
Modeling insecticide resistance during on-purpose infestation of
Aedes populations by Wolbachia.

Pierre-Alexandre Blimana, Christian Schaererb and Pastor Pérez-Estigarribiab1
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Abstract

Insecticides are nowadays at the basis of the main mosquito control
strategies. A central challenge related to their effective implementa-
tion consists in addressing the evolution of the resistance quite a diffi-
cult task in practice. In the context of the control of arboviroses trans-
mitted by Aedes aegypti and Aedes albopictus (such as dengue, chikun-
gunya or zika fever), an alternative or a complement to these strate-
gies is the genetic control by Wolbachia infection, a bacterium that
reduces drastically the vectorial capacity of the mosquitoes. Spread-
ing of mosquitoes infected in laboratory by Wolbachia, and that are
vulnerable to insecticides, appears to have a limited effect, due to the
widespread use of insecticides in the field.

In this work we present a joint model of resistance and genetic
control by Wolbachia, aiming at answering the following question:
what are the conditions for successful infestation of populations of
wild mosquitoes with Wolbachia, considering the problem of negative
selection of vulnerable mosquitoes? The biological phenomena taken
into account in the model are: (i) competition over limited resources
in the larval and adult stages, (ii) evolution of insecticide resistance
by negative selection and mutation, (iii) genetic control by Wolbachia-
induced cytoplasmic incompatibility.

The proposed model is composed by a system of six ordinary dif-
ferential equations with delay, that describes the evolution of the pop-
ulations of vulnerable or resistant mosquitoes, susceptible or infected
by Wolbachia. Discussions on the stability analysis are presented, as
well as numerical simulations.
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