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ABSTRACT

The objective of this work is to formulate a discrete time deterministic model of HIV transmission
and the impact of AIDS on economic productivity of a population (Nigeria). The population is divided into
eight segments on epidemiological basis. For the economics model, we use the Cobb-Douglas production
function. The effect of AIDS on capital stock and labour input in a given period form the economic aspect of
the model. The model is analyzed using techniques from Dynamical Systems Theory. The steady states
are determined and sufficient conditions for their stability established. From the study, it can be concluded
that the AIDS pandemic has effect on the depreciation of stock of capital at steady state. In addition, there
is no state in which there are no susceptible.

KEYWORDS Discrete time model. Impact of AIDS, steady state. dynamical systems theory,
depreciation of stock.

1. INTRODUCTION

Hyman, et al, 1999, presented a model referred to as differential infectivity (DI ) HIV model that
accounts only for differences between infected individuals The infected population was subdivided into
subgroups .In this DI model. it was assumed that individuals enter a specific group when they become
infected and stay in that group until they are no longer involved in transmitting the disease Therr infectivity
and progression rates to AIDS were assumed to depend upon which group they werz in the susceptible
population was assumed to be homogeneous. and variation in susceptibility. risk neglected. They
investigated the steady state and its stability.

Hyman, and Li. 2000 used the simple DI model formulated in Hyman et al 1999 and generalized it
to a model in which the risk leve! of infected individuals depended on the group to which they belong. They
demonstrated how a mean number of contacts, a mean transmission probability and a mean duration of
infection could be defined. They also obtained the reproductive number for the model.

Hyman, et al. 1999 presented an SP (staged progression) model with a homogeneous contact rate.
It assumed that the susceptible population is homogeneous and is maintained by the same inflow. It also
assumed that the population of infected individuals is subdivided into n subgroups with different infection
stages such that the infected individuals enter the first subgroup 1, and then gradually progress from this
subgroup to subgroup 1,. they obtained the mean duration of infection. the mean probability of transmission
and the reproductive number.

Hyman, et al. 1999 presented a simple differential susceptibility (DS) mode! in which the infected
population is homogeneous. but the susceptible population is divided into n groups according to their
susceptibilities. They also combined the DS and D! models. In each of these mode!s they obtained the
reproductive number. They finally developed the segregated risk DI model and simple age structured
model. In each of the models, they obtained the reproductive number

A lot of work has been done on the impact of HIV/AIDS on socio-economic activities though none has
been reported for Nigeria.
Stover and Stanecki 2003 reported the results of research and analysus undertaken by U S Census Bureau
staff through the UNAIDS Reference Group In the review, the reference group has
e Developed a new model for estimating and projecting HIV prevalence from available surveillance
data. This model called the Epldemlc projection package (EPP) replaces Episode used 0 previous
estimates.
e Recommended the use of the spectrum software to make the demographic and HIV prOJechons
based on the prevalence estimate
* Reviewed the latest and revised previous assumptions about the distribution of HIV infection to
AIDS death.
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¢ Developed new procedures for estimating paternal and double AIDS orphans.

Stover, and stanecki. 2003 reported studies on the economic impacts of AIDS. they reported that a
World Bank study of the economic impacts AIDS in Africa concluded that macro-economic impacts of AIDS
could be significant. He went further to report other studies as follows:

A simulation model of the economy of Cameroon concluded that the annual growth rate of GDP
,could have been reduced by as much as 2% points during the 1987-1990 period because of AIDS, Hyman,
et al. 1999.

A study of the macroeconomic impact of AIDS in Zambia found that by 2000 the GDP would be 5
to 10% lower because of AIDS than it would be if there were no AIDS affecting the population. The authors
concluded "without unprecedented infusions of free foreign aid to mitigate the effects of AIDS, the economy
of Zambia will suffer considerable damage. Bollinger, and Stover. 1999.

In an assessment of the macroeconomic impact of AIDS in Tanzania in 1991 by the government of
Tanzania, the World Bank and the Worid Health Organization found that total GDP will decrease by 15 to
25% smaller in 2010 because of the impact of AIDS, Cuddington 1993.

A study of the impact of AIDS on the economy of Kenya projected that GDP will be 14% lower in
2005 then it would have been without AIDS and that GDP per capital will be 10% less in 2005 than it was in
1999, John, et al. 1996.

Nicholls, 2002 modeled the macroeconomic impact of HIV/AIDS in the English speaking Caribbean
They developed a model known as CARIBAIDEMOD which was based on a modification of the economic
mode! developed by Cuddington 1993, Cuddington and Hancock 1994 and Cuddington, Hancock and
Rogers 1994,

Cuddington, 1993 modeled the macroeconomic effects of AIDS with application to Tanzania. He
developed a simple model for analyzing the effects of AIDS on the growth paths of potential GDP and per
capita GDP. The classic Slow (1956) growth model was extended to incorporate the key macroeconomic
consequences of AIDS. Using this model, he compared AIDS and non-AIDS scenarios analytically and by
simulation based on Tanzantan demographic and macroeconomic data. The model was used to discuss the
likely effect on the ratio of capital to labour and on output per capital as the economy moves from a non-
AIDS situation towards a new steady state, in which AIDS is assumed to be endemic.

Arndt and Lewis 2000, reported on the preliminary results from an analysis of the macro impact of
HIV/AIDS in South Africa They constructed an economy-side simulation model that embodies the
important structural features of the South Africa economy and the major impact channels of the HIV/AIDS
epidemic. Together with available demographic estimates for their pact of the epidemic (on labour supply,
death rates. and HiV prevalence) and the assumptions about behavioural and policy responses (household
and government spending on health, slower productivity growth), they used the model to generate and
compare two scenarios  a hypothetical non-AIDS scenario in which the economy continues to perform as it
had been doing during the last several years and an AIDS scenario in which the key AIDS related factors
affect economic performances Over the 1997 — 2010 simulation period. GDP growth rates in the two
scenarios dlverge steadily, reaching a maximum differential of 2.6% points. This results in a GDP level in
2010 that 1s 17% lower in the AIDS scenario, an alternative measure of non-health, non-food absorption is
21% lower by 1020. While some of this decline is due to the lower population associated with the AIDS
scenario per capita GDP does not drop by around 7%.

Bollinger. et at. 20G0 worked on the economic impact of AIDS in Malawi. They reported researches
conducted in Malawi saying “recent projections indicate that the annual number of new AIDS cases will
double from 64 260 in 1998 to 99,400 in 2005, reaching 136,350 each year by 2015. The number of
pediatric AIDS cases each year is projected to rise from 14, 500 in 1998 to 21, 240 in 2005, reaching 25,
510 by the year 2015. The projections also show that the number of maternal orphans in Malawi will
increase from about 250,000 in 1998 to 660,000 by the year 2005 and reach over one million by 2015".

According to Cohen, 1997, the infant mortality rate in Namibia will be 40% higher by 2010 than it was
in 1997 due to the impact of AIDS, the child mortality rate will double, and life expectancy will decrease
from 56.8 to 29.5. Overall population growth will be reduced from 2.2% to 0.1% because of the effect of
AIDS.

Burger, 2000. studied the macroeconomic impact of HIV/AIDS in South Africa. The study reported
the result from a supply-side analysis of the macroeconomic impact of HIV/AIDS in South Africa. The
theoretical mode! used was a disaggregated Codington-type model. The economic model predicted that
economic growth will decline rapidly over the next 15 years. By examining the deferential between the
AIDS scenario and the non-AIDS scenario, it appears as if the impact of the epidemic is likely to be
substantial. In this mode!. the labour force is the more important channel through which HIV/AIDS operates
as opposed to the alternative impact on capital formation. Finally, in this model, the population impact of
HIV/AIDS on the population exceeds the effects of the pandemic on GDP leading to a projected rise in per
capita GDP in agreement with previous studies by Over, 1992
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2. FORMULATION OF THE MODEL

To construct the model, we divide the entire Nigerian population into eight segments each
corresponding to one of the epidemiological state, which are P(population of those between 15 years and
65 years), N(population of those below 15 years), S(uninfected susceptible group mainly adults above 15
years), 1, (incubation state 1), 1, (incubation state 2), 1; (incubation state 3), A(final stage of fully
developed AIDS) and R (resistant group who have heed to the campaigns against HIV/ AIDS). Each of
the S. 1. 1, 15, A segments is subdivided into three risk groups (heterosexuals, intravenous drug users
(IDU) and homosexual), and each of these risk groups is further subdivided into three subgroups on rate of
acquisition of sexual partners (low, medium, high).

When those in N class reach 15 years, they may join R group or S group depending on the level of
awareness they have on HIV/AIDS. Some people who are already in R (the reserved or resistant group)
may later change therr minds and start living care free lives again thereby joining S class. Immediately
some one in S class gets infected, he joins group 1,,. After some time, he graduates into 1, class and later
enters 1;group. After some time in 1, (which may vary from person to person), he develops full blow AIDS,
thereby joining A class. This description is as shown in the flow diagram below (Fig. 2.1).

The problem now is to develop a discrete time deterministic model on the transmission dynamics of
HIV in this setting.

2.1 Flow Diagram

Below is a flow diagram representing the model.

R
b
n
S,, / > 'iu —}/—lP — [2[; 3}/: l}u
Vs
Fig. 2.1 A

From this flow diagram we observe that some susceptibles may heed the campaigns against HIV/AIDS and
withdraw to the resistant group while some members of the resistant group may later become exposed to
HIV infection (susceptibility).

2.2 Assumptions
To construct this model, we present the following assumptions:

1. There is no recovered class.

2. There are only two ways by which susceptibles may become infected: through sexual contact or by
the sharing of needles, IDUS (intravenous drug users) and other sharp objects like razor blades,
barbing materials, etc. Material transmission and transmission via blood products are classified
under sharing of needles.

3. There are varying rates of passage through each incubation stage

4, Individuals in the AIDS compartment are neither sexually active nor do they share needles, and
they leave the population solely by AIDS related mortality.

5. The proportion of new recruits allocated to each compartment is held constant over a time period.

6. Heterosexuals, IDU's and homosexuals have the same rate of acquisition of sexual partners, that is
J=1.

7. Those below 15 years are equally likely to join any of the i groups (rate of acquisition of sexual

partners).
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£.5,. &, are time independent or time homogeneous.
9. p P is closed to migration (that is, there is no migration into P).

10. g,.&,.&, and 7 are dependent on the rate of death as a result of AIDS (o). The more o, the more
£.5,.5 butthe less 1.
11, N is a function of P and Yt.

23 SYMBOLS AND PARAMETERS

i = risk group (heterosexuals. IDU’s, homosexuals), [ = 1,2 3.

] = rate of acquisition of sexual partners (low, medium, high), j=1.2 3

R = Resistant group — those that may withdraw from sexual activitcs «iic t0 self-discipiine or due to
anti AIDS campaigns.

S = Susceptible group.

l = Those in incubation state 1. initial period of HIV antigen concentration shortly after infection.

P = Those in incubation stage 2. The longer asymptomatic stage.

I3 = Those in incubation stage 3. Final incubation stage with high level of antigenaemia.

A = The state of fully developed AIDS.

o = AIDS related mortality rate.

BZS = The average rate of progression from incubation stage k to incubation stagek +1, k=12, 3.

7 = Non-AIDS or natural mortality rate.

s = Infection rate or per capita force of infection

n = [3, exp (-<38) = transition rate from the reservoir {resistant group) to the susceptible group.

2 = 3o exp (€.18) = transition rate of those below 15 years who graduate into 15 years and move to the
resistant group (reservoir).

£, = o exp (e28) = transition rate of susceptible class to the resistant (reser - voir group)

& = (3, exp (€30) = transition rate of those aged between 15 and 65 years to the resistant (reservoir)
group.

¥ = Birth rate of the population of those between 15 and 65 years

o = Per capita rate at which the population of age 15 — 65 years join the susceptible class

az = Per capita rate at which the population aged below 15 years join the susceptible class

v =t r:

P = The population size of those between the age of 15 and 65 years

N = The population size of those below 15 years N is a function of P and Y,, thatis N = f(P. Yy =
i, PUY 0 < 0.0 <1 and (f(0, Yy) =f(P.0) =

I3 = A parameter.

b= Z Z (SH E R IR S A )+ R

/\=a1P+a2N +nR

Z Z (S +1, + +l1,_,+A”\’+R:|+(1_,N+I‘|R

Lll 1=}

By assumption (4), A, does not contribute in A. Hence,

=a

3
A=q, Z (S.ﬁll._,+|3..+|:.,)+RJ+03N+WR

24 THE EPIDEMIOLOGICAL MODEL (CONTINUOUS TIME VERSION)

Using the above flow diagram. symbols and parameters, the model is presented as
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2.5 DERIVATION OF THE DISCRETE TIME VERSION OF THE EPIDOMIOLOGICAL MODEL

Here we adopt a method used by Sowunmi, 1993, as follows: Consider

dv . .
Wyt | . | (2.2)
dt

d .
Let us consider d\ =)y ie f=0
t

fil = k(i)dt

v .
Iny= J: Ms)dsfc : <
y(t) = exb“(: A(s)ds}- e

= y(O)epr" l(s)ds}= y(0)n(0,1)
where
{ ot
n(0. 1) = c.\pd0 ).(S)ds}: n

Let :
y(t) = A)=(0 1) (2.3)

dA
1I+A(U}V(t)n = An+f

dA [ ~ ! ! \
7d,t_=n f(y=t(Dexpy J'“ X(S)dS)

Aty = y(0h + J; f(r)exp( [ l(s)ds)dt _ (2.4)

-
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Put (2 4)in (2.3) to get, |
y(O)=y(Omo O+ L [f(t)cxp(— L! }.(s)ds](exp I{l }.(s)ds]:Idt
= y(0O)m(0, )+ J(: f(t)cxp( IO‘ ).(s)ds)dr
y() = Y(O)m(0,0)+ [ f(D)m(z,t)de
y(t+1) = y(0O)r(0.t +1) + '[:_H f()n(t.t +1)dr
NB. =(0, t+1)y=na(0 t)n(t. t+1)
y(t+1) = y(0)m(0. )m(t.t +1) + '[(') f(t)m(t.t +1)dt+ J" f(tm(t. t+1)dt
y(t+) =m(t.t+ 1)[}"(0)71(0.() + IOI f(‘r)n(t.t)dt] + I(: f(t+m(t+t.t+1)dt
=n(t,t+Dy(t)+ '[(: f(t+)nr(t+t,t+1dr
Att1=0 ,
y(t+ 1) = n@t, t+ 1) yt) + ft)=(t, t+ 1)
= yt+ 1) =at t+ 1) [yt) +f(t)] (7 5)
where , '
( t+! ) . N
n(t.t+l)=cxp\ I‘ l(s}ds] (743
is the transition probability. '
Applying (2.5) to our model in (2.1) we have the discrete version of (2.1) as
s,, =8, +A )n
l|||+l (IIUI +Slll,l|l
2|Ju| (l’ul +l|u tYI||)n .
hjl*l (I’CU( +l Illy ”)ﬂ Y (27)
IJI*| (Aul +l‘ulyw)n
( R, +EN, +E,8,, +EP Jr,
=(N,+BPn
2.7 THE ECONOMIC MODEL
2.7.1 Parameters and Symbols
Y= Aggregate output (production) in period t or total output.
Ly = The labour force of age n in period t.
pn = Productivity of labourers of age n who are AIDS free at period t.
p'n = Productivity of labourers of age n who have AIDS at period t.
K= Capital stock in period t.
=  Share of national output accruing to labour.
Y= Rate of technological change or total factor of productivity over time.
E.= Labourinput in period t (measured in unlts of effective labour) or labour input.
=  Employmentrate. =
a = A constant factor.
e= Proportion of work time (in years) lost due to AIDS per AIDS patient
an = Proportion of the population of age n that is suffering from AIDS in period t.
m = Total savings rate in the no AIDS scenario.
m' = Total savings rate in the AIDS scenario.
H,= Total annual cost of treating AIDS.
f= A fraction of the total cost of AIDS financed out of savings.
r= Rate of depreciation of stock of capital.
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2.7.2 Assumptions:

1) Labour force in Nigeria is aged between 15 and 65 years.
(2) Productivity varies only with age.

3) H. is arbitrarily defined, it depends on the government

2.7.3 The Model
The Cobb - Douglas production function( has contain in Cuddington, 1993) is given as

Y, =ay'E'K! 28)

where
Ei = pls
The two factors affected by HIV/AIDS in this model are K;and E,.

Effect on K,
Total savings for the previous years,
S;=mY,-fH, ' (2.9)
Current value of capital stock of the previous years
= the value of the capital stock of the previous years — depreciation
=>K=(1-nK._; (2.10)
Current stock of capital = Total savings during the past year + current value of the capital stock of the
previous year.

=K =51+ K-y
Using (2.9) and (2.10) we have
Ky=mY,_, +(1 -1 K., -fH,_, (2.11)
= K1 =mYy+ (1 -1 K, - fH, (2.12)
But

m'=mY‘—_fH':>m'Yl =mY, - fH,

Y,
CKier =mY+ (1-1) K,

Effect on E;

The Cobb - Douglas production function given in (2.8) assumes that the labour force has full employment,
but in Nigeria, unemployment is the order of the day. Hence we bring in an “employment rate” parameter, 7.
Hence

E| A.plLl (21 3)
Bringing in the effect of AIDS in (2.13), the labour productivity term is now modified to
65
E'l =Z [(l_eam ))"np:an] (2 14)

n=1{5§
Hence, our Economic model becomes
K, =may'E*K!? +(1-r)K, —fH,
=mY,; + (1-r) K, - fH,
=m'Y,+ (1 -r) K, (2.15)
Y, = ay'EFK!?

—_-Z Z (S,_](n)+1h"(n)+1 .u(n)*‘]z.,l(n))"'R,(n) .
=l =l
68

Ei= 2 [(-ea, h,p,L,

n=1i5§

m'Y,=mY, - fH,
2.8 THE MODEL

Adding (2.15) to (2.7) we obtain the model below which is a combination of the epidemiological model and
economic model. This is the model we are going to investigate

Site1 = TSii + AT (Sija + AT

L s 1 = by + A maSi (lije + Sighip) T

I2i0+ 1 = M2lai e + baijeyriome (2 * Ly (2.16)
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(l3i.c + l2i y2i)ms
(At + laiyag)ma
(Ri+ &Ny + &, Sijp + 8351 + &3P

b3+ 1= Malage + bojeyzma

Ajrs1 = maAGy + by iy3ina

Ry+ 1= (R + &Ny + £5S;; + E.P)ng

N+ 1= 1Ny + B'Pir = (N + B'Pyn

Kier= may'EPK!® +(1-1)K, -fH,
=m'Y,+ (1- r)K'

where
Y, =ay'EPK}P
Z [ —ea,, "'n‘ mLm]
n=1§

L Z Z (Sljl +l|l_|l 7I_||+13I_|t) Rl

1=l =l
Applying assumption 6, (2.16) reduces to

. te1 (S + 0 )n )
ligs 1 = (liig + Siany) 4
Pt 1= (laig + by me (2.17)
Vot e 1 = (laig + Laiy2) 7 '
Aire 1= (A + L3 73) 78
Ris 1= (R + &N + &S, + 3Py g
Nie 1= (N + p'P)n
K"‘1 = m'Y' + (1 - r)K. s

where
ns, Ri, Nz, N3, Ma, MR, T Are transition probabilities from one state to another.

‘3. STEADY STATE AND ITS STABILITY

3.1 Steady State

Proposition 1

There exists one and only one non - trivial steady state satisfying equation (2.17).
The steady state is given as

(S*.1°. 10 1° A" R".N".K L 1o

where :

, b+nlz Ba- . o

S =U= [’p_l‘l l ks B ~a Pa
I, = Uk a,

15, =Uy,A,a,a,

I3 =Uy,y,~aa,a,

A‘,. = UYny:.anxnala!a.‘aA

[a.5,a, +a,8,praa, +&,pa+E P
I-n&,a,a,

R’ =
= f'Pa

L
KO = [m'ay'E” ]/B
r

a = =123 AR, S

r

-7

T

Proof
At steady state
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Sitv1=5;¢ = Sj,'ki,t+1 =hit= k=123
Aitv1= A=A R =R =R
N.;, =N =N K. =K =K
This implies t.
S, = ns S. + ATg
l4i = mdyy + S,
l2i = moly + lyyam;
I3, = mals, + loyams
AI = Ta Av + |.”.‘73|7TA
R =nmrR + (5N + 2:P)xe
N=aN+[3Pn

K=mayE'K' " +(1-rK
From (i)
S, :/\—31.»‘ = Aa,, where a_ = Ts
| -m, ' R e %
But

A= P+ N+ nR
S =(u,P + ;N +nR)ag
Similarly from (1) to (viii)

T b1
Ih z}‘q l SI ::}\'lslal'Where al :——l‘
l—T[I 1—"tl
, ) . ‘ T,
’ l-m, ' e
{ . N . . . . ‘.Il
Ly =70 =77 Aa@aS where i, = - —
RN S N ‘ I
/ e He
A '_‘]‘\,Y‘u‘ L..]:"/hyvly‘l}\,‘ala,a.11,\Sv where a, R S
. \l_n,\. i ) _T[_r’\
’ n
R=(E NS +2P) = =(EN+2S + 2Pk
-7
where
Ty
Ly, = o
Ty,

N = B'P(L] =[p'Pa. where a = T
l-n l-n
]

K = [ maty (.‘?YJ"

r

Putting (6) and (7') in (1) to solve for S, and then solve |4, I, 1. A and R, we have the steady state as:

(S° 10 19 .1 A RV N".K")
where

SULE LIS, I AR N K
are as defined above
Linearizing (2.17) we obtain the matrix, D

0]
(i)
(iii)
(iv)
(v)
(vi)
(vii)

(viii)

(1)

(2)

(3)

(5)

(6)

(7)

(8).




<« (1 +a ) 6 0 'R S SO ' 7 o S | t) . o 0 0 0 0 0 AWM, w3 "
m 0 e, 0 0 T 0 a1 i ) O 0 0 g -mr wn, 0]
W 0 0 (I+um. 0O 0 u ) () o T 0 0 o = 0 0 t) fe . a0
rlv. ¢ 0 0 T, 0 " 0 0 " " 0 0 L N N ¢ noon
(7 0 ).x 0 ] i 0 () " T 0 0 0 0 m (1 0 0
10 0 A, 0 0 E 0 0 f 0 0 {1 oo o 0" 0
0 0 0 0 T e 1) " U 0 () 0 0 : ‘ 0
0 0 0 t 0 s 0 0 0 Y] 0 0 1 0 () 0
0 0 0 0 0 - 4 O T, 0 U 0 0 0 0 0 0 0
= 0 ) 0 0 0 ! AT 0 ., 0 0 0 0 v 0 0O 0
0 0 0 0 0 0 o0 0 u 0 0 0 0 0 0 0
0 ) 0 0 0 0 0 ) a0 0 n, 0 0 0 0 0 0
0 0 0 0 0 " 0 0 0 y . 0 0 . 0 0 0 0 0
0 ] 0 0 0 £ 0 0 0 0 o, 0 0 T, 0O 0 0 0
0 0 0 0 0 0 0 0 0 0 0 Yy, 0 0 =m0 0 0
d d d i, i=m, Iam, Em,, i=m. la. Sym, I, A, O 0O 0 Zm, im0
3¢ ¥z 3 fx fVa [ fn fix Bz Pn f'n pa O 0 0 fn T 0
0 0 0 O 0 w0 0 0 0 0 0 0 0 0 o 0w
Wheren 1o de (2 + 2k
8
-
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3.2 STABILITY . '

The, characteristic equation of our matrix D is
ID-1In|=[(1 +a,)ng ~n]'(r, =n)'(n, ~n) (n, -n)'(n, -n)'[(E,n, - n)n-n)

~p'nE, Mg u—n)=0
Solving gives -

Y
gl

e
.,:_ ?{:r ;

ny=n; =n3 = (1 +aqy)r,

Ng=Ns=Ng =T

Nip = N1y T N2 = T3

N3 = Nyg = Nys = Ty

(EJJKR -nxn—n)—B'E)lan:O: nl "(E_-xnk +7t)n+(i.1 —[}'il)nkn:()

(C:JKR +n)i\/(§]nk +n)z _4(;3 ﬁ.i-‘)nn‘.'fw

= n=

>
R (EJJKR +,n)+\/(5.znk +71:)2 —4(5.»1 -B'g, e,
.. '6 —_ 7 -

(EJJKR +n)_\/(§,17tk +7t): _4(E,~1 ’B’E,u)"mk

n, = 5
Ng=u=1~-r
Our model is locally asymptotically stable if |n | <1.i=1.2.....18.

Hence, for n;, ny, N3,

1+ a,)ng|<1=ng = since o, and ng are non - negative

This means that the transition probability for the susceptible class lies between 0 and TTa Likewise for
+a,

N, Ns, Ng, 0 < mp <1

Forns, ngandng, 0 <np <1
For nio, nis, Nz fn, [ < 1= 0 < mry <1
For ny3, Ny, n,s‘}n,\| <I=>0<m, <1 since n, is a transition probability.

This means that the transition probabilities for infection state 1, infection stage 2, infection stage 3 and the
AIDS class all lie between 0 and 1.

For nqs.

€+ 1) (Eome +7)° ~d(e, -PE o, |

”

1

Put X=&mr+n, ¥y=(& - BE)nnR

Hence {x+\/x2—y’<2
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¥ SR NP
\/x“ =V 2-x :
“l<¥— 7«7 <1 sincex>0
X+ 2 2+x

XN v e(Zex) = 4 A d
—vedN+d dN+v+d >0
Substituting for x and y we get
4+ 4(45mg + ) + (S - Vi )nne > 0
. Am i -4)-4
=i (4 ah, >aln, Pz -4)-4 =2 > BT
: e > alm - ) . Gk

e, —4)-4
Similarly, forn,;, &, < K(NRB_“-_' ,)__
' (4 +7)m,

For nia

ul<l=1-r<l

S-l<l-r<l=-2<-r<0

or2>r>0=>0<r<«<?2

=>0<r<?2

This means that the rate of depreciation of stock of capital lies between 0 and 2. Appling the actual

definiton of n,, r = 1. 2. 3. A R as in (2.6). these conditions imply,

]
(1) ()< TI\ P ——
1+,

| ‘ ) i |
Bea o<~ - =>0«m :c\p( I{p+/.| +;_‘Us)< -
1+, |+,

“<‘J‘(P+}H +;:)ds<ln(]+u,)
0> JM (u+r, +2 ds>In(l+a,)
In(1+a)<pu+r+fori=123

@ ocm<i=0<op [ lnry, hs] <1

141
:>()<~I (m+y Ms<O=sp+y, >0fori =12 3.
(3) Similarly, 0 <7, < tand 0 < ny < 1 imply
w+yy>0and p+vy,>0fari=1 2.3

(4) (J(rr\<_I:>O<e.\'pva”-. ads 1 126850

)
! (

Summarizing the above anaiysis, we have the following proposition.
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Proposition 2: The conditions for (2 17) to be asymptotically stable are that

(i)v In(T+a)<p+i+ =(T+ay<e """ waove" 7 112123
(i) p+v.>0fork=1,231=1.2 3
(i) 5>0
vy 2> T
R
(v) O<r<2

3.3 WHEN NOBODY IS INFECTED (DISEASE FREE EQUILIBRIUM)

(=0, 1,= I =1, = A =0)

At this point our matrix D will reduce to

i(]+(tl)n\ 0 0 (g -ma. w0

"() (14w, 0 (M= o T

, 0 0 (l+u = Coroo - n
D' =| . o ) _

;(i.3+;.=)7‘|< (Co+2m (Co+lom - = T "

i[i'n B'n B B = 0

0 0 0 0 0 w

3.3.1 The steady state: The steady state is
(S".0000.R".N".K"Li=123

3.3.2 Stability. We obtain the characteristic equation for the matrix above (D) Hence
[)~I\ _[]+u}‘t \] u~—\)[‘.,n, AN NP oem \ o

X1 =Xz = X3 = (1 + )ng
Xe = U

X = (LAt )X+ (55 PYi)tR1 =0

(G, +mryEm, +a) 4G P,
x;: ST M T )

2
) ‘(i Ty *’)1-\’/(:_;7!.( *TE) ’4( IS‘ [indad
X, = S
(.=, -m) V0o ca) HE - m
N, =

Forx. xo.xa. (l+a yr. <1
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=0<ng <
l+a,

For x,,

u

<I=|1-1<1
=>0<-;<l,=>0<r<2

This means that
1) Transition probability from one state to the other in the susceptible class will lie between zero and

<I=l+a, >1=a,>0
l+a,

(2) The depreciation rate will increase (infact, doubled) since r < 1 normally.
4. INTERPRETATION OF THE RESULTS AND CONCLUSION

4.1  The main Resuits of the Study

In this study we divide our population (Nigenra).into eight segments P (population of those ‘between
15 years and 65 years). N(population of those below 15 years), S (the susceptible class), R (the Reservior
or resistant group). Iy, (incubation stage 1), I, (Incubation stage 2), |y; (Incubation stage 3), A (final stage
of fully developed AIDS). Each of the S, |y, I, |5, A components is subdivided into three risk groups, i
(heterosexuals, intravenous drug users (IDU) and homosexuais) and each of these risk groups is further
divided into three subgroups on rates of acquisition of sexual partners, j (low, medium and high).

Using the above segments a discrete time model of HIV transition and the impact of AIDS on
Economic Activities are developed, see (2.17)

it was shown that there exists one and only one non - trivial steady state for the model and the
steady state is given by

($°,18,15.1%, A . R* . N®. K} i=1.23
The conditions for the stability of the above steady state were found to be as follows:

(i) O<n < 1
1+a,

Which means that the transition probability for the susceptible class lies between zero and ]' !
+a,

(ii) O<m<l.k=123A

Which means that the transition probabilities of the infection stages 1,2 and the AIDS class lie
between 0 and 1.

> n(nRps, -4)-4

L (4+m)7R

() Qcr<cg
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This means that the rate of depreciation of stock of capital lies between 0 and 2 We therefore conclude
that the resistant group is very crucial in checking the spread of the epidemics. hence people should heed
to the campaigns against HIV/AIDS. Also we conclude that HIV/AIDS has no S|gn|f|cant effect on the rate
of depreciation of total stock of the nation.

It is also seen from the study that at equilibrium. S 0. That is, the susceptlble class will not be wiped out .if

and only if there are people In the resistant group
4.2 CONCLUSION

The model developed here is an enhancement of existing modeis in HIV/AIDS. Infact, this model
is the first that combines epidemiological factors with economic factors. The results obtained here may be
of interest of experts in the field of Biology and Medicine The model should help epldemlologlsts to advice
the health authorities to encourage people to heed to the campaigns against HIV/AIDS

Based on the discussions above. we conciude that:

n Somebody must always be at the risk of contacting HIV/AIDS, (S 0).

(n The depreciation rate, r. of stock of capital is not influenced by the AIDS epidemic at the steady
: state
. (1) S 0 f RO This means that the resistant group iIs crucial. For AIDS not to wipe out the

’ susceptible class R must satisfy R 0
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