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ABSTRACT
We consider a SVEIR model with constant population sizeN

and with compartmentsX, H, Y , V , Z (number of susceptibles,
exposed, infectious, vaccinated and recovered, respectively). Let
ν be the vaccination rate of susceptibles. From [1], we know that
there is a critical value of the vaccination rate,νc, such that, when
ν > νc, the system convergs to a disease-free equilibrium (in
which H = Y = 0) and, whenν < νc, the system converges
to an endemic equilibrium. We consider the situation where we
start with no vaccination (so the initial population will be at the
endemic equilibrium correspondig toν = 0) and we introduce
vaccinating at rateν > 0. We also assume that we are not able
to distinguish among susceptible, exposed and recovered individ-
uals, so that we will vaccinate all these categories of individuals.

We then consider the more realistic stochastic case in which the
transitions between compartments occur randomly according to a
Markov chain with transition rates equal to the deterministic rates.
We study this system through Monte Carlo simulations using the
Gillespie algorithm (see [2]).

Contrary to the deterministic system, in the stochastic case a
disease-free state will be reached whatever the value ofν is. So,
the issue for public health policy decision will be to determine the
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minimum value ofν that will give a high probability (say 95% or
99% probability) of reaching a disease-free state before some pre-
scribed time horizonT . That is the purpose of this paper. We will
also compare with the value ofν that will lead the deterministic
system in the same time horizon toH(T ) + Y (T ) < 1, which for
practical purposes can be considered a disease-free state.

Acknowledgements

Luiz S. Freitas acknowledges the Conselho Nacional de Desenvolvimento Cient́ıfico e Tecnoĺogico,
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