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Balancing Treatment and Prevention: The Case of HIV/AIDS
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Abstract: A mathematical model is formulated to study theeffof treatment of HIV/AIDS patients
on the spread of the epidemic in a two-age groyg@pulation. The model assumes the sexual
transmission mode. A proportiod, of the adult HIV/AIDS infects is assumed to beeaiging
treatment. The analysis of the model shows thatrirent that is not accompanied by a positive change
in social behavior will increase the number of botiild and adult infections in the population. Aifid
treatment is accompanied by a change in socialMi@hthe epidemic could be eventually contained.
The basic reproductive numbers in the case ofrreat with no behavioral change and in the case
treatment with behavioral change are used to makelgsions about the need to balance treatment
with prevention.
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INTRODUCTION Many author8™?! have studied the effect of
treatment of HIV/AIDS patients, the role of the
HIV/AIDS at present has no cure and no vaccine agcreased incubation period and behavioral change o
yet. As the number of reported cases of AIDS camtin the spread of the epidemic. The major result of thi
to swell, the magnitude and severity of the problenthat there is evidence that as awareness of ths ris
become increasingly evident and the need to develoassociated with HIV infection increases, there is a
effective strategies to prevent and control H\egtfon  change in social behavior and also that therapy wit
are becoming even more urgent. The virus is agsatia behavioral change alters the course of the HIV
with a severe breakdown of the immune system of thepidemic. However there is little attempt in modgli
affected person, rendering the body to be immunetreatment of HIV patients with age-structured
deficient and these results in catastrophic suizbfyt  population.
of the person infected with HIV/AIDS to opportungst In this study, a population is divided into twoeag
infections. These infections are not due to HIV/SI®D  groups. The group | comprises of sexually immature
say. They are common infections that do take aahan children age aear and Group Il comprises of sexually
of a rather weakened and incompetent immune systemature and active adults ag@dyears and beyond. It is
and occasionally invade the patient with little mo ~ Group 1l that is responsible for the spread of the
resistance. epidemic through sexual activity and for the spréad
In many cases, an HIV-infected individual may bethe children's group through infected mothers (valt
invaded by a host of common diseases ranging fronransmission). Treatment of opportunistic infectida
very strong bacterial and viral infections to mild done in the adult group and the model is qualiédiv
sicknesses. Some of the most common AIDS-relatednd numerically analyzed to determine the effedhef
opportunistic infections that lead to AIDS-related spread of the epidemic on the children and on that a
morbidity and mortality is the pulmonary infections populations vis-a-vis change in social behavior.
such as Tuberculosis (TBYneumoccystis carinnii

(pneumonia), the central nervous disorders like THE M ODEL
encephalitis meningitis and the gastrointestinal tract
infectiong™™®!

’ ) ) Notation and definitions. We use the following
Since the infected person may be invaded by manyqiations and/or definitions:

infections simultaneously, it is noted that a sindtug

may not be _SUf_f'(?'ent to clear such an attack. (F_orSusceptibIe: an individual who has not yet contracted
example, an individual who has been diagnosed with the HIV but may contract it if
TB may be found with herpes zoster and with pegaist exposed to any mode of its

vomiting). As a result, a couple of drug recombisan transmission.

that are particularly made to treat the HIV/AIDS |nfect: an individual who has contracted the HIV and is

patients of combinations of attacks have been capable of transmitting it; (also

developet ™. herein referred to as an Infected).
This therefore brings us to the role of treatmeint AIDS cases: infected individuals who have shown full-

HIV/AIDS patients on the spread of the epidemic. blown symptoms.
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Incubation period: the period of time it takes an
individual who has acquired HIV

Group I1: (ageda and beyond years)

to develop or show full-blown ds, S, (1r+150)
AIDS symptoms. e ‘3072;\12 - ,S, + @)
Let the Susceptibles, Infectives (HIV infectedfan p)\[s(IZT(t—a)+ Lu(t-a))+ §( - a)]
AIDS cases in Group | and Il I8g(t) | (t) andA, (t), i
=1, 2; respectively. Define the following parameters: d|2T 2( |2T+ IZU) ,
TR ~(uy+ Vo) (5)
A:  The per capita birth rate of Group Il 2
K, :  The per capita AIDS-free mortality rate of ( )
Group i doy a2l 2t oy 6
v,: The rate at which HIV infected (or infects) dt =(1-3)Bc N, (“2+ VZ) '2u ©)
progress to AIDS in Group i
Y, . The rate at which AIDS cases are dying (diseasajA2
related mortality) in Group |. dt __(“2 +V)A2+Vﬂ 20*Vd o1 (7)

€: The proportion of babies born free of HIV by
HIV-infected mothers.

c:  The rate at which an individual acquires newWhere p=e

(changes) sexual partners.

B:  The probability of getting an infection from a
new sexual partner.
Bc: The per capita rate of infection of the suscéegtib

by an infective.
: The mean incubation period of HIV/AIDS in

Group i

Let the sexually active adult infects of Groughd
divided into:

Ha . .
is the proportion of uninfected

children who survive the developmental stage @ -
years), with

59

Np being the total population at the start of thedepiic
andO < f1 <1 is the fraction thatyear children aged

=Ny 1{0)=0=A{0=0 ®)

years at the start of the epidemic. Also we have

N, (t) 2() (1)

Ir(t) - Adult infects who receive treatment N,(t)=f,Ng", t<0

I,y(t) - Adult infects who do not receive treatment ):( )

(untreated). ©)
Let 5 be a fraction of the infected adults who ! (0) dof N

receive treatment, and/ and v2, be the rates of A2(0):0

progression fok., ,(t) andl o7(t) respectively. Since

treatment prolongs incubation pefdd®*! we have

with 0 < f2 <1 as the fraction of the population that

V5 <V,. Then the two-age group model of treatmentyere adults before the start of the epidemgg; of

of adult infects is described by the following ®rstof
equations:

Group I: (0 -ayears)

Z—??uﬁlﬂ[s('z# 120) +8, ]~ )
p)\[e(lzT(t_a)"' Izu(t_a))+ %( = a)]

di

L=y vl g o) @)
ddp;lzvlll(t)—yf\ 1t) 3

which were initially HIV infected.
Iz(t) =0, fort<0;r =A - is the intrinsic rate of
growth of the population before the epidemic,
Wheref1 + f2 =1.

POSSIBLE EXISTENCE OF EQUILIBRIA

We analyze the possibility of equilibria in Grolip
since it is this group that is sexually active and
responsible for the spread. We also assume that the

AIDS cases in the populationAZ(t) can easily be

identified (from the full-blown symptoms) and aretn
associated with sexually and as such do not pose a

1381



Am. J. Appl. Sci., 2 (10): 1380-1388, 2005

danger in the spread. But their projection will bepopulation do receive treatment.

investigated for identifying the impact it has dmet
population.

Let(S;,I;T ,I;U ) be the equilibrium point. And
. oy . *
at this equilibrium IetSZ(t - a) and Sz(t)a S, and

both Iz(t—a) andlz(t) - lyast - .
Then, equations (4) - (6) give

S*Z(I*ZT—'- r2u)
-Bc N; _//2Sz+ (10)
p/][S(I*ZT+|*2U)+SZ:|=O
5,8082(|2T—:|2U) ~(up +Vy )ior =0 (11)
N
Spli5r + 130 .
(1—5)ﬂCT—(y2 sV, )iy =0 (12)
2

* * * *
where N2—82+I2T +|2U'

The disease-free equilibrium poi&; ,0,0) exists

if pA ~Hy > 0. (And indeed, for the existence of a

disease-free  susceptible population, the
recruitment into the sexually active adult gro(xp/l)
should necessarily be more than the mortality mate
this group).

For the equilibrium poir(ISZ,I;T,O) ; letting

';U =0 in equations (10), (11) and (12) gives:
Syl ot . s s
—Be—T—~UpSy + pAld o7 +S,[=0 13)
Sy +lor
Sl Nt =
5ﬂCS*—2|T* —(, +Vy)l 5 =0 (14)
2 + 2T
sl
(1-8)pc—221—=o. (15)
52 + IZT

* *
From equation (15), fcﬁz, l>r >0, we note that

0 =1. This implies that the equilibrium point

(S5.157 0) must exit if all the infected in the adul

Then, Hiaror!
Bookmark not defined. in the equation (14), together

with (13) gives

pA - u
% >0 (16)
Hy + Vo =~ &pA
as a condition for the existence of this equilibriu
point. This is as a result é!{) >1, for the epidemic to

develop where,

- c
Ro= @
Hp ¥V
is the number of secondary infections by any on¢ Hl
infective that receives treatment. The conditionegi

by (16) is satisfied ifgpA —v'2 < Hy < pA
For the equilibrium poir(S; 0l ;U ); if we
IetI;T =0 in equations (10), (11) and (12) we get
Sl
22U

e
52+I2U

* * *
”252 + p/l[d oyt 52 =0 (18)

total

* %

S,
c 22U _ (19)

* *
82+|2U

*

Sl
(1-8)pc—22— 2 =0.

* —

82+I2U

(/12 + v2)l (20)

Equation (19), fosz, ';U >0, clearly gives
0o=0. This that the
point(S; 0l ;U ) must exit if none of the infected in
the adult population receives treatment. This gives

implies equilibrium

pA = Uy

—>O
Hy + Vo — &pA

(21)

as a condition for the existence of this equilibriu
point. This is as a result E!b >1, for the epidemic to

develop where

Sc

= (22)
Hp +Vy
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Is the number of secondary infections by any oneébehavior. The parameters that are used in the
HIV infection in the absence of treatment. numerical simulation of this model are frBir?.

Clearly, Ry given by equation (17) is great Accordingly we take:

equation a Ry given by the incubation period |, =0.03 average infant mortality rate

1y = 2.5 years as an average incubation period in
children

M2 =0.02 from an average life expectancy of 50 years
in Uganda

exists when0 < J <1. Solving equations (10), (11) 1/,=8 years as an average incubation period in

v'2 <V, since treatment prolongs incubation period.

The endemic equilibrium poi(&Z,I;T,I;U)

; SR ; adults
and (12) _ 3|mL.JItan-eoust @ lar.lay >0 gives 4 =0.05 approximate birth rate in Uganda
the following situations: _ ¢ =0.7 the proportion of children born uninfected
The first case IS when by HIV-infected mothers
pA - Hy =0, &A - (,u2 + vz) =0and v2=0.4 2.5 years being the average number of years
, , " it takes one who has shown full-blown
A - ('“2 + V2) = 0; which conditions may not all be AIDS symptoms to die of the dise&&&”

possible to fulfil by any set of parameters anda=12 years at which an individual becomes

moreover the conditiopd = 4, is itself not desirable. sexually mature o
¢ = 0.433 deduced from the doubling time of 1.5 years

This would then imply that there is no nontrivial during the early stages of infection
endemic equilibrium, as the only alternative irstbase

is to hav&rror! Bookmark not defined. -[na

* The value ofp is computed fronp = e O
andl »;, =0.

The second case is a possibility of havingTregiment of varying proportions of adult
pA - Hy > 0, &pA - (,uz + VZ) <0and ineffective with no behavioral change: The parameter

_ , . . d in equations (4) and (5) is the proportion of tlala
&/ ('UZ +V2)> 0. This 9VES infects who receive treatment. In this simulatiove

&/ —Vy < Uy < A —v'2 as a possible condition for vary this proportion to study the effect of tregtia
small number, an average number and a big humber of

HIV-infected on the spread of the epidemic. We labk
the effect of treatment of HIV-infected on the
pA =5 >0, A - ('UZ + VZ) <0and susceptible children, susceptible adults, infected
B, _('UZ +v'2)< 0. This gives children and infected adults. The different projoors
of the adult infects who are assumed receiving
&A =V, < U, < pAas another possible condition for yreatment, used in this simulation &@=0. 0, 0.3, 0.5,

the existence of the endemic equilibrium. 0.75 and (8.

If pA-p, <0 then i - (#2 +v2)< 0 and Fig. 1a to ldare a simulation of the model given
by equations (1)-(7) a8 varies. It is noted that when

&pA —(,uz +v'2)< 0. So in this case the endemic you treat a small proportion of adult HIV infecsay
equilibrium is not likely to exist. But as = 00,03 and ®), we get fewer number of infec.ted
mentioned in the first case above, given any set ofhildren and less adult infects. And when a bigger
parameter, it is very unlikely that the conditioms Proportion of adult infects (sag, = 0.75 and () is
the second and third cases to be simultaneouslifeated we get more infected children in the pojura
satisfied. This means that the endemic equilibriummany more adult infects in the population (Fig.aht!

the existence of the positive endemic equilibrium.
The third case is having

does not exist. 1d). The increase in the number of adult HIV ingect
with increased treatment is due to the fact thestinent
NUMERICAL SIMULATIONS lengthens the lives of the ineffective and as shoise
OF THE MODEL who would have died of AIDS do become healthier and

continue to produce. This also explains the in@das
We present a numerical simulation of model, inthe number of HIV-infected children in the popubatj
the first case varying the proportion treated, thernwith increased treatment of adult HIV infects. Tisisn
assume effective treatment and we vary the length cagreement with Becker and Egeft8hand in Guptaet
the incubation period; and in both cases we shalal™®, in which they note that therapy lengthens the
assume no change in social behavior. We simulatincubation period thereby reducing on the AIDS
effective treatment taking care of changes in dociaincidence rate and increasing the infectious period
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Fig. 1: Treating a proportiot of HIV victims: Its effect on susceptible childr&) susceptible adults,Sinfected
children | and treated adult infectg|

From Fig. laand 1lbtreatment of adult HIV infects susceptible children, infected children, suscegtibl
has little difference it causes in susceptibledrkih and adults and infected adults in the population. The
susceptible adults in the population. This is beeahe average incubation periods of ,1I2 and 14 years are
treatment of HIV-infected of opportunistic infeati®is  used in equations (2)-(7) of the model with an
not healing the infected. However, there is a slighassumption that a big proportion of these adukdts
increase in the number of children susceptible tcare receiving treatment. Therefore we have fixed
continued increased treatment. This is because, @98 and we are varying the paramefgr to take on

already mentioned, increased treatment leads tQgues 110, 1/12 and 114 corresponding to the values
increased number of adult infects in the populatioryf the average incubation periods. It is also agsim
and a big proportion of children born to HIV-infedt  that there is no behavioral change in the populatio
mothers are not infected. This eventually leads toFrom Fig. 2a-2d it is noted that the longer the
such an increase in the number of susceptiblencubation period the bigger the number of infected
children in the population as is noted in Fig. la.children Fig. 2c, the bigger the number of sustégpti
Although the simulation shows insignificant children Fig. 2a, the bigger the number of adukdts
differences in susceptible populations, it is clearin the population (Fig. 2d) and subsequent the rtiuze
from Fig. laand 1bthat both the children and the AIDS cases in the population. As noted earlier,
adult susceptible populations will be wiped out byeffective treatment of HIV adult ineffective doestn
the epidemic. have much significance on the number of susceptible
children and adults as shown in Fig. & 2b. This is
Effective Treatment of adult ineffective with no  because the treatment of HIV-infected is not heglin
behavioral change: Since treatment of HIV victims them from the disease. An increase in the number of
prolongs the incubation period (the length of tithat  infected children and in the number of adult inefffes
an infected person takes to develop full-blown AIDSand hence the number of AIDS cases in the
symptoms) we look at the effect of lengthening thepopulation, associated with prolonged incubation
average incubation period (due to treatment) on th@eriods, as shown in Fig. 2md 2dis an indicator that
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effective treatment of adult ineffective resultsimore  treatment (by fixingg=0. 98). Taking the values @t=

spread of the epidemic. 0.01, 0.2, 0.4, 0.5 (with smaller values taken to mean a
positive behavioral change and bigger values tonmea

Effective treatment of adult infectives. Varying little or no change in one's social behaviors) veeda

levels of behavioral change: Here, we study the trend simulation of the model as shown in Fig. 3a-3d.

of the spread of the epidemic, in relation to effec With effective treatment of HIV-infected, where a

treatment that is accompanied by objective measurdarge proportion of the adult infected populaticelss

geared towards changing one's social behavior. medical treatment of most of the opportunistic

In the model,c is the average rate at which infections, we note from Fig. 3and 3bthat effective
individuals change (or acquire new) sexual partnerstreatment coupled with a positive change in onetsa
Control measures such as abstinence from sex awd Zebehaviors (i.e. Smaller values gfc say 0.01),
grazingor sticking to one sexual partner can reduce onncreases on the number of susceptible children and
¢ and consequently reduce the probabifitpf getting  sexually active susceptible adults in the poputatio
infected. The combination of these leads to smalleBut with less change in one’s social behaviors. (i.e
values offic. Whereas the use of condoms may reduceBigger values ofic say 02 and 04) there is a notable
on the probability of getting infectef it may in turn  early decrease in the number of children and adult
lead to increased acquisition of new sexual pastnersusceptibles in the population. However, with as
well knowing that one is protected. This measurey masmall as possible, implying that there is a positiv
however lead to large values gd. Small values ofic ~ change in one’s social behavior, (or such a treated
imply a positive change in one’s social behaviord a  person has not gone back to re-infect others asualtr
big value offc indicates little or no change in one’s of becoming healthier) we note in Fig. 8ad 3bthat
social behavior. both children and adult susceptible population grow

Since treatment lengthens the incubation period wavithout a decline. This shows that treatment
fix an average incubation period to 14 years (agsgm accompanied by measures such as counseling the
this could be the longest average period an HIVireated HIV patients to refrain from unprotected
infected adult, once treated, would take to finalyow  sexual activities will eventually reduce and/or
full-blown AIDS symptoms) and assume effective eradicate the epidemic in the long run.

(a) (b)
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Fig. 2: Treating a proportiod of HIV victims: Its effect on susceptible childr&y susceptible adults,, infected
childrenl, and treated adult infects;
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Fig. 3: Treating a proportiof of HIV victims: Its effect on susceptible childré, susceptible adultS, and
treated adult infectlst and untreated adult infedts,

Figure 3cand 3d, show that with little or no eatment of infective an®, = 1.2121 for treatment of

change in one’s social behaviors, the number o gdult infects. Table 1 gives the summary of the Ineim

infective (both treated and untreated) in the ; > .
population will grow earlier than when there is aof secondary infections from different treatment

positive change. As a result of this, we would etpe scenarios vis-a-vis levels of behavioral changeis It

early progression to AIDS. noted that the smaller the values fif (high rate of
behavioral change), the fewer the number of seagnda
RESULTSAND DISCUSSION infections in the population and the bigger theugal of

Sc of which implies little of behavior in social
behavior) the more the number of secondary infastio
Also we note that the number of secondary infestion
increases with treatment of adult infects andvailgies
: : - of pc. This is evidence that treatment that is not
the_ expressions for the number of secondary infesi ccompanied by objective measures would lead t@mor
Ry=2. 9862 in ithe absence of ftreatment an(fe infections in the population and hence increthge
R, =5.2485 when we treat adult infects in the rate of the spread of the epidemic. And when treatm
population. This is evidence that treatment inaeedke is accompanied by a change in social behavior then
spread of the epidemic as the number of secondargpread will be computed as the number of secondary
infections increases more than when there is ndnfections will be reduced.
treatment. A decrease in the value of the paranfeter The treatment increases the length of the
that governs the force of infection shows a reducedncubation period of HIV without significantly redimg
numerical value for the number of secondary infexti infectiousness and this will necessarily increase t
with treatment and with no treatment. For exampleprevalence of the infection, unless accompanied by
when we takepc=0. 1, a rather small value that appropriate levels of behavior chanb‘é] On the
indicates a positive change in social behaviorhage question of who benefits from treatment of HIV icife
the corresponding values oR,=0. 6896 for no an individual or a community?

138¢
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Table 1: The number of secondary infections inttneat of HIV- 9.
infected vis-a-vis the change in social behavior
No. of secondary Infections 10
Ro Ii0
Bc=0.1 0.6896 1.2121
Bc=0.2 1.3793 2.4242
Bc =0.433 2.9862 5.2485
Bc=0.6 41379 72727 11,
Bc=0.8 5.5172 9.6970

It is clear from the study that a sick individuabuid
benefit first since treatment lengthens one’s tiifdive,
but this would be beneficial to the community if
treatment is accompanied by a positive changedrako
behavior, by the individual that has received trestt.

If treatment coverage and efficacy are high and \ait
high positive change in social behavior there iBig
chance that the epidemic would even come to an end.
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