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ABSTRACT. The sex industry has been implicated in the spread of HIV across
the world. In this article we propose two models, the first consisting of two
core groups of interacting heterosexual populations, and the second one with
the two core groups linked to the general population. The core groups in the
first model consist of male truck drivers and female sex workers. The result-
ing sexual activities between these two groups is responsible for HIV/AIDS
fast spread in these two groups. These high-risk groups influence the disease
spread in the general population and a simplified version of such dynamics is
described in our second model. We explore the potential impact of high levels
of infection on the general population. Furthermore, we show potential results
of prophylaxis.

1. Introduction

The spread of HIV has reached an epidemic proportion in sub-Saharan Africa
and Asia [8], in particular, in Nigeria [9]. In 2001, an estimate of the number of
adults and children who died of AIDS in Nigeria was 170,000 [8]. The sex industry
is identified as a major factor in fast spreading of the disease. In Nigeria studies [13]
have identified major contributors to this spread: long distance truck drivers, com-
mercial motorcycle riders and the uniformed services who are the primary clients
of female sex workers the group which is also a contributor because of the exposure
to multiple partners.

Our main objective is to look at the impact of core group behavior on HIV
prevelence in the general population, Efforts at understanding the dynamics of the
HIV/AIDS epidemic within risk groups have targeted two core populations, namely,
the truck drivers and female sex workers, see [20], [10], [14], or [19]. For instance,
I.O. Orubuloye et al.[20] concluded that occupation demands of truck drivers and
itinerant market sex workers in Nigeria along the Ilorin-Ibadan-Lagos highway had
resulted in a network of multiple partners.that resulted in these occupations be-
ing of particularly high-risk with respect to the spread of HIV/AIDS. The typical
scenario is truck driver spend many nights away from home and frequently make
use of the services of the female sex workers in stop-over towns near major trans-
portation routes. Although sex workers are often subject to great deal of stigma
and exploitation, the industry has continued to thrive because of extreme poverty
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and falling standard of living in Nigeria. Thus, the female sex workers enter the
profession out of necessity and only quit when they can. On the other hand, truck
driving is a lucrative profession which unskilled males are willing to take, when
such opportunities present themselves because of enormous material and monetary
benefit associated with it by local standards. Although the truck drivers are en-
gaged in legitimate businesses, they are often seen as a “bridge” population, or the
one through which HIV reaches the larger population, particularly to people who
are considered at lower risk. Most of the truck drivers have wives or other sexual
partners in their communities who are thus at risk of HIV infection by the truckers.

In 1991 a study of truck drivers’ sexual cultures was conducted in which the
truck drivers reported an average of 6.3 current sexual partners (sex workers), 12
sexual partners during the previous year and 25 partners besides their wife during
a lifetime [20]. A similar study of truck drivers between 1999 and 2001 [19] found
out that the prevalence of HIV infection among truck drivers in Nigerian transit
towns was 54 percent as compared to 17 percent in the non-transit towns. Studies
of an area along a major highway in Uganda have found an HIV prevalence of 35
percent among truck drivers, and 37 percent of truckers estimated having more
than 50 female sexual partners during their lifetimes [27].

Another important issue is an insignificant prevention of the disease. Sunmora
2005 [26] investigated sexual practices and barriers to condom use among truck
drivers in Nigeria and concluded that the use of condom among the truck drivers
was only 9 percent, though about 70 percent of them knew about the importance
of condoms as an HIV preventative measure. On the other hand, condom usage is
generally acceptable by female sex workers [21], but their clients sometimes insist on
non usage, thus placing the sex workers as well as their clients at risk of contracting
HIV.

In the general population prevalences are estimated to range from 3.5 to 8
percent in the adult population (ages 15-49) with the average holding at about 5
percent between 1999 and 2003. The rates among men and women is approximately
the same among this age group[8]. The rates of use of commercial sex workers
among adult men ranges from 8 to 11% at least once per year compared to reported
truck drivers’ extramarrital and casual sex (which we assume to be mostly with sex
workers due to logistics) of 72-92% [18], [23]. For sub-Saharan Africa the fraction
of the female population that are sex workers varies an order of magnitude between
lows in the city to highs in rural towns that are along major transportation routes,
but on average the figure is about 1-2% for an entire country [18]. The fraction
of population that are truck drivers is about twice this or 2 to 4% [18], [20], [21],
and [23]

In this study, we first model how the role of transactional sex affects the dy-
namics of HIV within the two core groups. In the second part we look more closely
at the interactions between the core groups and the general population and make
some observations about the strength of “network” connections between the core
groups and the general population.

The paper is constructed as follows: in the next section we formulate the main
model, and we fully investigate the stability of the endemic equilbrium in section
3. In Section 4 we study the dependence of the basic reproductive number and the
endemic equilibrium on given parameters, in particular, for the latter we project
the impact of condom use on the prevalence of disease in the subpopulations and
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show that there is a multiplicitive effect of prophylaxis for the general population.
Section 5 connects the core and non-core populations. We assume that the risk of
HIV infection in the general population is directly tied in to core prevalence. We
reformulate the equations for infection in the general population (under specified
conditions) in terms of just the core groups. This approach was selected since the
parametrization of the model for the general population requires data that is not
available. Section 6 describes the data we have gathered and parameter estimation
we use. We make some rough calculations to estimate the dilution of infectivity
due to the limited circle of contacts possible between even highly sexually active
individuals. Last section contains conclusions, discussion and future work.

2. Core Group Model

We start with considering a simplified scenario in which the two core groups are
experiencing the epidemic (we show that this corresponds to data gathered, refer
to Section 6). The model considers the two core groups only - male transportation
workers (truck drivers) and female sex workers. Individuals removed from both
groups due to retirement, natural mortality (or other factors), and AIDS are con-
sidered to be replaced immediately through the recruitment of new members from
the general population. In other words, we assume that the economic conditions
are such that the supply of workers exceeds the demand.

The following assumptions are made in this model:

Sex other than between truck drivers and sex workers is not considered.
No condom use by the truck drivers or female sex workers.

Random mixing between the two groups.

Transmission rates are constant over the life of the disease.

Recrutment to the core groups is of uninfected persons only.

Each of the core groups have losses due to AIDS but the populations size
of both core groups remain fixed, since each truck driver and sex worker
gets replaced immediately. We assume that the AIDS cases are highly
symptomatic so that progression from HIV to AIDS removes individuals
from the sexually active core groups.

Let Sy, and Sy denote the number of susceptible truck drivers and female
sex workers respectively, and let I,,, and Iy be the number of infected male truck
drivers and females sex workers, respectively. Both new truck drivers and new
sex workers are recruited at the same rate as they are lost, this assumes that the
supply of available workers is always adequate and there is a minimal time required
to train a person. The losses from the system are due to natural mortality (u’s)
retirement (p’s) and removal or death due to progression from HIV to AIDS(v’s).
We assume that the onset of AIDS results in a person being unable to continue
working as a truck driver or sex worker. New infections are caused exclusively by
heterosexual contacts between susceptible core group members and infected core
group members (the rate of infection given by the 8’s). The following system of
differential equations describes HIV dynamics in this simplified two-sex mixing core
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FIGURE 1. A compartmental diagram for the system of equations

in (2.1).

population.

Sy = ((us +pr) Ny +75Ig) = (g + ps) Sf = Brmsvm 28-St

Sm = (ttm + pm) Nm + YmIm = (ttm + pm) Sm — 6fm’/f1{7_ff5ma
Iy = Bmsvmn=Sy — (v + 1y + 01,
Im = ﬂmefjif—j;Sm — (’ym + m + pm)Im

Here, the total populations of truck drivers is N,, = S, + I,, and commercial sex
workers is Ny = Sy + If. The parameters used in system (2.1) are described in
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Table 1.

Symbol | Description

Btm Rate at which female sex workers infect truck drivers
per susceptible truck driver

Bmf Rate af which truck drivers infect commercial sex workers
per susceptible sex worker

L natural mortality rate of truck drivers

Wy natural mortality rate of sex workers

Pm retirement rate of truck drivers

Pf retirement rate of sex workers

Um turnover rate of uninfected truck drivers (= @y, + pim)

Py turnover rate of uninfected sex workers (= py + py)

Ym Rate at which infected men progress to AIDS

o7 Rate at which infected women progress to AIDS

vy the fraction of adult females that are sex workers

Um the fraction of adult males that are truck drivers

Table 1. Model parameters.

Since we assume a constant number of workers in both groups (Ny =const. and
Ny, =const.), the above equations can be reduced to the following model

It = Bgvmap= (Ng = Ir) = (v + 9p)I,

; I

Im = /BmefN_ff (Nm - Im) - (7m + wm)Im

Using the assumption that the population size is constant, we reformulate 2.2 in

terms of proportions of the respective core groups that are infected. Therefore, let
X = ]{,—ff and Y = ]{,—’"m, and substituting ¢ for g+ p we have

(2.2)

X = BmsvmY (1= X) = (7 +95)X,
YV =Bmrvs X (1=Y) = (Ym + ¢m)Y-
This system (2.3) is analyzed in the next section.

(2.3)

3. Core model Analysis

There are two equilibria of system (2.3): a disease free equilibrium Ey = (0,0)
and an endemic equilibrium F; with X > 0and Y > 0. We compute the basic repro-
duction number using the next generation operator at the disease free equilibrium
E; =(0,0) (e.g., [4] or [7]). We find that

Bmfﬁfml/ml/f
3.1 Ry = .
(31 ’ \/(wmwm)mwf)

The basic reproduction number Ry represents the number of secondary infec-
tions generated by a typical individual from the core population of susceptibles Sy
and S, at the disease free (Ey) equilibrium. The local and global stability of the
disease free equilbrium (Fjp) is thoroughly investigated in [14] for a structurally
similar model and they show that it is globally stable for Ry < 1. Here we analyze
the stability of the endemic equilibrium(F; ).
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The endemic equilibrium F; = (X,Y) is

X = Bmf,gfmym”f — (Ym + "»Z}m) (’Yf + ¢f)
BimVs (BmgVm + 75 +Vr)

V= Bmf,gmeme - (7m + 7/Jm) ('Yf + ¢f)
IBmem (Bfml/f + Ym + wm)

The values of ff, S'f I,,,and S,, are given by

(3.2a)

b

3.2b

(ﬁj {}:)NZNf’ and ?f:(l—{z)Nf,
I[,=VN,, and &, (I—Y)Nm.

Linearized Jacobian of (2.3) at E; is

_ BimVs(BmsVm+ys+¥s) BmsVm (Vi) (BrmVs+Ym+¥m)
J— BfmVi+Ym+¥m BimVs(Bmsvm+re+iy)
Brm Vs (Ym+Ym)(Bmsvm+75+¥5) _ B Vm (BimVi+vm+im)
Bm s Vm (BfmVs+vm~+1m) Bmfvm+vr+vr

Denote by r,,¢ the number of infections an infected male truck driver causes
in females in a disease-free population before the first infected female is removed
from the sexually active population (e.g., by progression to AIDS, or death, etc.)
and by 7., the corresponding value for infections caused by females. That is,

= —ﬂmfym and ryg, = —ﬂfmyf .
vr+ wf Ym + wm

Note that this is not strictly analogous to the biological definition of the basic

(3.4) T'mf

reproductive number since the basis of comparison is not the time before the in-
fecting agent has recovered but the time before the first infected has recovered.
Observe that the basic reproductive number is the geometric mean of the above
values Ry = \/fmy - Tfm. Make the substitutions for 8, vy and Bfpvm,

. R2

X =y +vp) (Y (1-X) - X)

Y = (Ym + ¥m) (’rme(l_Y) -Y).

Rewriting the endemic equilibrium value X and Y in terms of rp, ¢ and rpy,, we
obtain

v . TmfTim—1
X= Tim(Tmyp+1)
(35) 7 T —1
Y — mfTfm
Tmf(rem=+1)

The eigenvalues of the Jacobian always have negative real parts when the determi-
nant of J is positive. Observe that

_ | Brgm (Brmvs + v + ¥m)* + BrmVs (Bmgvm + 75 + )
frace (J) B ( (ﬂmfl’m + vy +¢f) (/Bfml/f + Ym +¢m)

_ T'mf (Tfm-l—l) Tfm (Tmf+1)
B <ﬂfmyf (Tfm (rmy + 1)) Vi <7°mf (rpm + 1)))

is always negative, and since
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det(T) = BmsBrmvmvs — (v +01) Ym + ¥m)
6m,fﬂ,meme <M)

TmfTfm

BimgBrmVmVy 2
= R% (RO - 1) 3
the endemic equilibrium is locally stable when Ry > 1. Also there are no complex
eigenvalues (and thus, no periodic solutions or spiral sinks). For there to be complex

eigenvalues

(trace (J))* < 4det (J),

which is
<ﬂfml/f7“mf (Tfm + 1) ﬁmfvmrfm (T'mf + 1))2 < 46mfﬂfml/ml/f (Tmefm—l)
Trm (Pmy +1) Tmg (Ppm +1) '

When Ry > 1, this is equivalent to
(36) ( TmfTfm 4ﬁmfﬂfm1/myf

P - 1) P g (7t 1) rrm(rms ) V)
e (Bsmvs (Fofiteiay) + Bmsom (52557 ))

TmfTfm

Furthermore, the left hand side
r R?
< m T fm ) =20 >
TofTfm — 1 R§—1
Now on the right hand side we can rearrange to get

4

( BrmvVs (Tmf(rfm+1)) + BmfVm (Tfm(rmf“l‘l)))z’

V BV \7fm(Pms+1) V Bimvs \rms(rim—+1)

which is of the form 2~ the denominator of which is a minimum (equals 4)
aTa

(a+3)

when a = 1. That is

4
1> 5
1
(a+3)

Thus, we always have

4

1> 2
( [Brmvy (rmf(rfm+1)) + [BintVm (rfm(rmf-i-l)))
BmfVm \Tfm(Tms+1) BrmVe \Tms(Tfm=+1)
Hence,
< TmfTfm ) >1 2 4Bmfﬂfmym’/f
TmfTfm — 1

g (rpm+1) m(rms ) V)2
(5mef (_:hi(:fnﬁ_l)) + BmfVm (—:Lf(:f,iﬂ)))
which contradicts inequality (3.6), thus (trace (J))* is always greater than 4det (J)
and no complex eigenvalues exist for the stable endemic equilibrium. Global sta-
bility of the endemic equilibrium can be demonstrated for Ry > 1. We change

coordinates of the system to put the origin at the endemic equilibrium.  Let
U=1-X/XandV =1-Y/Y then

-1 -1
X:M(l—U) and Y:M(l—‘/).
Trm (Tmy + 1) Tof (Tfm + 1)
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Making the substitution r,,; = R%/r¢m, we obtain
o (R3+rsm)  (R3—1)(1-U)
0=y +w9) (-0) - - v) (G - L5000 )
2_ —
V = (i + ) ((1 ~V)-(1-0) (33“*%” _ (1) V>)) .

(R3+7sm) (R3+7sm)

(3.7)

(rgm+1) . (R§+7sm)
L = U 1%
o (7f + ¢f) * (’Ym + wm)

Pg, = —V(R-1)(A-U)(m+1)

For V > 0 then Lg, >UandwhenRg>1=>L<UFOrV<0wecanmake
the substitution 74, = R%/ry,; and by symmetry we have that when U > 0 then
Lg, > 0 and when Ry > 1 = LE1 < 0. When both X > X and Y > Y then we

let U = X/X —1and V =Y/Y — 1 and the Lyapunov function (same as above)
yields

Lp, =~V (RS —1)(U+1)(rym+1)
Thus these facts plus the local stability gives global stability of the endemic equi-
librium when Ry > 1

4. Sensitivity Analysis

In this section, we carry out a sensitivity analysis on Ry. For our measure of
sensitivity we use the normalized sensitivity index (elastisity) of Ry with respect
to each of the eight parameters (see [11] or chapter 9 in [5] for an excellent review
of methods). This approach is a local measure of changes in Ry when parameter
values change by a small amount.

The basic reproductive number is a function of six parameters

RO(ﬂmf7ﬂfm7Vf7Vm77mafyfa¢m7¢f) = \/(’Ymﬂr;if;:;l:—f’(/)f)

The sensitivity indices of each of the eight parameters are:

Brm OBy 1 Pmg ORo 1
Ro 0Brm 2 Ro OBms 2
l/_maRo _l and l/faRo _1
Ro Ovy, 2 Ry Ovy 2

TYm aRO 1 TYm

0 Tm_ —_.3869,
RO 67m 2 (7m + 'djm)

v ORo 1y

0 S 03681,
Rodv; 2y +4y)
d)m a]%0 1 '(/)m
Tm 0 S Tm . 0.1131,
Ry a¢m 2 (Ym + ¥m)

and OR, 1

Yol L Wr _ 431,

Rodvy — 2(vs +4y)
From the above it follows that the basic reproductive number is less sensitive to
changes in the rate at which the infected are being removed due to AIDS and the

turnover rate than the rates of HIV transmission (in both classes).
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The study of the dependence of the endemic equilibrium on HIV transmission
parameters () will allow us to look at the impact of transmissions rate (for example,
by truck drivers wearing condoms, assuming that condoms offer complete protection
against infection) in reducing the HIV cases in both groups.

Suppose that a fraction s of truck drivers wear condoms while interacting with
female sex workers. This implies that the HIV transmission rate will decrease by
s, or equivalently, the transmission rates in both directions (from females to males
and from males to females) will be reduced so that BT = k- 3¢/, where k = 1 —s,
and i = mf or fm (we use the same k for transmission in both directions). Hence,
the values r¢,, and r,,; will change to

(4.1) Tim = k- -Tpm, and Tpp = k-7,

Without loss of generality, consider only the truck driver group. Substituting (3.5)
in (3.3) we modify the expression using (4.1), the new value I"¢* of the infected
truck drivers at the endemic equilibrium (assuming that a fraction & of them will
not wear condoms) will be

(4.2) few = Ermirim =1
m krmf (k?”fm +1)

ms

Thus, we have defined a function fm(k) where 0 < k < 1. In order to determine the
effect from wearing condoms by truck drivers in the endemic population, we focus
on the quotient

(4.3a) I (k) = F—=.
And similarly for sex workers we have
(4.3b) Jr(k) = L2

The left hand side in the above expression indicates the fraction of the initial
endemic number of infected truck drivers. To obtain the percentage decrease in
endemic HIV cases among truck drivers, we calculate P(s) = (1 — J(1 —s)) - 100%.
The results for the available data (Section 6) is given below. The dependence
of P on s for truck drivers (P,,) and sex workers (Py) is given in Figure 2.
This graph shows the high and low HIV prevalence estimates due to variation
in transmission rates based on 95% C.I. (see more details in Section 6). Selected
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FIGURE 2. The effect of condom use by truck drivers on prevalence
of HIV in the core populations.
values are given in Table 2.
% of Truck Drivers % decrease in HIV cases % decrease in HIV cases
wearing condoms among Truck Drivers among Sex Workers
| 10% | 4-12% | 3-11% |
| 20% | 10-27% | 7-24% |
| 30% | 16-46% | 12-42% |
| 0% | 25-70% | 19-67% |
| 50% | 37-100% | 29-100% |
| 60% | 53-100% | 45-100% |
| 70% | 79-100% | 74-100% |
| 80% | 100% | 100% |
| 90% | 100% | 100% |

Table2. Effect of condom use on HIV cases
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Interpretation: If 50% of truck drivers use condoms, HIV cases will be re-
duced among them by 37-100% and among female sex workers by 29-100%.

What percent of truck drivers would need to wear condoms in order to reduce
the prevalence by half (50%)? According to data we have gathered and sensitivity
analysis (Section 4), we calculate the value s when P(s) =32 - 59% condom usage
by truck drivers will reduce HIV cases among truck drivers by half (50%); similarly,
33 - 62% condom usage among truck drivers will reduce HIV cases in female sex
workers by 50%.

5. General Population model

In this section we couple the core population with the general population. The
aim is to assess the impact of the core on the spread of the disease on the general
population. We assume that the role of HIV infection in the general population is
directly tied in to core prevalence. This assumption is plausible since the core has
sexual partners in the non-core population, and thus, any measure of sexual activity
and disease transmission in the core group has a direct, albeit obscure, effect on
the general population. We introduce a model that connects the general population
and core groups, see Figure 3. Under some plausible assumptions the parameter
space can be effectively reduced. Let the disease transmission rates between the
different groups be defined as in Table 3.

‘ \ ‘ females males ‘ females males ‘
from \ to —
1 general pop. general pop. sex workers. transport.
| females general pop. || | ﬁflml | | Bflm‘z |
| males general pop. || ,Bmlfl | | ﬁmlﬂ | |
| female sex workers. || | f2ml | | f2m2 |
| males transport. || ,Bmzfl | | ,Bm2f2 | |

Table 3. Infection rates disease transmission between various subpopulations.

Note that here By2f2 and Bram2 are equivalent to 3, r and B¢, respectively from
the isolated core model. We assume that the rate of progression to AIDS is the
same for males and females (y; = v, = ). We also use the same value of uy for
sex workers and women in the general population and the same value of p,, for
truck drivers and men in the general population.

For model including both males and female in core and non-core groups is as
follows. Let Sp,1 and Sy denote the number of susceptible males and females in
the general population respectively, and let I,,; and Iy; be the number of infected
males and females in the general population respectively. Let S,,» and Sys denote
the number of susceptible truck drivers and female sex workers respectively, and
let I,,» and Iy; be the number of infected male truck drivers and females sex
workers, respectively. The parameters pgo and py,2 are the rates of retirement. We
assume that the entire population is well mixed N,, and N; are now the entire
population of sexually active males and females respectively. The dynamics of
the core group is the same as in system 2.1 except that there is an additional
source of infection from the general population (again only heterosexual contacts
are assumed). The dynamics of the general population mirrors that of the core
group so that losses due to retirement from the core group are gains to the non
core groups, and the uninfected non-core groups are the source of replacement
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FIGURE 3. A compartmental diagram for the system of equations
in (5.1).
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workers.  Overall recruitment to the general (sexually active) population is at
constant rate A NN EEEEEN———— only.
system of differential equations describes the | N 2nd HIV dynamics in

these NN
= ((uy I +1r2) — 1sSsr.

((Nm _ + 711nlj Nm ml;

= (vy I
Iy = - - Sra = (s +pp2+7) Ip2,
Sma = ((Mm_+7-’mz 1 B
= (o I
The total | NG 2
Np=8p + 11, Nypo = Spo + o,
N1 = Sm1 + I, Nima = Sma + Inmo,
Ny = Ny + Nyo, Ny = N1 + Npo.

The rates of change of the total | HEEEEEEEE 21
Nfl = Sfl +jf1 =Ap—pup(Np1r + Npa) —v (g1 + Ip2),
Ny = Spp+ T2 = A, I + Niv2) — 7 (I;m2 + 1),
Nf) = Sf>+1fg =0,
Nm2 - Sm2+Im2 =0.

Note that if the recruitment is constant (on the time scale || j d@Q Jlll there will
be an equilibrium such that in the disease free population we have

a0 B
o (e [ -
Once the endemic equilibrium is reached, we have
o (o I+ [ =
e (e [+ - I -

I Y 25
free state, NG I
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when the prevalence is low in the TN -1 the NG
large relative to the core | N ]l then we have

Nfl—Sf1+If1N0 Nfg—ng-i-Ifg—O
Nt = St + Iy = 0, Nma = Sma + Ima = 0.

The total 1 > c constant and we can reduce the system to

i = [ I 7 1) - ) I ol
-~ -

To re-express the above as fractions of the | NN vc lct

mZ Nm + Pm2 + 7 mZ

_ In _ Ay s Ima s Imo
X1 = N X2 = Ny )1 = N’ and }2 = Noa®
The proportions of the | G by gender is

_ Npa _ Nyo _ N,
ve = N; Vf2—N_f7 Vm1 = N, and Um2 = Nn;'

Then we have

— I - <) - ()

Xy
Yy

= I N (1 - Y2) — (hm + pmz +7) Y.
We note that the terms - and _ are very small for Nigeria (on

the order of 10~% — 10~% whereas the smallest of the other terms are ~ 1072).
I ¢/ for j1; + py2 and Wy, O fi + prus. we have

X, = I (- X)) K

Ys

— I N (- V) — (n +7) V.

Define

These parameters are interpreted as the number of new cases within each subpop-
ulation before the first case in that |l rccovers (when the disease is
introduced to a disease free |} BB times the fraction of that subpopula-
tion (sex specific). By using the second generation operator analysis for the core
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population, we find the basic I number for this system

(5.6)

The endemic equilibrium is the solution of the four equations

S = Vi I
X =rm1s1 Y1

"
= = Trim2X1

I I i infocted with HIV is about 0.05

in Nigeria, we assume that are infected

- 171) are small, and thus,

<

which is the same equilibrium as in the analysis of the isolated core groups. Using
these values for a | state analysis gives us the following expression for
the general population equations

-

B of 2 low disease level in the general population gives

(5.10)

Integrating (5.10), we obtain

The equations in (5.11) have solutions

(5.12)
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Putting these values back into the original equations and letting the core groups
vary with time, we obtain

(5.13)

el | &

N T 1
v

N — 17— | ey

A further | of the above equations is

(1-x)-x],

(5.14)

of the network coupling the core group of one sex with the non-core group of the
same sex. Hence, for the endemic equilibrium we have | N

(5.1531) XI i _

(5.15b) Y

We define the relative potential force of infection!

616) o= - R w0 o= -

Thus,
(5.17a) Xl i _
(5.17b) Y, =~

IThese parameters suggest a measure that can be used as an index of the degree that a
core group has influence on the general population. In this case we would define the indicies

= _ and sy = _ These are the relative reproductive

numbers at the potential I for the respective subpopulations. But
see [16] NG (.. I
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I . 2nd ¢f,, are small (much less than I), we get

When the relative rates of infections are very small, we obtain
(5.19a) X, = Tm2f15>2,
(519b) Y1 ~ ermIX'Z-

PREVENTION sTUDY. We look at the effects of condom use by truck drivers
on decreasing HIV prevalence in the general population. In this case we make the
following substitutions rpofrs — kTmag2, Trome — krpamz, and rpopr — krmafri.
Here, all rates of infection involving truck drivers are multiplied by the factor k.
We substitute equation (4.2) in the modified equation (5.19a) to obtain

Again, in order to determine the effect from wearing condoms by truck drivers in
the general population, we focus on the quotient

(5.21) Tpi(k) = - = k()

where J,2 (k) I B [he left hand side in

women in the general population. To obtain the percentage decrease in endemic

— I - ind

that there is a substantial decrease in the prevalence of HIV in general population

I of the decrease in the prevalence | (compare

Figure 4 with Figure 2). For males in the general population we have

In this case we obtain the quotient

(5.23) Jm1 (k) = EZ;; = Jy2(k).

where Jro(k) is the same as from the core group model 4.3b. The reduction in
the male general population is the same as for female sex workers since that is
the main source of disease in this group. However, without non-core males using
condoms there is no additional effect of reduction in the transmission of HIV from
sex workers to their clients, the only effect is that of reducing the probability of

B o infected sex worker.

Under the hypothesis that all men use condoms, we obtain the quotient
(%))
(k)

In this case the results are dramatic, see Figure 5.

(5.24) Jm1 (k) = ~ = kJy2(k).
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Ficure 4. I,
of HIV in the general population.

We now have a curve which is almost linear, meaning that effects of condom

use on the general population are | greater than the effects within the
core groups.

% of All men % decrease in HIV cases % decrease in HIV cases
I I i I v omen

10% 13-20% 14-21%
20% 26-40% 28-42%
30% 38-60% 41-62%
40% 51-80% 55-82%
50% 65-100% 68-100%
60% 78-100% 81-100%
70% 92-100% 94-100%
80% 100% 100%

90% 100% 100%

Table 4. I
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FIGURE 5. The effect of condom use by all men on prevalence of
HIV in the general population.

I [ 50% of all men use condoms, HIV cases will be reduced
among the men in the general population by 65 - 100% and among women by 68 -
100%.

What percent of men would need to wear condoms in order to reduce the
prevalence by half (50%)? A range of 25 - 39% condom usage by all men will
reduce HIV cases among men in the general population by half (50%); similarly,
24 - 36% condom usage all men will reduce HIV cases in women in the general
population by half.

6. Parameters and Data Estimates

In this section we estimate the various parameters used in our model. We
describe the model parameters and derivation of them. Due to | N of
quality data our best estimates may be rather crude.

CONTACT RATES. In general the parameters B, and B, are roughly the
reciprocal of the average length of time to become infectious with HIV from the
time [ becomes at risk [ D B
. ]

is to look at the behaviors and risks of the infection for the different groups. The
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rates of infectious contact, sy, and fB,,f, depend on the total number of contacts

meeeeeeeess B ((18] and [14]).
|

studies called “partners studies” (see [3]). Since most truck drivers are clients of
sex workers, it is appropriate to consider the rate at which truckers are infecting
the sex workers. Combining data from [24], [17] and [15], we obtain a range for
the per contact probability of female to male transmission || S 2nd 2
]
From [20], [21] and [9], I I
driver with sex workers is [
sex worker with truck drivers is 6-30 contacts per week. || I 5 as the

probability NI pcr contact X number of contacts per person per time,
we have

Bim = (0.003 x N > 52weeks/yr., 0.01 x I > I
= (0.468 years™ !, 3.12 years_l) ,
or it [ S

for truck drivers if all sex workers were infected.
B = (0.006 > N x 52weeks/yr., 0.0 x N > I
- D 125 years)

or it would take between 3 days and 6 months to become infected for sex workers
if all truck drivers were infected. We compare this to estimates made from fitting
simulation output to data on prevalence in sex workers and truck drivers.

Vear Sex Workers Sex Workers Sex Workers Truck Drivers
(Rural) (Urban) (Avg.)

1987 0.35% 0.35%

1988 1.25% 1.25%

1989 1.7% 1.7%

1990 4.3% 4.3%

1991 12.3% 12.3%

1992 11.5% 9.9% 10.7% 1.6%

1993 15.4% 15.4%

1994 21.4% 29.1% 25.2% 4%

1995 24% 33.3% 28.7%

1996 54.7% 30.5% 42.6%

2000 54%

Table 5. I (-ta from [8], [19] and [9)])

We estimate the combined |||} } I 21d 5.rv» and use these values

I N (scc 6) I
I of 3/, v; = 0.382+0.125 (95% CI)2 and By fvm = 1.635 % 0.595

I . ...
I . .
I - (he dato.
N ata received

weights of 10 while ”truck driver” data received weights of 3. These 13 data points were used
to estimate the 2 joint parmeters above. The other parameters of system 2.3 were calculated as
described in the sections on turnover rates and AIDS removal rates and held as constant in the
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(95% CI). If all partners were infected it would take between 1/2 to 1 year for
sex workers to become infectious themselves and between 2 and 4 years for truck
drivers. Or at estimated year 2000 prevalence it was taking from 1 to 2 years for
sex workers and 3 to 5l for truck drivers to become infectious. Dividing Bfp,vy

B Y 5/ and B, we have vy = f2 ~ 0.21 and v,, = §»2 ~ 0.025 but
both of these values are bigger than the actual estimates of the fractlon that each
group comprises in general population. One also would expect that the estimates
I N
.5  r |
take into account the limited I N oy
L
reduce the effective number of contacts. For example, even though a truck driver
may have 3 different contacts in a week, these may be the same preferred woman
(sex worker) each week. At some level there must be some base clique size where
transmission rates are maximum within the clique but || ] ]l diluted by
the limited contacts between cliques. The population level rate then would more
reflect the transmissions that are occurring as a “small-world network” process.
The effective population for commercial sex workers is about 5% of the actual

population (%) , whereas the effective population size for truck drivers is about
80% of the NG (%), where the .01 and .02 I

I oo comercial sex workers G (15, [20]
[21], and [23].

TurNOVER RATES. The rate at || NG
I D D TV is o,
I 2002 (8], [, 5 | years
and on |G (1 c profession at 22 years [20]. This means that

the length of the career of a healthy truck driver might be an average maximum
of 29 years , however, due to any number of causes || j}dEEEEE moving, illness,
etc.) many leave the profession before that time. Therefore, we take the average
length of time spent in the profession as 20 years, and the natural turnover rate
is ¢, = 1/20 4+ 1/51 = 0.07. Similarly, we define the natural turnover rate ¢; of
I S
I  Orubuloye, et al., [20] estimates the
average age of a female sex worker at 20 years, and the average duration of time
that a woman spends as a sex worker is about 4 years (we assume this average
includes losses due to | I therefore, the I cx
workers is ¢y = 1/4 = 0.25. For the general population g, = py =1/51 = 0.02.
I ::MOVAL RATES. The rate | to AIDS remains a
contentious issue in Nigeria and other parts of Africa. Medical experts says that it
takes less time to develop full blown AIDS once an individual is infected because
of poor health facilities combined with high level of poverty. However, we are not
aware of any research to substantiate the claim. In Hyman || |} Il cstimate
of 8.6 years was assumed as a mean duration of infection. Since 7,,! and 7;1 are

minimization algorithm. Standard errors on the parameter estimates were obtained by concur-
rently evaluating the time derivative of the sensitivity equations along with the model (see [25]
]
standard practice [1]. I 2nd do not include
|
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FIGURE 6. Estimate of rates | NN (2 3) po-

rameters to data in Table 3.

AIDS related death for truck drivers and sex workers per year, we assume that
since | of HIV infected cases do not get treatment, the same rate of
progression to AIDS following infection for both groups which is 0.116 per year.

7. Discussion

In this paper we examine the disease dynamics of HIV in two ways; first with
the core group isolated from the main population, and second with both the core
I
I scx in the spread of HIV in a heterosexual population consisting
of two core groups: the female sex workers and the male truck drivers. These two
I - then linked to the non-core general population in two ways.
First, they both recruit from the non-core population. Second, they have other
sexual partners who are at risk of contracting HIV that belong to the non-core
population such as wives, boyfriends, girlfriends and so on.
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Due to the paucity of data we relied on very rough estimates for some of the
I DS D or at times unreliable
from year to year. For instance, data on sexual activity of the core groups is thin
yet there is some, on the other hand, there is almost no data for sexual activity
within the [ INIIEDE DS BN -nd the core groups.
However, I
|
in the core groups. This enables us to consider a model || i the
e —
________________j |
on lowering the spread of the disease in the general population by controlling the
. ______________________________________pu
g3 |
of the disease in general population and the ways to control it.

From what we were able to obtain from our analysis with available data from
Nigeria, [N | st I - sicnif-
icant role in fuelling the epidemic in the two GG vith Ry ~ 3.0 £+ 0.6.
In order to reverse the spread of the disease within these two core | NN it
would be sufficient to concentrate towards lowering the transmission |HEEEEEEGzGE
of the female sex workers and their customers B¢, and B,,7. This can be achieved
if concerted efforts are made towards ensuring that more truck drivers and female
sex workers use condoms. We established that if truck drivers used condoms be-
tween 30 to 60 percent of the time HIV cases among truck drivers and female sex
workers would reduce by as much as 50 percent. Obviously, the more truck drivers
use condoms, the more the benefits in reducing the disease will take place. These
benefits increase in a nonlinear way, i.e. higher usage of condoms would result in
even larger reductions in the disease than would be expected from projecting the
reductions at lower levels. I B 1) ade at education
.
on condom use would have ||}l Sl < such a program progresses. Even
I <(fcct that use |GGG D |2
on the prevalence of HIV in the non-core population of women. There is a multi-
plicative effect of both reducing the prevalence of HIV (in the long term) among
the core groups, thereby decreasing the likelihood that a woman in the general
population that has sex with a truck driver will be having it with someone who is
infected, and also decreasing the likelihood that truck driver doesn’t use condoms
(in the case that he is infected). When all men use condoms at the same rate the

same effect | IEEEE—
from infected women || N NN

In addition, the removal rates v, v¢, pm, and puy which appeared in the
denominator of the basic ||} ]l numbers account for the removal due to
onset of AIDS I
of female sex workers. Hence, an increase in the retirement of female sex workers
or loss due to AIDS of both groups will result in a loss of infected individuals in
the sexually active population. | ‘traditional health care providers”

]
of the disease, I N EE, sing their services.
I 2 !so have the potential NN I discase on a long
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time scale. Modern public health measures through periodic monitoring and/or
random testing could be of great benefit if infected people could be convinced to
have transactions only among themselves (with little loss of income on the sex
workers part). However, this seem unlikely since the perceived opportunity costs

I od the I (iscase would be high. Part of the
I I N - the non-
AIDS I I ot

AIDS ten years from now, and that there is a future that they can look forward
to that, at least, makes it worth their while to take precautions and that those
precautions will not constitute a lose | NN

The preliminary analysis of the general population indicates that even moder-

|
For example there is the possibility | climinating the disease from the

. f
optimistic transmission rates) . We also note (again) that the uncertainty in the
data makes this a very tenuous statement since for extremely high estimates yield
only 65-68% reduction in prevalence for the same usage. However, it is notewor-
thy that we can make any such evaluation without the need for any additional
I I
between the core and the non-core groups other than | the prevalence
(as a fraction of the population infected) in the non-core groups is |
lower than in the core groups.

Finally, we would like to restate that our conclusions are based on a highly

., .
¥ |
B clonge (over the time scale | ivply that over |

scale this last assumption would likely overestimate the current situation. Limited
data, particularly on sociological parameters force us to make crude models based

HIV can be contained in Nigeria.
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