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Abstract. This paper presents a mathematical model for human malaria trans-
mission caused by Plasmodium falciparum which incorporates the effects of pre-
erythrocytic vaccine on the transmission dynamics of the disease. This model is
extended to incorporate the effects of erythrocytic and transmission blocking vaccines.
Analysis of the reproductive number for the extended model Rφ(γ, θ1,2, ǫ), shows that
effectiveness of the vaccine depends critically on its efficacy, infection blocking, disease
modification, transmission blocking, proportion vaccinated and duration of its effec-
tiveness. The minimum vaccination rate required to eradicate malaria depends on its
endemicity in each region. We deduce that pre-erythrocytic vaccine works faster than
transmission blocking vaccine in reducing the number of infectious humans. In our
analysis, we were able to quantify the effectiveness of combining two or more subunits
over using only one subunit. Our analysis shows that a vaccine that reduces the infec-
tious period of an infected human always reduces the number of secondary infections.
Numerical simulations are also performed to compare the general behaviour of the
models.
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1. Introduction

Malaria, caused by a protozoan parasite Plasmodium falciparum, is transmitted to
humans by the bite of an infected and infectious female mosquito of the genus Anophe-
les. It remains one of the major causes of morbidity and mortality [45]. Malaria is
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