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Abstract

In this paper we presented a new deterministic model of HIV/AIDS 1 -ansmission
dynamics with public health education program, condom usage and i eatment by
incorporating the staged progression nature of the disease and the ratc  “ educating
uncounseled AIDS individuals. We established that the model exist and ha - a unique f
solution using formulated theorems on existence and uniqueness of a solutic n.
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1.0 Introduction .
Human Immunodeficiency Virus (HIV) is a retroviral infections that leads to Acquired In n 1 10-Deficiency Syndro me
(AIDS), is still a global public health problem. HIV is a deadly infection that essentially wea<2 ' the immune syste a9y

gradually killing or destroying the CD; T cells, making it difficult for the body to fight against >pportunistic infec icus su h
as cancer, tuberculosis, pneumonia, meningitis, e.t.c

Since it discovery in early 1980s, HIV has killed about 30million people in 2009 and with a g « hal report 34 m | ion people
in at 2010 (UNAIDS[1]). In 2007, two-third of HIV infective reside in Sub-Saharan Africa [2] [MNigeria ranks t.d in 2005
among countries with 10 percent of the worlds population of infected individuals [3].

Despite enormous breakthrough in the prevention and treatment of infectious d'seases [4,5], HIV remains i1cnrale with no
perfect prophylactic vaccine [6-8]. Although Highly Active Anti-Retroviral Tlerapy (HAART) . used to 1:at IV/A DS
with the aim of decreasing AIDS-induced death rate and prolonging the life span of infected individuils oi'y. T. 3se
pharmaceutical interventions are expensive and difficult to access, so that the effective control of FIV v ould r maiily
depend on decreasing behavioural risk through HIV-related public health campaign and condom usage [9,

2.0 Model Formulation

The total population of a sexually active population at time t, denoted by N(t) is sub divided into eight (8) m t 1ally exclus ve

compartments of susceptible individuals S(t), non-counseled £ (f) and counseled E,(f) assymptotic i1 vicmals, 1on
counseled 7, (¢) and counseled 7 (f) symptomatic individuals, non-counseled A, (f) and counse =d L.(" i lividvals

with AIDS symptoms and AIDS infected individuals receiving treatment /. (1), so that

N = SO+ E, () + E(0)+1,(0)+ L)+ 4,(0)+ A+ L (0) (D

3.0  Basic Assumption of the Model
The following assumptions were made in the formulation of the model.
1. Individuals are only recruited into the susceptible class.
2. The studied population is homogeneous and varies with time.

2

3. Susceptible individuals acquire HIV infection through effective contact with infecte individuals in the

E.E.,I,),1,(),A4,, A4, and I, classesatarate I" where

1

@)
N

is the force of infection. ,
The model takes the following deterministic system of non-linear equations.

)
[remm—— e
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Table 1: Description of the ModelParameters
Parameters Interpretation ’ (

r—(C+)S
CS—(y,+w+p)E,
nE, —(w+ )k, . 3)
wE, —(y,+o+ )i,

wE_ +y 1, —(o+ )],

utn

TcAc +7,4 (,u + l)[/5)11 '

7w Recruitment rate of humans
! H Natural death rate |
’ ' B Effective contact rate ;
¥ Progressive rate from £ to [, and from E, to I, classes P
— - 1
e Progressive rate from [, to A, and from I, to A, classes i
Fu— ol
) Disease induced death rate of AIDs individuals '
v Treatment rate for individuals in 4, class 3 I
T Treatment rate for individuals in A4, class
15 Rate of counselling individuals in E”,[u class
7 Rate of counselling individuals in 4, class i
n ;7 - Modification parameter associated with infection by AIDs individuals
u3 'l
0, | Modification parameter associated with infection by treated individuals
S L.
@, @, Modification parameters associated with infection by individuals in /,, and I, class
& Modification parameter associated with infection by counselled individuals
; v E Mocd ification parameter associated with reduced mortality of treated individuals.
B € Co: dum efficacy ) '
L a Con lom compliance
4.0 Existei:ce An | Uniqueness of Solution

W formulate theorem on >xistence of unique solution of system (3) and establish the proof. The system of equations are -

considered below
.
%= f o,

x;:fz(taxp"'axn 4)

ooz
'xn _‘fn(t’xl"“’xn)
Lquation (<) is express in a compact form as S
x = [t 20, 2(8 )= 5,50 = Voo o (5)

Theorem 110}
Lot D) denote the region -
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lt—t \ga,||x~x < b, x=(x,%;, "+, %,), %
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= (X195 %2g5"" "%, (6)

and suppose that f(Z,2) satisfies Lipschitz condition.

| £ x) = fGx) ISkl % =, |l 0

that condition (7) is satisfied by the requirement that EfL ih,j=12,--,

whenever the pairs (£,X,) and (#,x,) belong to D, where k is a positive constants. Then, there is a constant 0 > 0 such

that there exists a unique continuous vector solution x(t) of the system (3) in the interval lt—t, < O . It is essential to note

» are continuous and bounded in D.

where k =, + o+ ik, = 0+ .k, =y + o+ ok, = o+ ks =y, +7,+0+ k=7, +0+u and k,

ox;
The region of interest is
0<E<R
and a bounded solution of the form _
0<R<w ¢

is found in the region D, whose partial derivatives satisfy 6 <& <0, where & and O are positive constants.

Theorem 2

Let D denote the region 0 < & < R . Then, the system (3) has a unique solution which is bounded and continuous in

Proof
Let -
fi=n—-T+w)sS (8)
S =I‘S—klEu )
L= nE, —kE, , (10)
fi=o,—kl1, (1n
fs=E +y1,-k], (12)
=81, —kA, (13)
fo=o0l +y,4,—kA, (14)
fi=t.4,+7,4,— k1, (5]

= U+yo

Thus, the partial derivatives of equations (8)-(15) are given below.

<o | 20| |20 =200S] || |01
|% B o i T I I
Q’LZI%(I—M)@, — |2 _|mB0-e2)b0.S| _
’ ol, N
o |_|-BQ-eaym,S|_ |9A]_| ﬁ(P—saﬂ9m, l—ﬂ(l £a)0,S|
od,| | N |aA¢| | N
Similarly, %, :Irl<w,|af2‘=|ﬂ(1~€a)5~k <o ale:lﬂ(l_ oo | P2l =
os loE,| | N eE,| | N ol
p-ea)g,S| _ || _|BC~ Llon|_|pa-soms| 196 -
TV A 2 I I VX D A e 07
/3(1—ga)07;‘ |af2| |B(1—£a)0,S| _
N DR 2 I Y
| || - af} _NO || @62 o | 2 Il <o L | _‘— l<oo
as| lar| lor| |o4,| |oa| |or,| |eE, OF,
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Obviously, all the partial derivatives are continuous and bounded. Hence, Theorem 1 shows that in the region D

there exists a unique solution of system (3).

5.0 Discussion and Conclusion :

In this study, we present a new deterministic model for the spread of HIV, that includes the staged progression nature of
HIV/AIDS, rate of counseling uncounseled"‘ AIDS individuals with public health education program, condom usage and
treatment as control measures. Theorem on existence and uniqueness of solution was formulated and also proved to establish
that the mode! ex’:t and has a unique solution.The model presented in this paper-car be used as study material for seminars,
workshop or trai .ng programmes by public health workers to educate participants on the impact of aforementioned control

measures to curb he menace of HIV epidemic.
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