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Taxk kak 10 cuX MOp OTCYTCTBYIOT 3 (heKTHBHBIC
CPEICTBA JICUCHHUSI BUPYCHOTO UMMYHOIC(UIINTA
yenoseka (BUY) u BUpYyCHOTO CHHIpOMA
npuoOpereHHoro uMmynoaeduiura (CITUI) ¢
MOMEHTA UX HOSBJICHHS, TO MHOTHUE HAYYHBIE
MCCIIC/IOBaHMs HAIIPABJICHBI HA TOCTPOCHHE
MaTeMaTHYeCKHX MOJIeIIeH, KOTOPbIe MOACIUPYIOT
BO3MOXXHOCTH TPEIYNPEKICHUs, TPODUIAKTHKHA U
JMUKBUAALUY 3TOW OoJie3Hu. B manHoit padote
(hopMynHrpyeTcs MaTeMaTuIecKast MOJICNb, KOTOpast
UCCIICAYET JUHAMUKY BIMSIHUS OJTHOBPEMEHHOTO
NPUMEHCHUS TIPe3ePBaTUBA U TEPANICBTHYCCKOTO
JIeYEeHUsI, KaK cpecTBa (MHCTPYMEHT) MPOTHB
pacmpoctpanenus BUU/CITU/Ia B reTepocekcyaibHOM
nonynanud. B mpennaraemoit MoIeN UCTIONIB3YETCS
HeJTMHEHHbIe TudhepeHITNATLHBIE CHCTEMBI,
cocrosiye u3 cemu (7) auhepeHnnanTbHbIX
ypaBHeHHMii B cemu (7) rpymnax HacejeHus. B Mmomuenu
YUUTBHIBAETCS YPOBEHb POXKAAEMOCTH M3y4aeMOTr0
HACEJICHHUS, a TAKXKEe J0JISI HHPHUIIMPOBAHHBIX MYKYHH,
KOTOPBIC OJTHOBPEMCHHO HCIOJB3YyET MPE3EPBATUB U
AHTHPETPOBUPYCHYIO Tepanur. MoJens uccieayer
MOBEJICHYCCKUE U3MCHCHHE TIPOTIOPLIUE
WHQUIUPOBAHHBIX WHIWBUIOB HACEICHUS I1OCIIC
NPUMEHEHHUST MEP PEryUpoBaHus (MCIOJIb30BAHUE
NpE3epBATHBOB U aHTHPETPOBUPYCHOM Tepamnun). B
paboTe nokazaHo, 9To d3HPEKTUBHOCTH
npoduIakTHYECKUX Mep B 3HAUYUTEIBHOU Mepe
3aBUCHT OT PsiJia ONMCAHHBIX apaMeTpoB. Kpome
TOTO, Pe3yJIbTAThl YUCICHHBIX IKCIIEPUMEHTOB
MOKAa3aJId, YTO MPU OTCYTCTBHU MPODHIAKTUISCKUX
Mep MHQEKIHS 0XBATHIBACT BCE HACEIICHUE.
HccrnenoBanue BAUSHUS UCXOHBIX TAPAMETPOB
MOJIEJIN TTOKA3bIBACT, YTO HACEJICHUE C BEICOKUM
YPOBHEM HUCIIOJIb30BaHUS TPE3CPBATHBOB, MIPH
HAJIMYAY AaHTUPETPOBUPYCHOI TEpaIuu, Kak CPeICTBO
NpOGUIAKTUKH, 3HAYUTEIEHO CHU)KACT YPOBCHb
BUY/CITUa. Takum 06pa3oM, CTEIIEHD
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Following the absence of a definite treatment ffigr t
human immunodeficiency virus (HIV) or the acquired
immune deficiency syndromes (AIDS) since their
appearance, many scientific studies with the h&lp o
mathematical models have been formulated to the
extent possible to prevent and eradicate the diséas
this article we have formulated a mathematical rhode
that explores the dynamics of the impact of theafse
condom and therapeutic treatment simultaneouslg, as
means (tools) against the spread of HIV/AIDS in the
heterosexual population. The proposed model uses a
nonlinear differential equation system consistifg o
seven (7) differential equations in seven (7) gsoofp
the population. The model takes into account nhtura
birth rate of the studied population, and the prtpo

of infected males, which simultaneously uses condom
and antiretroviral therapy. The model explores the
behavioral change of proportion of infected
individuals in the population following the appliizm

of control measures (condom use and antiretroviral
therapy). It is proved that the effectiveness of
preventive measures greatly depends on a number of
parameters described. In addition, the results of
numerical experiments showed that in the absence of
both preventive measures, the entire population is
contaminated with the infection. The interactiorthof
model parameters show that the population with high
levels of condom use in the presence of significant
adherence to antiretroviral therapy as prophylaxis
significantly reduces the level of HIV/AIDS. Thus,
prevention of infection is significantly improvedtiv

the increasing number of the infected populatidngis
condoms and antiretroviral therapy simultaneously
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pacrnpocTpaHeHHs MHPEKIMHA 3HAYUTEIEHO CHIDKACTCS
C YBEJIMYCHUEM JIOJIU YHUCIIAa HHIWBH]IOB
MHQHUIUPOBAHHOTO HACEICHNUS, KOTOPHIE HCIIONB3YIOT
MIPe3ePBATUBEI H aHTHPETPOBUPYCHBIE TEPATTHU
OJTHOBPEMEHHO

Krrouessie cnoa: UCKOPEHEHUE, Keywords: ERADICATION, ABSTINENCE,
BO3JIEPXKAHUE, IIPEJJOTBPATHUMBIX, ALEIIT,  PREVENTABILITY, ADHERENT, IMMUNE,
UMMYHHBII, TEPAIIEBTUYECKH, THERAPEUTIC, HETEROGENEOUS,
TETEPOT'EHHbIM, MOJIEJIMPOBAHMUE, SIMULATION, CONTAMINATED, EPIDEMICITY,

3APAXXEHHBIE, SITUJAEMUS, ITPOOUITAKTUKA  PROPHYLACTICS

1. INTRODUCTION

The ravaging of the society by several numbersifeictious diseases has
for long thrown Scientist and Researchers intotarogphere of constant search
for possible solutions. The Human Immune DeficieMegus (HIV), which is
the basic route of the deadly disease called Aequimmune Deficiency
Syndrome (AIDS), have been branded the greatesttt@anost complicated
health menace of all and including this'2&ntury.

In the context of its complex and perilous natse/eral research works
have been carried out as far back as 1987, wheml¢VEploped simple function
for the growth in the number of individuals who dkevelop AIDS and for the
distribution of incubation period of those indivals [2], yet, at present, no
known cure for HIV/AIDS. Rather, to be able to coned the widespread of
this deadly disease, Scientist and Researchers fesegted to the use and
application of alternative control measures rangnogn awareness campaigns
on the practice of sexual intercourse with unirddatnutual partner, abstinence
from unprotected sex, counseling, Antiretroviralefdpy (ART) and having
protected sex with condom [3][4].

Tackling the scourge posed by HIV required multreinsional approach
which can be achieved via formulation of mathenadtrnodels. Mathematical
modeling is known for its power to substantiallyjomm and enhance social and
behavioral HIV prevention research [5]. Modeling EfV transmission is
geared towards extracting as much information asipte from available data
in order to provide an accurate representation ah the knowledge and
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uncertainty about the epidemic [6]. Notable workshis direction include those
by [7, 8,9, 10, 11, 12].

The motivating factor for this present study istthg [4]. Formulated in
that study, were the transmission dynamics of HNJ@ in a two-sex
population considering Counseling and Antiretrovifderapy (ART). The
impact of growing access to ART on the consistesg of condom is of
paramount importance and remains an ongoing delmateg researchers [13,
14, 15]. Anti-retro-viral therapy (ART) is the plment of infected individuals
on antiretroviral drugs in correct manner, with edimce support [5]. It is a
biological treatment that depresses the Immuneesysthereby prolonging the
life-span of the case study.

Furthermore, unlike the earlier model by [3], whathdied the impact of
non-compliance by the population in condom use thw prevention of the
spread of HIV/AIDS, as a single strategy approduis, present paper formulate
a mathematical model which accounts for the dynsanut the impact of
simultaneous condom use and therapeutic treatmdit)( of HIV/AIDS in a
heterogeneous population. The present model ensm®panovelty features
which includes the natural birth rate defined ortuabinteractions between the
males and females population as well as the pnogmodf infected males that
simultaneously uses both the condom and ART. Tdtir Ifactor also account
for the variation of this present model and thaf3jy

Several independent studies on the dynamics ofaongse as well as
antiretroviral therapy (ART) in the prevention oMAAIDS infection have been
conducted. But how effective is the simultaneous oafsboth the condom and
ART (combined treatment) as a means of preventgbilhave not been
adequately exhausted. Therefore, this present stwtich accounts for the
dynamics of the impact of simultaneous condom uktherapeutic treatment
(ART) in the prevention and eradication of HIV/AID&me at the appropriate
period as the search for accelerated approachet@rddication of HIV/AIDS
infection is given much more attention. It is hapat the present work will
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provide insight into the potential impacts of condaise with antiretroviral
therapy in the control and eradication of the spefaHIV/AIDS.

2. PARAMETERSAND MODEL EQUATIONS

Formulation of the mathematical model for thisdgtutook into account

the following assumptions:

I. Population under study is heterogeneous;

ii. Infection is either horizontal or vertical;

lii. Infected individual die natural death or due teection;

Iv. Efficacies of both control measures (the condomARd) varies;

v. Only infected males use the condom;

vi. Both infected males and females use the controsorea- ART;

vii.  Age-structure is ignored;

viii. Treatment is not life-span dependent.
Other assumptions by [4], are equally observeds@assumptions are essential
for the structuring of the model flow-chart as seefigure 1 below:

H+a,

P ®

u+a,

261

—

Figure 1: A differential flow-Chart of thenodel of the impact o
condom use and antiretroviral therapy in preventan
HIV/AIDS
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Hayunsiit sxypHan KyoI'AY, Ne110(06), 201501a 5

From fig.1 above, the parameters (functions) efriodel are defined as

follows:

S, () - Number of susceptible males at time t;

I (1) - Number of infected males at time t;

R.(t) - Number of infected males who use ART at time t;

P.°(t) - Number of infected males that use both ART antiom;

c,(t) - Average number of sexual contacts by infectetbsnaith
females per unit time;

c.'(t) - Average number of sexual contacts by infectettsnaho
use ART with females per unit time;

c,.’(t) - Average number of sexual contact of infectedemdhat use
both ART and condom with females per unit tine

B, - Probability of transmission by an infected male

B.L(t) - Probability of transmission by an infected mal® use
ART,;

B2 (1) - Probability of transmission by an infected nmiilat use both
ART and the condom;

o, - Proportion of infected males who use ART pat time;

O - Proportion of infected males who use both AR®@ the
condom per unit time;

B, () - The infection rate of males at time t (incidemate of
males);

where,

N,=S,+I,+R, +p°m
S (t) - Number of susceptible females at time t;
. (t) - Number of infected females at time t;

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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R;t)

¢y (1)

¢ (t)

B

B

B, (t)

where,

b.N,.N,

Number of infected females who use ART at time
Average number of sexual contacts by infectedafes with

males per unit time;

Average number of sexual contacts by infecésddles

receiving
ART with males per unit time;

Probability of transmission by an infected féea
Probability of transmission by an infected féenaho use

ART;
Proportion of infected females who use ART it time;

The infection rate of females at time t (incide rate of

females);

N; =S, +1; +R,

Population birth rateh >0

Natural death ratgy >0

Population death rate of infected without tneatita, >0
Population death rate of infected who use &, a, =0
Population death rate of infected who use B&R and the

condom,a, =0.

From the flow-chart (fig. 1) and the parameteratexst above, the

coefficients are considered positive and the sigriere the terms are taken with

plus if the arrow enters the area and with mings,sf the arrow goes out of the

scope [3]. Essentially, the model also took int@camt, natural birth rate

b.N,.N,, natural death rate u; and population death ratehofe without

treatment &,), receiving only ART §&,) and those using both ART and condom

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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(a,) respectively. Thus, the model is governed byftil®wing derived non-

linear ordinary differential equations:

CLI—S:“szm.Nf “B.S, -8, 2.1)
dl
d
S = (Ut a+ )R, (2.3)
dP®m c

g = PR m (U )P (2.4)

In a similar approach, we derive the model equatimn the female population

as.
ds
dtf =bN,.N_ - B,S, - /5, (2.5)
dl,
EZBfo_(/'I-'-aO-FJf)If (2.6)
drR
dtf =0l —(uta)R; (2.7)

Differential equations for the total populationméles and females is
supplemented by algebraic equations
N,=S,+I +R, +p‘m (2.8)
N, =S, +1, +R, (2.9)
From the investigation by [16], the incidence raikmfection denoted by

I, R c
B, and B, are expressed by the relam[,\tlé,if and r|\|m , Em ,'T\Im of HIV-

f f m m m

infected individuals:

I R
B,, = C./3 N—f +(c," + cmz),[?le—f (2.10)
f f
I 'R + 8 2P°n
Bf :CfﬁmN_m+Cfl(ﬁm RmN/Bm J (211)

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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From equations (2.10) and (2.11), if we kef and g,’equal zero, then we

obtain the model by [4]. Therefore, the present ehad enhance by the

parameters °(t),c,’(t), 5, 1), 0,,a,and equations (2.10) — (2.11) as against

that by [4].The original data are summarized irgdbbelow:

~—+

Table 1: Summarized original parameter data:

Symbols | Expression for the males Symbols | Expression for the females

Sn number of Susceptible males at| § number of susceptible females 3
timet; timet;

Im number of infected males at timel; number of infected females at
t; time t;

Rm number of infected males who usB; number of infected females who
the ART at time t; use the ART at time t;

Pm number of infected males that usesy average number of sexual
both ART and condom,; contacts by infected females wit

males per unit time;

Cm(t) average number of sexual iy average number of sexual
contacts by infected males with contacts by infected females wh
females per unit time; use ART with males per unit

time;

Cm' (1) average number of sexual N; S(t) + 15(t) + Re(t) - total
contacts by infected males who population of females at time t;
use ART with females per unit
time;

Cm () average number of sexual it Probability of transmission by an
contacts by infected males who infected female;
use both ART and condom with
females per unit time;

Nm Sit) + Im(t) + Rm(t) + PCn(t) - Bit Probability of transmission by an
total population of males at time infected female who use ART;

t;

Pm Probability of transmission by an o, the proportion of infected female
infected male; who use ART per unit time;

P’ Probability of transmission by an Bx(t) the infection rate of females at
infected male who use ART; time t, (incident rate);

Brm® Probability of transmission by arn b.N,.N_ | natural birth rate of females
infected male who use both ART popu|ation’b >0;
and the condom;

Om the proportion of infected males| u natural death ratey > 0;
who use ART per unit time;

Pm the proportion of infected males| a, Population death rate of infected

who use both ART and the

Who receive ARTa, = 0

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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condom per unit time;

Bm(t) the infection rate of males at timea, Population death rate of infected
t, (incident rate); without ART a, =2 0;
b.N,..N, | natural birth rate of male
population,b>0;
M natural death ratey > 0;
a, Population death rate of infecteg
Who receive ARTa, = 0
a, Population death rate of infecteg
without ART a, 2 0;
a, Population death rate of infecteg

Who use both ART and the
condom,a, =0;

3. TRANSFORMATION OF MODEL EQUATIONSAND ANALYSIS
In this section, we shall be involve in the tramsfation of the model

equations into dimensionless form, then followeddayivation of population
changes caused by infection at a given periodnaé.tilt is worthy to note that
the consequence of equation transformation intggutans is based on the
following:

I. It reduces the numbers of seeming complex equatmmreasy handling;

ii. It initiate the biological meanings of the propors of infected

individuals;

lii. The prevalence of infection is defined.

Let N, (©)=N,, N, (©0) =N,
Then
S, =S./N,, (3.1)
Y = Im/Np, (3.2)
r,=R./N, (3.3)
P, = P.°/N, (3.4)
S; =S, /N; (3.5)

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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yi =1¢/N; (3.6)

r =R, /N, (3.7)
In terms of proportions,

m(t) =N, (1)/Npy = s, + Y +10+ 1, (3.8)
and

f()=N;(t)/N; = s, +y, +r (3.9)

Furthermore, the coefficients (2.10) — (2.11), is dimensionless form are

transformed into:

B = Y t(clee \pt I
m_CmﬂfW (Cm Cm )ﬂf f(t)

(3.10)

— Ym 1 :Bmlrm +ﬁm2 P
B, _Cfﬂm%-*_cf ( () ) (3.11)

Then, from equations (2.1) — (2.4), the transforomat in the infection process

are derived as:

s. =bm(t).f(t)-B,s, - /8, (3.12)
ym' =B s, —(u+a,+0,)y, (3.13)
rm’ =0y, ~(L+a, +p.)r, (3.14)
P = Do~ (H+ )P, (3.15)

In a similar notion, equations (2.5) — (2.7) carob&ined as:

s, =bf ©).m(t) - B, s, - 18, (3.16)
YfIZBfo —(u+a,+0o,)y; (317)
rf' =0:Yq _(/'l+a1)rf (318)

In a simplified form, the various changes in eatlthe population groups are
simulated and analyzed in terms of equations (3-1€3.18) as summarized in
Table 2, below:

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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Table 2: Proportions of the dynamics of HIV contrasures
Group Derivatives Eqn. no.
Sh s, =bmt).f(t)-B,s, - /5, (3.12)
I ym' =Bs —(uta,+0)y. (3.13)
R (o =0V — (U, + P, (3.14)
P P = Pl =+ )P, (3.15)
S s, =bf t).m(t) - B, s, - /8, (3.16)
& Y, =Bys, —(u+a,+0,)y, (3.17)
R; rf' =gy, —(u+ay)r, (3.18)

4. NUMERICAL SIMULATION AND ANALYSIS
The model represents a set of 7 non-linear ordiddfgrential equations
involving 7 different groups of the populatios,_ (y,.r..p..S:.Y;.r;) and are
simulated using hypothetical values as generaté@ailobe 3, below:

Table 3: Table of parameter values for variants 1 - 4

) e | ey o [ - - S - I IRl e, | B | B B | B B8,

! 002 (01|02 (015 (@15 |0 |0 |0 |3 |3 |3 |3 |2 |02 |01 |05 |02 |0K

L 002 [ 01|02 (015 (@15 |02 |0 |0 |3 |3 |3 [3 |2 |02 |01 |03 |02 |0

002 (01|02 (015 (015 |02 |02 )0 |3 |3 |3 |3 |2 |02 |01 |05 |02 |0X

* 002 (01|02 (015 (15 |02 020213 |3 |3 [3 |2 |02 |01 |03 |02 |0

where the initial values of all characteristics asan table 4.

Table 4: Initial values of proportions of the population
Proportions | 5_(0) ¥ 0 |00y [ p (0 | 500D ¥ (0 F(0)
Values 0.7 0.1 0.1 0.1 0.6 0.2 0.2

For simulation compatibility, we rewrite the pamters
(St Yoo T PS¢0 i 0T ) @S @ VECtor quantity, i.e.

A={A AL AL ALALAAY ={A}
(Ad=3A. {a}=2A.

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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Therefore, the systems of differential equatiornsloa rewritten as:

dA
5= [(At0[T]

A0) = A,
The differentiation of the above system of eduaatiimdone using one of the
several numerical methods. Here, we use the MATHQ2JDwhich is known
for its in-built function “rkfixed” realizing Rung&utter method of accuracy of
order 4.
In the analysis that follows, we bear in mind tbat investigation is the
behavioral change of the proportions of the popudatof infected groups

(r..p..r;) following the application of the control measufesndom use and

ART). The efficacies of the control measures (condose and ART) are

predominantly determined by,o,,p..8.". 8.2, 8, . This does not play down on
the importance of other parameters suah'as ’,c,’.

Now, if J®represent the time interval t, and from TableJ?),,....,3®

represents,,y..r.. P..S:, Y., respectively, then the corresponding graphs

taking from Tables( 3 & 4), are as in figures (8)-below. Moreover, in each of
figures (2 — 5), the investigations were carrietlmuthe highlighted parameters
as in variants (1 — 4) of table 3, which predomthaaffects the treatment
factors.

Note: The analysis that follows shall be express ims&of years of survival by

various proportions of the population understudy.

http://ej.kubagro.ru/2015/06/pdf/37.pdf
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m(t) f(t)

Prevalence of infection

Prevalence of infection

;__'_.
% 10 20

J{l}

Time (in years)

Time (in years)
Fig 2: Graphical simulations of s v_.» .p..5. ¥, 7 from model (3.12) — (3.18) against

time with J=*- the sum of male and female proportions. Pamameter values are in
variant (1) - Table 3.

As a control measure over our studies, from varianttable 3), we
simulate as in figure 2, above, the situation wheobody use any of the
preventive measures (condom use and ART), with IG®ural death rate
(.e.o,,0,,p,=0u=01). Putting contact rate of 20% by infected femait®

ought to be on ART treatment and low transmissiate of 5% by infected

males who ought to be on both condom use and AfTptoportions ok, and
s, were early contaminated with infection in lessnthO0 years. Infection
increases for both male and female population,y;), leading to entire

extinction of the population within 20 years. Numaly, the behavioral

changes can be expressed as follows: <8y, <20r, <15p,h <10, and
s, <8y, £20r, <15. This shows that the limit to which the entire pigpion

survives can be expressed by

{An}=gA <20 anO{Af}=gA < 20.

http://ej.kubagro.ru/2015/06/pdf/37.pdf



Hayunsiit sxypHan KyoI'AY, Ne110(06), 201501a 14

Prevalence of infection

Prevalence of infection

Time (in vears)

Time (in years)

Fig3: Graphical simulations of s y_.r..p..5. ¥, 7 from model (3.12) — (3.18) against

time with J“*- the sum of male and female proportions. Parameter values are in
variant (2) - Table 3.

From figure 3 above, setting the parameter valddgyo2 as bases, we
conduct an investigation with only 20% of infectethles using only ART

treatment factor (i.e.o,=020,=0,p,=0). Application of ART as a

preventive measure by infected males leads todaian of infection and
prolong lifespan of about 25 years. The impacthi$ ART is shown by the
considerable increase in the number of years beforgamination of the
susceptible by infection compared to that of fig.TBe investigation indicates

s, <8Yy,<12r <20p, <10 ands, <15y, <20r, <12, with visible extinction

period of the entire population given by

{An}=gA <20 and{Af}:gA < 20.
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m(t)

Prevalence of infection
Prevalence of infection

o
Time (in years)

Time (in vears)

Fig4: Graphical simulations of =, y_.7 . p..5. ¥ 7 from model (3.12) — (3.18) against

time with J* - the sum of male and female proportions. Pammeter values are in
variant (3) - Table 3.

Figure 4 above, represent a slight modificationvafiant 2, resulting to
variant 3 (table 3). Here, we studied only the iobgd the use of ART by both
infected male and female population, as a singleatriient factor

(.e.o, =0, =02p,, =0). Again, contact rates of population proportiobserving
treatment were on the average with low transmissiaates

(iLe.c,' =5c¢,' =286, =01,8.% = 005). We see that the limits of survival for the
various proportions are defined by the intersalsgy <12r_ <20p, A <10
ands, <10y, <12r, <20. The extent to which the entire population sursilies

in the range,
{An}=25:A <20 anO{Af}:ZB:A <20.

Finally, from fig. 5 below, we intensify our invégation as compared to
figure 4. Here, various proportions of the popwlatunderstudy were exposed
to ART only and both condom use with ART as prewmentmeasures

(.e.o,,0,,p,=02) with infected males maintaining average contat¢ rand
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females, low sexual contact ratec (=c,’=5¢c,'=2). Their respective
transmission probabilities wege' = 3,' =018,7 =005. The results shows
thats, <8y, <12r,<20p, <25 ands, <10y, <12r, <22. This Iindicates a

survival range of the entire population at

{An}=gA <25 anO{Af}:gA < 22.

Prevalence of infection

Prevalence of infection

i Time (in vears)

Time (in vears)

Fig s Graphical simulations of s, v_.7..p..5.. ¥, 7 from model (3.12) — (3.18) against

time with J* - the sum of male and female proportions. Pammeter values are in
variant (4) - Table 3.

5. DISCUSSION

In this paper, we formulate a mathematical modelt tetudies the
dynamics of the impact of ART and simultaneous iappbn of both the
condom and therapeutic treatment as preventabiithe spread of HIV/AIDS
in a heterosexual population. The model uses m@wafi differential equation
leading to system of seven (7) ordinary differdréguations in seven (7) groups

of the populations.

From the simulations of our model with the aid oAWMHCAD program,

the following results were obtained:
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I. In the absent of any preventive measure ( i.e.amaiem and ART),both
the susceptible male and female population expeggnacute
contamination of infection within 8 years, resuitito sharp increase in
infection and subsequently, leading to extinctioh the entire
population within 20 years — fig. 2.

ii. Here only the males use the ART. We see that thygoption of the males
that use ART experienced considerable increasepnlption that live
a normal life with life expectancy of over 20 yeammpared to other
proportions of the population. The lifespan of #rdire population is
been determined by the behavioral changes of thasipgof the
population. ART used by the infected male populatexhibit a
considerable impact on the female population ag ¢beld survive for
about 20 years without treatment- fig. 3.

li. ART reduces the rapid spread of HIV/AIDS infecti@ut ART without
condom use means individuals with higher viral laadlow CDA4
count before or at the initial of ART have potehtainfect their sero-
negative sexual partners or at risk of acquiringgdresistant viral
strain from their sexual partners who are alreatigcted. Clearly,
with the application of only ART by both male anénfale
proportions, we observed reduction and gradualiefdn of the
spread of HIV/AIDS infection leading to prolongefi$pan and more
enhanced normal of about 20 years — fig. 4.

Iv. With consistent condom use in the presence of adh&RT (a viral load
suppressor), reduction and subsequent eradicafitimeadisease will
not only be achieved in a finite time but infectpdtients live a
prolonged life of about 25 years for the males willk two factor
treatment and about 22 years for the females WRA As a treatment

factor — fig. 5. The use of condom enhances th@awan in years as
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experienced by the male population and as welbpigthe lifespan of
the female population in the course of interaction.
6. CONCLUSION
Our analysis shows that lack of persistent usengf @eventive
measures (condom use and ART) as treatment fantoesases the spread
of HIV — infection. On the other hand, adherent a6&RT as a single
treatment factor, suppresses HIV/AIDS infectiorerédby reducing spread
of infection and more importantly, prolonging théespan of infected.
Furthermore, simultaneous use of the condom andfisignt adherent to
ART, as a means of preventability negatized HIV/SIBepidemic,
suggesting that increase in preventability deceatize level of

epidemicity provided the parameters,o,,p,, are sufficiently high. The

model therefore, recommends availability and adbo/itg of

preventability measures as a means to the eramficafi the spread of
HIV/IAIDS epidemic. Further studies that would avahe female
population the use of condom and ART alongsidemth&e population, is
hope to throw more insight on the impact of thisHarapeutic treatment.
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