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Optimal allocation problem of strain-specific vaccines in Kermack—McKendrick SIR model with two virus strains
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In this work, we considered a mathematical model concerning the population dynamics of an infectious
disease with two virus strains when the stock of vaccine is limited in the total amount. We derived the
basic reproduction number Ry for the Kermack—McKendrick SIR model with two virus strains, and then
constructed the below-described SIR model (1) modifying the Kermack-McKendrick SIR model with
introducing the contribution of the vaccination of strain-specific vaccines limited in their total amount.
Especially we focused the ratio of those two strain-specific vaccines in the limited stock and considered
the optimal ratio to minimize the final size of infected population at the end of epidemic dynamics by
the model (1) with A = u = 0.

Let S(t) be the susceptible population size at time t, I1(t) the size of population infected only with
strain 1, Ip2(t) the size of population infected only with strain 2, I15(¢) the size of population infected
with both strains 1 and 2, I,2(t) the size of strain-1-immuned population infected , Iy, (t) the size of
strain-2-immuned population infected , R1o(t) the size of uninfected population with the immunity only
for strain 1, Rga(t) the size of uninfected population with the immunity only for strain 2, and Ry2(t) the
size of population with the immunity for both strains 1 and 2. V;(¢) is the rest amount of the strain-
i-specific vaccine in the stock at time ¢. After the vaccination starts, the vaccines in the stock become
exhausted in a limited time.

We obtained the mathematical expression of the basic reproduction number Ry for the model (1)
without the vaccination (i.e., with w; = we = 0). The Ry is given by two non-dimensional quantities
independent from each other, which are respectively determined for each virus strain.

Making use of numerical calculations for the model (1) without birth and death terms (i.e., with
A = u = 0), we could show the existence of the optimal ratio of strain-specific vaccines in the stock
to minimize the final size of infected population at the end of epidemic dynamics. The optimal ratio
significantly depends on the degree of the susceptibility to one virus strain when the individual has the
immunity for the other strain, which is represented by the parameter ¢ in the model (1). Therefore, there
could be such a ratio of strain-specific vaccines in the stock as making the final size of infected population
larger, too.

We conclude that it would be important to consider the ratio of different vaccines in the stock to
prevent the outbreak of an infectious disease. The inappropriate ratio of vaccines in the stock may lead

unsatisfactory result of the prevention strategy to suppress the outbreak.
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