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ABSTRACT

In this article, the Adomian decomposition method (ADM) is applied to find the solution of HIV infection model of 

latently infected CD4+T cells. This method investigates the solution of ordinary differential equation which is 

calculated in the form of the components of an infinite series. These components can be easily calculated. The 

efficiency and the reliability of proposed method is demonstrated in different time intervals by numerical 

example. The derived results indicate that the approximate solution by using the ADM can be obtained in a more 

efficient way. All computations have been carried out by computer code written in Mathematica. 
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1. INTRODUCTION 

HIV is a virus which spreads through certain body fluids that attacks 

the body’s immune system. It kills and destroys CD4 cells, often called 

T cells. Over time, HIV can destroy so many of these cells and the body 

fails to fight off infections and disease. These special cells help the 

immune system to fight off infections. Untreated, HIV reduces the 

number of CD4 cells (T cells) in the body. This damage to the immune 

system makes it harder and harder for the body to fight off infections 

and some other diseases. Opportunistic infections or cancers take 

advantage of a very weak immune system and signal that the person 

has AIDS.  HIV/AIDS is a major global health problem all over the 

world. Millions of dollars have been spent every year in the treatment 

of the disease, but no cure is available yet [1].  Approximately 25 

million HIV infected individuals live in sub-Saharan Africa [Center for 

Disease Control (CDC); http://www.cdc.gov/ HIV]. 

A number of mathematical models have been proposed to understand 

HIV dynamics, disease progression, anti-retroviral response etc. [2-4]. 

Recent studies have shown that a significant proportion of CD4+T-

cells are infected by the virus, and that this specific population of T-

cells might be preferentially infected [5,6].  In 1989, a model for the 

infection of HIV was developed by a researcher. This model of the 

spread of the virus has three variables: the population sizes of 

uninfected cells, infected cells, and free virus particles. Mathematical 

and computational models of the human immune response under viral 

infection combined with experimental measurements has yielded 

important insights into HIV-1 pathogenesis and has enhanced 

progress in the understanding of HIV-1 infection. Hence, it is a useful 

tool to formulate meaningful mathematical models.  Mathematical 

modeling makes the prediction of disease outbreak. Also, it evaluates 

the prevention and drug therapy strategies used against HIV-1 

infection. 

In this work, the Adomian decomposition method (ADM) will be 

applied to the solution of HIV-1 infection model. For this, present work  

is divided in following section: In section (1.1), the formulation of the 

proposed model is discussed.  Section (1.2) is application of ADM to 

the proposed model. Section 3 is the numerical section.  Conclusion is 

drawn in section 4. 

1.1 Model of HIV-1 Infection with Latently Infected Cells 

In the rest of our work we will apply ADM to the solution of HIV-1 

infection model. We suppose that infected CD4+ T-cells [7,8] are either 

active or latent. From the loss of healthy T-cells due to infection, one 

fraction of these cells becomes active, or productively infected, while 

the rest remains latent. Both classes of infected cells are assumed to 

die with exponentially distributed waiting time [9]. With the simple 

mass-action infection term, we first study the following system of 

differential equations: 
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With the initial conditions 

𝑥0 = 𝑁1, 𝑤0 = 𝑁2, 𝑦𝑜 = 𝑁3, 𝑣0 = 𝑁4,  

where uninfected susceptible TCD +4  T-cells are created from sources 

within the body at a rate  .  Uninfected TCD +4 -cells die at rate d and 

become infected at rate xv  where   is the rate constant describing the 

infection process infected cells and die at rate 𝑎𝑦 free virus are produced 

from infected cells at rate ky  and are removed at rate uv . Free virus 

interact with the uninfected cells to produce actively infected cells at a rate 

xvq  and latently infected cells at a rate xvq )1( −  where the 
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parameter q , 10  q . Latently infected cells containing pro-viral DNA 

die at a rate e  and become activated at rate  . 

1.2 Solution of the system (3.1) by (ADM) 

Consider the following series [10-12]: 
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Applying inverse of the operator (.)dt

d  which is integration operator 

dt
t
(.)

0  to each equation in the system (1.1), we get 
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Using an alternate algorithm for computing Adomain polynomial and 

substitute initial conditions, we have the following scheme. 
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The first few first terms can be calculated as follows: 

Similarly, three terms approximations are given below: 
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Parameters Definitions values with 
sources 

1
N constant 7 

2
N constant 2 

3
N constant 1 

4
N constant 4 

  infected cells 0.04 

  uninfected TCD +4 0.4 

 constant 0.3 

d Death rate of host cell 0.01 

e infection rate by recombinant 0.1 

a Death rate of HIV-1infected cell 0.2 

k HIV-1 production rate by cell 0.6 

u pathogen removed rate 0.03 
q Removal rate of recombinant 0.8 

Four terms approximations: 























−
++=

++
+−

+−−=

++
++

−+=

−−
+−

−−=

4

32

4

76

54

32

4

76

54

32

4

76

54

32

4

00368988.0
06596768.009936.048.0)(

00011228.00002588186.0
180011807070.00000743659.0

056839573.0081254.008.22)(

01637533.00194114.0
70000251588.00694761807.0

44987584.07300668.006.9)(

0056144.00006447046.0
0011804889.0000246791.0

000656550.03055667.0316504.8)(

t
ttttv

tt
tt
ttttw

tt
tt

tttty

tt
t

ttttx

 

Five terms approximations: 
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2. NUMERICAL RESULTS AND DISCUSSION

The results are plotted in Figure (3.1) to (3.4). Figure (3.1) describes that 

normal CD4+cells increase with the passage of time. Figure (3.2) shows 

that latently infected cells decrease after some time while Figure (3.3) 

confirms that infected cells decrease and Figure (3.4) show that free virus 

decrease with time. For numerical results the values given in Table 1 are 

considered [13-15]. 

Figure 1: The plot shows the concentration of uninfected cells with respect to time t . 

Figure 2: The plot shows the concentration of latently infected cells with respect to time t .

Figure 3: The plot shows the concentration of infected cells with respect to time t . 
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Figure 4: The plot shows the concentration of pathogen virus with respect to time t . 

3. CONCLUSION 

HIV infection model for the transmission dynamics of four-compartmental 

deterministic mathematical model was considered qualitatively and 

quantitatively. The ability and power of the Adomian decomposing 

method (ADM) confirm that there is no need of effort device for 

investigating the solution of a non-linear system of ordinary differential 

equations and reliable. A significant use of the proposed method is that the 

approximate solutions can be find out effortlessly with computer 

programs in lesser amount of time. 
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