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Abstract 
Estimating marker frequencies and the distribution of super-infections 
in malaria

The number of super-infections of a pathogen (multiplicity of infection or MOI) is a relevant parameter in epidemiology as it relates with transmission intensity. Notably, such a quantity can be built into a metric in the context of disease control and prevention. Having applications to malaria in mind, we introduce a maximum-likelihood (ML) framework to estimate MOI and pathogen-lineage frequencies (which are genetically characterized, e.g., alleles or haplotypes in a short non-recombining region).

Assuming specifically that infections are rare and independent events, the number of infections per host follows a conditional Poisson distribution. Under this assumption, existence and uniqueness of the ML estimate can be proved. The estimate is asymptotically unbiased, consistent and efficient and found by a simple recursion. Moreover, we provide explicit formulas for asymptotic confidence intervals, and show that profile-likelihood based confidence intervals exists, which are found by a simple two-dimensional recursion. We will discuss the finite sample properties of the ML estimate and the profile-likelihood confidence intervals, which were investigated by Monte-Carlo simulation. We further improve the estimates by deriving bias corrections.

Finally, we illustrate the methods on three malaria data sets. The statistical framework itself, however, is not limited to malaria.

