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a b s t r a c t

In this paper, we study the global dynamics of a viral infection model with a latent period.
The model has a nonlinear function which denotes the incidence rate of the virus infection
in vivo. The basic reproduction number of the virus is identified and it is shown that the
uninfected equilibrium is globally asymptotically stable if the basic reproduction number
is equal to or less than unity. Moreover, the virus and infected cells eventually persist
and there exists a unique infected equilibrium which is globally asymptotically stable
if the basic reproduction number is greater than unity. The basic reproduction number
determines the equilibrium that is globally asymptotically stable, even if there is a time
delay in the infection.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

To develop a better understanding of a virus dynamics in vivo, mathematical models have played a significant role. By
modeling the dynamics of the virus and target cells, much knowledge about themechanism of the interactions among these
components has been gained (see [1–16] and the references therein). First of all, we introduce the standard viral infection
model:

d
dt

x(t) = s − dx(t) − kx(t)v(t),

d
dt

y(t) = kx(t)v(t) − δy(t),

d
dt

v(t) = Nδy(t) − µv(t)

(1.1)

where x(t), y(t) and v(t) denote the concentration of uninfected cells, infected cells and free virus particles, respectively. It
is assumed that new target cells are generated at a constant rate s and die at rate dx(t). Infection of target cells by free virus is
assumed to occur at rate kx(t)v(t) and die at rate δy(t). The average number of virus particles produced over the lifetime of a
single infected cell isN , which is also called the burst size. Hence, new virus particles are produced from infected cells at rate
Nδy(t) and die at rateµv(t). (1.1) has been used tomodel a virus dynamics in vivo, such as that of human immunodeficiency
virus type I (HIV-1) and hepatitis B virus (HBV) (see also [2,1,14,3,13,12] and the references therein).

(1.2) always has an uninfected equilibrium (x0, 0, 0), x0 =
s
d , corresponding to the extinction of the infected cells and

virus. It is also possible that an infected (internal) equilibrium (x1, y1, z1) exists. Existence of the infected equilibrium is
determined by a parameter which is called the basic reproduction number. The basic reproduction number denotes the
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