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ABSTRACT 

Mathematical models here serve as tools for understanding the epidemiology of Human Immunodeficiency
Virus (HIV) and Acquired Immunodeficiency Syndrome (AIDS) if they are carefully constructed. The research
emphasis is on the epidemiological impacts of AIDS and the rate of spread of HIV/AIDS in any given
population through the numericalization of the Basic reproductive rate of infection (R0). Applicable
Deterministic models, Classic Endemic Model (SIR), Commercial Sex Workers (CSW) model, Dynamic model
and Stability Analysis are explained. The models show that AIDS disease progressively increases with years
and it is thus concluded that if the current trend is unchecked, a catastrophic AIDS epidemic (Pandemic) will
occur in the near future.

Key words: HIV, AIDS, Epidemics, Susceptibility, Infectives, Removals, Endemics, Stability.

Introduction

HIV/AIDS has become one of the dreaded diseases of mankind and the shocking fact about the level of
devastation  HIV/AIDS has inflicted and the infliction on people requires urgent attention. The models in this
research work attempt to aim at determining the spread and spread mechanism through testing the sensitivity
of the assumptions.

At the end of 1999, it was estimated that 33.6 million people were living with HIV/AIDS, more than 95%
of them in the developing world. The epidemic is continuing to spread globally, with 5.6 million newly
infected people in 1999.HIV/AIDS is the leading cause of deaths in sub-Saharan Africa, where two-thirds of
all infections – more than 23 million people – and about 80% of all deaths have occurred. It is estimated that
a cumulative total of 14 million people will have developed AIDS and died in this region by the year 2004.
Studies conducted in nine countries in sub-Saharan Africa suggest that prevalence of HIV among women is
now higher than among men, with 12 to 13 women currently infected for every 10 men. In the worst affected
countries of southern Africa, the HIV/AIDS epidemic is reversing the developmental gains of the past 50 years,
including hard-won increases in child survival and life expectancy. In many of these countries, the cohort of
individuals of reproductive age is dying, leaving behind grandparents to raise their grandchildren and children
to raise their siblings. The number of people living with HIV/AIDS doubled between the end of 1997 and the
end of 1999. The bulk of new infections was caused by unsafe injection of drugs and sexual intercourse. The
climate for increased incidence of HIV is ripe, because sexually transmitted infections in this region have
increased substantially among young people. HIV is increasing rapidly in Asia, particularly in south and south-
east Asia, with 6 million people infected. Much of this infection is among drug-injecting groups. In the
Americas, although there has been a decline in mortality due to AIDS, HIV infection continues to increase
among minorities and disadvantaged populations. Many of its recommendations remain valid and continue to
be pursued. Since then, however, many developing countries have experienced the unabated spread and growing
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impact of HIV, and the United Nations has changed its systemic approach. The Joint United Nations
Programme on HIV/AIDS (UNAIDS) was launched in January 1996, WHO being one of its founding
cosponsors.

This research work seeks to develop an epidemiological models of HIV/AIDS of any population and to
forecast extent of spread in the near future. There are a lot of information on HIV viral dynamics all over the
world now despite an identification of major risk groups and their behaviour, the picture of the dynamics of
HIV spread is not very clear, R.I.Kanu (1998). This is primarily due to the absence of scientific means of
gathering and modeling information on the infectious period of HIV infection, time to the onset of AIDS,
sexual behaviour of high risk and low risk individuals in the population, probability of transmission from the
infected to the susceptible per partnership and other relevant parameters.

1.1 Treatment

Treatments for AIDS and HIV infections include the use of antiretroviral drugs to slow the rate of
replication of the HIV virus and others treatments are designed to prevent or fight opportunistic infections and
cancers that result from the breakdown of the immune system.

1.2 Prevention and Education

Infection with HIV can be prevented by avoiding sex with the infected person, by not using contaminated
needles and syringes and testing blood and organs donors for HIV infection. The use of condom during sex
greatly reduces, but does not eliminate the risk of infection.

1.3 Objectives Of The Study

(i) The objectives of this research are as follows: To study and analyse the spread of HIV/AIDS epidemic
in a given population, to develop models for the spread of HIV/AIDS and forecast the extent of spread
in the near future, to aid in proper health planning and effective health policy, to highlight the roles of
mathematical modeling in the study, to establish the frequency of occurrence of HIV infection and to
promote a formal modeling culture among health planners and survey designers.

(ii) This research work discusses how mathematical modeling could be used on epidemiological modeling of
HIV/AIDS transmission and the time development of epidemic. This work reviews some studies and
concepts which are related in various ways to the present work.

2. Presentation/ Analysis of Various Hiv Models

2.1 Simple Deterministic Model for HIV/AIDS

Consider an epidermic model in which the population is closed comprising susceptible, infective and the
recovered as cited by Kermack and Mckendrick(1927). Recovered individuals are assumed not to contribute
to the infection process but since HIV infection for now is not curable, this model is not applicable to it. We
can modify the model by replacing the recovered with the dead and still considering the population as closed
and is divisible into three groups, viz S (Susceptible), that is those at the risk of being infected with HIV, I
(infective), that is those who have HIV and can transmit it to S and R (the dead). If the population mixes
homogenously, the reduction in susceptible will become increased in infective. Infections occur at a rate
proportional to the number of infected and susceptible that is r1SI where r1 is the infection rate. The Infected
dies at a rate proportional to the number of infective that is, r2I where r2 is the rate of removal. A new batch
of infective exists from the susceptible group and is added to the infective group at a given unit of time. The
change in the number of infective per unit of time will be the difference between newly turned infective and
deaths from infective per the unit of time.

An ordinary differential equation can represent the instantaneous rate of change in each of the three
variables S, I and R with respect to time t.

          r1 SI 2.1.1

  2.1.2
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 2.1.3

If N is the total population size, we must have 

I+S+R=N ,Where N is constant 2.1.4

Here r1, the infection rate and r2 is the removal rate and are positive constants since equation (2.1.1) and
(2.1.2) do not depend on R1, we initially just consider these two equations for S and I. then, equation (2.1.3)
can be used to determine R.

By adding (2.1.1), (2.1.2), (2.1.3) gives,                           ,
                                              
Integrating gives, S+I+R=N.
The mathematical formulation of the epidermic problem is completed given the initial conditions such as:

S (0) = So > 0, I (0) = I0 > 0, R (0) = 0.

A key question in any epidermic situation is given                       whether the infection will spread or
not and if it does how it develops with time and of course when it will start to decline.

2.1.2  An Analytical Solution Of The Model

We now combine (2.1.1) and (2.1.2) to give

   2.1.5

 

Then,     ,

where,            and integrating 

      2.1.6

That is,     

But,                          

If at t=0, I=Io and S = So= N-I, R (0) = 0 and so for t>0, 0<=S + I< N

                                                           2.1.7

                                                                          2.1.8
The maximum I, Imax, occurs at S=ρ  where,
                                                           
From (2.1.6) and with S= ρ,
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 = -0+  
                  –                          

Now, from (2.1.5),     is positive (negative) for                      that is I is increasing (decreasing) function
for S<ρ (S>ρ). It may not necessarily be a severe epidermic as is the case of I0 is close to Imax. It is also clear
from the phase trajectories that if S0<ρ, then I decreases from Io and no epidermic occurs.
From (2.1.2)

                    ,                                 > (<) 0                             . 

Since from (2.1.1),                         

If, S0<                                                         

                           º 0 as t º 4 and so infection dies out, that is, no epidemic can occur. On the other

hand if        >       then I (t) initially increases and we have an epidemic. Then “epidemic” means that I

(t)> I0 for some t>0. We thus have a threshold phenomenon. If             =       there is an epidemic while

if             there is no epidemic. The critical parameter ρ =     is sometime called the relative removal rate

and its reciprocal      is infection’s contact rate. Then,                where R0 the basic reproductive rate of
the infection, which  is  the  number  of secondary infections produced by one primary infection in wholly

susceptible population. Here     is  the  average  infectious  period. If more than one secondary infection is

produced from one primary infection, that is R0 > 1, clearly an epidemic ensures.

2.1.3 Numericalization of Basic Reproductive Rate of Infection (RO)
If the basic reproductive rate if infection, R0 > 1, then the epidemic is said to be growing and if R0 < 1

then said to be diminishing. The parameter td;

 2.1.9

is called the doubling time. Assume that R0 = 1.0345 (just above 1) and incubation period is 10 years. Then
the doubling time will be:

R0 = 1.034,      = 10 years, that is σ =0.1, then:
                                                                                        

This indicates a slow spread in the early stage. A small increase in basic reproduction rate results in the
reduction of the doubling time of its previous value. If R0 = 1.069, and the incubation period is 10years, the
doubling time td:

                     = 1 year
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Changes in R0 are due to variations in doubling time td between years and four and average incubation
period d

2.1.4 Modification of the Deterministic Model with Immigration Formulation

From simple deterministic epidemic model of HIV/AIDS, we modify it so as to allow for the increase of
susceptible at a constant rate µ and we have:

 2.1.10

    2.1.11

  2.1.12

So that,

S (t) + I (t) + R (t) = S0 + I0 + µ (t) 2.1.13

Given initial condition such as: S (0) = S0>0, I (0) =I0>0, R (0) =0.

Here γ1, the infection rate, r2 the removal rate and µ susceptible rate are positive constants. Since (2.1.10)
and (2.1.11) do not depend on R, we can initially just consider these equations for S and I. from (2.1.10) and
(2.1.11), we have  

               2.1.14

This equation, in general has to be integrated numerically. It is not possible to solve these equations
explicitly for general initial condition. We therefore seek ways of obtaining useful information about the
solution.

2.1.5 Steady State Solution

The steady state solution that is time-independent constant solution is the easiest particular solution to find

for an autonomous  differential equation.  All the  three  derivatives namely                   cannot varnish

simultaneously. We confine our discussion to the case when               vanish.

Let S=X and I=Y where X and Y are constants and substitute into the equation (2.1.10) and (2.1.11) to
give 

 2.1.13

                              2.1.14

This gives,

   2.1.15
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From (2.1.13), we get, 
                           

Thus non zero position steady state levels of the infective population exist only if             this is the
threshold condition.

2.1.6 Phase-Plane Analysis

Equation (2.1.10) and (2.1.11) are first order autonomous coupled differential equation of the form 

X= f (x, y) and Y= g (x, y)   2.1.16

Where f and g are non-linear function of x and y. Instead of using equation (2.1.16) for x and y as
function of t, we obtain a simple differential equation for y as a function of x using the chain rule. The
resulting curve in the (x, y) plane are called phase-plane trajectories. The chain rule says that,

note that 
           
From equation (2.1.10) and (2.1.11), we have,
                                                    

  2.1.17

Equation (2.1.17) is a separable equation and can be rewritten as

   2.1.18

Integrating (2.1.18), we get,

 

 

where,  
And k is a constant which depends on the initial population I0 and S0

2.1.7 The Threshold Theorem of Epidemiology

From the equation (2.1.8), 

I=N-S + ρ          ,   where,            ,

The parameter ρ is a vital parameter; it is called the threshold value since an epidermic occurs only if the
initial number of susceptible, S0, is greater than the threshold value. Assuming S0 > ρ, we can deduce the
threshold theorem of epidemiology which states that if S0 >ρ is small compared to ρ then the number of
individual who ultimately contact the disease is approximately 2(S0 - ρ).
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2.1.8 Determination of Removal Rate of Infection

Public health statistics usually record the number of new removals each day or week or month or year

so as to compare the predicted results of this model with actual data. We must determine      as a fraction
of time, t. now from equation (2.1.3) and (2.1.4).  

                                                               2.1.19

Which we can determine S as a function of R from

2.1.20
Solving for s, we have,
                                         

Now integrating, we have                   ,  giving                      Thus
                                                                                            

i.e S                             ,            .   If we                                in (2.1.19)  

Unfortunately, this cannot be solved explicitly but assuming R/p is reasonably small.

                                             2.1.21

But                                             So that,
                                                             

2.2 Model For Advanced Stage Of HIV (AIDS)

The simple model does not consider advanced stage of HIV, which is AIDS. The next model takes account
of AIDS cases, A, but not the number of the dead. Suppose that C is the average number of sexual partners
per unit time and β is the probabilities of transmission from infective to susceptible per partnership. Then the

per capita force of infection         , where      is the probability that sexual partner is infected.           CSI
N

 I
N 0

CR 


is known as basic reproductive rate of infected, where σ is the rate of infective moving into AIDS group, and

      is the average duration from infection to AIDS. Patients die at a rate µ per unit of  time.  In the early1


stage of an epidemic, almost all the individuals in the population are susceptible, that is S=N; doubling of the
infected number can be calculated.
The model takes the form;

              2.2.1

 =      2.2.2

      =          µA 2.2.3

where,
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S: number of susceptible to HIV, I: number of HIV infective, A: number of AIDS cases,  N: S+I+A
β: Probability of transmission from infective to susceptible,  C: Number of partners per unit time 

      : Average incubation period of AIDS,   µ: rate of death among AIDS cases.1


2.2.1 Analytical Solution of Model for Advanced Stage of HIV

If N is the total population size, we must have N=S+I+A; constant.
This implies that,

The  mathematical  formulation  of the epidemic problem is completed given initial conditions such as

                                                .Combining (2.2.1) and (2.2.2)                                   

    2.2.4

Then,

                                              Where
                                                        

Integrating,  

                           That is 
                             
I +
                              2.2.5

But,
       
If at                                                       and so for
                                                                                                     

 

  2.2.6

I =                +I0+pIn
                                             2.2.7

Solution for equation (2.2.3)

Recall,
           

this becomes

2.2.8
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                        ,                       , A (0) =0,  t=0,                 ,
                                                                                       

   

              2.2.9

2.2.2 Modified Simple Epidemic Model For Advanced Stage Of HIV (AIDS)

This model accommodates the probability of transmission as well as a new category of AIDS individuals.
In addition, death rates among the infected also vary on the basis of whether deaths occur from AIDS or non-
AIDS cases.

Now, the model becomes capable of explaining those deaths that are not due to full-blown AIDS. But,
if we assume that all the infective classes that do not develop AIDS will remain infectious indefinitely, then
the model becomes again simple model. We can introduce stochastic component instead of a deterministic one.
However, it is traditional to see mathematical models for the spread of AIDS to take a deterministic form.
Besides, this can lead to approximation to stochastic moments. Obtaining explicit solutions using stochastic
models is more difficult than obtaining through deterministic forms.

Formulation of the Model

S: No. of susceptible individuals,    Y1: No. of individuals who develop AIDS after HIV infection
Y2: No. of individuals who do not develop AIDS after HIV infection,    A1: No. of AIDS cases developed
A2: No. of non-AIDS cases,     p1: Probability of developing AIDS after HIV infection
p2: Probability of not developing AIDS after HIV infection,    1/δ1: Average incubation period of AIDS
1/δ2: Average period of infectiousness in case of no development of AIDS,   μ1: Rate of death for AIDS cases
μ1: Rate of death for non-AIDS cases,     N = X + Y1 + Y2 + A1 + A2

     =
                  2.2.10

 2.2.11

   2.2.12

 2.2.13

 2.2.14

2.3.3 Analytic Solution For The Modified Model

From equation (2.2.10),       =  
                                             

Separating the variables and integrate, we have;                          , giving  In S = 
                                                                                                        

                               ,   S = W            , S (0) = S0 , t (0) = 0, S0 = W, 

Therefore,



271Adv. in Nat. Appl. Sci., 4(3): 262-280, 2010

 S = S0            2.2.15

From equation (2.2.11)

                          , we have 
                                                               

                         ,                                                                 

Y1 (0) = Y0, Y0 = K,                           + Y0, 
                                                   

Hence, 

                +Y0          2.2.16

Similarly,

 Y2 =           +Y0          2.2.17

Similarly, equation (2.2.13) and yields 

                             i.e.                               

                          . Then we get                               i.e.   

Then  

When                                                        , yielding                  

Thus,

                                   yields   
Hence,

 2.2.18

Similarly, 

 2.2.19

Thus, the solutions for the models are equations (2.2.15), (2.2.16), (2.2.17), (2.2.18) and (2.2.19).

2.2.4 Female Commercial Sex Workers and Male HIV Transmission Model

In the earlier model, we assume homogenous mixing between susceptible and infective, the same
probability of an infective transmitting virus to a susceptible and no factor that inhabits sex between infectives
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and susceptible. To make the model realistic with respect to the behaviour changes and transmission
probabilities, more complexity is needed. The model here was based on the prevention of transmission to and
from female sex workers (FSWS) with heterogeneous mixing. It explains mechanism of transmission of virus
from FSW to adult males and vice versa. Figure 3 shows male susceptible becoming HIV infective either
directly or as a sequel of STDS.

Fig. 1: Schematic diagram of male susceptible acquiring STD and HIV from FSWs.

The parameter λm is entry rate into male susceptible compartment, F10, F20, F21, F12, are four coefficients
of movements from respective compartments as shown above in the figure. γm and  γm

1 are recovery rates from
STD representing without and with HIV infection. µm is mortality rate. 

2.2.5 Formulation Of Commercial Sex Worker (CSW) And Male Transmission Model:

Let us divide the male population that mixes with female sex worker (FSWs) into four classes, male
susceptible, HIV infectives, STD infectives and both STD and HIV infectives. For the purpose of this paper,
the rates of additions of male susceptible from non-susceptible and STD cured are taken to be exponential.
These rates in reality may be different. At the same time, the number of individuals infected with HIV and
STD per unit of time and the number who withdraw from risk behaviour are removed from the susceptible.
The withdrawal number is based on general withdrawal rate or dependent on individual behaviour. In the case
of males, new HIV (STD) infective population is determined from the following: 

Proportion of susceptible and HIV (STD) infected FSW population to the total FSW population, the
number of partnership per unit time, the probability of transmission of HIV (STD) from an infected FSW per
partnership. After being HIV positive, one can still be STD infective and vice versa. Such individuals are dual
infected, that is with both HIV and STD. dual-infected individuals who recover from STD still remain as HIV
infective. Other withdrawal cases, example natural deaths, change of risk behaviour etc. Either from HIV (STD)
infective or from dual infective can be removed from respective compartments.

2.2.6 Female CSW and Male HIV Transmission Model

Part of the terminology for this model is explained below:
Β10: HIV transmission probability from FSW to a susceptible male.
Β20: STD transmission probability from FSW to a susceptible male.
Β21: HIV transmission probability from FSW with both STD and HIV.
??1,2: Withdrawal rate of males due to the reasons other than sexual activity.

2.2.20
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 2.2.21

2.2.22

                                       2.2.23

   2.2.24

Other coefficients are calculated in a similar way.                     are FSW counterpart of the male
compartments explained in figure 3. For the sake of simplicity, I have omitted differential equations
representing male to female FSW transmission dynamics.

2.2.7 The Classic Endemic Model (SIR)

This model involves vital dynamic (birth and death rate). The basic assumption for this model is that the
birth and death rate are equal, so that the total size N of the whole population remains constant. In this model,
the total population is divided into three epidemiological classes; susceptible individuals S, infected individuals
I and recovered individuals R.

Fig. 2: Diagramtical representation Classic Endemic Model

Where β is the infection rate, γ is the removal rate and µ is the death rate.
We deduce the following systems of differential equations:

 

2.2.25

 

where,                               

Let                                                                                                              

                                                                                            

 

The equivalent system of (2.2.25) becomes
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                     2.2.26

With,                                the reproductive number for the model is:                

                  is the average death adjusted infectious period.
                 

2.2.8 Equilibrium Points

To determine the stability of this model we most first evaluate the equilibrium or steady state points of
equation (2.2.26) The steady points to be found are disease-free (Where i = 0) and endemic (where i…0). We
set the right hand side of the equations in system (2.2.26) to zero and the solve for the values of s and I as

 2.2.27

2.2.28

From equation (2.2.28), we have 

                           which has solutions.                                                ,

But from the model δ is defined as:

   
Hence equation (2.2.21) has solution;                    . We then substitute i and s into equation (2.2.22)

to get the following equilibrium points:

                                                         

It is clear that the point (s, I) = (1, 0) is the disease-free equilibrium since the infected fraction I = 0.

2.2.9 Stability Analysis Of Disease-Free Equilibrium

To determine the stability of the system at the disease-free equilibrium (s, i ) = (1, 0), we will linage the
reduce system (2.2.26)about the equilibrium point by taking the Jacobian. We will then re-define the system
as

 2.2.29

 

Hence, the Jacobian of f and g with respect to s and i is given by 
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Therefore, the Jacobian Jo at the disease-free equilibrium                                   is evaluated as

For Do to be asymptotically stable, both eigenvalues                         of Jo must be negative. From Jo,

it is clear that                 and therefore if                             . Then both eigenvalues are negative.

            Implies  that                 ,  therefore               . Hence   the   disease-free  equilibrium is

asymptotically stable if the basic reproduction number,                   . On the other hand, then Do is
unstable.

2.2.10 Stability Analysis of Endemic Equilibrium
The Jacobian,

                                Is  given by 
                                                    

The characteristics equation of     is given by,                                      Since the trace of     is less

than  zero                and   its determinant,                    is  positive,  the  endemic  equilibrium  is

asymptotically stable. This conclusion is true since δ > 1 in the endemic situation. Conversely, it becomes
unstable when μ > 1.

2.3 AIDS Dynamic Model with Flow Diagram

A major setback with AIDS is the variable length of the incubation period from the time patients is
diagnosed as seropositive until he exhibits the systems of AIDS and this have major consequences for the
spread of the virus. In developed countries, AIDS is primary associated with the homosexual community; this
is not the case in many of the underdeveloped communities, where heterosexual spread of the disease is
prevalent.

2.3.1 Model Formulation

Here we are interested in the development of AIDS epidemic model in homosexual population. Let assume
there is a constant immigration rate α of susceptible male into a population of size N (t). Let S (t), I (t), A
(t) and Z (t) denote respectively the number of susceptible, infectious males, AIDS patients and the number
of seropositive who are non-infectious males. It is assumed that susceptible die naturally at a rate µ: if there

were no AIDS, the steady state population would then be           , we assume AIDS patients die at a rate

k: typically     is of the order of 9 to 12months. 1

k

The flow diagram of the disease on which we base our model is as follows:
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Fig. 3:. Diagram for AIDS dynamic model.

A reasonable model system based on the flow diagram is the 

                                                                              2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

Here, α is the recruitment rate of susceptible, µ is the natural (non-AIDS) of acquiring infection from a

randomly chosen partner (           ), where  β  is  the transmission probability, C is the number of sexual
                                          
partners, k is the AIDS related death rate, p is the proportional of seropositive who are infectious and v
defined is the rate of conversion from infection to AIDS but here taken to be constant. Actually λ here is more

appropriately            but A is considered small in Comparism with N. with v constant,     equal to δ say,1

9                
is the average incubation time of the disease. Note that in this model the total population N (t) is not constant.

 2.3.6

An epidermic is ensure if the reproduction rate Ro >1 that is the number of secondary infections which
arises from a primary infection is greater that one in equation 2.3.2.

  2.3.7
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Since the average incubation time      , from infection to development of the disease is very much shorter than
1



the average life expectancy,      of a susceptible that is v>>µ. Thus, the approximate threshold condition for
1



an epidermic to start is from the last equation.

2.3.8 

Here the basic reproduction rate R0 is given in terms of the number of sexual partners C, the transmission

probability β and the average incubation time of the disease    .
1

w

We can get some interesting information from an analysis of the system during the early stages of
epidemic. Here the population consists of almost all susceptibles and S. N and the equation for the growth
of the infections, that is seropositive, I class in approximated by (2.3.7), the solution of which is:

I (t) =I (0)                =I (0) 2.3.9

Where Ro s the basic reproductive rate,     is the average infectious period and I (0) is the initial number of1

v

infectious people introduced into the susceptible population. The intrinsic growth rate r = v (R0-1), is positive
only if an epidemic exists (R0 > 1). From (2.3.9) we can obtain the doubling time for the epidemic, that is the
time td when 

I (td) = 2I (0).

td = r-1  In2 =           2.3.10

We thus see that the larger the basic reproductive rate Ro the shorter the doubling time.

If we substitute (2.3.9) into equation (2.3.3) for the AIDS patients, we get,                               
Earlier on, in the epidemic there are no AIDS patients, that is A (0) = 0, and so the solution is given by 

                      2.3.11

Estimate for the parameter γ has been calculated by Anderson and May (1986) from data from 6875
homosexual  and  bisexual  men  who  attended  a  clinic  in  San  Francisco over the period 1978 to 1985.
The  average  value  is  0.88  per  year. Crude estimates  for  other  parameter  values  are  R0  =3-4, k+µ

                                 , p =10% - 30%, v  
 With these estimates we then get an approximate doubling time for the seropositive class as roughly 9 months.

2.3.2 Modification Of Flow Diagram Model Formulation

The model monitors the temporal dynamics of two subpopulations, namely, the susceptible population (S)
and the population of HIV infected individuals (I). The total population is N = S +I. it should be mentioned
that since the model under consideration monitors populations, it is hence forth assumed that all the associated
model variables and parameters are non negative.
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2.3.3 Susceptible Population (S)

This population is generated following the recruitment of individuals at a rate of γN per unit time.
Recruitment is the inflow of people (either by birth or immigration) into a community. Since this study
considers only sexual mode of HIV transmission, recruitment is defined in terms of the number of sexually
active individuals admitted into the community per unit time. Furthermore, our model categorized all
individuals recruited in the community as susceptible. The population of susceptible individuals diminishes
following the acquisition of HIV infections which arises following contacts between a susceptible (S) and the

infectious fraction     with a transmission probability β. The parameter c represents the number  of  contact1

N

partners per unit time. This population is further diminished by national death at a rate µ. This gives       

 2.3.12

2.3.4 HIV –Infected Population (I) 

This population is generated following the HIV infection of susceptible. It diminishes by natural death at
a rate µ and by progression to full-blown AIDS at a rate v; it is assumed that individuals with full-blown
AIDS do not contribute to the spread of the HIV infection. This gives

2.3.13

N = S + I. We get

 2.3.14

3.0 Discussion, recommendation and conclusion

3.1 Discussion

The selected models considered here were motivated by the general nature of HIV and dynamical modeling
initiatives and is not by a desire to present a comprehensive account of mathematical models available till date.
There is an urgent need for extensive mathematical models of AIDS incidence and spread so as to enable
informed and efficient investments in preventive therapeutic measures. This research work concentrates on
models of spread.

From an epidemiological perspective R  is an important indicator of the initial causes of HIV. In the case
of homogenous mixing, it stands as a formula by using which one can calculate any one of the three
parameters viz basis reproductive rate, doubling time of infection in an early stage and incubation period of
AIDS if the other two parameters are known. In this simple model, susceptible becomes infectives. However,
there is a probability per partnership attached to the transmission of the virus to the susceptible which this
model fails to incorporate. The latter models accommodate the probability of transmission as well as new
category of AIDS individuals. In addition, death rate among the infected also varies on the basis of whether
death occurs from AIDS or non-AID causes.
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Now, the model becomes capable of explaining the death that is not due to full blow AIDS. But, if we
assume that all the infective classes that do not develop AIDS will remain infectious indefinitely, then the
model becomes again simple. We can introduce stochastic component instead of a deterministic one. However,
it is traditional to see mathematical models for the spread of AIDS to take a deterministic form. Besides, this
form can lead from approximation to stochastic moments. However, considering the rate of development of
AIDS and transmission probability parameters based on the severity can accommodate complexity.
Mathematical modeling of HIV data in a give population can be attained more economically by using
transmission probabilities that are available form African data instead of searching for transmission probabilities
for each infection stage within that population.

3.2 Recommendation

The introduction of HIV/AIDS management scheme to popularize the campaign to eradicate and intensify
more research on HIV/AIDS on the cost effective drugs to control the diseases in highly desirable development
cost effective drugs to control the HIV virus should be developed. Such drugs should be free or cheap and
affordable to patients with the HIV/AIDS infection. 

The government must put in place legislation on some health care delivery to control the spread of
HIV/AIDS through opportunistic sex, unhygienic instrument, blood transfusion etc. the cost evaluation suggest
that a colossal amount of money is needed to support small percentage of the infectives in any given
population with the HIV/AIDS. It therefore calls for rapid response to curtail the disease.

3.3 Conclusions

AIDS have remained most dreaded monster in the recent times and mankind most begins to eliminate it,
so many talented individuals and vibrant manpower are lost due to HIV/AIDS. This disease most therefore be
eradicated. The models will allow us to determine the spread of HIV and endemic stability of AIDS. This also
allows us to have an insight about the future occurrence of the disease and also to put in place strategic
policies to avert the spread of the diseases. The computer-simulated result can be adapted to project future
occurrence of the disease.
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Appendices

Appendix 1
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Appendix 2

Spread of Diseases


