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Abstract
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The emergence of drug resistance continuously threatens global control of
infectious diseases, including malaria caused by the protozoan parasite Plasmodium
falciparum. Worldwide spread of P. falciparum resistant to conventional antimalarial
drugs has been imposing a serious public health problem in many regions, including
Thailand. To develop public-health policies that extend the lifespan of antimalarial
drugs as effective treatment options, it is necessary to understand the evolutionary
processes leading to the origin and spread of drug resistant mutations of malaria
parasites. Here, the knowledge from statistical physics, human travelling dynamics,
molecular biology of malaria parasite evolution, and computer modelling and
simulations are unified and used to tackle the antimalarial drug resistance problem.
The Monte Carlo model was constructed to simulate the complete life cycle of P.
falciparum in human and mosquito hosts. The constructed model was then
employed to investigate the evolution and spread of the antimalarial resistance. We
found that our model can accurately simulate parasite dynamics in a human body.
The numbers of parasites predicted from the model are consistent with available
experimental data. Our results also show that gradients of antimalarial can lead to a
mode of adaptation that is qualitatively different from evolution in uniform
environments. We found that antimalarial gradient can promote the resistant

evolution of malaria parasites.
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