An SIR Modeling
with The Pathogen Population Dynamics of Disease Transmission
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In this work, we consider an SIR model of infectious disease transmission through the outside
environment of host individual, for example, like an aerial infection. The pathogen population
around the host population is assumed to be reproduced by the infective hosts themselves.
Furtherthe dispersal of pathogen individuals outside of the host is assumed to be passive, and
sufficiently fast outside of the host.

Susceptible individual becomes infective with the successful disease transmission, and then
comes to have an infectivity. Now we define the infectivity as the host state in which the
pathogen in the host reproduces itself and emigrates outside from the host body. Although
the immune system of host may decrease and eliminate the pathogen within the host body, we
assume that the host necessarily releases pathogens reproduced in the host body.

With these assumptions, we consider the following SIR model:
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where S = S(t), I = I(t) and R = R(t) are respectively the susceptible, the infective and the
removed host population at time ¢ with S+ I 4+ R = N at any time ¢t. N is the population size
of host, which is now assumed to be a constant independent of time. P = P(t) is the mean
density of dispersing pathogen population over the host population at time t. Parameters b, kg,
KI, KR, and p are positive constants.

In the above model,we give the probability of the host state transition from ‘susceptible’ to
‘infective’ with the immigration and the settlement of dispersing pathogen by H(ksP)At for
sufficiently short time interval [¢, ¢+ At] in the time scale of the host state transition. Similarly,
the probability of host state transition from ‘infective’ to ‘removed’ due to the recovery with
immunity or the death is given by Q(k1P)At for sufficiently short time interval [¢, ¢ + At] in the
time scale of the host state transition.

The positive parameter ¢ has the meaning that the representative time scale for the reproduc-
tion and dispersal of pathogen population is € when that for the host state transition is unity. If
the reproduction and dispersal of pathogen population is now assumed to be the “fast” process,
we could put € < 1. We can show a flexibility of the above model to discuss the characteristics
of disease transmission with some different natures, including the basic reproduction number
Xo. Moreover, with some additional assumptions, we will consider a simple one of the above
SIR model, and discuss the relation of the dynamical nature to the %, referring its original
definition.



