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Analysis of A Mathematical Model for Infectious Disease Transmission Dynamics with Individual Activity Class Structure
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The influenza vaccination is often planned with priority to children and aged adults. However, it is likely
that an adult class whose members have a relatively high mobility and a daily high contactivity to other
individuals would play a relevant role for the epidemic outbreak. In this study, based on the Kermack—
McKendrick’s SIR model, we have constructed and analysed an epidemic dynamics model in which the
population consists of two classes of high activity level and low activity one in terms of the daily contact
rate with other individuals. The disease transmission function of our model follows the proportional
mixing, weighted with the difference of activity between two classes. Members of the high activity class
temporally move from a local site to off-local sites, while those of the low activity class always stay in
the local site. We ignore the birth and the death and assume that the total population size is constant.
Analyzing our model, we discuss how the difference in the activity of members could be relevant to the
epidemic outbreak. We derived the condition for the initial epidemic outbreak in each class and each
site, and found that the outbreak significantly depends on the activity class structure: relative difference
in the activity and in the demographic class size. Even if the initial epidemic outbreak does not occur,
the disease transmission could subsequently cause the epidemic outbreak in the whole population. The
effective vaccine inoculation should be planned taking account of the structure of activity classes in the

target community.
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