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Abstract
Reconsideration of Kermack-McKendrick Epidemic Models

Our main purpose of this paper is to review recent developments in deterministic structured population
models for the spread of infectious diseases originated from Kermack and McKendrick’s classical work.

First we consider some basic ideas appeared in the paper written in 1927 by Kermack and McKendrick.
Most important key idea of mathematical epidemiology is the basic reproduction number Ry by which
the famous threshold theorem can be formulated. The basic reproduction number is defined as the
expected number of secondary cases produced, in a completely susceptible population, by a typical
infected individual during its entire period of infectiousness. The threshold criterion states that the
disease can invade into a population which is in a demographically steady state with all individuals
susceptible if Ry > 1, whereas it cannot if Ry < 1. Although it is not necessarily easy to calculate
the basic reproduction number for complex epidemic models, for many cases it is shown that the basic
reproduction number can be calculated as the spectral radius of a certain positive integral operator called
next generation operator. Moreover it is often that the threshold condition also implies the existence
and stability results for endemic steady states.

Next we consider the variable susceptibility model which was also first developed by Kermack and
McKendrick in early 30th. It seems that Kermack and McKendrick’s work in 30th have been paid
relatively less attention in compare with their earlier paper in 1927 and their statements in those papers
have been so far not necessarily fully examined, maybe partly because their calculation was difficult to
follow and they did not clearly provide enough reason why their complex modeling was truly needed to
study infectious diseases in the real world. However recently it is found that the variable susceptibility
model is very useful to take into account the effect of genetic drift as observed in type A influenza virus,
or the change of host immunity structure. We reformulate their model as a McKendrick-Von Foerster
partial differential equation system and discuss the existence and uniqueness of endemic steady state.

Finally we consider an evolutionary epidemic model developed by Pease (1987). It can be seen as an
important realistic application of the Kermack-McKendrick’s general variable susceptibility model. We
show that the endemic steady state becomes locally stable if the prevalence is over fifty percent, on the
other hand if the prevalence is small enough there exists a possibility of destabilization of the endemic
steady state. Hence it is conjectured that the evolutionary mechanism of type A influenza would be a

reason for the recurrent outbreak of influenza epidemic.
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