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ABSTRACT 

This paper discusses the combine effect of a reserve trancriptase (RT) inhibitor and immuno booster therapy to 

HIV infection of healthy  𝐶𝐷4+ 𝑇 cells. The model is constructed with four variables, namely susceptible 𝐶𝐷4+ 𝑇 

cells, pre-RT infected 𝐶𝐷4+ 𝑇cells, post-RT infected 𝐶𝐷4+ 𝑇 cells, and the HIV viruses. Since the  𝐶𝐷4+ 𝑇 cells 

which are produced by the body are affected by the limited density of  𝐶𝐷4+ 𝑇 cells, the growth of  𝐶𝐷4+ 𝑇 cells 

is assumed to be logistic. We assume that the effect of the immuno booster is to increase the carrying capacity of 

the drug. We investigate the basic reproductive ratio and a critical therapeutic level and their effect to the disease 

endemic equilibrium point. The therapeutic effect was analyzed by comparing three different conditions of the 

endemic equilibrium, i.e. when there is no RT inhibitor, when only the RT inhibitor exists, and when both the RT 

inhibitor and the immuno booster effect exist. 
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1. INTRODUCTION  

Human Immunodeficiency Virus (HIV) is a virus that infects humans by attacking CD4 T cells 

(Lymphocyte T-helper), which is a cell that functions as a human immune system. Serving as helper cells, CD4+ 

T cells use proteins on their body surfaces to become HIV receptors. HIV attacks are carried out by binding to 

CD4+ T cells as receptors. Indications of exposure to HIV are indicated by the number of CD4+ <350/𝑚𝑚3   

lymphocytes or plasma viral load levels, which is the amount of virus in the blood of 10.000 – 30.000 copies/mL. 

In this condition, the patient is medically advised to take antiretroviral therapy (ARV) immediately (Astari et al, 

2009)  

Combination therapy with antiretroviral drugs commonly known as Highly Active Anti-Retroviral 

Therapy (HAART) is generally successful in repairing the immune system damaged by HIV, observed by 

increasing the number of CD4+ T cells and reducing the amount of viral load in the blood so that it can overcome 

HIV infection, as revealed from various results (Wilandika, 2018). Research by LV et al (2017) showed that 

HAART was able to increase CD4+ cell count by 4.3 x103 cells/mL. but on the other hand there are also cases of 

complications and death. Research by Agu et al (2013) revealed that HAART administration was able to 

significantly increase CD4+ cell count only at the start of therapy, and research by Liu et al (2006) stated on the 

contrary that giving HAART was not able to improve physical health. Therapy with HAART aims to inhibit the 

process of HIV replication. The HIV replication process occurs in the following three stages, namely the fusion 

stage, the provirus stage and the maturation stage. Of the three stages, the provirus stage is the core of the 

replication process, at that stage, with the Reverse Transcriptase (RT) enzyme, viral RNA copies human RNA 

and then with the viral RNA integration enzyme combines with human DNA 

Until now, HAART continues to be the object of HIV research, with various objectives including 

finding new types of drug combinations and drug efficacy even though there are patients who experience side 

effects from HAART therapy. Mathematically HIV infection against 𝐶𝐷4+ and HAART therapy can be modeled 

to obtain the effectiveness of therapy or other purposes. Mathematical models that discuss HIV infection, 𝐶𝐷4+ 
T cells and drug therapy include Parelson and Nelson (1999) who formulated a model of HIV internal transmission 

from three compartments, namely healthy 𝐶𝐷4+ T-cells, infected 𝐶𝐷4+ T cells and viruses with logistic cell 

growth and drug therapy, RT inhibitors, protease inhibitors and their combination and Srivastava, et.al. (2009), 

who formulated a model of four compartments, namely healthy 𝐶𝐷4+ T-cells, 𝐶𝐷4+ T-cells infected before the 

copying process finished and Virus, with constant growth and drug therapy, RT inhibitors. 

This present paper discusses a mathematical model of HIV infection that destroys 𝐶𝐷4+ T-cells using 

RT inhibitor and immuno booster therapy. The purpose of this work was to examine the effect of RT inhibitor and 

immuno booster therapy on the growth of HIV and 𝐶𝐷4+T-cells counts, both healthy 𝐶𝐷4+ and infected 𝐶𝐷4+T-

Cells. Thus, dynamic analysis can be used to investigate optimal therapeutic strategies for clearing HIV. 

 

  



2. MATHEMATICAL MODEL OF HIV TRANSMISSION  WITH RTI INHIBITOR AND IMMUNO 

BOOSTER 

 
2.1 Basic Model and Notations 

The model is built with the following compartments 

𝑇        = Population of susceptible 𝐶𝐷4+ T–cells  

𝑇𝑚𝑎𝑥  = Population of susceptible 𝐶𝐷4+ T–cells population maximum 

𝐼𝑥       = Population of    𝐶𝐷4+ T – cells pre – RT  

𝐼𝑦       = Population of  𝐶𝐷4+ T – cells post – RT  

𝑉        = Virus  

 

Assumption : 

1. There is a proliferation of 𝐶𝐷4+ T–cells that enter the T compartment (f(t)) 

2. There is an interaction of 𝐶𝐷4+ T–cells – virus, during fusion until before the RT copying process is 

complete, from the T compartment to 𝐼𝑥 (k) 

3. During the interaction of 𝐶𝐷4+ T–cells – virus, there is a virus that does not successfully carry out the 

copying process (b). 

4. During the interaction of 𝐶𝐷4+ T–cells – viruses, there are viruses that also successfully complete the 

copying process (α). 

5. Infected T cells produce viral N during their lifetime. 

6. There is an interaction between 𝐶𝐷4+ T–cells – virus and the effect of RT inhibitors during fusion until 

before the copying process by the RT enzyme is complete 

7. There is an interaction of 𝐶𝐷4+ T–cells  – virus and the effect of RT inhibitors on viruses that successfully 

complete the copying process (1-η)α 

8. There is an interaction between 𝐶𝐷4+ T–cells, RT Inhibitor and Immuno Booster 

9. All parameters and variables used are not negative 
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                                        Fig 1. HIV Infection Model with RT Inhibitor and Immuno Booster 

 

so that the following model is obtained 
𝑑𝑇

𝑑𝑡
= 𝑠𝑇 (1 −

𝑇

(1 + 𝛽𝜂)𝑇𝑚𝑎𝑥
) − 𝑘𝑉𝑇 + (𝜂𝛼 + 𝑏)𝐼𝑥

𝑑𝐼𝑥
𝑑𝑡

= 𝑘𝑉𝑇 − (𝜇 + 𝛼 + 𝑏)𝐼𝑋

𝑑𝐼𝑦
𝑑𝑡

= (1 − 𝜂)𝛼𝐼𝑥 − 𝛿𝐼𝑦

𝑑𝑉

𝑑𝑡
= 𝑁𝛿𝐼𝑦 − 𝑐𝑉 }

 
 
 
 

 
 
 
 

… (1) 

     Parameter 

Parameter Requirement Information 

𝑠 𝑠 > 0 The rate of new T cell proliferation resulting from the thymus cells 

𝑘 𝑘 > 0 The rate of infected CD4+ T cells (fusion step) 

𝛼 𝛼 > 0 The transition rate of C CD4+ T cells infected pre-RT to post-RT 

𝑏 𝑏 > 0 The rate of transition CD4+ T cells from the class to the infected T 

cells susceptible for RTI 

𝜇 𝜇 > 0 Natural mortality rate of infected  CD4+ T cells pre-RT 

𝛿 𝛿 > 0 The mortality rate of infected CD4+ T cells post-RT   

𝑐 𝑐 > 0 The mortality rate of the virus 

𝑁 𝑁 > 0 Total number of virus produced  by infected  CD4+ T cell  

 

𝑇 

𝐼𝑦 

𝐼𝑥       



𝜂 0 < 𝜂 < 1 Eficacy RTI 

𝛽 0 < 𝜂 < 1 Eficacy Immuno Boster 

 

2.2. Model Analysis Model and Existence   

  Equilibrium Point 

The model (4.1) is said to have an equilibrium point if 𝑥′ = 𝐹(𝑥) or dT

dt
, xdI

dt
,

ydI

dt

and dV

dt
 has solutions for 

0
dt

dT , 0
dt

dIx , 0
dt

dI y  dan 0
dt

dV , in other words The equilibrium point equation is obtained when the 

population growth reaches zero (zero growth rate). So the system of equations (1) becomes: 

 

𝑠𝑇 (1 −
𝑇

(1 + 𝛽𝜂)𝑇𝑚𝑎𝑥
) − 𝑘𝑉𝑇 + (𝜂𝛼 + 𝑏)𝐼𝑥 = 0

𝑘𝑉𝑇 − (𝜇 + 𝛼 + 𝑏)𝐼𝑋 = 0
(1 − 𝜂)𝛼𝐼𝑥 − 𝛿𝐼𝑦 = 0

𝑁𝛿𝐼𝑦 − 𝑐𝑉 = 0 }
 
 

 
 

      … (2) 

The solution of equation (2) is the following equilibrium point : 

1. Non infection Equilibrium point (𝐸1) and (𝐸2), namely : 

   1 0,0,0,0E   

is a trivial solution, so point 𝐸1  is always exists;  

 (𝐸2) = ((1 + 𝛽𝜂)𝑇𝑚𝑎𝑥 , 0,0,0) 

Point 𝐸2 indicates that in an equilibrium state, the number of susceptible 𝐶𝐷4+ T–cells populations is 

maximum, but on the other hand, 𝐶𝐷4+ T–cells that are infected pre-RT, 𝐶𝐷4+ T–cells that are post-RT 

infected and the virus can be completely extinct. 

2. Endemic Infection Equilibrium namely :
 
𝐸3 = {𝑇∗, 𝐼𝑥

∗ , 𝐼𝑦
∗ ,𝑉∗}, following:  

 

                      𝑇∗ = −
𝑐(𝜇+𝛼+𝑏)

𝑘𝑁𝛼(−1+𝜂)
  ,         … (3)                         

 

𝐼𝑥
∗ =

𝑘𝑉∗𝑇∗−(𝑠𝑇∗(1−
𝑇∗

(1+𝛽𝜂)𝑇𝑚𝑎𝑥
)

𝜂𝛼+𝑏
    ,     … (4)

     

            𝐼𝑦
∗ =

𝛼(𝜂 − 1)𝐼𝑥
∗

𝛿
      ,           … (5)     

 

              𝑉∗ =
𝑁𝛿𝐼𝑥

∗

𝑐
      .               … (6) 

 

 

Point 𝐸3 states that in a state of equilibrium, when HIV has infected susceptible 𝐶𝐷4+ T–cells, there will 

always be a pre-RT infected 𝐶𝐷4+ T–cells population, a post-RT 𝐶𝐷4+ T–cells, infected population and the 

HIV virus which the number comparable to that of clean or die. 

 

Basic Reproduction Number  

  From the system of equations (1) we following basic reproduction number (𝑅0) is obtained  : 

𝑅0 =
𝑁𝑘(1+𝛽𝜂)𝑇𝑚𝑎𝑥(1−𝜂)𝛼

(𝜇+𝛼+𝑏)𝑐
 .     … (7) 

The Basic Reproduction Ratio is influenced by the number of viruses produced during the infection process, the 

maximum number of 𝐶𝐷4+ T–cells with drug efficacy and immuno booster efficacy, infection rate (𝑘), infection 

transition rate (𝛼) minus the infection transition rate efficacy and inversely proportional to (𝜇 + 𝛼 + 𝑏)𝑐. 
Mathematical analysis of the equilibrium results in the following theorem. 

 

 

 



Teorema 1.  

The system of equation (1) always has a non-infectious equilibrium point 𝐸2 = (𝑇, 𝐼𝑥, 𝐼𝑦, 𝑉) = ((1 +

𝛽𝜂)𝑇𝑚𝑎𝑥, 0,0,0). Furthermore, if 𝑅0 > 𝟏,   0 < 𝜂 < 1 , and  𝑉∗ >
𝑠

𝑘
(1−

1

𝑅0
) then the equilibrium point 𝐸3 =

(𝑇∗, 𝐼𝑥
∗, 𝐼𝑦

∗ , 𝑉∗) exists. 

 

Proof : 

Substituting equation (7) into equation (3), we get the component of the infection endemic equilibrium point for 

compartment T which is expressed as : 

𝑇∗ =
(1+𝛽𝜂)𝑇𝑚𝑎𝑥

𝑅0
  .    

It is clear that if 𝑅0 > 1 then the infection endemic point component for compartment 𝑇 exists or 𝑇∗ > 0 
Furthermore, by substituting equation (7) into equation (4), we get : 

 

𝐼𝑥
∗ =

𝑘𝑉∗𝑇∗−(𝑠𝑇∗(1−
1
𝑅0
)

𝜂𝛼+𝑏
    .      

Furthermore, we have 

   
𝑘𝑉∗𝑇∗−(𝑠𝑇∗(1−

1

𝑅0
)

𝜂𝛼+𝑏
> 0   ,       

𝑘𝑉∗𝑇∗ − 𝑠𝑇∗ (1 −
1

𝑅0
) > 0   ,  

𝑘𝑉∗ > 𝑠 (1 −
1

𝑅0
), 

which is equivalent to 

 𝑉∗ >
𝑠

𝑘
(1 −

1

𝑅0
). 

Clearly for 𝑅0 > 1  then 𝑉∗ > 0. 

Consequently, the component of the endemic point of infection for the compartment  𝐼𝑥 exist or 𝐼𝑥
∗ > 0   

Next for the equation (5)  

            𝐼𝑦
∗ =

𝛼(𝜂 − 1)𝐼𝑥
∗

𝛿
> 0      ⟺  𝐼𝑥

∗ > 0  , 0 ≤ 𝜂 < 1.              

 

This means the component of the endemic point of infection for the compartment  𝐼𝑦 exist or 𝐼�̅� > 0  

Next for the equation (6) obtained :  

              𝑉∗ =
𝑁𝛿𝐼𝑦

∗

𝑐
 > 0         ⟺    𝐼𝑦

∗ > 0. 

Then the component of the endemic point of infection for the compartment  𝑉 exist or 𝑉∗ > 0. 

This all have proved that 𝐸2 = (𝑇∗, 𝐼𝑥
∗, 𝐼𝑦

∗ , 𝑉∗) ada jika 𝑅0 > 1,  0 ≤ 𝜂 < 1 dan  𝑉∗ >
𝑠

𝑘
(1−

1

𝑅0
). 

 

Equilibrium Point Stability Analysis 

The stability of the equilibrium point of the system of equations (1) is obtained by linearizing the model via  its 

Jacobian matrix. The linearization is carried out around the equilibrium point (𝐸) with the resulting Jacobian 

matrix 



          …(8) 

 

 

The evaluation of the Jacobian matrix resulting in the following theorem 

 

Theorem 2: Equilibrium Point non Endemic Stability (𝑬𝟐) 

 

The equilibrium point 𝐸2 , i.e. the non endemic equilibrium point is locally asymptotically stable if  𝑅0 < 1 and 

unstable if 𝑅0 > 1    

Proof :  

If 𝐸2 substituted into equation (8), then we get the following Jacobian matrix 

 

     … (9) 

 
So that the characteristic equation :

 𝑃4 = (𝜆 + 𝑠)(𝜆3 + ((𝜇 + 𝛼 + 𝑏) + (𝛿 + 𝑐))𝜆2 + ((𝜇 + 𝛼 + 𝑏)(𝛿 + 𝑐) + 𝑐𝛿)𝜆 

+𝑐𝛿(𝜇 + 𝛼 + 𝑏) − (𝛿𝑘(1 + 𝛽𝜂)𝑇𝑚𝑎𝑥(1 − 𝜂)𝛼)) = 0 

 

The coefficient of the cube polynomial is : 

𝐵 = 𝜇 + 𝛼 + 𝑏 + 𝛿 + 𝑐 > 0, and 

𝐶 = (𝜇 + 𝛼 + 𝑏)(𝛿 + 𝑐) + 𝑐𝛿 > 0. 

We need all parameters are positive, then it is necessary: 

 

𝐷 = 𝑐𝛿(𝜇 + 𝛼 + 𝑏) − (𝑁𝛿𝛼𝑘𝑇𝑚𝑎𝑥(1 − 𝜂) + (1 − 𝜂)𝛽𝜂 > 0 

𝐷 =
(𝜇 + 𝛼 + 𝑏)𝑐

𝑘(1 + 𝛽𝜂)𝑇𝑚𝑎𝑥(1 − 𝜂)𝛼
− 1 = 0 

 

𝐷 =
1

𝑅0
> 1 equivalent to 𝑅0 < 1. 

 
So the infection-free equilibrium point is locally asymptotically stable. 

 

 

 

Theorem 3: The Stability of the Infection Endemic Equilibrium point (𝑬𝟑) 

 

The equilibrium 𝐸3, i.e. the endemic equilibrium point is locally asymptotically stable if  𝑅0 > 1 and unstable if 

𝑅0 < 1.   

Proof :  

If 𝐸3 is substituted into equation (8), then we get the following Jacobian matrix 

 



[
 
 
 
 (𝑠 −

2𝑠𝑇∗

(1 + 𝛽𝜂)𝑇𝑚𝑎𝑥
) − 𝑘𝑉∗ 𝜂𝛼 + 𝑏    0 −𝑘𝑇∗

𝑘𝑉∗ −𝜇 − 𝛼 − 𝑏    0   𝑘𝑇∗

0
0

(1 − 𝜂)𝛼
0

−𝛿
𝑁𝛿

0
−𝑐 ]

 
 
 
 

 

 
which has the characteristic equation : 

 

𝑃4(𝜆) =
1

(1 + 𝛽𝜂)𝑇𝑚𝑎𝑥
((1 + 𝛽𝜂)𝑇𝑚𝑎𝑥𝜆

4 + ((𝜇 + 𝛼 + 𝑏 + 𝛿 + 𝑐 + 𝑘𝑉∗ − 𝑠)(1 + 𝛽𝜂)𝑇𝑚𝑎𝑥+2𝑠𝑇
∗)𝜆3 

   + ( (𝜇 + 𝛼 + 𝑏)(𝛿 − 𝑠 + 𝑐)(1 + 𝛽𝜂) + 𝑐𝛿)𝑇𝑚𝑎𝑥 − (𝑘𝑉
∗𝑇𝑚𝑎𝑥𝜂𝛼(1 + 𝜂𝛽) + (𝑘𝑉

∗𝑇𝑚𝑎𝑥𝜂𝛽) 
(𝜇 + 𝛼 + 𝛿 + 𝑐) + 2𝑠𝑇∗(𝜇 + 𝛼 + 𝑏 + 𝛿 + 𝑐) + 𝑘𝑉∗𝑇𝑚𝑎𝑥(𝜇 + 𝛼 + 𝛿))𝜆

2 + (−(𝜇 + 𝛼 + 𝑏)(𝑠 − 𝑐)𝛿 

(𝜇 + 𝛼 + 𝑏 + 𝛿)𝑐𝑠)𝑇𝑚𝑎𝑥((𝜇 + 𝛼 + 𝑏)((𝑐 − 𝛿)𝑠 + 𝑐𝛿)) − (𝜇 + 𝛼 + 𝑏 + 𝛿)𝑐𝑠)𝑇𝑚𝑎𝑥𝛽𝜂) 

+(((𝛿 + 𝑐)(𝜇 + 𝛼) + 𝛼𝜂) + 𝑐𝛿) 𝑘𝑉∗𝑇𝑚𝑎𝑥 + ((𝜇 + 𝛼 + 𝑏 + 𝛿)𝑐 + (𝜇 + 𝛼)𝛿)𝑠𝑇
∗ 

+(𝜇 − 𝛼(1 − 𝜂) + 𝑐 − 𝑁𝑇∗)𝛿𝛽𝜂𝑘𝑉∗𝑇𝑚𝑎𝑥)))𝜆 + (−(𝜇 + 𝛼 + 𝑏)(1 + 𝛽𝜂))𝑐𝛿𝑠𝑇𝑚𝑎𝑥) 
+(𝜇 + 𝛼 + 𝛽)2𝑐𝑠𝛿𝑇∗ + (𝜇 + 𝛼)𝑐𝛿𝑘𝑉∗𝑇𝑚𝑎𝑥 

 

The numerical simulation suggest that this equilibrium point is stable when 𝑅0 > 1. 

 

 

 

3. NUMERICAL SIMULATION 

Numerical solution is done using Runge-Kutta order 4 for HIV infection model with RT Inhibitor and Immuno 

Booster with logistic growth.  The parameter values and initial conditions used follow Table 1 and Table 2. 

 

Table 1. Parameter Value  

Parameter Nilai Parameter  Parameter Nilai Parameter  

𝑠 10 𝑚𝑚−3/𝑑𝑎𝑦 𝜂 0.6 −  0,9 

𝑘 0.000024 𝑚𝑚3/𝑑𝑎𝑦 𝛼 0.4 /𝑑𝑎𝑦 

𝛿 0.26/𝑑𝑎𝑦  𝑏 0.05/𝑑𝑎𝑦 

𝑁 100 –  1000 𝑐 2.4 /𝑑𝑎𝑦 

𝜇 0.015   

Source: Taken from PK Srivastava et.al., 2009 

 

Table 2.  Initial Value 

 

𝑇(0) 𝐼𝑥(0) 𝐼𝑌(0) 𝑉(0) 

300 𝑚𝑚−3 10 𝑚𝑚−3 10 𝑚𝑚−3 10 𝑚𝑚−3 

 
Simulation Results for Non Endemic Case 

 
Numerical simulation results for  𝑁 = 100 are shown in Fig. 2 

        

(a) Compartment 𝑇   (b)  Compartment 𝐼𝑋       (c) Compartment 𝐼𝑦    (d)  Compartment  𝑉 

Fig 2. Population Dynamic 𝑇, 𝐼𝑥 , 𝐼𝑦 , 𝑉 when  𝑁 = 100 



Fig 2. Shows that the 𝑇 compartment is not affected by 𝑁, this is because the number of 𝑇 compartments remains 

maximum and the populations 𝐼𝑥, 𝐼𝑦  and 𝑉 can become extinct by themselves, although at 𝑉 the extinction time 

is different. 

 

Simulation Results for Endemic Case  

 

The numerical simulation results for 𝑁 = 200 and 𝑡 = 200, with the case: (a) without RT Inhibitor and (b) with 

RT inhibitor and without/with immune booster are obtained as follows : 

              
a. 𝑉no Immuno Boster                        b. 𝑉with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6                 c. 𝑉 with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fiq 3. Population Dynamics of   𝑉 when 𝑁 = 200 

Figure 3. shows that without RT Inhibitor and with immune booster 𝛽 = (0; 0,6; 1)  the number of virus 

(compartment 𝑉) will increase to above 180,000, then use of RT inhibitor with efficacy 𝜂 = 0,6  and immune 

booster 𝛽 = (0; 0,6; 1)  was able to clean compartment 𝑉, while in RT inhibitor 𝜂 = 0,41  and immune booster 

𝛽 = 0,6  compartment 𝑉 was above 120,000 and with immune booster (𝛽 = 1) compartment 𝑉 was above 

120,000.     

                 

a. 𝐼𝑥 no Immuno Boster                        b. 𝐼𝑥with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6            c. 𝐼𝑥 with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fig 4. Population Dynamic  𝐼𝑥 when 𝑁 = 200 

Figure 4. shows that without RT Inhibitor (𝜂 = 0)  and with immune booster (𝛽 = 0; 0,6; 1)  the virus was able 

to increase the number of infected cells before the RT process (compartment 𝐼𝑥)   up to 600, the use of RT inhibitor 

(𝜂 = 0,41) with immune booster (β=0.6; 1) unable to suppress the number of compartments 𝐼𝑥, the number of 

compartments 𝐼𝑥   increased to above 1,000, and at RT Inhibitor (𝜂 = 0.6) compartment 𝐼𝑥  was able to be cleaned 

in immune booster (𝛽 = 0,6), but there is a slight growth of compartment 𝐼𝑥  in immune booster (𝛽 = 0) and 

(𝛽 = 1). 

                    



a. 𝐼𝑦 no Immuno Boster                        b. 𝐼𝑦with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6            c. 𝐼𝑦 with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fig 5. Population Dynamic  𝐼𝑦 when 𝑁 = 200 

Figure 5. shows that without RT Inhibitor (𝜂 = 0) and with immune booster 𝛽 = (0; 0,6; 1) virus was able to 

increase the number of infected cells after the RT process (compartment 𝐼𝑦) up to 900, the use RT inhibitor (𝜂 =

0,41) with immune booster 𝛽 = (0,6) only able to inhibit the number of compartment 𝐼𝑦 but still above 600 and 

with immune booster (𝛽 = 1) the virus was able to increase the number of compartment 𝐼𝑦 to 1,000, and with RT 

Inhibitor (𝜂 = 0,6) and immune booster (𝛽 = 0,6) the number of compartment 𝐼𝑦, and immune booster  (𝛽 =

0; 1) there was a slight growth  

 

            
a. 𝑇no Immuno Boster                 b. 𝑇with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6         c. 𝑇with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fig 6. Population Dynamic  𝑇 when 𝑁 = 200 

Figure 6. Shows that without RT Inhibitor and immune booster 𝛽 = (0; 0,6; 1) the number of healthy cells 

(compartment 𝑇) decreased 1000 to 600, then with RT inhibitor (𝜂 = 0,4) and immune booster (𝛽 = 0) 

compartment 𝑇 increased to above 1.400, with immune booster (𝛽 = 0,6) compartment 𝑇 increased to bove  

1.600 and with use RT inhibitor (𝜂 = 0,6) and with immune booster (𝛽 = 0) compartment  𝑇 stable was 1.000, 

with immune booster (𝛽 = 0,6) compartment 𝑇 increased a bove 1.400 and with immune booster (𝛽 = 1) 

compartment 𝑇 increased to close to 1,800.    

The numerical simulation results with 𝑁 = 700 and 𝑡 = 150 − 200 days, without RT Inhibitor and with RT 

inhibitor and without immune booster and with immune booster are obtained as follows: 

        
a. 𝑉no Immuno Boster                        b. 𝑉with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6                 c. 𝑉 with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fig 7. Population Dynamic  𝑉 when 𝑁 = 700 

Figure 7. shows that without an RT Inhibitor and with immune booster 𝛽 = (0; 0,6; 1) there was an increase in 

the number of viruses (compartment 𝑉) up to 400.000, while the use an  RT inhibitor 𝜂 = 0,7, without an immune 

booster (𝛽 = 0) increased the number of 𝑉 compartment was less than 600.000, with immune booster (𝛽 = 0,6) 
increased the number compartment 𝑉 increasing the number of  𝑉 compartments  800.000 and with immune 

booster  (𝛽 = 1) the number of  𝑉 compartment was less 600.000. With RT inhibitor (𝜂 = 0,83), without immune 

boster (𝛽 = 0) compartment 𝑉 could be completely cleared, and with immune booster (𝛽 = 0,6) the number 

compartment 𝑉 was closer to 800.000 and with immune booster (𝛽 = 1) the number compartment 𝑉 is close to 

700.000 and with RT inhibitor (𝜂 = 0,9) and with immune booster (𝛽 = 0,6: 1) compartment 𝑉 can be cleared. 

 



                     

a. 𝐼𝑥 no Immuno Boster                        b. 𝐼𝑥with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6            c. 𝐼𝑥 with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fig 8. Population Dynamic  𝐼𝑥  when  𝑁 = 700 

Figure 8. shown that without RT Inhibitor (𝜂 = 0) and immune booster (𝛽 = 0; 0,6; 1) the virus was able  to 

increase the number of infected cells before the RT (compartment 𝐼𝑥)  to 6.000 and then stabilized at 4.000, on 

RT inhibitor (𝜂 = 0,7) and immune booster (𝛽 = 0,6;  1) increased the number of  compartment 𝐼𝑥 up to 25.000 

and approached 30.000, and on RT Inhibitor (𝜂 = 0,83) and immune booster (𝛽 = 0) compartment 𝐼𝑥 able to be 

cleaned but compartment 𝐼𝑥 increased up to 2000 after day 50, on immune booster (𝛽 = 0,6: 1), compartment 𝐼𝑥 

increased up to 40.000 after day RT Inhibitor (𝜂 = 0,9) and immune booster (𝛽 = 0; 0,6; 1) able to clean 

compartment 𝐼𝑥. 

                    
a. 𝐼𝑦 no Immuno Boster                        b. 𝐼𝑦with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6            c. 𝐼𝑦 with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fig 9. Population Dynamic 𝐼𝑦 when 𝑁 = 700 

Figure 9. Shows that without RT Inhibitor (𝜂 = 0) and with immune booster 𝛽 = (0; 0,6; 1) the virus was able to 

increase the number of infected cells after the RT process (compartment 𝐼𝑦) to 6.000  then stabilized at 5.000, 

using RT inhibitor (𝜂 = 0,7) with immune booster 𝛽 = (0)  increased compartment 𝐼𝑦 above 8.000 with immune 

booster (𝛽 = 0,6; 1) increased compartment 𝐼𝑦 to 12.000 and 14.000, then with RT Inhibitor (𝜂 = 0,8) on 

immune booster 𝛽 = (0) compartment 𝐼𝑦 can be cleaned, but on immune booster (𝛽 = 0,6: 1), compartment 

𝐼𝑦 increases to 10.000 and 14.000, with RT Inhibitor (𝜂 = 0,9) and immune booster 𝛽 = (0 ; 0,6 ∶ 1) successfully 

cleared compartment 𝐼𝑦   

 

                              
a. 𝑇no Immuno Boster                 b. 𝑇with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 0.6         c. 𝑇with 𝐼𝑚𝑚𝑢𝑛𝑜 𝐵𝑜𝑠𝑡𝑒𝑟 = 1 

Fig 10. Population Dynamic  𝑇 when  𝑁 = 700 



Figure 10. Shows that with RT Inhibitor and with immune booster 𝛽 = (0; 0,6; 1) the number of healthy cells 

(compartment 𝑇) decreased from 1000 to 0 then increased and finally stabilized at 200, then with RT inhibitor 

(𝜂 = 0,7) and immune booster (𝛽 = 0; 0,6 ; 1) the number 𝑇  compartments decreased from 1000 to 600,  up to 

1400 down to 600 and up to 1700 down to 600 within 50 days, then stabilized at the number of 600, while on the  

RT inhibitor (𝜂 = 0,8) and without immune booster (𝛽 = 0) the stable 𝑇 compartment was 1.000, with immune 

booster (𝛽 = 0,6; 1) the number of each T compartment increased to 1.500 decreased to 800; increased to 1.800 

increased to 1.000,  then for RT inhibitor (𝜂 = 0,9) and  immune booster (𝛽 = 0; 0,6 ;  1) the number  

compartment 𝑇 respectively was stable at 1000, increased from 1,000 > 1.500 and increased from 1000 to >1.800   

4. CONCLUSION 

In this paper carried out the analysis on the model of combine effect of reverse transcriptase inhibitor and immuno 

booster, the results obtained are as follows: 

 

For N = 200, the combination RT inhibitor and immune booster gives the following results :  

𝜂 : 0,4  withouth immune booster then 𝑇 stable at the amount 1000 

𝜂 : 0,4  with immune booster (𝛽 = 0.6) then 𝑇 grows up to 1400 

𝜂 : 0,4  with immune buster (𝛽 = 1) then T grows up to 1700  and 

𝜂 : 0,6  withouth immune booster then 𝑇 stable at the amount 1000 

𝜂 : 0,6  with immune booster (𝛽 = 0.6) then 𝑇 grows up to 1500 

𝜂 : 0,6  with immune buster (𝛽 = 1) then T grows up to 1800  

 

For  N = 700, the combination RT inhibitor and immune booster gives the following results :  

𝜂 : 0,7 ; 0,8; 0,9 :  withouth immune booster then 𝑇 stable at the amount 1000, except (𝜂 : 0,7) the number of T 

drops to  600  

𝜂 : 0,7  with immune booster (𝛽 = 0.6) then 𝑇 increased to 1400 and with immune booster (𝛽 = 1) then T 

increased to 1700 then the number of  T cell drops to 600 

𝜂 : 0,8  with immune buster (𝛽 = 0,6) then 𝑇 increased to 1500 then the number of T decreased to 800 

𝜂 : 0,8  with immune booster (𝛽 = 1)  then the number 𝑇 increased to 1700 and back to 1000   

𝜂 : 0,9  with immune buster (𝛽 = 0,6: 1) then the number 𝑇 increased to 1500 and 1800  

 

In general the use of  RT inhibitor with  the combination of immune booster yield a good prediction for increasing 

the number of 𝐶𝐷4+ 𝑇 cell. 
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