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Introduction

Human immunodeficiency virus (HIV), which leads to acquired
immunodeficiency syndrome, is a pandemic which is almost very dangerous
and fatal if untreated and uncontrolled. HIV targets, among others, the CD4* T
lymphocytes, which are the most abundant white blood cells of the immune
system. It is thought that HIV, although attacking many different cells, wreaks
the most havoc on the CD4* T-cells by causing their destruction and decline,

and decreasing the body’s ability to fight infection.

Mathematical modeling has been useful in analyzing various diseases
dynamics, such as HIV, Tuberculosis and Malaria. Also, plays an important role
in the better understanding of epidemiological patterns for diseases control.
Recently, many mathematical models have been developed to describe the
immunological respect to infection with human immunodeficiency virus. The
large amount of work done on modeling the HIV infection has been restricted
to integer order ordinary differential equations. Since fractional order
derivatives possess a memory effect, the fractional calculus and their
applications have been widely used in various fields. In 2013, Rihan provided
a class of fractional order differential models of biological system with
memory, such as dynamics of tumor-immune system and dynamics of HIV
infection of CD4* T cells. In this paper we consider a fractional order model of
HIV infection consist of three components: the healthy CD4*T-cell (T(t)),
infected CD4*T (I(t)) and free virus (V(t)). This model is a system of fractional
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order ordinary differential equations and is equivalent to a system of weakly

singular volterra integral equations.

Numerical method

At first, we transform the model of HIV to a system of weakly singular volterra
integral equations. Then we consider a set of grid points on desired interval and
collocate the system on these points. By approximate the integrals with
extrapolation and product integration methods; we obtain a nonlinear system of
algebraic equations in each step that can be solved by using an iterative method

or by using a suitable software package such as Matlab.

Results and discussion

Using Gronwall inequality and some manipulation leads to convergence of the
proposed method. In order to confirm the theoretical results, we solve a test
example by using presented technique and compare the obtained results with

the Runge-Kutta and Bessel collocation methods.

Since most of the numerical methods are efficient only for intervals of small

length (say [0, 1] or [-1,1]), we also apply the introduced method for 100 days.

Conclusion

The following conclusions were drawn from this research:

e For a given step size h, the order of convergence for the introduced
method is at least h®.

e  The proposed method in this paper is one of the most suitable methods
for large intervals.

e Ascompared with the well-known methods, the computation time for
this method is small.

e The proposed method has a simple structure for application.
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