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Analysis of Mathematical Model for Epidemic Dynamics with Decaying Immunity of Vaccination:
Theoretical Implication for The Case of Measles
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Recently it is discussed that the duration of effective immunity induced by vaccination becomes
shorter than before. If the immunity of primary vaccination is decaying, how effective is the secondary
vaccination? In this work, we try to discuss theoretically this problem, making use of mathematical
analysis for a basic Kermack-McKendrick type of mathematical model with the mass-action type of
interaction between infectives and susceptibles. In our model, the population is classified into three
age groups: Infant (Group 1), Young (Group 2) and Adult (Group 3). For each group, we have the
susceptible subpopulation S;(t) (i = 1,2,3), the infective one I;(t) (: = 1,2,3), the recovered and
immune one R;(t) (i = 1,2, 3), and the non-infected and immune/vaccinate one M;(t) (i = 1,2,3) at
time ¢. Especially M;(t) denotes the immune subpopulation by the primary vaccination in the infant
age. The subtotal population of each group is denoted by G; = S; + I, + R; + M; (: = 1,2,3), and
assumed to be temporally stationary, that is, constant independently of time. This assumption can
be introduced into the model with some restrictive relations among parameters in the model. Results
from mathematical analysis for the model and numerical calculations with demographic data about
measle infectives of Kochi Prefecture indicate that the disease free equilibrium could be attainable
only if the primary vaccination rate is beyond a threshold. Moreover, this is true for any secondary
vaccination rate. Lastly it is emphasized that the primary vaccination plays the critical role for
controlling the epidemic disease.
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