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RESUME.

ABSTRACT. We consider a metapopulation model with n patches. The migration model is with resi-
dents and travelers. The epidemic model is of SIS type. We confirm the conjecture of Arino and van
den Driessche [4]. We prove that if Rp < 1 then the disease free equilibrium is globally asymptot-
ically stable. If Ro > 1 we prove that there exists a unique endemic equilibrium which is globally
asymptotically stable on the nonnegative orthant except the disease free equilibrium.
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1. Introduction

A basic assumption of many epidemic models is that populations are composed of
a homegeneous group of randomly mixing individuals. Most actual populations are di-
vided into a number of subpopulations, within which there may be random mixing, but
among which there is nonrandom mixing. In ecological studies important developments
occur in the last three decades as a consequence of the recognition that spatial distribu-
tion is not homogeneous, and consists of subpopulations. These developments have given
origin to the theory of metapopulations [9, 10]. The metapopulation concept is to subdi-
vide the entire population into distinct patches, each of which has independent dynamics,
with limited interaction between the subpopulations. An SIS epidemic model is proposed
to describe the dynamics of the disease spread among patches due to population disper-
sal. This mobility model is inspired by Arino and van den Driessche [4, 3]. In [4] Arino
and van den Driessche considered a mobility model with residents and travelers adapted
from Sattenspiel and Dietz [14] by adding demography. However to work with a constant
overall population, the authors suppose that birth and death occurs with the same rate.
Actually these authors study a SIS dynamic on each patch. The population is divided into
two classes : susceptible individuals and infectious individuals. Susceptible individuals
become infective after adequate contact with infective individuals. Infective individuals
return to susceptible class when recovered. Gonorrhea and other sexually transmitted di-
seases or bacterial infections exhibit this phenomenon. In [4] they give a rigorous deriva-
tion of the basic reproduction number, R, which is the average number of new infectives
produced by one infective introduced into a susceptible population [7, 8]. They also give
bounds on R, as well as some numerical simulations indicating that Ry = 1 acts as a
sharp threshold between the disease dying out (Rg < 1) and endemic disease (Ro > 1).

We confirm the conjecture of Arino and van den Driessche. We prove that if Ry < 1
then the disease free equilibrium is globally asymptotically stable. If Ry > 1 we prove
that there exists a unique endemic equilibrium which is globally asymptotically stable on
the nonnegative orthant except the disease free equilibrium (i.e., the origin).

2. The migration model

Suppose that the total number of patches is n. In the following we call residents of
a patch ¢ the individuals who were born in and normally live in this patch, and travelers
the individuals who, at the time they are considered, are not in the patch they reside in.
We denote the number of residents of patch ¢ who are present in patch j at time ¢ by N;;.
Letting N, be the resident population of patch ¢ at time ¢, then

NI = Z N;.
j=1

Also, letting N¥ the population of city ¢ at time ¢, i.e., the number of individuals who are
physically present in patch 4, both residents and travelers, then

NP = Zﬂ: Nji.
j=1
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