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Abstract


In this paper, sensitivity analysis was performed on a mathematical model of Human Immunodeficiency Virus (HIV) purposely to determine the parameters that has a pronounced effect on the basic reproduction number in the dynamical spread of the lenti virus. It was established that there exists total disease extinction whenever the basic reproduction is less than unity  and disease persists and spread out if otherwise. The relative sensitivity analysis of the parameters related to the basic reproduction number was computed and it was revealed that effective contact with HIV infected individuals and progression rate from HIV to full blown AIDS are the most sensitive parameters in the basic reproduction number. Thus, the result obtained suggests that medical practitioners and policy health makers should give critical attention to parameters that has a pronounced effect on the basic reproduction number.
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Introduction






Human Immunodeficiency Virus is a lenti virus which has been proven to be the etiological agent accountable for the Acquired Immunodeficiency Syndrome (AIDS). Since the inception of the epidemic, it has been and continues to be a major public health challenge, having claimed more than 35 million lives so far. In 2017, approximately 36.9 million people were living with HIV with 1.8 million people becoming infected and 940,000 people died from HIV related causes globally. In the same year 2017, 1 million people died of AIDS related illnesses and 21.7 million people had access to treatment. Human Immunodeficiency Virus (HIV) severely weakens the body immune system by attacking the T lymphocytes cells which are typically white blood cells that is believed to clear off invading microbes. In a healthy normal individual’s bloodstream peripheral, the T cells level is in between 800 and, which when this number falls belowin HIV infected patients, such patients will then be classified as having Acquired Immune Deficiency Syndrome (AIDS). HIV infects some other cell and weak the largest part of the T-cells and this causes destruction and decline in the T-cells and hence, reducing the confrontation of the susceptible system. 
	Human Immunodeficiency virus is found in saliva, tear and urine of an infected individual but the levels of the virus on these fluids are very minute in number. Myriads of researches had been carried out in the field of epidemiology in order to study the dynamical spread of Human Immunodeficiency Syndrome (HIV). The transmission of Human Immunodeficiency Virus (HIV) that causes Acquired Immunodeficiency Syndrome (AIDS) which is strongly associated with defenseless sex; it was made known that the present understanding of this epidemic will reach a higher prevalence threshold level when there are extensive sexual contacts between the sex workers and the general population. 

Mathematical Model Formulation















A non-linear mathematical model was formulated and analyzed to study the effect of some epidemiological features on the dynamical spread of HIV infection. The human population is subdivided into three classes which go thus; the class of Susceptible Individuals  which describes the group of susceptible human who might get infected by HIV, the class of HIV infected individuals with no clinical symptoms of AIDS  and the class of HIV infected individuals with clinical symptoms of AIDS. The transmission process that involves the three compartmental models below and the medium of transmission is described as follows; the susceptible compartment  increases by the recruitment rate into the population with a constant rate. Each of the compartments decreases due to natural death rate except for the class of HIV infected individuals  and the class of full blown AIDS individuals  which further reduced due to mortality induced by the disease at a rate. Susceptible individuals acquires HIV infection by direct contact with infected individuals  and the population of HIV infected individuals  increases due to the force of infection at a rate  whereis the effective contact rate for HIV-infection,  and are the modification parameters that compares the transmissibility of the disease. The full blown AIDS population increases by the progression rate of HIV infected individuals at a rate. Thus, the HIV model is presented as follows:
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Where 							(2)









		                		        








			    				   



     			             		   

		Figure 1: Schematic diagram for the HIV model.

Table 1: Description of Variables
	Variables 
	Description 

	S


	Susceptible individuals 
Individuals with HIV but no clinical symptoms of AIDS

	

	HIV infected individuals displaying symptoms of AIDS



Table 2: description of parameters
	Parameters
	Descriptions 

	

	Recruitment rate

	

	Natural death rate

	
 
	Disease induced death rates

	

	Transmission rate for TB and HIV respectively

	

	Progression rate from HIV to AIDS 

	

	

Modification parameters for andrespectively




Analysis of the Mathematical Model
Disease Free Equilibrium


Disease free equilibrium point is a stable position where the entire population has no infection. Thus, at disease free equilibrium, we set. Such that, .
Therefore, the disease free equilibrium (DFE) of the model is given by

										              (3)


Existence of Endemic Equilibrium Point (EEP)


The endemic equilibrium point denoted by, where  are the endemic equilibrium points. Then, the model Equation (1) becomes:

								(4)
Then, Equation (4) becomes:

										(5)

									(6)

									(7)
Now, solving the equations simultaneously for the state variables yields the following endemic equilibrium points:

											(8)

									(9)

								(10)


Derivation of Basic Reproduction Number for HIV Model

	The basic reproduction number  of the model Equation (1) is derived using the next generation matrix as described by [11]. Using this approach, the transition and transmission matrices for the model are presented as follows:




 And

										(10)

							(11)

The eigenvalues of gives:

									(12)
Therefore, 

									(13)

Numerical Experiment
[bookmark: _GoBack]	In order to authenticate the theoretical calculations of the model, the numerical experiment of the model are carried out by Maple 18 software, using the Runge- Kutta of order(4). The set of estimated parameter values in the table below were used to investigate the effect and behavior of the parameters in the basic reproduction number obtained with the next generation matrix method (NGM). The parameters for the progression rate of HIV, effective contact of the susceptible individuals with those infectious with the disease in the population dynamics of HIV were varied.


Table 3: Basic Reproduction number obtained for HIV.
	Parameters
	Basic Reproduction number

	

	

	DFE
	Remarks

	1.0
	0.005
	3.833333333
	Unstable

	0.9
	0.015
	3.450000000
	Unstable

	0.8
	0.025
	3.066666667
	Unstable

	0.7
	0.035
	2.683333333
	Unstable

	0.6
	0.045
	2.300000000
	Unstable

	0.5
	0.055
	1.916666667
	Unstable

	0.4
	0.065
	1.533333333
	Unstable

	0.3
	0.075
	1.150000000
	Unstable

	0.2
	0.085
	0.7666666667
	Stable

	0.1
	0.095
	0.3833333333
	Stable









TABLE 4:	List of Parameters used for the Numerical Analysis		
	Parameters          Values                Sources

	
                        1.92                    Ministry of health, 2015-2018, 2014

                        0.02                    Mukandavire et al. (2009)

                      0.04                    Ministry of health, 2015-2018, 2014

                       0.878                     Estimated

                         0-1                    Hypothetical/Assumed



It is observed from Table 3 that as the values for the effective contact rate for HIV and that of the progression rate increases while other parameters are kept constant, the value of basic reproduction number for Human Immunodeficiency Virus (HIV) increases and this increases the outbreak of the lenti virus in the environment. Thus, the increment in the value of basic reproduction number makes it more difficult to have a disease free environment.
	
Conclusion 
HIV or Human Immunodeficiency Virus attacks the immune system of the human body by targeting the CD4T-Lymphocyte cells. There is no specific medicine to cure people infected with the virus but there are few preventive measures used in curtailing the dynamical spread of the life threatening infection. However, early diagnosis and effective management of the infective individuals with the aid of sensitization and use of ART treatment will prevent the infected individuals from progressing to full blown AIDS stage.
	In this article, a mathematical model to understand the sensitivity analysis of some epidemiological features of the dynamics of HIV has been developed. The mathematical analysis that shows the sensitivity analysis of the model has shown that the effective contact rate and transition rate between infected compartments should be minimized. 

	Medical practitioners and policy health makers are hereby encouraged to work assiduously on the parameters that possess highly pronounced positive effects on the basic reproduction number (such as the transmission rate for Human Immunodeficiency Virus (HIV) i.e ) in order to have a stable disease free environment. 
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