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Abstracts: In this paper, we present the Mathematical model of the effect of complacency in HIV/AIDS
preventions. The model was formulated under six (6) assumptions which resulted in a system of first order
differential equations. Using methods from dynamical systems theory for analysis, it was shown that the disease
free state is stable, the condition for this to be possible is: 1 < (L + A), that is, sum of the rate of progression
to AIDS and rate of natural death is greater than 1(one). Also the endemic equilibrium state is asymptotically
stable.At this point, the disease will not invade the community; otherwise the disease will invade the community.
This means that there should be a bound on the rate of progression to AIDS; this is possible if the tempo of
campaign against HIV/AIDS is not relaxed.
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I.  Introduction

Resistance against an infectious disease is protection that reduces an individual’s risk of contracting the
disease relative to some baseline susceptibility. Many public health policies for reducing the prevalence of
infectious disease impede transmission by creating form of resistance in the host population. Vaccination
programmes on one hand create immunological resistance by training our immune system to identify a
pathogen. Public education programmes on the other hand create behavioural resistance by training us about
preventive behaviours[9].

In other words, behavioural change can increase or decrease the prevalence of
HIV/AIDS.Complacency has been identified as a serious factor in HIV/AIDS control and prevention.
Complacency is a state of self satisfaction and unaware of possible dangers. In this research , complacency is
used to mean to “ relax” or “ revert” to high risk sexual behaviours such as multiple partners, sex with
prostitutes and non condom use once HIV/AIDS prevalence reduces to a very lo-level with the number of AIDS
cases becoming less in the community. Complacency is used in the context of a community that has registered
significant decrease in HIVV/AIDS prevalence.[1] ,[3]. [6]

A lot have been written on mathematical model of the system of HIV/AIDS dynamics based on
contact(c) and transmission probability(B)between the susceptible and infective population classes as factor
determining HIV/AIDS in a community.

Inyama , S.C [2] presented a compartmental deterministic model of the transmission dynamics of
HIV/AIDS in Nigeria. The population was divided into six (6) compartments and each compartment represented
an epidemiological state. This was analysed using techniques from dynamical systems theory. The steady state
included both the disease free state and the endemic state for which the conditions for their stability were
established.

Medlock, J .P [4], presented a simple deterministic S — I - R model of HIV transmission in a high-risk
population as a system of ordinary differential equations. He analyzed the model using techniques from
dynamical systems theory.

Baryarama, et al [1] presented HIVV/AIDS mathematical model incorporating complacency of the adult
population. Model analysis and simulation showed that complacency resulting from dependence of HIV
transmission on the number of AIDS cases leading to damped periodic oscillation in the number of infective.

In this paper, we present a mathematical model of the effect of complacency in HIV/AIDS control and
prevention. Here we assume that recruitment into the susceptible class is constant, also the rateof prevalence
depends on the number of AIDS patients. [1], [5], [8].

Il.  The Model
Before we present the model, we first define our parameters and symbols and also state the assumptions
governing the model.

2.1. Parameters/Symbols
S  =recruitment into the susceptible class
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C  =contact rate

a= probability of transmission

S (t) =number ofsusceptibles at time t

I (t) =number of infectives at time t

A (t) =number of AIDS patients at time t

u = natural death rate

c a = incidence rate

F (A) =incidence rate (represented as a function of AIDS patients)
A = progression rate into theAIDS class
& =death rate due to AIDS

¢ = the rate of infection.

2.2. Assumptions

1. Recruitment into the susceptible is constant at the given period

2. Incidence of infection depends on the number of AIDS patients in the community.

3. Incidence rate decreases with increasing number of AIDScases , and increases with decreasing number of
AIDS cases( Complacency, F(A) =e™*

4. Recruitment comprises of maturing young persons joining sexually active age.

5. The rate of progression A is constant at the given period

6. S + 1 = N - total population

2.3. The Model

Using the above symbols/parameters, the model is developed as follows:
ds

R — 0 _ n—€A__ __

dt St omety e

dI

dt
dA

= e‘EA;—I —(p+nl
n= N-G+BA
$(0) = N,1(0) = A(0) = 0

I11.  Model Analysis
Modeling infectious diseases demands that we investigate whether the disease spread could attain a
pandemic level or it could be wiped out. The equilibrium analysis helps to achieve this. Hence we shall consider
the two equilibra- the disease free equilibrium and endemic equilibrium.
At equilibrium the left hand side of (1) is zero

e_EAf\]—I — U+ = O0ceeiiiiiin, (3.1)

AMl-(6+E)A = 0

Where S =, 1%, A = are respectively the steady state values of S,1, and A

To determine the behaviour of the population near the equilibrium solution, we need to compute the
linearization of the system, which is obtained from the Jacobian matrix of the system. From system of the
equation in (1), the Jacobian matrix is follows:

I S o ST

_(1_£A)ﬁ_” —(1—SA)F s(l—sA)T

J:\ A-2A)s  (1—eA)T—(u+A) —(l—eA)=
0 A —(5+0)

3.1. Disease Free Equilibrium
Obviously at the disease free state, ] = 0, A = 0, S = N. So the disease free equilibrium point is
(S+I%A%) = (N,0,0).
For the point(S *,1 x,A x) = (N,0,0), the Jacobian of the system is obtain thus:
0

- -1
J0:<0 1—(u+21) 0 )
0 A —(5+D)
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—u—E -1 0
Jo—IEl=| © 1-(u+A)—-E 0
0 A —(6+0) —E
The eigenvalues of the Jacobian was foundtobe E; = —pu, E;, =1—-(u+2)

=—(6+0)
For the disease free state to be stable, all the eigenvalues of the jacobian matrix Jomust be negative. Since E;and
E; are negative, for the system to be stable,

L (A A) 0 crrrreee e
Supu+Ar>1

Hence, the disease free state is stable if the sum of the rate of progression to AIDS and rate of natural death is
greater than 1(one). At this point, the disease will not invade the community. This means that the disease — Free
State is stable if there is a bound on the sum of the rate of progression to AIDS and rate of natural death.

3.2. Endemic Equilibrium

At the endemic point, the disease has spread everywhere in the community , hence there is no susceptible
population, thatis S = 0.

So solving (3.1) algebraically, we obtain the equilibrium points as:

(S*,IFA") = (0 5 N 5 )
) ) - ) |J.+)\’ |J.+}\
Where N =S+ 1+ A
. . . . . Te AN s0 _s0
The Jacobian matrix at this point (S*,I*,A*) = (0, ey N uH) is

/—(1;“5)(%—“ o o)
SR R

A —(5+0)

|- (5 NE)(ffx) u-E 0 o

N
Jg — IE|=
ke (5 )(w) N -E 0
A —(6+0) -
The eigenvalues of the Jacobian was foundtobe E; = — (1 Ns) (m)
= -+, = —(8+l)

1-Ne

The system is stable ifu >- ( )(—) This means that the endemic steady state is asymptotically stable. In
this case, the infection can be controlled or brought under control.

IV.  Summary and Conclusion
In this paper, we have been able to write the Mathematical Model of the effect of complacency on
HIV/AIDS Prevention. Complacency is a state of self satisfaction and unawares of possible dangers. In this
research, complacency is used to mean to “relax” or “revert” to high risk sexual behaviours such as multiple
partners, sex with prostitutes and non condom use. The model was formulated under six (6) assumptions and
resulted in a system of first order differential equations. Using methods from dynamical systems theory for
analysis, it was shown that the disease Free State is stable, the condition for this to be possible is: 1 < (u + ),
that is, the sum of the rate progression to AIDS and rate of natural death is greater than 1(one). Also the endemic
equilibrium state is asymptotically stable. It is shown that , the disease can be controlled , otherwise the disease
will invade the entire community. This means that there should be a bound on the rate of progression to AIDS,

this is possible if the tempo of campaign against HIV/AIDS is not relaxed.
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