial ponds that become breeding sites. Evidence has been found indicating that cleaning the vegetation from the edges of the crop tanks helps to
control the size of the mosquito population.

We use our model to determine the effective contribution of the fish tanks to the epidemic. The model consists of a nonlinear system of ordinary
differential equations with jumps at the cleaning time, which act as impulsive controls. We study the asymptotic behaviour of the system in function
of the intensity and periodicity of the cleaning, and the value of the parameters. In particular, we state sufficient conditions under which the mosquito
population is exterminated or prevails, and under which the malaria is eradicated or becomes endemic. We prove our conditions by applying results for
cooperative systems with concave nonlinearities.

Numerical simulations of our model have shown that an increase in cleaning frequency can reduce the mosquito population, which in turn reduces
incidence of malaria. Our results suggests that incentives for fish pond maintenance are potential public health measures in the state of Acre.
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Scenario Simulation

L,(t) (larvae population in thousands) —— Ms(t) (mosquito population in thousands) —— S5(t) (proportion of human population) V(t) (proportion of vegetation border cover)
— Ly(t) (larvae population in thousands) M,(t) (mosquito population in thousands) I(t) (proportion of human population) —— R(t) (dimensionless)

e

15

Py .

N N w w
(9] o (9]

10

Endemic Mosquito
& Endemic Disease

15

1.0

1.0

0.8

0.8
0.6

/ 0.6
0.4 0.4

0.2

! w
9] (=]

=
wn

Endemic Mosquito

& Eradicated Disease

o
&)

0.0

0.8

= !
ul ~ o
o 9] o

10

0.6

© !
w ~
o w

©
]
w

Eradicated Mosquito
& Eradicated Disease

0.0 e

25 50 75 . 100 125 150 175 200 0 25 50 75 . 100 125 150 175 200 0 25 50 75 . 100 125 150 175 200 0 25 50 75 . 100 125 150 175 200
time (days) time (days) time (days) time (days)

0.00]

o

Acknowledgements and References

Y. Dumont and J. Thuilliez, Human behaviors: A threat to mosquito control?, Mathematical biosciences, 281 (2016), pp. 9—23 1 1 1 1
I. C. dos Reis et al. Contribution of fish farming ponds to the production of immature Anopheles spp. in a malaria-endemic amazonian town, Malar. J., 14:452 An lnteraCtlve SlmUIatlon Of the

(2015), p. 452 model is available in Google

I. C. dos Reis et al. Epidemic and endemic malaria transmission related to fish farming ponds in the amazon frontier, PLoS ONE, 10(9): e0137521 (2015)
J. Jiang, The algebraic criteria for the asymptotic behaviour of cooperative systems with concave nonlinearities, Systems Sci. Math. Sci., (1993), pp. 193—-208. COlabOratOI‘y through the QR

H. L. Smith, Cooperative systems of differential equations with concave nonlinearities, Non-linear Anal., 10 (1986), pp. 1037—-1052.

Code.

This research was funded by the Applied Research Project of FGV "Modelagem, andlise e estimativa da contribuicao dos tanques de piscicultura na populacao
do mosquito anopheles e o impacto na transmissdo da maldaria no Alto Jurud, Acre”, by the Program Jovem Cientista do Nosso Estado of FAPERJ, Brazil, by
the STIC AmSud funding for the MOSTICAW Project and by CNPq Grant No. 454665/2014-8. The authors particularly acknowledge the fish
farmers from Mancio Lima, Acre, Brazil, for their availability.




