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Abstract: The parameter,     , called the basic reproduction number, can be obtained 

by the methods called First Generation and Eigen-value Approaches. The significance 

of this parameter is to summarize the dynamics of an infection in human populations. 

This parameter is called a threshold parameter. A population gets infected by an 

infectious disease if         Epidemiologists thrive to have        so that the 

disease dies out. However, some simple models of bacterial-caused diseases (such as 

malaria) revealed that, in theory, it is possible for an infection to persist indefinitely 

even if we have       . If we encounter such a scenario, we call it a bitable 

equilibrium. This paper focuses mainly on the analysis of the Disease-Free 

Equilibrium Point [DFEP], using the first generation and eigen-value approaches to 

see the circumstances surrounding the propagation of an infectious disease. The 

results displayed the fact that, the disease dies out if the reproduction number is     
 . 

Keywords: Virus Propagation, First Generation Approach, Eigen-value Approach, 

Dimensionalising Original Variables and Parameters. 

 

INTRODUCTION 

Epidemiologists fight hard to arrest the Human Immunodeficiency Virus 

[HIV], which weakens the immune system. Should this happens, the immune system 

cannot fight off foreign bodies such as germs, viruses and fungi [1]. 

 

If there is no intervention, the viruses invade the white blood cells and introduce their information. Without 

treatment, this will lead to cell budding which causes AIDS, (Acquired Immune Deficiency Syndrome). HIV infected 

people are very susceptible to certain uncommon diseases and illnesses because of the weaker immune system. In U.S. 

about 1.2 million people are living with HIV infection, this is with reference to the CDC, and there are about 50,000 new 

HIV cases observed each year [2]. 

 

The Model 

The simple model that describe the dynamics of the propagation of HIV in the human body is given by 
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We now find R0 using the First Generation method 
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The eigenvalues are obtained from | FV
-1 

- I |=0. The eigenvalues are 
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Finding the Wild Strain Equilibrium Point 

This exist if  
.0
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From the equation   
 

  ).........(..............................0
*

*

**

vI
S

N

AI

ww

ww
w







 

Substituting (iv) into (v) and simplifying we get: 
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that is the absence of the resistant strain 
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Simplifying in terms of  S*  we get  
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Finding the Resistant Strain Equilibrium Point 

This exist if  .0
dt

dA

dt

dI

dt
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From the equation     
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Substituting equation (iv) into equation (v) and simplifying we get:    
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That is, in the absence of the resistant strain      
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Simplifying in terms of S* we get   
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Finding the Coexistence Equilibrium Point  
This exist if 
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In addition, the Coexistence Equilibrium Point exist if    
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Finding the Diseases-Free Equilibrium Point (DFEP)  

 The DFEP exists if 
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There are several ways of controlling the disease, such as 

 Introducing treatment. 

 Abstaining from sex or stick to one partner.  

 Practising protective sex, such as using condoms. 

 Orienting the society about the cause of the disease and how to reduce transmission. 
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Expressing the model in dimensionless variables 

 Let 
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Finding Equilibria  
The Disease-free equilibrium point exists if i

*
= 0

 
 . From the last equation    

  00
****

3


mm
iikis

m

  since i
*
= 0         

From the fifth equation   

          10
***

3

*


mmm
m

skiss         

From the fourth equation 

   00)(
***
 rrvi   

 

 

From the second equation 

*

1

**

2
)()1(

1

titp
m

   
*

1
0 t  







p
. 

From the first equation 

http://saspjournals.com/sjpms


 

 

Confess Matete & Memory Mandiudza.; Sch. J. Phys. Math. Stat., 2018; Vol-5; Issue-2 (Mar-Apr); pp-130-136 

Available Online:  http://saspjournals.com/sjpms   135 

 

 

0)1(
*










p
sp  since r

*
= 

*

m

i = 0 )1(
*

ps   






p
. 

The disease-free equilibrium point becomes 
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Finding the Endemic Equilibria Point (EEP)  

This equilibrium point exists if i
*
0. From the fourth equation we have 

****
0)( i

v
rrvi







  

From the fifth equation we have 
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From the second equation we get: 
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From the first equation we obtain 

0)()1(
****

1
 vrisip

m
  

Solving for s
* 

we obtain s
* 
= 






















*

*

2

*

3

*

2

*

3

*

31

*

3

))(()1(

)(
)1(

)((
i

v

v

kiik

kip
p

kiki

ki













 

 

 

The EEP becomes 
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CONCLUSION 

The disease-free equilibrium point is stable if all the eigen-values are less than zero. 

 

OBSERVATION 

We observed that, the EEP is stable if the eigen-values are less tha zero.  This necessitates the disease to die out 

instead of continuing indefinitely. The reduction in    is achieved through interventions. 
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