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Abstract

In this paper, we use a continuous age-structured model to
derive a two-age groups HIV/AIDS epidemic model. We assume that HIV
infection confers treatment, and the infective agent can be transmitted
not only by horizontally but also vertically from adult individuals to their
newborn. The model is first derived as a system of partial differential
equations, and then age groups are defined so that by adding up all the
individuals within each age group, the model reduces to a system of
ordinary differential equations. In the analysis of the model, keen interest
is put on the role of treatment; in the dynamics of the spread of the
epidemic. The model is analyzed when the force of infection is a
constant. In the this case, the only possible equilibrium is the endemic
equilibrium. The model is analyzed by using stability at both the disease-
free and endemic equilibrium exists. The model is analyzed by using
stability theory of differential equation and numerical simulation. The
model analysis shows that the increase in treatment will decrease the
epidemic and the epidemic slows down more rapidly if the treated
infectives do not take part in the sexual contact. Finally, in order to verify
our theoretical results, some numerical simulations are also included.

Keywords: Vertical Transmission, Treatment, Age-Structure, HIV-
Prevalence, Local Stability, Global Stability.

Introduction

In this paper, we consider a mathematical model for the vertical
transmission for an epidemic spreading in an age-structured population
where the transmission coefficient depends on age. The term vertical
transmission means the transmission of a disease from infected mothers to
their unborn or newly born babies. It is commonly referred to as mother to
child transmission. Examples of the disease that can be transmitted
vertically such as gonorrhea, syphilis, herpes, tuberculosis and most
recently HIV/AIDS. HIV in children is generally more serious than adults
due to faster disease complications and progression [3-8, 13-23]. Vertical
transmission of HIV/AIDS has been the principal cause of 80-90% of HIV-
infected children [21]. The age-structured epidemic model with vertical
transmission have been analyzed by several authors, especially we can
refer to Mugisha and Luboobi, Busenberg and Cooke [ 20, 22].
Review of Literature

Age—structured models are most commonly used to see the most
serious impact of HIV/AIDS on a particular age group of interest. such
models give clear clue as to which age group of society should be
concentrated on in terms of treatment, education and the kind of strategies
for containing the spread[9-12]. In particular, Blynthe & Anderson et al. [2]
developed an age-structured model to study the effect of sexual activity
levels. In Anderson et al. [1], Anderson et al. presented an age—structured
model to study the role of sexual contact and proportionate mixing in a
population with HIV/AIDS. Loboobi [16] and Mugisha & Luboobi [18]
worked with models for the study of the dynamics of HIV/AIDS in a three-
age group population. in the models a population divided into three age
groups was studied. Mugisha & Luboobi [19] models, the dynamics of
HIV/AIDS with a possible vaccination strategy was studied in a two age
groups population.

All above described models involve partial differential equation.
Our model is derived as a system of partial differential equation then the
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model is reduced to a system of ordinary differential
equation [20, 24]. Our model is the advancement of
the model of J.Y.T. Mugisha and L. S.

Luboobi [20] following respect: herein we
consider four dimensional system while they used
three dimensional system. We also taken vertical
transmission through treated infectives.

In view of the above, in this paper, we have
proposed and analyzed a continuous age distribution
model of HIV/AIDS with vertical transmission. The
numerical analysis of the proposed model is also
carried out to investigate the influence of some
important parameters on the spread of the disease.
The Basic System

Let us divide the host population into four
subpopulations; the susceptible class, the normal
infective class, the treated infective class and the
AIDS patients. The age-density functions of each
class are denoted by S(a, t), I(a, t), U(a, t) and A(a, ).

Let a(a,t) is the age-specific force of infection due
to normal infcetves, 7(a,t) is the age-specific force

of infection due to treated infcetves, a(a) the rate at
which normal infectives at age a become treated,
V(a) the rate at which normal infectives at age a

become AIDS patients, H(a) the rate at which
treated infectives at age a become AIDS patients,
,u(a) the HIV/AIDS epidemic-free mortality at age a

and d(a) the rate at which AIDS patients at age a

are dying due to AIDS. Then the basic system(age-
structured model) with vertical transmission can be
formulated as follows:

S+ 2~ a@t)+ @)+ s
(2.1)

o a

=+ = =[alat)+ plat)s(at)-[o(a)+ v(a)+ u(a)]i(art)

oa ot

(2.2)

‘Z_L; + %U =o(a)l(at)-[o(a)+ u(a)u(at)

(2.3)

oA OA

PP glau(at)+v(a)(at)-[d@)+ x@)u(at)

da ot

(2.4)
With boundary conditions given by

5(0.)= [s(at)+@-e)i(at)+bU(at]i(a)a

(2.9)
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10.0)=["[a- ped(@tifa)da s
UO)=[ [l(at)+a-bu(ati(a)a

(2.7)
Where /1(&) is the per capita birth rate age

a, S(O,t) is the total number of babies born

uninfected, |(0,t) is the total number of babies born
infected which are not subjected to treatment and
U(O,t) is the total number of babies born infected

which are subjected to treatment and M < oo is the
upper bound of age. & is the ratio of that newborns
produced from normal infected individuals are
vertically infected and remaining part (1-&) of
newborns are susceptibles. b is the fraction of babies
born HIV free by treated infective mothers.

The force of infection is given by

[ plaa)(atia

Hat)== J'OM n(a,t)da
o [ n@a(ata y
at)- IOM n(a,t)da | o

Wherep(a,a) be the transmission rate
between the susceptible individual aged a and the
normal infective individual aged @ . Similarly 77(&,5)
be the transmission rate between the susceptible
individual aged a and the treated infective individual
aged a .

We shall also assume that the AIDS patients
have full-blown symptoms and are easily noticeable

and not sexually interacted with any other class then
the sexually active and interacting number of adults,

N(a,t)=S(a,t)+1(a,t)+U(a,t)
The initial conditions are given by

S(a,t)=S,(a). N(at)=No(a),

l(a,t)=1,(a). Ulat)=U,(a).
Where p(a,a) is the infection coefficient,
also commonly interpreted as the probability that a
susceptible individual age a interacts with a normal
infective individuals aged & and becomes infected.

s(t)=[" S(atda, 1t)=|" 1(atha,

U(t)=["Ulat)a,

We use this model to formulate an HIV/AIDS
model with two age groups mopdel where Group | is
made up of sexually immature children and Group Il is
made up of sexually mature and active adults. We
model the dynamics of the spread in heterosexual

(2.9)
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transmission made up of

equations.

Derivation of the Two-Age Groups HIV/AIDS Model
Let the population be divided in 2-age groups

by the age intervals[aj,ajfl)for j =1, 2, where

ordinary differential

0=a,<a, <a,
susceptibles and infective cases in the jth age group
[a;,a;,) isgiven by

S,(t)= I:jl S(a,t)da

j-

1,(t)= E’ I(a,t)da

Uj(t)zLaj:U(a,t)da

AD=" Alat)da

Assume that at the start of epidemic, the
population is at steady age distribution with
exponential growth in all the classes so that

N(a,t)=e"W (a) and the number of individuals in
the age interval [a;,a; ;) is

N, (t)= Laj N(a,t)a = eqtjaaj

i1 i1

= M . The respective number of

(3.1)

W(a)da =e"P,

(3.2)
a;
Where I

aj,

W(a)da =P; is the size of he

jth age group at steady state at time t = 0 and W(a) is
the total population at a and g is he intrinsic rate of
growth of population at steady age distribution. For

a,_, <a<a, wa)=p,, vi@)=v;,
a(a): . Let the age specific infection rate be

class-dependent and written as a(a,t):a

let

j and
y(a,t)zyj and assume a constant birth rate

/1(8.) = ﬂj such that our renewal equations become

S(0.)= ] [sat)+ @~ &)l (a.t)+bU(at]i(a)a

s(0.t)= Z[S )1 ©)+bu, 0,

(33)

10.t)=["[a- p)et (a,t)]2(a)da

(3.4)
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V) ="l @t)+ 1-b (@ t]i(a)da
()= Z[epl +1-bU, (), @s)

With

N(0,t)=5(0,t)+1(0,t)+U(0,t)=e"W(0

2/1
For each j = 1,2, we allow transfer between
the two age groups to be through constants c; called
transfer rate constants so that the way an individual,
in each epidemiological class, crosses into another
age group is described b
s(a; t)=c;s;(t). 1a;.t)=c;1;(t).
Ula; t)=c,U; (). Ala;.t)=c;A;(t).
W(aj )= ¢;P
The transfer rate constants c; are given by

the reciprocal of the average length of the jth interval
11, 17],
1
a;—aj,
Consider the fractions of the jth group in the
epidemiological classes as
5 (t)

(1)

Sj(t)=m Sj(t)zeqtpj

(3.6)
: S'it)
si(=Z0p
L0 L)
|j(t)—m Ij(t)_ﬁ

(3.7)
i',-(t>='eq‘;—§_)—qi,-(t)

_Uj(t) _Uj(t)

u"(t)_th) u"(t)_eqtpj

(3.8)
u'j(t)zi%)—qu,—(t)

i
For the force of infection defined in equation
(2.8), let the constant rate p(a,ﬁ): pjk , for

aela;,a; )represent a constant interaction

between susceptibles in the jth age group and
infectives in the kth age group
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2 2
.ol D pue”Rit)
aj(t): k:12 = =t 2 :ijk Pkik(t)
N, (t e™P. =
JZ_l: k( ) JZ—]; j

From this, we have for j=1, the force of infection in Group | given by

2
al(t) = Zplk Py (t) = pllplil(t)+ PP, (t)
k=1

2
and for j=2 , the force of infection in Group Il given by &, (t) = Zka P, (t) = p21Plil(t)+ o Pziz(t)
k=1

similarly 77(,&) = 17,

2 2
Zﬂjkuk(t) ankeqtpkuk(t) 2
ni(t): k=12 == 2 Zznjkpkuk(t)
N, (t) > e"P, kL
- =t

2
forj=2 y, (t) = 2772k Pl (t) = 7721P1u1(t)+ 1M22P,U, (t)

k=1
their no sexual interaction among individuals in group | and between individuals in group | and group I, we have all
the terms in Oy, P15, L1, 71,11, a@nd 77, zero. Thus, we have 0(1('[)2 0, }/l(t):(), az(t):pzzpziz(t)
and 7, (t) = 7722P2U2(t). Integrating equation (2.1) w.r.t. a, over [aj ,aH) gives

ds. a a a,
S(a, ,t)—S(aH,t)+d—tJ = —ajjajils(a,t)da—;/j'[ 'AS(a,t)da—yj jajils(a,t)da (3.9)

aj

and using the first expression of eq. 3.1

ds.
S(a, 't)—s(aj_l,t)+d—t' =—a,;S;(t)-7,;S;t)- 1;S;(t) (3.10)
for j=1 eq. (3.10) gives

S(a,0)-5(0)+ = -2,8,0)- 18,0 45,0)

- _ Sll(t)_
$3(1) = G, ~0(0)
Sll(t) = eq:tLP [S(O’t)_ S(al’t)_alsl(t)_7181(t)_ﬂ181(t)]_q51(t)
Sll(t) = eq:!-P [/12 {Sz(t)"' (1_5)|2(t)+ bUZ(t)}_ClSl(t)_/ulsl(t)]_qsl(t)
si(t)= Z;PZ [s, +(@L—&)i,(t)+bu, (t)]-(q+c, + 2, )s, (1) (3.11)

1
Similarly we get other equations

ds
Forj=2 S(a,,t)—S(a,,t)+ d_t2 =—a,S,(t)-7,S,(t)— 1,S,(t)
199
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L(t)—o:sz(t)

so(t)=
sa(t) = qtp [S(a,.t) = (@ 1t)— 8, ()= 728, () - 42, (t)] - 6. (1)
§2(t)=2225,(0)- (@, + 7, +9+€, + 4 (1) @12

2

I(a, t)- I(ajl,t)+%=aj£i_" S(a,t)daJr;/jE_j S(at)da—(o, +v, +4, )j:' (a,t)da

forj=1 1(a,t)— I(O,t)+% = .8, (0)+ 7,8, ()— (o, +v, + 2)1,(0)

i1(t)= ()—ql (1)

edtp

[(O,I)—|(al,t)+alsl(t)+y151() (01+V1+,U1) ()] ai, (t)

i(t)= eth

1

iﬁ(t)=%iz(t)—(q+cl+al+vl+,u1)i1(t) (3.13)

1

ori2 12013, )+ 52 =8, 0+7,8,0) - +v, + )10
z(t)—T“—qz(t)

Iz(t):eqt—P{ (al,t)—I(az,t)+a282(t)+;/282(t) (0'2""/2"'/12) ()} qi,(t)

2

. P .
i2(t)= Cll:, L1 (0) + 58, (1) + 7,8, ()= (@ + ¢, + 0, +v, + 42,1, (t) (3.14)

2

Ula, t)-Ufa, , 1)+ 2 ~o, [ 1(aka— (o, +)]" Ulat)ia

dt
L=o1,(t)- (0, + 4,0, (t)

du;
dt

U (aj ’t)_ U (aj—l ’t)
for j=1

Ulay 1)~ U0.+ 2t = 00, (-0, +1, )0, ()

u'l(t)zlé%)—qul(t)

0L(1) = U0 -U (e, )+ 1, ()= (6, + 40, (O] qu, (1)

ua(t) = sz [epi, (t)+ (=D, (t)]+ i, (t)- (A +C, + 6, + 21, uy (1) (3.15)

=l )=+,

forj=2 U(a,,t)—U(a,,t)+
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uxwz%ﬁp—wxn

U'Z(t):eq%[u(al't)_u(az ,t)+02|2(t)—(z92 +/uz)J2(t)]_qU2(t) (3.16)

2

Then, equation (3.11)-(3.16) give the two-age groups HIV/AIDS epidemic model as

s1(t) = l[s+a &), (t)+bu, ()] - (@ +c, + )5, (1)

$2(t) =2 —(a, +7, ++C, + 1, )5(1)
i'l(t)z(1%)F>2}“2i2(t)—(q+c1 + 0y + vy + 14)ig (1)

AU— D)+ a8, 0)+ 7,5, - 0+, +.0, +v,+ 1)1, 0)
Ua(t) =2 " 2 [api, (€) + A -b)u, O]+ 041, 0)- (G + €, +6,+ 2 (1)
Ua() =2, (1) i, () (0 4, + 0, + )0, (1)

21

Analysis of the Model
Assuming a Constant HIV Prevalence
Consider the case where the HIV prevalence, in the sexually active adult group, is a constant. Then the

infection rate &, (t) andy, (t) can be taken constant. Here, we will assume that there is no sexual interaction with

the AIDS group and as such, in epidemiological class we will have SJ- + ij + uj =1 for j=1, 2. Thus, the system can

be reduced to a 4-dimensional system with S, =1—1, —U, and S, =1—1i, —U,, to give

o el-p)P,A, . .
|1(t):L)22|2(t)—(q+cl+al+vl+,u1)|l(t) 4.1)
1
Z(t)— 1(t)+(a2+72)(1_| () Uz(t))—(q+02+0'2+V2+,L12)i2(t) (4.2)
P,
ull(t): % [5pi2(t)+(1_b)‘12()]+01 1() (q+c +6, +,U1)U1(t) (4.3)
1
: ¢, P
u(t)= 5 Uy (t)+ o,i, ()= (q+, + 6, + 12, u,(t) (4.4)
2
Positivity of Solutions diy(t 1-p)P,4,. :
In this section, we prove that all solutions of Id(t ) = g( IS) 22 'z(t)_(q +C +o,+v, +ﬂ1)'1(t)
the system (4.1)-(4.4) with positive initial data will 1
remain positive for all times t >0. d|l(t)
Lemma 1 at > (q+c, +0, +v, + 14 )iy (t)

Let the initial data be i1(0) =i10> 0, i2(0) = i2

0> 0, u(0) = uzo =0, ux(0) = uz 0 >0 for all t. Then, From which we get,

the solution (ix(t), iz(t), us(t), u2(t)) of the model remain L(t)>c exp{—(g+cC,+o,+v,+ 4 )t}>0.

posm;/e for all time t >0. Where c; is a constant of integration. A similar

Proo . reasoning on the remaining equations shows that they
From equation (4.1), we have are always positive for t >0.

201



P: ISSN No. 0976-8602

E: ISSN No. 2349-9443
Stability Analysis
In this section, we present the results of
stability analysis of model (4.1)-(4.4) equilibria.
Equilibra of the Model
For simplicity we can write the eq. of system
(4.1)-(4.4)

i'1(t) = myi, (t)—myi (t) (5.1)
i2(t) =m,i (t)+m, —mu, —mi,(t) 2
U‘l(t):meiz(t)+m7uz(t)+o'1i (t)_ mgu, (t)

(5.3)
u'2(t) =myu, (t)+ oy, (t)—mu,(t) (5.4
where, M; :M,
R
C,h
m, :(q+C1+O-1+V1+/Jl)' m; = p
2

m, 2(052 +72)'
mg :(q"‘az"‘?/z +C, +0, +V, +ﬂ2)’

_ PP 4, (L-b)P,2,
6 Pl v 7 P1
Mg :(q+C1 +6, +;Ul)
m :(q+cz +06, +;U2)
The endemic equilibrium for the above
system of equation is given by

El(ij iy ,Up uz)

-k ml -k

i=—xi,,

1 m2 2

i*_ m4

2_ y
o m.m, —m,m

m,| —2+mo|+—>2—12

m9 m2

* -k * 02 -k
U, =Mywi,, U, =|—=+mo |i,,
m9
m,o.
+ 1~1
m2

Endemic equilibrium will exist if MgMy > M,M, and

Where
m,o
4772
my

1
= m
[msmg_m3m7]|: °

m,my > mM,m;. In terms of parameters condition
can be written as

}“2(1_b)c1 >(C1+q+91+lui)(cz+q+6’z+,uz)
(q+a2+72 +C, +0,+V, +luz)

(q +C +0,+V; +ﬂ1)>5(1_ p)cllz
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Local Stability of the Equilibrium

To determine the local stability of E;, the
following variational matrix of the system (5.1)-(5.4) is
computed around E; as,

-m, m 0 0

M, = m -mg 0 -m,
o, Mg -mg m

0 o, My -m

The characteristic equation corresponding to the
matrix is given by
f(x)=A"+a, 2’ +a,A +a,A+a, =0 (55)
Where,
a, =(m, +m, +m, +m,)
a, = {msms +MyMg +MyMg + Mg, + (msms - m3m7)+ oM, + (mzms - mlm3)}
a3 =(ms +m9)(mzms _m1m3)+ m,Ms M, +(mz +m5)(msm9 _m3m7)+02mzm4
+0,m,mg +m,m,mg
a, =(m,m, —mm, mym, —m,m, )+ &,m,m,m, +m,m,m,m, +o,mm,m,
Since endemic equilibrium will exist if
mgMmy > mM,m, and M,M; > MM, . Therefore,
a;>0 for i=1,2,3,4. Thus by Routh-Hurwith criteria, E  is
locally asymptotically stable as if the remaining
conditions a;a,-az>0, and &,a,8; — a§ - afa4 >0

are satisfied.
Global Stability of the Equilibrium

To show the globally stability behavior of E1,
we need the bounds of dependent variables involved.
For this we find the region of attraction stated in the
form of following lemma.
Lemma 2

The set

2 = {(i,,i,,u,,u,); 0<i, +u,<1; 0<i, +u,<1}

is a region of attraction for the system (5.1)-(5.4).
Theorem 1

If the endemic equilibrium E, exists, then it
is globally asymptotically stable provided the following
sufficient condition are satisfied in €2,

2
3m, +m, [’ <2m,m,

(5.6)
Proof. Consider the following positive definite function
about Eg;

v =;(i1—i;)2 +;k1(i2 -if +;k2(u1—u;)2+;k3(u2—u;)2
(5.7)

where the constants ki, ko, ks and k4 can be chosen
suitably

The derivative of V along the solution of
the system (5.1)-(5.4) can be written as

‘:j\t/=(i1-i;)‘:jit1+k1(i2—i;)‘zt2+k2(u1—u;)‘1jlil+k3(u2—u;)ij”tz
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C(ij_\t/ =—m, (il - iI )2 - mskl(iz - i;)z - makz (ul _UI )2 - m9k3(u2 _u;)z

+[my + komy Xy — iy Nip, — i3 )+ [keor, —kym, J(i, —i3 Xu, —u3)

+k2m6(| Xu1 ul) [k,m, +k,m, (ul—ul Xuz—u2)+ kzdl(ll—ll Xul—ul)
Thus, a suﬁlment condition for dV/dt to be -.4836058512, -.6432554463, -1.023694293, -
negative definite that .8314444099
) Since all the eigen values are negative, the
[ml + k1m3] < 3 m,m.k, (5.8) endemic equilibrium E; is locally asymptotically
stable.

The nonlinear stability behavior of E; in i; —

5 2 u, and i1 — ui plane is shown in Fig.1] and Fig.2

[k,o, —km, [ < =mimkk, (5.9) respectively. We see from these figures that all the
3 trajectories tend towards the equilibrium point E;.

, 2 4 Hence, we infer that the system (4.1)-(4.4) may be
kym," <—m,mgk.Kk, (5.10) globally stable about the endemic equilibrium E; for
9 the above set of parameters. The results of numerical

> 2 simulation are displayed graphically in Figs.(3-10).

[k2m7 +k3m3] <—mgmek,k,  (5.11) Fig.(3-4) depicts the variation of sexually mature
3 normal infective population and the population of pre-

s o 2 mature infective children with time for different

kyoy < gmzmskz (5.12) treatment rates. It is found that with the increase in

After maximizing the LHS and minimizing the .the tr.eatment ra.te 0, , the sexually mature n.ormal

RHS and choosing k=1, the stability condition can be infective population decreases and the population of

pre-mature normal infective children also decreases

obtained as follows, -mal r
which in turn increases the sexually mature treated

2
3[m1 +m3] < 2m2m5 infective population and pre-mature treated infective
where the constants k>0 (i =1, 2, 3) can be chosen children (see Figs.5-6) . Figs.(7-10) show the effect of
such that age-specific force of infection ¥, on all the classes. It
m . . .
k3 =—% and is clear that with increase in the value ofy,, the
O, population of all the classes increase which make the
disease more endemic.
k2 <min 2m2m8 ,4m5m8 , Fig.1. Global stability in i> — u> plane
307, 9m2 R R R R AR
'R divd s
Numerical Analysis and Dlscussmn IR RO I A A
: SO R R D R e
We give here numerical simulation of the Wb i o e  a
equilibrium and stability conditions of the model (4.1- LRV Jd A e e e e
4.4). \\\.\.é::{ N R ey
i - { Sty & e e
We integrate the system 4.1 4.4)_by fourth I, 0.3 NN e
order Runge-Kutta method using the following set of e e e e e
parameter values: P, = 3000, P; = 1000, € =.002, p = e e Yy Yy e e o
.003, A2 =143, 0,=.02, 02 = .2, y»=.124,c,=.1,q = T e M Yy Yy R
.2, M2 = .03, Vo =.03, 0, = .05, 01=.1,¢c,=.3, M1 = .02, 029 ™y J“/"'f‘f'f"ww
A T e e My e
v1 =.004, 8, = 003, with initial values i, (0)= 0396, R T
- B e e e R i ] -
i,(0)=32, u, (0) =.068 and U, (0)=.115, the co- 0] T
infection equilibrium values are computed as, ——————————
o o 01 02 03 04 05
1, =.03983271411, 1, =.3257746976, .
hy——*

U, =.06865540307, U, =.1202275282,

The eigenvalues corresponding to the
endemic equilibrium E; are given by,
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Fig.2. Global Stability in i;-u; plane Fig5. Variation of sexually mature treated
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Fig8. Variation of sexually immature normal
infective children with time for different rate of ¥,

0.0354
0.0354
0.037 4
0.0364

0.03589 »
003479 !
o034 o~ ____

(T ) U2AP[IYD 2A1}IIJUI [EMLION SINJEWWI A[[ENXIG

Fig9. Variation of sexually mature normal
infectives with time for different rate of ¥,

i~

0.324
0.317

03 o y,=124

0.297

0.287

0.271

(I ) SPALIIDTHT [EMLION 2INJEM A[ENXaS

Titne
Fig10. Variation of sexually mature treated
infectives with time for different rate of ¥,

72

5 01z

=]

B

£ 01154

g

o

g 011 — y=124
S | — Ya=0
=%

5 0105

T

<!

-

§ 0

§ 0 0 W W 0 W0 &

RNI No.UPENG/2012/4262 VOL.-8, ISSUE-2 (Part-1) April 2019

Asian Resonance

Conclusion
In this paper, a continuous age-structured
model has been taken to derive a two-age groups
HIV/AIDS epidemic model. It is assumed that HIV
infection confers treatment, and the infective agent
can be transmitted not only by horizontally but also
vertically from adult individuals to their newborn. The
model is first derived as a system of partial differential
equations, and then age groups are defined so that by
adding up all the individuals within each age group,
the model reduces to a system of ordinary differential
equations. The model is analyzed by using stability
theory of differential equation and numerical
simulation. We show that both the disease-free and
endemic equilibrium exists. The model analysis shows
that the increase in treatment will decrease the
epidemic and the epidemic slows down more rapidly if
the treated infectives do not take part in the sexual
contact. It is also noted that disease can be kept
under control upto the desired level by reducing the
contact rate between susceptible and normal infective
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