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Abstract. In this paper problems associated with the modeling of HIV/AIDS in
Southern Africa are presented. A mathematical model is presented to highlight the
three major challenges of modeling HIV/AIDS, i.e condom use, vertical transmission
and treatment. The model analysis for the case, where the treatment parameter p = 0,
is presented in terms of the model reproduction number R and threshold parameters
R7 and R4 that show the contribution of vertical transmission. It is shown that if
R, Rr, Ra < 1, then the disease free equilibrium point is both locally asymptotically
and globally stable. Numerical simulations for the model are presented to determine
the role of some key epidemiological parameters of the model.

Key words: Complexities, interventions, reproduction number, stability, equilib-
rium points.

1 INTRODUCTION

Southern Africa remains the epicenter of the global AIDS epidemic. Of the
estimated 24.5 million people who were living with HIV in sub-Saharan Africa
at the end of 2005, 46% were from Southern Africa [12]. The epidemic however
seems to be stabilizing at high prevalence levels. Mathematical models have
been used to model the dynamics of HIV/AIDS [1, 7, 9, 13]. Incorporation of
interventions in these models has attracted significant attention in recent years
[8, 10, 14]. The epidemiology of HIV/AIDS has moved beyond the virus and
the risk factors associated with its transmission to a more detailed understand-
ing of the mechanisms associated with the spread, distribution and impact of
any intervention on the population. In HIV epidemiology, mathematical mod-
els can describe the position of individuals within networks of sexual partners
via which infections spread, allowing an identification of risks of acquiring and
transmitting the infection. The population patterns of HIV incidence can be
simulated based upon descriptions of patterns of sexual behavior and viral
biology which are then compared with observed patterns. Consequently, the
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impact of health policies, such as poor access to care, delayed treatment or the
use of screening for asymptomatic cases can be calculated [3]. The process of
presenting a model to describe the spread of HIV is accompanied by under-
lying assumptions and the need for data to estimate parameter values for the
qualitative and quantitative predictions that can then be compared with exper-
imental or observed patterns. The outcomes are significant for health planning
purposes and disease management.

Scientists have given different theories and explanations for the rapid spread
of HIV/AIDS in Southern Africa, some based on, biological and social aspects,
economic and political processes [4, 15]. Many complexities such as regional
diversities in cultures, sexual behavior and migration patterns remain unex-
plained by these theories [2]. One can then argue that the spread of HIV/AIDS
is not only influenced by an individual’s actions but also by political, social
norms and economic standards of a society. The dynamics of HIV/AIDS is
thus multidimensional and can not be focused from a single approach.

Literature on HIV/AIDS documents that Southern Africa is hardest hit
and as such, there is urgent need for interventions. Any proposed interven-
tion needs greater understanding of the social networks, economic and political
situations, beliefs and the role of the ever evolving cultural paradigms. In
this paper we discuss the complexities associated with modeling HIV/AIDS in
Southern Africa. We also look at the emerging issues and challenge mathemati-
cians to include these issues in their models with aim of developing appropriate
approaches to HIV/AIDS prevention and management in high disease trans-
mission settings such as Southern Africa. For the benefit of mathematical
modeling, we attempt to answer the following questions: Why is HIV/AIDS
such a big challenge in Southern Africa? What are the main factors that sig-
nificantly drive the epidemic? Can the dynamics of HIV/AIDS be adequately
modeled mathematically?

This paper is arranged as follows. Section 2 considers an example of a ma-
thematical model that includes treatment and intervention strategies on the
unfolding HIV/ADIS pandemic. A model with no treatment of individuals
with AIDS is analyzed in Section 3. In Section 4, we consider a model with
treatment of individuals with AIDS. Numerical simulations are considered in
Section 5 and and some concluding remarks are given in Section 6.

2 Model Formulation

The model follows some ideas presented in [10]. The disease divides the popula-
tion into classes of individuals that are susceptible, with density S(t), infected,
with density I(t), those that are under treatment, with density 7'(¢) and those
with AIDS, with density A(¢). HIV transmission is assumed to be heterosex-
ual, so that the population under consideration is sexually active. Population
mixing is assumed to be homogeneous and the total population size N(t) of
sexually active individuals is given by

N(t) = S(t) + I(t) + T(t) + A(t).
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Individuals move from one class to the other as their status with respect to the
disease changes. Sexually active individuals are recruited at a constant rate ,
the natural death rate p > 0, is assumed to be proportional to the number of
individuals in each class and a disease related death rate (d > 0) proportional
to the number of individuals in the AIDS class. The recruited individuals are
assumed to be susceptible. Upon a sexual encounter, without protection, with
an infected individual, from the I(¢), T'(t) and A(t) compartments, a susceptible
individual will become infected with probabilities (31, B2 and (3 respectively.
To model the effects of condom use, we assume that condoms have an efficacy
€1 and compliance by individuals using them being a7 (0 < a1, €1 < 1) so
that the product p; = aie; measures the level of protection against HIV by
the use of condoms. Here p; is defined as the condom induced preventability
[7]. Thus (1 — p1) measures the condom induced preventability failure. Hence
susceptible individuals are infected at a rate ¢(1 —p1)AS(t), where c is the rate
of acquisition of new partners and ) is the average risk of infection given by

_ Bul(®) + BT(t) + B A1)

A N ()

(2.1)

We assume individuals seek treatment at a rate (o > 0). In Southern Africa,
especially in rural communities, it is common to have individuals progressing to
AIDS without being tested. We shall assume that the rate of progression to the
AIDS class from the I class is given by v1 > 0. Treatment reduces the rate of
progression to AIDS and sometimes reverses the progression resulting in ame-
lioration. We assume individuals from the 7' class progress to AIDS at a rate
~v > 0. To take into consideration how this progression is affected by treatment,
we assume a drug efficiency e for ARV drugs and adherence to treatment as.
oo measures the proportion of individuals that take their drugs consistently
and correctly. By correctly we mean taking the drugs in their correct amounts
at the correct times. We define the product of drug efficiency and adherence,
(p2 = e20x2), as the drug induced preventability of progression to AIDS by an
HIV infected individual per given time. This parameter measures the level of
reduction in the severity of HIV when an individual is taking ARV drugs. It
is however common to have non-adherence to treatment in Southern Africa,
due to, non-affordability of the drugs, forgetting, being away from home, being
too busy, or even the feeling that one is okay. Like in any part of the world,
HIV treatment adherence will remain a significant problem in growing popula-
tions of substance abusing and economically disadvantaged persons living with
HIV/AIDS [5]. So individuals progress to AIDS at a treatment adjusted rate
vy = (1 = p2).

To model the role of vertical transmission, we include virus free births by
HIV infected mothers at a rate b(1 — e)e #°(I + T + A), where b is the birth
rate and e is the fraction of offsprings born with the virus. If we assume that
individuals with AIDS can spread the disease, we can equally assume that they
can fall pregnant and are capable of producing children. A proportion ¢ of
children born with the virus are subjected to treatment and when they survive
the maturation age, 7 (between 12 and 15 years), progress to the class of those
under treatment while a proportion (1 — ¢), progress to the AIDS class. The
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probability of surviving the juvenile stage is given by e #°7  where pg is the
natural death rate of the juveniles [6].

To model treatment of individuals in the AIDS class, we introduce a con-
stant treatment parameter p > 0. Treated individuals are assumed to get better
and move to the T-class. This is particularly true in the case of Southern Africa
where treatment is only offered by governments when individuals’ CD4T" cell
count is around 200 cells/mm?. We however have individuals who can access
private medical facilities and can start treatment when the CD4T cell is way
above 200 cells/mm3. Our model is thus governed by the following nonlinear
system of differential equations,

S=m+b(l—¢€e MTI s —c(l—p1)\S — uS, (
I=c(1=p)AS = (u+o+uv), (2.
T =mil +myA— (u+1v2)(1 — Rp)T, (
A=moT +msl — (u+d+p)(1 — Ra)A, (
5(0) = So, 1(0) = 1o, T(0) =Tp, A(0)= Ao,
where Iy =1+ T + A,
my = o + bgee M7 mg = o +b(1 — q)ee M7, mg =1y + b(1 — q)eeHOT,
ma1 = p + bgee "7 Rp = bi]fi%j, Ra = %.
The rate of change of the population IV, is given by

N =7m+be 714 — uN — dA. (2.6)

The growth of the sexually active population is due to recruitment and those
that survive the juvenile stage under the condition be™#°". Continuity of the
right hand side of equations (2.2)—(2.5) and their derivatives implies that the
model is well posed.

3 Model Analysis (the case p =0)

We begin by considering the case in which the is no treatment of individuals in
the AIDS class, i.e the case p = 0, but treatment is offered after case by case
detection when individuals are tested. The model equations are thus given by
(2.2)-(2.5), where myy := my = bgee "7 and the other parameters remain the
same.

3.1 Equilibria and Model Reproduction Number
Since N(t) = S(t) + I(t) + T(t) + A(t), we can rewrite these equations as

N =7m+4+be "TT14 — uN — dA, (3.1)
I=c(l=p)AN —14)— (u+0+w)l, (3.2)
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T =mql +myA — (u+1v2)(1 — Rp)T (3.3)
A=moT +msl — (u+d)(1—Rp)A,
N(0) = So, I(0) = Io, T(0)=Tp, A(0)= Ao,

In the absence of infection, the population size approaches 7 /.

We now consider system (3.1)—(3.4) at equilibrium. Equation (3.4), gives
1
Tt Ra)
Substituting (3.5) into (3.3) we have

(moT +ma3l). (3.5)

mi(p+d)(1 —Ra)+ mamy

ol O G Dt (- B B gm0

We can thus write (3.5) in terms of I only, such that

mime + ms(pu + v2)(1 — Rr)
A= ¢ol, = . 3.7
el G D (- B - Ba) a7
From (2.1), we have
I
N\ = h— .

v (39)

where ¢ = 31 + ¢102 + ¢2/35. From equations (3.6) and (3.7), we also have
Ia=¢&I, £€=14 @1+ ¢o. (3.9)

From equations (3.8), (3.9) and (3.2) we get a quadratic equation in I whose
solutions are I = 0 and
1 1
I—P—yw

13 R
where R is the model reproduction number given by
_ c(l—p1)
n+ o+

It is defined as the number of secondary cases that are caused by one primary
case introduced into a population that is wholly susceptible. I = 0 corresponds
to the disease free equilibrium point Ey, given by Fo = (7/p,0,0,0). For I #0
we have the endemic equilibrium point given by Eq (N*, I*,T*, A*), where

. TRE
 URE T (dds — bEe PT)(R— 1)

1 1
A =goI*, I"=-(1——=|N".
¢2 ; 6( R>

Firstly, we give a proposition on conditions that guarantee the positivity of ¢,
and ¢2, and then give a theorem on the existence of the endemic equilibrium
point.

T" = ¢II*7
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Proposition 1. If R4 < 1 and Ry < 1 then ¢1 and ¢2 are positive.
Proof. Substituting the parameter expressions of mo and my4 into the denom-

inators of ¢ and ¢2, we can easily establish the relation

pAd
w+d+vo

Since the numerators are positive, the result follows. 0O

T < (1-Ry) <1

The following theorem summarizes the existence of the model equilibria.

Theorem 1. The system (3.1)~(3.4) has a disease free equilibrium point that
exists for all values of R and a unique endemic equilibrium point E-, whenever
R>1, Rpr <1 and Ra < 1.

The basic reproduction number of infection is known to provide the nec-
essary condition for the eradication of an epidemic. If it is less than unity,
the disease can be eradicated, otherwise it will persist in the population. If
we set € = 0, the model reproduction number R reduces to Ry determined in
[10]. The model has two important threshold parameters, Ry and R4. As in
[6], these parameters define the reproduction numbers for the demographic re-
placement of the infectives under treatment and those with AIDS respectively
through vertical transmission. Equation (3.5) only holds for R4 < 1 and equa-
tion (3.6) holds for R4 < 1 and Ry < 1. The conditions Ry < 1 and R4 < 1,
imply that the demographic replacement of the infectives can not lead to an
epidemic, other factors need to be taken into consideration. The inclusion of
these parameters in the net model reproduction number, will help to determine
the contribution of vertical transmission to the overall spread of the epidemic.

3.2 Stability analysis of Ej

3.2.1 Local stability of the disease-free equilibrium

Local stability of the disease free equilibrium point can be obtained by comput-
ing the variational matrix of system (3.1)-(3.4) at the disease free equilibrium
point. We thus have,

—u be~HoT be™HoT be HoT — d
Jg = 0 (p+to+wr)(R—1) (1 —p1)B2 (1 —p1)Bs
0 0 mq (/,L+V2)(RT — 1) my
0 ms mo (M—l—d)(RA —-1)

The eigenvalues of Jg, are (—u) and the solutions of the the characteristic
equation
P9) = 9% + ag¥* + a19 4+ ag = 0,

where
=(p+o+v)1—Ri)+ (p+r2)(l = Rr)+ (n+d)(1 — Ra),
=(p+o+ur)1—R)[(p+r2)(l = Rr)+ (n+d)(1 — Ra)]
+ (0 +d)(u+12)(1 — Ra)(1 = Rr) — mama](1 — R),
ag = (p+o+v1)[(u+d)(p+v2)(1 = Ra)(1 = Rr) — mamy](1 - R),
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and
mic(l —p1)B2 + msc(l —p1)Bs
Gt D)+ 7)1~ Ra)(1— For) — s

We can observe that ag and as are positive for R < 1 and Ry < 1 and Ry < 1.
By comparing R to the model reproduction number we can also observe that
a1 > 0 for R < 1. We now state the theorem on the local stability of Ey, using
the Routh-Hurwitz criteria.

Theorem 2. Let Ry < 1 and Ry < 1. The disease free equilibrium point Ey
1s locally asymptotically stable for R < 1 provided aias — ag > 0 otherwise it is
unstable.

3.2.2 Global stability of the disease-free equilibrium

To prove globally stability of the disease-free equilibrium point, we use the
approach in [11]. For a bounded real-valued function g on the interval [0, o),
we define

Joo = tlim infg(t), ¢° = lim supg(t)
— 00

t—o0

and therefore we state the following lemma.

Lemma 1. (Thieme 1993[11]) Let g : [0,00) — R be bounded and twice differ-
entiable with a bounded second derivative. Let t,, — oo and g(t,) converges to
Joo OT g™ for m — oo, then ¢'(t,) — 0, n — oo.

We thus have the following theorem on the global stability of Ej.

Theorem 3. If Ry < 1 and R4 < 1, the disease free equilibrium point Eq is
globally asymptotically stable for R < 1.

Proof. Suppose R < 1, we choose a sequence t,, — oo such that T'(¢,,) — T°°,
dT'(t, . . ..

y — 0, then T < ¢ I°°. This result follows directly from the derivation
of (3.6). Choosing a second sequence s, — oo such that A(s,) — A> and
dA(sy)

7 — 0, then A < ¢o1°°. Choosing a third sequence r,, — oo such that

dI(ry,
I(r,) — I* and (rn) — 0 then,
S* -
(1 =p ) I = (p+ o+ 1)1 > 0. (3.10)

Since S*/N* = 1, equation (3.10) reduces to (u + o + v1)(R — 1)I*>° > 0.
Also, since R < 1 it implies that 1°° < 0, which is only possible if 1°° = 0.
Since 1°° > 0, we thus have

I*=1,=0=1I(t) >0 as t— oo.

From estimates for 7°° and A* we have T'(t) — 0 and A(t) — 0 as t — oco. It
follows from equation (3.1) that N > II/pu.
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dN
But for N > IT/u it follows that T < 0. Therefore we consider the solution
for which N*° < %, then

NOO:NOO:

o =13

Hence Fj is globally asymptotically stable.

The stability of the interior equilibrium point can be invstigated using the
characteristic equation corresponding to the jacobian matrix at the endemic
equilibrium point. The characteristic equation is a fourth-degree polynomial.
Using a symbolic algebra program, it can be shown that the Routh-Hurwitz
criterion is satisfied if R > 1 and Rt < 1 and R4 < 1. The endemic equilibrium
point is thus locally asymptotically stable.

4 Model Analysis (the case p #0)

In this section we consider system (2.3)—(2. ) It has two equilibria, i.e. Ep the
disease free equilibrium point and Ey = (N, I, T, A), where Ej is defined as in
the case p = 0 and

_ ™R X _ _
N = i . T =,
pRyx + (dpa — bxe=roT)(R, — 1) 7

_ -1 1 —
A=l I:—(l——)N, X =141+ @2,
R,

my(pu+d+p)(1 = Ra) + mamayy

T (it d+p)(ut v2) (- Re)(1— Ra) — mamar’
oy — mima +ms(p+ v2)(1 — Rr)
(n+d+p)(p+rv2)(l — Rr)(1 — Ra) — mamay’

R, is the model reproduction number, written in a compact form as

_ c(l—p1) -
P uto+un

where 1/; = 61 + @182 + w243 In an expanded form R, = Ro1 + Ro2 + Roa:

c(1—p1)B
Ro1 = ito+m)
Ry = c(1 — p1)Balmamar +mi(d+ p+ p)(1 — Ra)]
(k+o+v)[(d+p+p)(1 — Ra)(l = Rr)(p + v2) — momar]’
Ros c(1 —p1)B3[mima +ma(pu + v2)(1 — Rr)]

(n+o+v)[(d+p+p) (1 —Ra)(l — Rr)(p+ve) — mamai]’

Clearly if p = 0, we have R, = R. The following theorem is valid on the
existence of the endemic equilibrium point FEs.
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Theorem 4. The equilibrium point Ey exists for R, > 1.

The stability analysis of the equilibria of (2.3)—(2.6) can be carried out as
done for the case p = 0. This model focusses on the implications of treating
individuals with AIDS. It is known that treatment leads to decreased infectivity
and increased duration of infectiousness. We ask the question: what are the
implications of treating individuals with AIDS? We attempt to answer this
question using numerical simulations for this model.

5 Numerical Simulations

In this section the results of numerical simulations for the system (2.2)-(2.5)
are given. The parameter values are from [6, 10]. For the model with no treat-
ment of individuals with AIDS; i.e the case p = 0, Figure 1(a) shows the change
in prevalence as we increase condom use. Modeling condom use is synonymous
to modeling behavior change. Increased condom use is a measure of increased
behavior change. We can clearly see that for the chosen parameter values, in-
creasing condom use (behavior change) leads to the reduction in prevalence.
The prevalence curves shows a sharp decline for high values of p;. For instance,
if the reproduction number is 1.5118, the prevalence levels off at 25% if no other
interventions are instituted but if 90% of the individuals use condoms consis-
tently then there will be a sharp decline in the prevalence and the reproduction
number (R = 0.3042). Similar curves can be plotted to investigate the effects
of increasing or decreasing the number of sexual partners. Reducing the values
of ¢ leads to a decline the prevalence and the reproduction number.

x10° x10°

5 25

n3 -15

1 0.5

5,705 R=15118 0

0 50 100 150 200 0 50 100 150 200
time t time t

x10'

3500 5
3000
2500
2000
1500 2
1000

500

0 50 100 150 200 0 50 100 150 200
time t time t

b)

Figure 1. Results of simulations for the given parameter values p = 0.02, v1 = 0.6, v2
0.7, ¢ = 0.06, b = 0.03, ¢ = 0.09, m = 10000, d = 0.4, 1 = 0.004, B2 = 0.04, B3
0.3, po = 0.001, ¢ =4, ¢ = 0.01, p = 0: a) the prevalence curve for 7 = 13 years, b)
profiles of populations for p; = 0.5, 7 = 15 years.

Figure 1(b) shows the population dynamics for high values of ¢ (in this
particular case ¢ = 4) for the case p = 0. The population in each class settles
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to an endemic equilibrium over time. Increasing the number of sexual partners
can lead to endemicity of HIV/AIDS in the population.

05, R=2.6962

<64, REZ7TT7

6503, R=2.7300

5702, R=2.7538

50T, R=2 78

0 60 0 60
timet timet

Figure 2. Profile of the T" and I classes for the following parameter values p = 0.06, p; =
0.5, v1 = 0.6, v = 0.7, € = 0.06, b =0.03, 7 = 10000, d = 0.04, 51 = 0.4, B2 = 0.04, B3 =
0.3, po = 0.001, 7 =13 years, c=4, p=10 and ¢ = 0.01.

Reproduction Number, R

Figure 3. Profile of populations for the following parameter values p = 0.03, p1 = 0.7, v
0.6, e = 0.3, b =0.03, 0 = 0.6, 7 = 10000, d = 0.4, 81 = 0.4, B2 = 0.08, B3 = 0.3, uo
0.03, 7 =13 years, ¢ =2, p=0 and ¢ = 0.01.

The rate at which individuals join the class of those under treatment o,
is of significant importance, especially in Southern Africa. It is a parameter
that depicts the decreasing levels of stigma surrounding HIV/AIDS. Higher
values of ¢ are a sign of decreased stigma. One can not join the class without
testing for HIV. We can also take the parameter o, to measure the response
of individuals to the HIV testing campaigns. Testing for HIV is valuable for
those who are positive because it raises the need to change their behavior so as
not to spread the virus. It is a measure of early HIV diagnosis that will lead
to early treatment. Figure 2 show the dynamics of the infected individuals and
those under treatment when we vary o.

Figure 3 depicts the variation of the reproduction number with v, for the
case p = 0. For any given set of parameter values we can always determine the
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minimum treatment rate 5. The epidemic will persist of v5 < v3.

12001

p=1.0; R =1.0834
1100 L4

p=0.8; R =1.0639
1000
p=0.6; R =1.0443
900
p=0.4; R =1.0247

800 p=0.2; Rp:l.OUSD
700
600

500

4001

300
0

time t

Figure 4. Profile of infectives as p changes, p = 0.02, p1 = 0.5, v1 = 0.6, vo = 0.7, € =
0.6, b =0.03, 0 = 0.09, 7 = 10000, d = 0.4, 51 = 0.4, B2 = 0.04, 83 = 0.3, po = 0.001, 7 =
13 years, ¢ =1, and ¢ = 0.01.

For the case p # 0, we note that, increasing the value of p leads to an
increase in the reproduction number R,. It is interesting to note that a massive
role out of treatment is beneficial for a specific period of time but in the long
run, can cause massive increases in the number of infectives. This brings an
important phenomenon with regard to treatment of HIV/AIDS. The longer
individuals stay in the system the more chances there are of them transmitting
the infection if no behavioral change occurs. We can thus say as long as there
is ‘recycling of infectives’, the HIV/AIDS pandemic will persist. We consider
‘recycling of infectives’ to mean a process where an infective is about to exit a
system and is brought back into the system, still being infectious. This is done
by considering the change in the reproduction number R, as p changes. Figure
4 shows how the number of infectives change with increasing treatment.

6 Discussion and Conclusion

In this paper, some of the major challenges that surround HIV /AIDS modeling
in Southern Africa are discussed. The paper presents specific aspects that
mathematical modelers should consider when designing mathematical models
on HIV/AIDS that are specific to Southern Africa. Three major challenges
are highlighted in the mathematical model. These are, vertical transmission,
treatment and condom use. The basis for HIV infection prevention are based
on a clear understanding of the aetiology and natural progression the disease.

Vertical transmission is a major cause of paediatric HIV infection in South-
ern Africa. Interventions to prevent vertical transmission may be complicated
by cultural, social and economic dimensions of the region. It becomes there-
fore difficult to quantify parameters that relate to vertical transmission. On
the other hand, while condoms are highly effective barriers to HIV transmis-
sion, they are not completely effective in preventing the transmission of HIV

Math. Model. Anal., 13(4):539-552, 2008.
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infections. Consistent use of condoms remains a major challenge and quanti-
fying parameters that relate to consistent use of condoms is therefore difficult.
Condom efficacy rates vary from one region to the other. The large range
of efficiency rates is related to incorrect or inconsistent use of the condoms.
This makes quantification of condom use more difficult. Treatment of HIV has
improved the lives of many AIDS suffers in Southern Africa. It also has im-
proved the outcomes of opportunistic infections such as tuberculosis which has
reemerged as a major cause of death around the world. Treatment of AIDS
has reduced stigma and encouraged testing. With such important benefits it is
clear, that models that include treatment as an intervention strategy should be
validated with the correct data. The data on treatment is however hampered by
variations in drug efficacy, adherence by patients, toxicity, availability, nutrition
and human behavior. All these factors determine the success of a treatment
program. A major question arises; can we factor all these challenges in our
model using accurate data?

While many mathematical models need validation using data collected in
health care facilities, challenges remain on data accuracy, availability and its
usefulness. Most of the data collected serves well for the purposes of service
delivery evaluation and management but may not be entirely useful for research
purposes. Very few countries in Southern Africa have data collection policies
that support research work. Most of the data collection is donor funded and
the data may remain the property of the funding agent and thus may not
be available to other researchers. A data base, where researchers can obtain
information on HIV/AIDS for Southern Africa may serve the purpose.

The interconnectedness of the challenges facing Southern Africa in con-
fronting the HIV pandemic admittedly makes modeling difficult. One can
however group the challenges to simplify the modeling approach. Following
infection with HIV, the rate of clinical disease progression varies between in-
dividuals. Factors such as host susceptibility, genetics and immune function,
nutrition, health care and co-infections, as well as viral genetic variability may
affect the rate of progression to AIDS. Knowledge about HIV and the immune
system has increased in recent years. It is now well understood that progression
to AIDS is linked to the decline in the CD4" T-lymphocytes. This requires
a cell dynamics model and as such can not be incorporated into the given
example.

Treatment of those infected is shouldered by the governments, which are
struggling to cope with brain drain, poverty and other related issues. Service
delivery has not been an easy task as the number of AIDS cases and deaths
increase. A number of children have been orphaned by the disease. Adoption
in the African culture is not well developed. Many cultural settings prohibit
parenting a child whose genealogy is not known. Orphanages remain the only
option but they are also faced with funding problems and one can only imagine
the next generation of parents from these orphanages.

In the model considered as an example, we have considered the effect of de-
creased infectivity, due to treatment, and increased duration of infectiousness
by ‘recycling of infectives’. We have demonstrated through numerical simula-
tions that the effect of increased duration of infectiousness may be to increase
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the pool of transmitters of infection. ARV administration may result in an
increase in life expectancy of individuals over time and this may result in an
increase in a pool of transmitters of the disease. Our result has been obtained
in the absence of education on prevention. The situation may of course improve
with effective education on prevention and other factors that reduce the risks
of acquiring infection.
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