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Abstract One of the unique features of bacterial diseases such as pertussis is the possibility
of multiple infections during a lifetime. Immunity gained after each infection may play
an important role in disease transmission dynamics. A PDE model with two infections for
pertussis was considered in Feng et al. (J Theor Biol 356:123–132, 2014) and applied to
the Swedish population to estimate the age-dependent probability of infection on contact.
However, no detailed analysis of the dynamic properties of the model was considered in
that study. Here we present the analysis including existence and stability of equilibrium
solutions, which are shown to be determined by the effective (or basic) reproduction number
R (orR0). We also extend the model in Feng et al. (2014) to allow three infections during a
lifetime. And we derive the age-specific probability of infection during a lifetime, denoted
by F(a), using two approaches: one uses the model solutions, and the other one is based on
biological interpretations. Numerical explorations of the model suggest that, with reasonable
assumptions, two infections are all that one needs to consider to account for the dynamics of
this disease. This increases the importance of the analytic results from the 2-infection model.
Nonetheless, the formula for F(a) in the 3-infection model may provide more accurate
description for the probability of infection because it permits more realistic distributions for
waiting times in disease stages.
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