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SUKMARY

This report presents the results of the application of the
iwgAIDS mathematical mod~l of the AIDS epidemic to data
reprasentative of a subSaharan African country. The primary
focus of the study is the demographic impact of an AIDS epidemic,
although other important implications are 1iscussed.

Data inputs w~re selected to represent present-day
subSaharan Africa. The population $izG for thls typical country
is 1 percent of the 1990 population of the ragion, while the
demographic processes of fertility and mortality were those
e~timated by the U. S. Bureau of the Census for the rag ion. tn
terms of epidemiological data, initial infection levels were
based on 1990 estimates by the World Health organization-about l
porcent of the total population. Behaviors were selected for
input based on various studies conducted in the reglon. As d

result of this data input, this scenario can be takan to
r~present the entire region. Hates can be used directly to
represent subSaharan Africa, while absulute nurnb~rs should be
multiplie.d by 100.

Major findings include:

• HIV infection in the population i~crea.es sevenfold
over the 25-year projection pe~iod. S~roprevalenca in urban
areas increases trom under 4 percent to over 16 per=ent of
the total urban population. Rural infQctlon grows slowLy
for a time and then increases strongly toward the end of the
period, reaching 5 percent in 2015-a tenfold increase over
1990.

• By 2015, the number infected increases to over 700 thousand
(70 million in subSaharan Africa). At this point in tlme
the number ot infected persons in rural areas is greater
than the number infect.d in urban areas.

• population growth continue$ in both urban and rural areas,
due to the excess of birthu over deaths, even with the AIDS
epidl9mlc. By the end ot the projection period AIDS hdS

reduced the tJtal population by more than one-half miLL Lon
from a non-AIDS projected total population ot nearly 10
million (a 5-percent reduction).

• Death rates in urban areas are ~ore than double rates that
would have existed without AIDS by the end ot the period.
Despite the concentration of the epidemic in urban areas,
AIDS increas~s mortality l.vels in the country as a whole by
nearly 50 percent (see figure below).
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Projected Deaths, Total: 1990 to 2015
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• By 2015, the mod*~ shows a total or n~arly 138 thousand
deaths (13.8 million in 5ubSaharan Africa) annually-nearly
46 thousand (4.6 million) or these ar~ AIDS deaths.

• As the result ot the AIDS epidemic, in urban areas infant
mortality levels increase more than 20 percent. Urban
mortality under the age of 5 increases by nearly 50 percent f

due to the survival ot many infected infants beyond their
first birthd~y.

• An examination ot the age pattern of the epidemic show~, as
expected, a concentration ot infection in the young adult
ages (ages 25~39), wh.re HIV seroprevalence levels exceed 30
percent 1n the urban areas. Urban infection levels for
infanta are over 10 p.~~9nt.

• Mor~ality patterns ar~ also age ~Glated. Excess urban
mortality due to AIDS is six to seven times normal levels
for those in their 30's and 40'S.

• By the end of the 25-year projection period, AIDS reduces
the urban life expectancy in this scenario by 18 years
nearly one-third ot the expectQd level. This reduction
results from elevated mortality rates, particularly in young
adult ages. Survival to age 45 in urban areas is less than
one-halt the level expected without AIDS.
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• An examination of alternative in~erventions suggests that
universal blood scrQeninq will not sUbstantially reduce the
AIDS epidemic because the majority of infection is being
transmitted thro~gh sexual contact.

• An increase in urban condom use to 10 percent could result
in an urban sBroprevalence in 2015 about one-half of the
no-ir,tervention level. Twenty percent l::ondom use would
rgsult in declining urban infection over the period (see
figure below).

• A decrease in the duration or 8exual~y transmitted diseases
(STOs) by 10 percent would result in an urban seroprevalence
level of 12 percent-a one-third dftcline from the
no-intervention level. A 20-percent decline in urban STD
duration would result in an actual decline in urb4n
seroprevalence from initial levels.

• A reduction in the number of casual sexual contacts npp@ars
to have the greatest relative impact of the interventions
examined. A lO-porcont reduction in the number of such
contacts in urban areas would result in an urban
seroprevalence ot 6 percent in 2015, while a is-percent or
greater reduction would result in declining urban infection
levela.

Projected Urban HIV Seroprevalence Rate~·

Condom Intervol1tiotl: 1990 to 2015
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While these analyses apply to a "hypothetical" country, many
of the impacts should be directly relevant to the current
sit\'ation in several African countries at a comparable level or
infection. It should be noted that urban areas in several
African countries currently have infection levels similar to
those projected in this scenario for the year 2015. In such
cases, the demographic impacts discussed in this report have
direct and current relevance, because they are occurring now.

Results of the intervention analysis indicate the extent to
which sexual transmission, particUlarly outside of long-term
unions, is driving the epidemic. A reduction of any of the three
factors affecting sexual transmission resulted in a substantial
reduction in the epidemic. The optimum intervention for a
particular country setting will depend to a large extent on
country-specific parameters for sexual activity levels, etc. fhe
cultural and practical feasibility of effectively implemonting
such interventions is also important to consider.

This analysis demonstrates the potential for continued
epidemic growth in HIV infection and AIDS in Africa. Both urban
and rural areas experience rapidly-growing levels of lnfection l

although the timing of these epidemics diffared. Over the next
several decades, African countries should expect growing
epidemics, although the timing and the peak infection levols will
vary from onG country to the next.
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INTRODUCTION

Much concern has bean voiced over the past several years
about the potential for significant demographic impact on African
countries as a result of the AIDS epidemic <lnd the spread of HrV
infection. However, direct measures of such an impact are
typically s10''''' in arriving, due to insufficlent infrastructure
for data collection and reporting. And there has been no readily
available tool to examine the likely impact through projection o~

simulation methods.

With the recent development of tha U.S. Department of
State's iwgAIOS model, however, researchers and policy makers can
examine tho potential effects of an epidemic on a population;
given a particul~r set of inputa on demoqraphLc processes,
behaviors, and diseaae parameters. The results of such an
application should not be considered a prediction, since our
knowle~ge of disease processes and behaviors is incomplete and
will be improving over the next several years. Rather, the
results should be viewed as the implication$ of the particular
set of assumptions that the user is making about the epidemic.
Relatively modest changes in inputs can result in chanqes,
sometimes major, in the projected course of epidemic growth.

The major strength of the model, than, may not be in Lts
ability to predict whether or not a particular country may hava
an epidemic. Where there is no current epidemic, model inputs
that result in an epid~mic should be viewed with healthy cautLon
and even skepticism. However, the tact of an epidemic is not Ln
question in many countries as surveillance ~Itudies have
demonstrated strong growth in infection levels. In such
settings, the iwgAIOS model addresses two related aspects of the
epidemic:

• With growth in «IV infection and AIDS, what are the major
demographic impacts that can be expected on various sectors
ot the population, namely, infants and children, adults, the
urban population? At what levels of infection do these
impacts become pronounced?

• Given an epidemic based on damoqraphic processes and
patterna ot behavior which may be considered typical of the
subSaharan African region, what are the opportunities for
intervention programs and behavior changes to alter the
projected course of the epidemic? How do the various
potential interventions compare 1n terms or their impact on
the subsequent epidemic?

The scenario wtich is presunted in this report is based on
inputs that have been chosen to repre5ent processes and behavlo~s

not unlike those found in the 8ubSanaran African region. It
should be noted, however, that there is considerable variatLon on
these ~arameters between countries, and particular combinatLons
of these parameters roay result ~n epidemics that are either more



2

or less extreme than the results discussed h~re. A review of the
HIV seroprevalence data available for Africa should convince the
reader that the potential exi~;ts for wide variation in the course
of possible epidemics in Africa.

THB iuqAIOs KODEL

The iwgAIOS model was developed by a team of researchers
under the sponsorship of the U.S. Department of State's
Interagency Working Group on AIDS Models ~lnd Methods. Team
members included mathematicians, system analysts and demographers
from Los Alamos National Laboratories; Merriam Laboratories l

University of Illinois: C~nter for International Re~earch. U.S.
Bureau of the Census; and Department of Math.matical sciences,
U.S. Air force Ac~demy.'

This is a model of the spread of HIV in a population by
heterosexual sex (both short-term (casual) and lonq-te~m

(married) sexual partners), blood transfusions, and by perinatal
transmission;l and of the demographic impact of the subsequent
AIDS epidemic.

The model was designed for various uses, including technical
research, poliGy analysis, and decision making support. Research
uses include studying patterns of HIV spread, assessing the
relative importance of diffln'ont processe~l on the spread of HIV,
ex~mining the demographic impact of HIV infections, and modeling
the impact of intervention strategies, such as the promotion of
condom usc. The model can aUio qui.de 1",eSElarchers by indi.cating
the types ot data that are neoded to model the disease and to
measure its impact.

aut perhaps more importantly, the model can help policy
makers and health officials make decislons. It can be used as a
"presentation model n to raise the avarenelSlS ot the AIDS epiden,ic
among local health administrators. Comparisons can be made
between various intervention utrateqies, the impact on the
economically active population can be ass~ssed, etc. In fact.
iwgAIOS torms the basis at project activity known as tho AIDS

lstanley, E.A., S.T. Seitz, P.O. Way, P.O. John~on,
T.F. Curry. 1989. IfThe iwgAlCDS Model fot' the Heterosexual
Spread of HIV and the Demographic Impact (~t the Aros Epidemic."
Paper prepared tor the UN I ~tHO workshop on mode 1 i nq the
demographic impact of the AIDS epidemic in pattern II countries.
New York. December.

lrv drug abuse and homosexual contact mQdules are curren~ly
being tested. However, these proc.sses are not considered to be
important determinants of the AIDS epidemic in Africa.
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Impact Model (AIM), Spottsored by the U.S. Agency for
International Development and baling implemented by Family Heal~h

International and the Futures GrQup. This non~technical

presentation model is aimed at policy makers in d~veloping

countries.

The iwgAIDS model can provide qualitative insights into
specific demographic and epidemiological ques~iors about the
epidemic. Oe~ographic questions include the age pattern of
infections and the effect of the epidemic an the age-s~ructure of
the population (e.g., dependency ratios, orphanhood), on infa~t

and child mortality, and on overall population growth rates.
E~idemiological questions include the relative importanca of each
infection route, how the vir~a spreads between age groups, the
role that very high risK takers play in driving the epidemic, how
the epidemic spreads from urban to rural regions (Why does it
seem to spread rapidly under some conditiuns ~nd not spread at
all under other conditions), the e~fect of other STDs on th~

transmission and spread of lilV, and the impact of interventions
on the epidemic.

Intervention studies might include the effectiveness of
promoting condom use, especially s~nce this arrects other STDS;
comparison of condom use straCeqies with those to make blood
screening more etrJctive; the treatmer.t of other STOS; and the
impact on HIV incidence and prevalence of treatment strategies
such ae AZT.

A demographic model is used as the foundation fvr additirynaL
AIDS-related processes. The model projects the popuLation by
age, includes a f~rtility component for births~ and uses ~ife

tables to calculate deaths. The popuLation is divided into two
regions (e.g., urban and rural), so that aspects of interregional
spread can be studied. We then include the major proce~ses

important in HIV spread:

• Demographic processes-fertility, mortality, migration;

• Marriage an~ partnership formationidissolutioni

• HIV transmissio~ through heterosexual contact;

• Perinatal HIV transmission; and

• Transmission throu~h co~taminated blood.

The age-specific results of the model include uninfected and
infected popUlations by time sincs infection, the number of new
HIV infectivns and AIDS cases, the impact of AIDS on the
popUlation age structure and demographic measures, and the spread
ot HIV from urban to rural areas.

1



O~£RV'IElf OF INPUTS

The following is a brief description of the model inputs.
More detail, references, and backg~ound nto~mation can be found
in Appendix A.

DCliDwqrapby

The first requirement for the model is the basic demographic
des~~iption of the two areas. For this example we look at the
urban and rural areas;

• Initial population, by age and sex;

8 Initial and projected fertility, by age of mother;

• Initial and projected mortality rates, by age and s~x

(mortality in the absence of AIDS);

• Initial and projected age patterns of marriage and age
difference between partners;

• Initial and projected rates of marital disruption, by age
and sex; and

• Initial and projected migration flows between reqi0~s, by
age and sex.

These estimates can come from the moat recent populatlon
census and surveys such as a demographic, fertility,
contraceptive prevalence, or health survey.

Demographic patterns in Africa have not been constant over
thu past 40 years or more. Although fertility levels have not
declined significantly in many areas, mortality conditions have
been improving in most countries. The population age structure
used in this analysis is based o~ a projected 1990 midyear
population tor the entire subSaharan African region. The initial
population size is 5.4 million·-l percent of the 1990 projected
popUlation ot subSaharan Africa. The country has a growth rate
of about 3 percent and a dsclining mortality rate. Life
&xpectancy levels are 50.4 years for males and 53.5 years for
females.

The use of an initial population total equal to 1 percent of
the population serves a useful purpose in the interpretation of
tha reSUlts; it the results awe interpreted as applying to
5ubSaharan Afric~ as a whole, the numbers of deaths, new
infections, new AIDS cases, etc., can simply be multiplied by 100
to apply to the whole region.



5

Urban and rural populations were derived using a figure of
20 percent urban. No urban-rural differentials in mortality were
assumed for the projection although in many countries there is a
difference (i.e., the urban popUlation generally has a longer
life expectancy).

The iwgAIDS model maintain~l the categor.' ies of "married" and
"single" (i. e., those in long-te~rm partnerships and those not).
For this projection, the proportion married (in a union) is a
composite based on the reported marriage patterns of Burkina
Faso, Malawi, and Liberia. The median age at marriage for males
is around 25 years and for females it is 20 years. These
estimates were used for rural areas and increased by 2.5 years
for urban areas.

Rates of marital disruption and rates of polygamy are used
to adjust the partnership formation and dissolution procasses.
There is very little data available on divorce rates for
uubSaharan Africa, a modal divorce rate of 10 percent was
assumed. The estimate of polygamy, 1.3 wives per husband, is
based on data from Malawi, Burkina Faso, and Liberia.

The iwgAIDS model allows for permanent or semipermanent
migration of persons to and from the urban area as well as
circular migration (i.e., repeated seasonal migration of
population from one area to the other). The rates for migration
from rural into the urban areas, and from urban areas to rural,
are input by age and sax. This aprlication of the model assumes
an overall net migration to urban areas of 2 percent per year.
Very little information is avail~~le on circular migration and ~t

is assumed to be v:.rtually ntl ill this application. The model
also accepts input on international migrants. However, In thlS
application we assumed international migration to be nil.

Sexual aebavior

The n~xt s~L or data input includes the sexual behavior
data. The model requires estimates of the proportions of
"promiscuous" (Le., those havi.ng casual sexual cont~cts), the
number of sexual contacts per partner, and the use of condoms.
These estimates are input by age, sex, and marital status.
Transmission rates, susceptibility, and duration of STOs are also
input. .

• The proportion of the popul,ation engaging in casual scx is
used to estimate the population involved in high-risk
behavior. Based on several studies, 25 percent of the
mar:ied men and 75 percent ot the ~lngle men Ln the urban
areas were considered to be involved In ~igh-risk behavior
(i.e., casual sex).
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• only 5 percent of the urban married women were assumed to be
involved in high-risk behavior but 50 percent of single
urban women were considered to be involved in high-risk
be~avior.

• In the rural areas 20 percent of married men, 60 percent oE
single men, 4 percent of married women, and 45 percent of
single women are assumed to bA involved in high-risk
behaviors.

These modal values were decreased for the oldest and the youngest
age groups and b&lanced with the number of sexual contacts per
person.

The number of sexual contacts is another important input
used in the model. The numbars are input by age, but almost all
have a unimodal distribution. For single males, the number of
contacts averages four per month. For married high-risk males,
the number of sexual contacts averages ona per month outside of
marriage.

Sexually-transmitted diseases (STOs) play an important role
in the transmission of HIV. The model incorporates several
aspects of STO infection in modeling the impact or HIV on the
population; duration of infection, rate ol~ transmission, and
susceptibility. These rates can vary by STO and by country.

The amount of data available on STOs in Africa is scant.
Better data are needed in thi$ area to give more re~iable

estimates at transmission. For this application, an STO
transmission rate of 40 percent per contact is assumed along with
a 2-month duration tor males and a 2.5-month duration for females
in urban areas and 2.5 months tor males and 3.5 months for
females in rural ~reas.

Condom use has the potential or being an erractLv~

intervention in the control or HIV. Pres~ntly there is very
little data on condom use in Africa. What is available comes
from contr~c~ptive prevalence surveys. The results ot these
studies uniformly show very little condom use. Africdn couples
do use some contraceptives, but other torms do not stop the
transmission ot HIV. A 0.4 percent rate ot condom use is input
for the low-risk married male and female popUlations.

Transmission/Natural History

The risk ot heterosexual transmission of the AIDS virus is
well accepted. For the model the following estimates are input:

• PopUlation by infection status by risk group;
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• Rate of standard infectivity per sexual contact:

• Relative HIV infection risk associated with STD infection;

• Rate of progression from HIV infection to AIDS;

• Rate of progression from AIDS to death; and

• Rate of perinatal transmission between mothers and infants.

The pattern of seroprevalence by age us~d in this example 1S

based on the Uganda National Serosurvey. U~;ing this age/sex
pattern f the level of infection ~as then adjusted to reproduce
the recent World Health organization (WHO) estimate of
approximately 5 million infected adults in subSaharan Africa.'
Based on the populatlon size which is 1 percent of the total
Africa population, tho corresponding figure of infected adults Ls
50 thousand.

Vari~bility in transmission remains th,a most significant
unexplained aspect of HIV infection. very j;ew estimates on the
rate of infectivity per sexual contact ar~ available,
particularly for developing countries. Based on the available
estimates in the literature, per-contact transmission rates from
males to females ot 0.0030 and from females to males of 0.0015
are assumed.

Sexually transmitted diseases have a well-documented effect
on increasing the likelihood ot HIV transmission. Based on
several studies in Africa, a cofactor of 50 is used Ln this
application. Thus, the likelihood at HIV transmission is
increased by 50 in those contacts involving an STD.

The incubation period is defined as the time between
infection and the diagnosis of disease. With AIDS the inCUbation
period seems to be long and variable. Estimates of the
incubation tor transfusion-associated rIDS patients ranges from
4.5 years to 15 years. For this example a Weibull distribution
with means of 7.8 for adults and 1.9 for childron was used as the
incubation period.

Median survival times for AIDS patients in developed
countries (prior to the introduction of various therapies, such
as AZT) ranges from 9 to 13 months. A tigu~e of 12 months for
adults and for children was used in this analysis.

'world Health Organization Global PrQgt'amme on AIDS. 1990.
~!.a.:[,;:n!( AUg M\a:~Qi'!lWJ}.1.2M~U.bsLlll.Yl1t.lJ~S. ~5m~1!lj,~ L.-A
~APs!..ll~.YrnmA[Y. WHQ/GPA/SFI/90.2 Rev.l. Geneva.
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Maternal transmission is the primary cause of pediatric
AIDS. However, it is difficult at birth to identify the actual
status of HIV infection. Several studias report infection rates
from 24-39 percent. We use the transmission rate of 39 percent
based on a study of infants born to seropositive mothers in
Kinshasa, Zaire.

Table 1 highlights the values of key input parameters.
Since this is a summary tablEl, only selected or aggregate figures
are provided by age. In the ar.tual input;, many parameters vary
by age.

8:004 Transfusion

Blood transfusions represent the third major route for
transmission of AIV; sexual contact and perinatal tran3mission
being the other two. The following data on blood transfusions
and donations are input into the model:

• Proportion of the population donating blood;

• Likelihood of receiving blood;

• Average number of units of blood received; and

• Proportion of blood that is screened for HIV infection.

The distribution of blood donors by age and sex is based on
HIV seroprevalence studies of blood donors in Mozambique and C6te
d'Ivoire. A patient in an urban hospital 1a more likely to
receive a blood donation than a patient Ln a rural hospital.
Children are also more likely to h~ve blood transfusions due to
their lack of immunity to malaria and sickle cell disease.
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Table 1. Summary of Key Epidemiological/Behavioral Input
Parameters

----,---------_.-,----

....P:as,a...rJd,a.wm,x'..lI:t.:=e.llt.r ..__._

Percent high risk (ages 25-29 y~ar9)

Single
Married

75
25

50
5

60
20

HIV+, in percent (Avg.
Low-risk single'
High-risk single
Low-risk married
High-risk married

ages 20-=14 and 25-29)
o

15.5
9.3

15.5

o
14.6
8.8

14.6

o
1.4
0.8
1.4

o
1.3
C.S
1.3

Sexual contact rate (per month, ages
Low-risk single'
High-risk single
Low-r 19k marr led
High-risk marr ied2

Percent using condoms
High-risk
Low-risk

25-29
o
4
8
1

0.0
0.4

~'ear8)
o

22.5
5.75

1

o

"8
1

0.0
0.0

o
22.5
5.7S

t

HIV transmission rate (per contact)
proportion infected .0015

Perinatal transmission rate

.0030 .0015

.39

.0030

.J,:)

Relative riSk Cor STD8

Duration of STO infoction (months)

Incubation period for HIV (years)

Survival time after AIDS (years)

50

2

7.8

l.0

50

2.5

7.8

1.0

50

2.5

7.8

1.0

50

7.8

1.0
T:7------------..------'-........_M~_._.__ . _Lr, •.,.,.."",. ....l~_· ~_.·~._~

Not sexually active.
2Contacts outside of marriage.
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RB8ULTI OF TUB MODIIL

Iocr.... in SIV 8.ropr.v.l.D~.

Initial seroprevalencQ levels for 1990 were selected which
resulted in iNfection levels comparable to those currently
estimated by WHO for subSahtu'An Afl'" iea. These f iqures gave an
urban seropreva.lenee amonq 89xually-activll! adults of 6.1 percent
(3.6 percent overall), and a rural seraprevalence for sexually
active adults of 0.7 percent (0.4 percent overall). The combined
1990 seraprevalence for the total country was 1.1 percent.

Using the inputs described briefly above and detailed in
A.ppendix A, the rcsults of the model show an ov*trall increase in
seroprevalence levels for both urban and rural areas over the
25~year period (s8e fiqure 1). The rate ot growth ot the
epidemic in the two areas is quite ditterent, however. In urban
areas the seroprevalence 1s projected to increase from 3.6
percont in 1990 to 16.6 perc~nt of urban populatLon in
201S-nearly a fivefold increase. Despite this relatively high
level of infection, there is little indication ot 4 plateauing of
the epidomic 1n urban areas, although by 2015 it is increasing at
decreasing rates.

In rural area~, seroprevalence levols incrGaGo slowly during
the first 15 yeara ot the projection period but by the end are
increaainq rapidly. Inteettan levels increase tenfold, trom

Figure 1. HIV Sieroprevalance Rate,
by Region: 1990 to 2015
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0.5 percent in 1990 to 5.3 percent in 2015. The demoqraphic and
behavioral inputs for rural are~s do not result in a
ra.pidly-qrowinq epidemic, at least in the short run. As
inff'!ction leve ls in urban areas increase, h(Jlwever, increas ing
nu.mbers of rural residents are fllxposed to the risk of infection
through thQ migration of infect~d persons from urban to rural
areas. It appears that the cOllbined cumulative effect of tt.is
increased exposure and indigenous epidemic growth gains momentum
in rural areas toward the end of. the projection period.

The reaul ts of the m.ode 1, In terms ot the qt'owth of the
epidemic, described here may be considered to be conservative,
especially if appli8d to an individual country. Recent
seroprovalencQ data for several countries in 3ubSaharan Afrlca
show ahort-term increases in geropr@v~1@nc@ more rapid than thas@
shown herG. Local variation in b@havior and possibly in health
conditions and disease parameters may account tor these
differences.

Population 81a••04 Growth

The demographic input to the iwqAIOS modol assumes decli.nlnq
fertility levels and increasing leveLa or lit. expectancy in the
absence of AIDS. At the nationa.l level, th. epidemic pr.ojocted
by the modol has a maderate eff~ct-r.ducln9eMp~cted popuLatlan
growth rates. Without AIDS, th~ population is proj.ctod to
lncr@aae by over 15 porcent in the 35-year poriod trom 5.4 to 9.5
million (see Figure 2). Annual population growth r!tes over this
period decrease trom about 2.8 percent to 2.2 percent, due to tho
demoqraph La trend3 ment ioned ab<we.

Figure 2. Proj8f;ted Total Population:
'1990 to 2015
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In the face of the AIDS epideml-, population increase is
more moderate, with a total population in 2015 of 9.0 million,
and population growth rates declining to about 1.8 percent by the
end of the period. Thus the total pOpUlll1tion size in 2015 is
about 0.5 million smaller with ehe epidelnic than without. In
terms ot tne subSaharan Africa region, these results would
suggest that the total population ot the reqion in 2015 could be
reduced by as much as 50 million by the AIDS epidemic, compared
with the no-AIDS scenario.

Figure 3. Projected Vital Rates,
Total: 1990 to 2015

:i:Q ·iI.~"".-' _. ". ". ". ". ". ,. ". "."..,. ,.".... ".".....~ ,.--·-·····-···. " ~ ...10 .; .... , .. ,.,.,.""",

~ .i. ' p_.' • .• .__._. ••

~ ~\)() UH;$ 2~iQO 200' ~O' 0 ,z'; , ~
Year

This decrease in population due to the AIDS epidemic is
accomplished by iocr_a.lng nu~bers ot deaths and tewer births due
to fewer wo~en ot childbearing 49.. Fiquru] shows the trends in
birth and death rate. 1n the total population. ay 2015, the
crude death rate with the AIDS epidemic 1$ 15 compared to 10 with
no epide~ic. Thus, this AIOS epide~ic, althouqh concentrated to
urban area., 043 raiavd the crud. de«th rate by n_arly 50 percent
in the country as a ~hol_. The crude birth rate (CaR) is only
sliqhtly reduced by the epidenic and only the COR with AIDS is
$hown on the qraph.
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Figure 4. Projected Urban Population:
1990 to ~~015
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Since, in this scenario the majority ot the epidemic occurs
in urban areas, the impact is alma concentrated th~r@. Figure 4
s~ows the increase in popUlation with the epidemic and without.
ay the end ot the projection peri.od the urban population i9
approximately one-third SMaller than was projected without the
epidemic. The population growth rate tor urban are48 1n the last
5-year period ot the projection is nearly one percentage point
lower than without the epidemic. Again, this decrea~Je in growth
has been brought about through it1ICreaSes in the number ot deaths.
At 22 per 1,000 population, the crude death rate in urban areas
is more than twice the level expected without the epidemic.
Figure 5 shows the trend in vital rates for urban areas.

Lit. Expeotancy ...1<1 Nuab...• of C••.tb.

As evidenced 1n the crude death rate, the AIDS epidemic
mdkes its prosence known in incr_a.log the number ot deaths.
figure 6 shows tho trend over tililli. 1n the composition ot deaths
in the total popUlation. Non-AIDS death. initially grow with
increasing population si~e, and then gradually decline 45
projected improvementa in non-AIDS mortality overcome the
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Figure 5. Projected Vital Rates,
Urban: 1990 to 2015
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Figure 6: Proj.~cted Deaths, Total:
1990 to 2015
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population-size effect. AIDS deaths, on the other hand, steadily
increase in the projection period, as notGd ~bove. This results
in an increase of more than one-third in the number of deaths.
By 2015 the model shows a total of nearly 138 thousand deaths
occurring (13.8 million in subSaharan Africa) annually-nearly 46
thousand (4.6 million) of theBe are AIDS deaths.

Initially, approximately two~thirds of the AIDS deaths are
occurring in urban areas compared with 20 perc~nt of the non-AIDS
deaths. By 2015, 57 percent of AIDS deaths occur 1n urban areas.
At this time, 58 percent of the urban deaths are AIDS deaths (see
Figure 7).

What impact do these deliJ;hs have on levels of life
expectancy of the population? Figure 8 graphically shows the
impact ot AIDS in urban areas on projectod lev$ls of life
expectancy. With no AIDS, lite expectancy at birth increases
from around 50 years in 1990 to 58 YGars in 2015. Urban life
expectancy is already affected by the AIDS epidemic 1n 1990 when
lifo expectancy is about 47 y~ars. The impact of AIDS on urban
life expectancy increases with the increaso or the epidemic. By
2009, when urban seroprevalence 1s 6 percent, the deficit in life

Figure 7. Projected Deaths, Urban:
1990 to 2015
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Figure 8. Urban Life Expectancy at Birth
With and Without AIDS: 19S~O to 2015
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expectancy due to AIDS 1s 9 years. At the end ot the projection
period, when urban seroprQvalence is 17 percent, urban lire
expectancy 1s 19 years lower than that projected in the absence
ot AIDS. This is 4 slqnlfican1>flosa in !i.fo expectancy and is
due to the tact that people aro dying at younger ages. Age
patterns of the mortality impact will be discussed further below.

Intant and Cbi14 Mortalit,

A major concern in diocusslions ot the demographic impact or
AIDS has been the impact on levels ot infant and child mortality.
Major international health proqrrams over. the p~..st several decades
have addressed the need to improv~ the survival chances for
newborns. Since the AIDS epidemic in the African sotting is
predoloinantly heterosexual, with large numbers ot women of
reproductive aqe infected, many (nearly two~titths) of the births
will result in HIV infection of the newborn. Available studies
show that the aurvival ~hances tor these infect6d infants
declines rapidly after the first year. Thu~, the impact ot the
AIDS ~pidemic will be observed both in incr~ased lev.ls ot infant
mortality and also in levels ot child mortality or mortality
under age 5. An AIDS epidemic 4180 has an indirect impact on
infant and child survivorship through the creation at AIDS
orphans.
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Probabilities of survival from birth to 1 year of age
(infant mortality, or lqO) and from birth to age 5 (sqo) were
chosen ~s the principal indicators, since they are both strictly
probabilities of survival and can be readily compared. Figures
on infant and child mortality for the total country and urban
~reas with the AIDS epidQmic, and levels for the country without
an epidemic are shown in Figure 9.

Infant mortality (IMR) in all three series begins at about
105 infant deaths per 1,000 live births and in the no-AIOS
scenario declines to an IMR of about 73. In uroan areas, there
is also overall evidence of a decline, although IMRs are
beginning to increase toward the end of the period. Infant
mortality for the total country given the AIDS epiJemic 15
slightly elevated relative to the no~m.

When mortality under age 5 is examined, in contrast, the
full impact of the epidemic on infants and children is evident.
Mortality was expected to decline from about 159 deaths under age
5 per 1,000 live births to 102 with no AIDS. Instead, in urban
areas, mortality levels off after about 15 yeara and increases in

Figure 9. Impact of AIDS on Infant and Child
Mortaiity, Total and Urban: 1~~90 to 2015
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the last 5-year period, ending the projection period at 151
deaths under age 5 per 1,000 live births. The impact of the
largely urban epidemic on the overall survival of infants and
children in the total country is &180 evid~nt.

Figure 10 shows the mort~~lity rates for infants and children
in the total country and urban AIDS scena~ios relative to the
level without AIDS. By the end of the projection in 2015, urban
infant mortality levels are 22 percent elevated relative to the
~orm. Overall mortality under age 5 is even more affected,
reaching a level 47 percent above the non-AIDS scenario.
Nationally, infant mortality increases 8 percent due to AIDS
While child mortality is elevated by 16 percent.

F:gure 10. Relative Excess of Infant and Child
Mortality Due to AIDS, Total and Urban:

1990 to 2015
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An important consideration in the examination of the impact
of the AIDS epidemic on th~ population of a country is the effect
on different age groups in the population. Given the predominant
transmiasion of the virus through sexual contact and from mother
to infant, new infections will tend to be concentrated among
young adults and children. Tha long period ot incubation, on the
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other hand, will mean that the age patterns of current infection
and m~rtality will be somewhat shifted from these points and will
be more diffused through the age distribution.

BIV Seroprevalence. Figure 11 shows tha age pattern of HIV
seroprevalence in the population at the end of the projecti~n

period (2015). Whereas the overall level IJf infection in the
population is almos~ 17 percent by this point in time, infection
is well over 30 percent in those aged 25 to 39 years in urban
areas and the overall infection level for the urban population 15
to 45 years of age is 26 percent. At ages over 30, infection
levels decline due to differences in behavior in these ag~s and
the cumulative impact of AIDS mortality on those infected at
younger ages.

Figure 11. Percent Infected, by Age,
Urban: 2015
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Infection levQls for thoso under 5 years of aqe are elevated
relative to older children. Infection 1s passed to 39 percent of
the infants born to infected mothers, but ~ost of these infected
infants do not survive to their tifth birthday. Thus, in urban
areas, nearly 12 percent of the children under 5 years are
infected, reflecting the infection levels among women of
childbearing ago. In the country as a Whole, infection levels
for children under 5 years are around " pe:rcent.
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Aq. patterns of Mortality. The impact of the epidemic on
levels of infant and child mortality and life expectancy have
already been discussed above. Figure 12 shows the impact of AIDS
on mortality rates for the year 2015 across the entir~ age
spectrum. Again we see that the epidemic: strikes hardest the
youngest and those in the middle adult y~ars. Levels of
mortality for those under 1 and under 5 years are elevated, as
has been discussed above. In the middle adult years, the effect
of the epidemic can be seen in incr~asinq the expected mortality
levels by a factor of 6 or m()re in some cUles. Across the adult
ages, mortality increases rapidly and then plateaus through the
ages from 30 to around 50 years. In contrast, mortality expected
in the absence of AIDS in these ages i9 a low and slowly
increasing level. Approximately 12 percent of the pupulation
would be expected to die between their 15th and 45th birthdays.
Instead, with the level of AIDS found in urban areas in 2015,
over 54 percent of those reaching age 15 will not live to their
45th birthday.

Figure 12. Urban Ag_9-Specific rJlortality Rates,
AIDS and No-AIDS Scenarios: 2015
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The age pattern of mortality in Fiqur1e 12 is, in fact, the
reason for the substantial impact of the epidemic on expected
levels of life expectancy by the end of the projection period.
Deaths occurring to children and young adults have a much
stronger influence on overall levels of life expectancy than do
deaths at the upper range of the age distribution. By cutting a
broad swath through the survival curve from birth to the oldest
ages, the impact of AIDS is to greatly reduce the aggregate
number of years of life expected in a population. Figure 13
graphically portrays the cumulative impact of AIDS mortality. ay
age 45, the number of survivors is less than one-half that
exp9cted without AIDS.

Figure 13. Urban SUlvivors per 100,000 Births,
AIDS, and No-AIDS Scenari<:>s: 2015
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Deficit of Vopulatlon Duo to AID'. An adjunct consideration
to the discussion of the impact ot AIDS on the size of the
population at the end of the projection period is the comparison
at the final population, in terms at ag., with that projected
without AIDS. The Age-specific dltterence~ represent the deficit
at population due to the AIDS 4l~pidemic. fl.g-ure 14 shows thi.s
deficit tor th~ country as a whole and tor urban areas in the
year 2015. In general, these deficits reaomble a graph at the
population itself. A moment'$ consideration suggests why this is
so. Since the epidemic is protracted in time, with deaths
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Figure 14. Deficit of Population Due to AIDS,
by Age, Total and Urban: 2015
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occurring acrOGS time and acrQ&S all age groups, the impact after
25 or more years haa a180 bGen distributed across thesti ages.
There are fewer children due both to AIDS mortality and to the
reductions 1n the nul'lbers ot I)otentlal mot~het's in the absence of
AIDS. In addition, there are tew~r a.dult$ overall, due to both
tha reduced survival ot birth$ and due to adult AIDS mortality.

The lack of any dramatic and concentrated age impact is
perhaps onQ of the initial surprises of the impact of AIDS,
particularly in relation to other epidemics which may have a more
pronounced effect. For exa~ple, tho effect at the widespread
influenza epidemic ot 1918 can still be seen in the population
pyramlds ot m.any countries. 'I'he difference with the AIDS
epidemic will be its more protracted time scale and the increase
of mortality rates acrOGS a broad age spectrum. The deficit of
total population due to AIDS expreused as a percent ot the
expected pop1llation is shown in figure 15. W$ see the broad
impact ot AIDS on the popUlation with some concentration ot

. impact on the middle adult a9~$.
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Figure 15. PercentagEt Population Deficit
Due to AIDS, by A~~et Total: 21015
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Indeed, reflecting the broad deticit of population shown In
these figures, gross measures oe population age distribution,
such as the dependency ratio, show very little impact of the AIDS
epidemic. The dependency ratio in 2015 with the AIDS epidemic ls
virtually identical to that without AIDS. Overall, there are
77.5 persons under 15 or over 65 years p.r 100 persons 15-64
years of 4g. with the AIDS epid~mic. without AIDS, this fiqure
is 76.5. The epidemic in urban area. rai5e~1 the dGpendency ratio
to 79.0; still a modest increase considering the aLle of the
epided.\ic.

Epidemio H•••ur••

Beyond the results already diacusGed, another aspect ot the
AIDS epidemic in this typical African country is the outcome Ln
terms ot numbers intected .. numb~tr5 ot nev infect ions, .and numbers
ot AIDS cases. These measures are important in understandinq the
potential impact ot an AIDS epidemic on the health system, for
example, and tor grasping the sheer size ot this epidemic. In
order to maintain the linkage to the projection tor the entire
subSaharan region, the inflated regional tlqures are $hown in
parenth(uJ is .



24

NWIlber Infect_d.. The level of infectlon in the popUlation
has already been discussed in terms of the percent of popUlation
infected~ In this ti'pi.cal African country of 5." million (543
million) populati~n in 1990, the initial seroprevalence level
corresponds to about 59 thousand (5.9 million) persons,
two-thirds of whom are in urban areas (s8e Figure 16). Over the
25-year projection period, the number Infel::ted increa.ses by a
factor of ov~r 12-to over 100 thousand (10 million) infected 1n
the year 2015. The doUbling time for the infected popUlation is
7 years. Oue to the acceleration of the epidemic In rural areas
in the latter part ot the projection, by the 'Gar 2015 the
IntQctQd population Is about equally dlvid~d betwQ@n urban and
rural areas.

NUJ'D.b.r ot H.v Infeotions.. Hew inhu::tiQna "feed'· the
epidemic, replacing thoae who die and contributing to growth in
the number infected. The number ot new intections, then, is a
measure ot the growth of the @pidemic. Hore importantly,
however, this number 18 an indication of the potential tarq@t far
~educinq the .pide=ic. Thoa. already infected ar~ beyond
measures aimed at prevention. But the annual number of new
infections represents ineffective prevention, and thus can
prOVide a target tor pr.v~ntlon m«asure•.

Figure 16. HIV.. lnfected Population, by Region:
1990 to 2015
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At the beginning of the projection period in 1990, over 5
thousand (500 thousand) new infections are shown in the results
of the model; two-thirds of these are in urban areas (Figure 1.1).
At this early point, the strength of the epidemic growth in urban
areas is evident. Infections continue to grow over the 25 years
of the projection, but in urban areas new infections are leveling
off by the end of the period, while new infections in rural areas
are increasing strongly. 8~ 2015, nearly 200 thousand (20
million) new infections are occurring annually, and two-thirds of
these are in rural areas. By 2015, 125 thousand (12.5 million)
new infections a year are occurring in rural areas.

Figure 17. New HIV ~nfections~ by Region:
1990 to 2015
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Nuab.r of Aloe c..... TIl,e tinal measures of the epi.demic to
be d iscuased 4re the number ot new AIDS c~u.es in the popu lat i.on
and the population currently with AIDS. Theso measures are
perhaps the best by which to gauge i~pact on the health care
ayste~f since these person$ are the most likely to seek and to
need attention by the health care system.
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Figure 18. Current AIDS Case~~1 by Region:
1990 to 2015
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In 1990, the model shows ~, thol.usi,nd p'OO thou,sand) AIOS
cases in the population. Nearly 5 thousand (500 thousand) ot
these are 1n urban oroas (See figure 16). The number ot AIDS
cases increases over the proje(~tion period to over 120 thou5and
(12 mlllion) AIDS ca••• In the country in 2015. At this polnt in
time about three out ot every i~iv. are in \,u:ban areas retl!l!ctinq
again the stronger urban epidemic, particularly in the early
years of this scenario. In rural 4r~a3 th~ number ot AIDS case5
increases and then declines 48 a result of declining number5 ot
new infections during the early years ot the projection. In the
last decade ot the projection, rural AIDS case5 are increasinq
rapidly, reaching 51 thousand (5.1 ~1111on) 1n 2015. The lAg
resultin9 tro~ the extended in<:::ubation per10d can bo seen in ~

comparison ot the tlwinq of rural incr64s•• in new lntection~

(5ee Figure 17) and AIDS case. ($•• figure l~).
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Figure 19. New AIDS Cases. by Region:
1990 to 2015
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Given the short lite expectancy following the developmflnt of
AIDS, the rel~tion8hip between new AIDS ca.~~ anu t~G current
population with AIDS is quite direct and eXhibits little of the
lag seen previously with new infections and infected populatlons
(see figure 19). The populatl(m \,11th AIDS tend. to be abvut
twi,ce the nUl\'lber at new intectlana. Since the epidemic is
growing more rapidly 1n rural areas, by th~ end ot tho period.
more new AIDa cases are occurring in rural areas than 1n urban
aJ;"(UlS.
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PROGRAK INTERVENTION;!

A number of interventions can halt or decrease the spread of
HIV infection. Information, education, and communication (lEC)
programs that promote behavioral changes and increased condom use
are important tools in the control of HIV spread. On the medical
side, blood screening and the control of sexually transmitted
diseases (STO) can also help prevent the spread of HIV infection.

What interventions are most cost etfetctive for countries
with very limited bUdgets? The following is a description of
four different possible interventions to be implemented in the
1990-95 period to stop or decrease the spread of HIV infection in
the popUlation. They ar~:

• The promotion of condom use that results in the
participation of a certain percentage (5 to 25 percent) of
urban women by 1995;

• An STO control program that reduces the duration of &TOs (5
to 25 percent) in the urban popUlation by 1995;

• An inlormation, education, communication (XEC) program that
reduces the amount or casual sex in the urban popUlation
(5 to 25 percent); and

• A 100-percent blood screening program that becomes
completely operational by 1995.

Condo. u••

One ot the interventions that can be used by a country is
the promotion of the use of condoms. Condom distribution
provides a means ot "IV prevention tor individual~ who are at
risk ot contracting and transmitting HIV infection because of
their sexual or drug-using behavior. Condom use is very low at
present in African countries (See Appendix A).

In this example, we have modeled a 5-year program of condom
promotion which begins in 1990 and is fUlly operational by 1995.
We look at various program goals ot condom use by 5 to 25 percent
ot urban women. In 1990, 0.4 percent of the urban women and men
usa condoms.
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With no intervu~tion, the model projects the prevalence rate
of HIV infection by the year 2015 to be about 17 percent in the
urban areas. With increased use of condoms by tha urban
population we see a decre~se in the epidemic (See Figure 20).
Starting with an intervention program that results in the use of
condoms by 5 percent of urban women, the model projects an
overall prevalence rate of less than 13 percent in the urban
areas. An intervention that results in condom use by 25 percent
of the urban women results in a declining epidemic with an urban
prevalence ~ate of 0.6 percent by the year 2015.

Figure 20. Projected Urban HIV Seroprevalence
Rate·...Condom Intervention: 19~~O to 2015

HIV Seroprevalence (%)
20 ,-.---------- ~

STD ContrOl

The second intervention modeled is a program to control
STOs. It has been shown that infection by an STO increases the
risk ot HIV infection. In an attempt to r.duce tho risk of HIV
intection, an intervention program could be put in place to
reduce the duration of STD int~ction. (This would come about
through earlier treatments of STD. and an adequate supply of
medications.)
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In this example, we examine the impact of reducing the
duration of urban STD infection from 5 to 25 percent from the
initial levels of 2 months for urban males and 2.5 months for
urban females.

A 5-percent reduction in the duration of STO~ in urban areas
results in a 2-percent4g8 point drop in urban seroprevalence
levels in 2015-from 11 to 15 percent (see Figure 21). Larger
reductions in STD duration result in progressively larger
decreases in seroprevalence levels in 2015. However, even with a
20-percent reduction in the duration of urban STOa, the urban
AIDS epidemic shows signs of growth toward the end of the
projection period.

Figure 21. Projected Urban HIV Seroprevalence
Aate-.sTD Duration Interventic)n: 1990 to 2015

HIV 5eropravaiance (%)
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Another potential intervention is an information, education,
and communication (lEe) proqx~am with the goal of reducing the
amount ot casual sex. The model defines casual sex as the number
ot sexual contacts outside of marital sex. In this example we
reduce the amount of casual $ex in the urban areas by a range
from 5 to 25 percent.
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Figure 22. Projected Urban HIV Seroprevalence
Rate--Casual Sex Intervention: 19510 to 2015

HIV 8eroprevaJence (%)
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An lEe program with the effect of reducing casual sex in
urban areas by 5 percent would result in a prevalence rate
reduction for the year 2015 of nearly five percentage points. In
the urban areas, instead or a rate of 17 per 100 population, the
model projects a prevalence ratEs ot around 12 for the year 2015
(see Figure 22). Under these m()del assumptions, a reduction ot
15 percent or more in casual sex would be required to see a
decline in the epidemic.

A comparison of the results of the condom, STO, and casual
sex Interventio.,s s~qgests that all three ot these interventions
have the p?tential to dramatically change the course of the
epidemic, at least in the scenario presented here. The relative
payoffs for a given level at ch&nge differ somewhat among the
three alternatives, with changes in the level of casual sex
appearing to have a slightly higher impact. However, a balanced
program of interventions will likely include projects aimed at
all three of these areas. Oiff~trent popUlations may be roached
by each of the interventions and the cost and feasibility of
achieving a target level of change may well differ.
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Blo04 Scr••DiDq

What are the costs associated in establishing a national
blood screening program; constructing labo:ratories, training the
staff and establishing the infrastructure to screen 100 percent
of blood? What would be the results of a lOO-percent blood
screening program? Would the money that is available to these
countries be better spent in another intervention?

Using the iwgAIOS modele an intervention to screen 100
percent ot the blood is introduced in 1990 and will be completely
operational by 1995. The model shows little impact on the growth
of the epidemic (see Figure 23). With a lOO-percent blood
screening program in place by the year 199!5, the urban prevalence
rate for the year 2015 is projected to be reduced by less than 1
percentage point. Therefore, for the amount of money spent to
develop the blood screening program, very little impact is
projected.

Figure 23. Projected Urban HIV SE)roprevalence
Rate....8Iood Screening Intervention: 1990 to 2015
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This is not to say that countries should not institute
procedures to protect their blood supplies. There are particular
age groups that are at greater risk for HIV infection because
they receive high levels of transfusions such as children less
than 15 years of age for malaria treatments. This group is not
yet at ri~k for "IV infection through sexual transmission.
Medical centers should review their blood screening practices and
strengthen blood donor recruitment programs in order to
discourage those practicing high-risk behaviors from donating
blood. They should review requests and treatment procedures that
require blood transfusions in an effort to reduce the number of
transfusions performed unnecessarily. Howevlar, putting all
available health funds into establishing a lOO-percent screening
program may not be as cost effective as other types of
interventions, as described above.

IMPLI(:A'l'IONB

The results presented above have important implications for
the majority of subSaharan African countries 1n which the AIDS
epidemic can be con~~idered a major concern. Whether current
seroprevalence levels are 5, 10, or 20 percent among
sexually-active adUlts, the results of the application of the
iwgAIOS model to this typical African country suqgest that HIV
infection and AIDS are currently having substalltial impacts on
the populations of ~heBe areas. FurthermorA, without
considerable behavior change there is little reason to think that
the epidemics in many countries will not continue to grow.

In this report we have only begun to examine the impact of
AIDS on this typical country; much detail has been omitted in
order to focus on the broad aspects of the demographic impact.
SUbsequent analyses will examine a number of these areas in r.:ore
detail. In particular, an analysis of the economic impact of the
epidemic is currently planned, baded on the epidemic in the
typical African country described in this report. A more
detailed look at the impact of various interventions and an
examination of the impact at higher levels of the epidemic are
other possibilities.

Nevertheless, the results described in this report can be
seen to have implications in a number of aroas, inclUding:

• PopUlation growth and family planning;

• Infant and child mortality;

• Family structure and AIDS orphans;

• Provision of health care;
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• Urbanization and migration; and

o Labor force and human re::lources.

The implications relate not only directly to these sectors
of the economy and society, but also have relevance for those
planning programs and policies that relate to these areas. AIDS
epidemics will force policy planners and program planners in many
areas to explicitly take the impact of the epidemic into account.

Population Growtb an4 PaJlily •• 180010q

Population growth in African countries will continue to be a
development issue into the foreseeable future. AIDS epidemics
can cause huge increases in the death rate in affected areas.
The urban crude death rate mora than doubled in the current
scenario, for example. However, the majority of African
countries have large excesses of births over deaths. National
death rates would have to increase by factors of three to four or
more to raise death rates to the level of current fertility. In
the scenario presented in thisl report, urban rates of natural
increase continued to be positive despite ~;IV infection rates of
over 30 percent in young adult ages. Furthermore, the epidemic
pattern shown in virtually all African countries is for much
lower rates of infection and likely slower epidemic growth in
rural areas. Even 1n Uganda, a country hard hit by the AIDS
epidemic, average infection levels outside the capital are 1098

than half those recorded in Kampala.

Thus, African population$, particularly in rural areas, will
continue to gro~. And they will grow at relatively rapid rates;
even those countries most affected by the AIDS epidemic will
probably continue to grow at rates of 2 percent or more.

Family planning programs in developing countries have been
promoted based on a number of benefits that accrue to the
household as well as to the society at large. Important health
benefits for both the mother and child, for example, result from
increased birth intervals. Per capita family resources for food
and education are increased through smaller family size. Parents
should have the freedom and the means to choose to limit their
fami.ly size. These and other important benefits to households
will continuo, even in the face of an AIDS epidemic.

Furthermore, in households in Which one or both of the
spouses are infected by liIV, family planning methods provide the
means to decide not to have an additional (possibly liIV-infected)
child, or the means to limit, through the use of a condom, the
potential transmission of lilV. These choices arc also important
to maintain.
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Clinics and other outlets where family planning information
and supp: ies are available may also be placel!! where information
on other aspects of reproductive health, including AIDS, other
STDs and the risk of perinatal transmission, should be made
available.

Infant an4 child Mortality

Throughout the developing world, programs and policies are
in place to enhance the survival chances of infants and children.
In a region in which tbe average infant mortality claims about 10
percent of births in the first year, African countries have
devoted large amounts of resources to imp;:ovinq these conditions.

AIDS epidemics in Africa threaten to reverse the trend
toward declining mortality levels for Infa~ts and children. In
the scenario presented in this raport, urban in~ant mortality was
increased by 22 percent, and mortality under age 5 by over 47
percent. These increases correspond to more than a decade's
effort to improve mortality levels.

The disproportionate amount of AIDS mortality concentrated
in the ages 1 to 4 years should be noted. Strict measureu of
infant mortality may not capture the full impact of the AIDS
epidemic on the survival of these children.

The AIDS epidemic may have indirect effects on infant and
child mortality as well. Mothers who are Burrerinq trom
"IV-related 111nos66s may not be able to Cdr~ adequatoly for
their young. Relatives and friends may be reluctant to assist,
tor fear ot themselves becoming infected.

Many development programs in the areas ot health and
nutrition use as measures of program success the level of Lnfant
or child mortalit.y. To the extent that AIDS mortality is
increasing those levels, they will become le~s useful measures of
program etfectiveneas in other areas.

"&liily 8truoture aneS 1.108 Orpbar:uJ

The integrity at the family will be severely taxed in an
extensive AIDS epidemic. Mothera and father$ will fall victim to
premature death and leave behind broken families and both the
young and the elderly not able, perhaps, to care for themselves.
Although the Atrican faroily has traditionally adapted to those
stresses through the extended fa~ily network, reports from some
regions in Africa suggest that even these mechanisms are becoming
overloaded by the extent of the AIDS problem. This may be true
both in urban areas, where extended families may be less viable,
as well as in hard-hit rural areas where several units of the
same extended family may sutfer AIDS losses.
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The AIDS epidemic leaves orphans in its wake. Since
two-thirds of births to infected mothers are themselves not
infected, an infected mother may leave 2 to 3 surviving children
when she dies. Again; traditJ.onal African fostering practices
have provided in the past, but: may not be able to cope with the
problem in severely affected areas. Fear of infection and
misinformation concerning HIV transmission may limit the
attractiveness of caring for these AIDS orphans.

Provision of ae.ltb care

The impact of an AIDS epidemic on the provision of health
care in African countries may be diffiCUlt to gauge, since the
coverage of the health care system is far from complete. Many of
those in need of health care simply do not have access to it.
There can be no dOUbt; however, that an AIDS epidemic can strain
the ability of the system to function. StUdies in several urban
areas 1n Africa have shown already a large proportion of those in
the hospital are AIDS patients.

Not all of the burden of health care in Africa falls on the
formal sector. family members are important health care
providers to many, especially in rural areas. The presence of
sick and dying household members will likely have large direct
and indirect effects on household income. Direct costs inclUde
the cost of food and medication, While indirect coats rosult from
lost earnings or production by the care giver.

In urban areas t not all of the sick and dying will be
visible. Many of those who fall 111 return to thoir rural
homelands tor famiiy care. This may be partiCUlarly true of
young urban migrants. To the extent that thin occurs t the
mortality at urban residents will ba less visiblo, since many
will actually die in rural areas. This will serve to mask some
of the effect ot the AIDS epidemic.

HIV infection and AIDS increases the susceptibility of the
host to other diseases, in<:~ludinq tuberculQsis ('1'8). Dramatic
increases have been recorded in those areas ot Africa where TO
reporting 16 good and where HIV infection is increasing.
Increases in the incidence of other opportunistic infections will
also result from elevated HIV infection levels.

urbani:atlon an4 Kiqration

Urbanization is an important popUlation dynamic in
developing countries, especially in Africa. The migration of
rural popUlation to the cities has been a critical factor in the
growth and economic vitality ot the cities of the region.
Migrants tend to be better educated than their non-migrant rural
counterparts and contribute their young, educated enthusiasm
toward economic activities in the city.
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This migration of young adults to urban areas, however, can
be considered to be a contributor to the AIO~~ epidemics now
evident in Africa. Young adults" without fau.ily ties, are more
likely to have mUltiple sexual pllrtnera and (Ilre among the
earliest population group to become infected in an AIDS epidemic.

A major AIDS epidemic in urban areas may affect the
migration and urbanization process in several ways. To the
extent that the epidemic increas~~s mortality, the growth and
development of urban areas may ~a slowed. The potential reaction
to this change will depend to a great extent on the pUblic
perception of the cause and of the situation in urban areas.
Increased demand for workers in ~::lties may increase the flow of
migration to the city-in offect to fill the spaces vacated by
those taken by the epidemic. H01i1ever there 19 also some r 1sk
that, as the epidemic increases and matures, rural populations
may come to view the cities as "places where people qet AIDS and
die." This may reduce the propensity to migrate to the city and
create localized labor shortages despite eXCEISS popUlation in
rural areas.

currently, most urban areas in Atrica are characterized by
an excess supply of labor, reSUlting in sUbst,antial levels of
underemployment. This excess pOI)ulation is ~Iva.llable to
compensate for AIDs deaths in urban areas, at least initially.

Labor rorce and SUlten a••oure••

The broad impact of an AIDS epidemic on the age structure
haa been examined above. The net 10s8 at population by the end
at the projection interval, compared with th~ non-AIDS situation,
was distributed across age groupu. This 1s due to the variation
in the age at the time at infection and the long inCUbation
period tor the virus. The effect on labor torce and the human
resources situation in a country is in some ways very simple and
in others rather subtle.

The simple impact results from the loss of population-o.5
million in our 6cenario. This loss results from actual AIDS
deaths and the loss ot birtts due to the death or their potential
mothers.

The more subtle impact ?t the AIOS epide:mic on labor force
and human resources comes 4: '1iU an examination ot who dies and
where. Our discussion ot ~1~S mortality has shown that the AIDS
deaths are occurring to those in the most productive ycar~ of
life--their 30's and 40's pr.'imariJLy. Thus, each death robs the
society ot these productive workers and also eliminates their
potential tuture contributions. with an extended AIDS epidemic,
the labor force will become less experienced.
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The other subtle effect Is the fact that the deaths are
concentrated in urban areas. Urban populations typically contain
the most educated and skilled workers. This is due to the
greater opportunities for gaining such skills in the urban
setting. In addition, urban areas draw thlQ .tbest and the
brightest" from rural areas. Thus, an urb~n e~idemic puts the
most valuable of the nation's human resources at risk. It is not
only the loss of the "elite" that can threaten the country's
political and economic stability, but also the larger and
emerging group of the urban middle class.

An AIDS epidemic in ~~ban areas would disproportionately
affect the most educated and skilled of the nations workors, aven
if the patterns of infection were not selective of this
population. However, there Is some evidence from several African
countries that the more educated and those with higher
socioeconomic status aro indeed more infected by "IV. Should
this pattern develop in countries throughout Africa, then the
AIDS epidemic will have a aubstantial, pot~ntldlly devastating,
impact on the region's human resources far in excess of th~

impact suggested by an examination of the numbers of deaths
alone.

CON(~LU8ION8

This analysis has demonstrated the potential for continuod
opidemic growth in HIV infection and AIDS in Africa. 60th urb3n
and rural areaa experienced rapidly-growing levels of infoction l

although tho timing or those epidemics differed. Over tho noxt
scver31 decados, African countries should expect growing
epidemics, although the timing and the peak intoctlon lovols wlll
vary trom one country to the next.

The popUlation impacts ot an epidemic h4VC beon shown to be
substantial. However, since th~ epidemic differentially affects
various ages and 5ubqroupa of the popUlation, as well as urban
and rural regions, different demographic moasures arc not unlro~m

in showing this i~pact. Total popUlation size and national
growth rates, for cX4nple, may be only modolrately at'ft:H::tod, Illhiia
mortality rates and reSUlting life expectancies in urban 3reas
showed large impacts. Programs targeting infant and child
mortality are not likely to ~ake headway against the increasing
direct and indirect mortality of children under age 5.

The scenarios presented 1n this report suggest the potential
tor various interventions to change the course ot the epidemic.
The spread ot infection and AIDS result from human behavior
patterns, and changes in current patterns can change the
direction and magnitUde of the epidemic.



Finally, this analysis has demonstrated the utility of the
iWeJAIDS model in examlnin<j' the numerous face1t:s of an epidemic.
The model is designed as a tool for research and program
planninq. Further development of the model ~lnd future
applications of the model to a wide range of situations will
greatly enhance our understanding of the dyn~'mics of this
epidemic.
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This section describes the data Jsnd parametet~s used as input to
the iwgAIOS model ~ In keepinq wlth the apprc)8ch of this paper,
the inputs reflect regional levels (particularly of the
demographic variables) are drawn from a variety of countr13s in
the region, or are thought to be the best available parameters
describing the transmission and natural history of "IV-related
disease. The discussion of each particular input includes a
description of the data, a review of available data, and the
presentation of the particular values used in this applicatlon.
Data are divided into demographic, behavioral, disease-related,
and other parameters.

D••oqraphy

1. Initial PopUlation. The initial popUlation is input by ago,
sex, and urban/rural residence. This input provides the
popUlation base for the demographic and epidemiologIcal processes
of the model. Many sUbsequent parameters are input as
proportions of t~Q papUlation, thus avoiding repeated
calculations.

Modelers Gxamining the potential impact or AIDS on popUlations in
Africa have generally used a "stable" popUlation age structuro
(e.g., Bongaarts, 1989). A stable popUlation ia one Which has
buen characterized by an extended history ot constant fortility
and mortality, thus giving the age distribution a regUlar and
prodictable pattern. We know, however, that demographic
parameters in Africa have not be~n constant over the past 40
years or more. Although fertility levels have not declined
significantly in many areas, mortality conditions have been
improving in most countries. Thus, a stable population
assumption tor the initial input may not be the best.

The popUlation age structure used in this analysis is based on
the projected 1990 midyear popUlation for the entire subSaharan
African region. This popUlation is derived by aggregating
individual national projections prepared at the U.S. Bureau of
the Census (1990). The reSUlting popUlation of 543 million
persons was then scaled down to 5.4 willion--l percent of the
total--while keeping the proportional distribution of population,
by age and sex.

Urban and rural popUlations were derived using a figure of 20
percent urban. Among subSaharan Aft'iean countries this
proportion varies from 5 percent to over' 50 percent in 1990,
according to ~nited Nations (1987) projections. Burkina Faso,
Burundi, Malawi, Rwanda, and Uganda all have less than 15 percent
of their popUlation in urban areas, while Cameroon, central
African Republic, congo, Cote d'lvoire, and ZambiA are more than
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40 percent urban. The potential impact of internal migration on
the urban age distribution was examined in a preliminary
demographic projection of the population, using the urban-rural
migration levels described below. The rel!Jultinq proportional
urban age distribution waa affected to such a minor oxtent that
it was decided to use the same input proportional age
distribution for both urban and rural are~!ls. The resulting
population for each area, by age and sex, is presented in
Tabl.e A-l.

2. Level. and Trend. in Fertility. The iwgAIDS model, like most
demographic models, requires the input of current and projected
levels of fertility. Initial fertility levels are specified as
Age-specific fertility rates (ASfRs), per woman, for ages 15-19
through 45-49. Subsequent input specifie~ the total fertility
rate for particular years of the projection. Initial ASFRs are
adjusted to reproduce the desired total fertility rate level. By
this method, the user may determine the exact pattern of
fertility change, following a linear or other pattern of change
to its Ultimate level.

Input fertility patterns and levels were determined based on the
aggregate total fertility rates from Census Bureau projections
for subSaharan Africa. A standard age pattern of fertility was
adjusted to reproduce the total number of births projected, based
on the female popul~tion and the ASFRs. The age-specific
fertility rates for 1990 and the projected total fertility ratos
for the 1990 to 2015 period are shown in Table A-2. No urban
rural differentials in fertility were assumed for the projection.
Although, in reality, there llJ usually 50UlC difference.

3-'4. Initial anC! proj.ot.4 HC)J':tality Rat4llla .04 Lite 8.xp.otanoy
at Birtb. Input to the model tor non-AIDS mortality is in the
form of age-specific mortality rates (n~)t by sex and
urban/rural residence, for the initial and the terminal years or
the projection. Thus, the user can allow tor the expected change
in tho age pattern of mortality with increasing levels of life
expectancy. Withln the model, expected deaths based on these
mortality rates are combined with those reSUlting trom AIDS to
give the total deaths in the country. AIDS deaths are determined
by the model based on the inf~tcted population, time since
infection, progression to AIDS, and survival after development of
AIDS.

Life expectancy, by sex, tor all of 8ubSaharan Africa for 1990 as
projected at the U.S. Bureau of the Census was used tor the non
AIDS level of mortality. These projections do not take into
account the possible impact of AIDS on mortality. The age
pattern ot mortality was determined by a comparison of the total
deaths projecte,d without AIDS and the num.ber that ~Jould have been
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expected based on the projected level of life expectancy and
several different .,mooe1'1 life t<llbles. These model life tables
include those originally developEtd by Coale and Demeny (1967) and
life tables more recently developed by the United Nations
(U.N.)(1982). An examination of the total deaths, infant
mortality levels, and life expectancy suggested that the United
Nations "general pattern" life table best conformed to the
pattern of deaths projected for subSaharan African countries.
Therefore, the U.N. general pattern life table with life
expectancy levels of 50.4 years tor males and 53.5 years for
females was used for the initial mortality input. No urban-rural
~~tferentials in mortality were assumed for the projection.

Mortality for t,ha terminal life t.able input (for the end of the
projection period) was also based on the Census Bureau
projections ot life expectancy and the U.N. general pattern.
Expected levels of life expectancy in the absence of AIDS wa~

projected at 59.9 years for males and 64.5 years for females for
2015. Age-specific mortality rat~8, by age and sex for 1990 and
2015 a8 input to the iwqAIOS model are shown in Table A-J.
Patterns of change in life expectancy, by sex, for the entire
projection period are shown below:

X~
1990
1995
2000
2005
2010
2015

MAl&
50.4
52.4
43.3
56.2
58.1
59.9

.f:&l1.6Lf,;
53.5
55.8
58.0
60.2
62.4
64.5

These expected levels ot mortality will form the basis of
comparison tor examining the impact of the AIDS on mortality.

5 .. proportion Marrle<l (10 Unloo). The iwqAIOS maintains the
categories ot Mmarried~' and "single" (1. e. I those in long-term
partnerships ~nd those not). Within the ~ode:L, each ot these
categories is characterized by differing patt~ern5 of (sexual)
behavior. Clearly, conceptualizations ot behavior may be
difficult to measure empirically, and selt-reported information
on marital status is not an ideal measure of this status. This
Nay be particul&rly true in Afric;;a where infoJ:"mal unions may be
comlUon and patterns of tttr ial warr iages" pc 10.::- to forma liz lng a
union lUay be widespread. Uevertheless, repor1:ed information from
censuses and demographic surveys provides the best available
source at information on marital status and partner formation.
It should be noted that Official statistics on marriages
conducted are not collected in many African countries, and may be
of questionable co~pletene3s where collected.
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For this study, marriage patterns, by age and sex, in three
African countries (Burkina Faso, Malawi, clnd Liberia) were
averaged to form a composite pattern of pclrtner formation. Those
in both formal and consensual unions were considered married.
The median age at marriage for males in this composite p~ttern is
around age 25 years, While, for females, it is approximately age
20. This pattern was used for rural populationa~ For the urban
population, the proportion married was shifted 2.5 years older,
corresponding to the generally observed pattern of later marriage
in urban areas. Proportions married, by age and sex, based on
this method are shown in Table A-4 for urban and rural areas.

G. Spau•• Ag8 Preference. since the iwgAIOS model contains a
dynamic marriage model, information must be provided on the
preferred age difference betw~en spou~es and the distribution of
this preference. During the projection run, neW partnerships are
formed based on these preferences and the availability of
potential partners of the opposite sex.

since the marriage information from various African censuses
showed a 5-year difference in the median age at marriage, this
5-year differential was maintained in the preference function.
ThUS, males prefer a spouse on average 5 years younger than
themselves. A standard devia1cior. of 3 years was assumed for the
distribution of preferences around this mean. This age
differential was used tor both urban and rural areas.

7. aate. of Harital DlaruptiQn. Rates ot marital disruption, or
divorce rates, are used by th.~ iwgAIOS modlel to reflect the
process of partnership dissolution. These data, however, are not
readily available for 8ubSaharan African countries. In fact,
only Mauritius, Reunion, st. Helena, and Seychelles report the
number of divorces to the U.N. (United Nat.ions, 1989). These
countries, however, are not typical ot 8ubSaharan Africa.

For purposes at this analysis~ a modal divorce rate of 10 percent
per year was assumed tor both urban and rural areas. This figure
is lower than levela reported for Egypt and Tunisia, altho'Jgh the
religious and cultural ditferences between these two north
African countries and subSaharan Africa are great. oivorce ratos
were assumed to decline with increasing ages over age 30. These
figures are shown in Table A-5.

a. Rat•• of 1'01Y9_Y. Many 4ltthnic groups in Afr iea
polygyny, that is, some men have more than one wife.
this practice affects the number of lUen and women in
well as the rate ot sexual contact between spouses.
model allows tor the user spe(~itication of levels of

practice
Obviously,

unions, a6
The iwgAIDS
polygyny (or
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polyandry) and adjusts the partnership formation and dissolution
processes accordingly.

Baaed on the marital status data used as input, the rate of
polygyny was estimated at approx;lmately 1.3 ",rives per husband.
This was derived as the simple average of the ratio, for each
country, of the number of women in unions divided by the number
of men in unions. For the three countries, the figures were 1.31
(Malawi), 1.44 (Burkina Faso), and 1.28 (Liberia).

9. Population Mobility. The iW~JAIDS model incorporates several
different aspects of the geographic mobility of the population.
The first ot these is the permanent (or semipermanent) migration
of persons to and from the urban area. Since the characteristics
of the migrant (including infection status) are important in
determininq the disease impact 0.: the migrant on the destination,
separate flows to and from urban areas are maintained. Most
demographic models simplify this p' ~cess by considering only net
migration flows.

Rural-to-urban migration is the means by which levels of
urbanization increase, since typically natural population
increase in urban areas is no higher (and is often lower) than in
the balance of the coun~ry. i~' initial demographic processes of
births and deaths result in a popUlation growth rate for this
hypothetical country of slightly over 3 percer,~ per year. Levels
of migration between urban and rural areas wer~ selected which
resulted in an excess growth in urban areas of approximately 2
percent per year. ThUS, the popUlation growth rate in urban
areas is about 5 percent per year, comp~red with around 3 percent
for rural areas. The rates of migration Which result 1n this
growth are held constant over thE~ projection period.

Migration to urban areas tends to tallow a regUlar pattern by
age, with peak rates in the young adult ages, followed by
declines iu the older ages. Rate!s for infants and young children
are also elevated, since many migrants have offspring in these
ages. Migration age patterns from urban to rural areas are
typically less pronounced, and affect the popUlation of older
adults. Migration rate patterns trom urban and from rural areas
which corresponded to these overall trends were d~veloped and
were then adjusted to result in the desired level of net
migration (approximately 2 percent per year) based on the initial
input population. Rates ot outmigration trem urban and rural
areas are shown in Table A-6.

The iwgAIOS model also allows for the specification of rates of
circular migration. cirCUlar migration, in concept, is the
repeated seasonal migration of population from one area to the
other, perhaps due to the need for agricultural labor in the
rural areas and opportunities for cash income in the cities. It
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is potentially an important factor in the spread of infection
between urban and rural areas. However, relatively few
quantita~ive studies have been done on this type of popUlation
mobility, particul~rly in the African sett:ing. For this reason,
in this analysis the level of circular migration has been assumed
to be virtually nil. Thus, the results do not consider the
possible contribution of this factor.

For some countriES, it is useful to include the effect of
international migration on the size of th~ urban or the rural
popUlation. The iwqAIDS model allows for this demographic
process, treating internationcll migration as a net proceRs. This
assumes that the infection stcltus and othElr characteristics of
those entering or leaving the country are not known. Net
international migration was assumed to be nil for this analysis.

The final migration process provided for in the iwqAIOS model is
the udjustment of migration rates for those in different
partnership status groups. ThUS, the rura~l-u.rban nligration rates
for those, for example, currently in partnerships can be adjusted
to bB higher or lower, older ()r younger, t~han th@ norm. This
all~w8 for considerable flexibility in patterns of migration
without the need to separately specify age-specific migration
ra~es for each status group. For this analysis, migration rates
were not adjusted for any status group.

Sexual Uehavior

10. proportions Engaging in Casual Sex. These proportions are
used to estimate the popUlation involved in high-risk behavior.
These proportions are multiplied by the estimated popUlation by
age, sex and marital status. The rate of pr.omiscuous behavior of
the married female popUlation is assumed to be low. This
assumption is based on beliefa held by traditional societies that
extramarital behavior of the wife is unacceptable.

The proportions input for this example are partly based on
reported se~lal behavior trom a knowledge, attitudes and
practices (KAP) study conduct4~d in Kinshasla where 22.6 percent of
the married men reported having extra-marltal relations in the
past 6 months and 1.4 percent of the married women reported the
same (Bertrand at al.,1989). A survey of 711 currently married
Zimbabwean men found that 40 percent of the men had 5QX partners
in addition to their wife in the past year and that 29.4 percent
had sex with a prostitute in 1;he past year.' (Adamchak at a1.,
1990). The proportions were adjusted to maintain a balance
between the number of high-risk male sex acts and the number of
high-risk contacts for female~; (see Table A-7).
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11. N'U.IIbera of Saxu.l contacts p4lr Partner.. The number of sexual
contacts is input by age, sex, risk group, and marital status.
These figures are also partly based on the Ki.nshasa RAP stUdy and
partly on reports of the number of sexual contacts per day by
prostitutes in Nairobi (3.7/day ~lnd 116-1042/year) (Simonsen et
a1., 1990; Kreiss et al •• 1986). These figures are then balanced
with the proportions engaging in casual sex.

The figures used for the low-ris}~ married gro,up are for sexual
contacts within the marriage, thE. figures for the high-risk
tnarr ied group are the num.ber of ~lexual contacts outside the
marriage (see Table A-a). Low rJ.sk married women average nearly
six sexual contacts per month. 'l~his frequenoy is based on the
Auvert, et al. (1988) estimate o1~ 1.5 weekly sexual contacts with
a regular partner and is consistent with other studies in the
region (Ryder at al., 1990). A decline in sexual activity occurs
with increasing age.

High-risk single males are assumed not to have a regular partner.
The frequency of sexual contact i.e assumed to be four per month,
while higil-risk contacts for married males occur once per month
for males less than 50 yearn of age.

Prostitutes are included in the high-risk single females category
which has the highest frequency of sexual contacts. The average
number at contacts per month is 22.5 and declines for this high
risk group atter the age ot 35.

12. proportions ot tbe population Bnqaqinq in Homo••xual Contaot.
There is little documented homosexual activity in Africa.
Therefore, the proportions of the population engaging in
homosexual contact for this application of the model remain zero.

Recently some homosexual activity was reported from a survey of
University of Kinshasa students, but these were very few in
number and typically took place a.t a r.elat i vely young age (i. e. ,
under age 15). A possible hypothesis is that these contacts took
place in a gender-segregated boarding school situation.

13. 8•.xu.llY-Tr&~·.mitt.4 Di••••• (STO) P.~...t.r8. The model
requires the input of the average duration of infection, by sex,
for an episode ot STD. These figures, together with figures for
the transmission of STOs and the susceptibility, are used to
generate co-cirCUlating STD infections in the popUlation. Holmes
et al. (1989) estimated a female to male transmission rate per
contact of 25 percent tor gonorrhea. Transmi~sion from males to
temales would presumably be higher, perhaps by a factor of 2 or
more. Other stUdies cite transmisQion rates ranging from 15
percent for syphilis and chancroid to 60-80 percent tor gonorrhea
(over and Piot, 1990).
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Duration of infections is longer in develc)ping countries than in
developed countries where acc,eS8 to medic4!ltions and medical
services is better. Tha dura'tion of an S~l'o episode also varies
by disease, sex and by individual.

For this example, an STO transmission rate of 40 percent was
used. Estimated duration of disease for urban areas was 2 months
for males and 2.5 months for females. In rural areas the
duration was assumed to be 2.5 months for males and 3.5 months
for females.

14. Prevalenao of Con4oa v... Several studies have reported very
low use of condoms in Africa. The 1989 K_mya Demographic and
Health survey (National Council tor Popul(!ltion and Developm@nt
and Institute for Resource Development, 1909) reported that 0.4
percent of women and 0.5 perclant of marr iE~d women used condoms
for contraceptive purposes. In the 1988 Contraceptive Prevalence
and KAP for AIDS survey of th49 University of Kinshasa students,
0.3 percent of married men, 1.2 percent of single men, 0.7
percent ot married women, and 0.04 percent of single women used
condoMs. For our application a condom uso rate of 0.4 percent
was input for the low risk married males and females.

Increased condom use is cine intervention that 1s explored in this
analysis.

15. aeropr.valenc. of BIV. Although many seroprevalence studies
have been carried out in Africa on various population groups,
they do not provide a complete picture of seroprevalence status
at a particular point in time. R~present~tive data on rural
areas is particularly lacking.

The pattern of seroprevalence by age used for this analysis is
based on the Uganda National Serosurvey (Ellerkley at ale 1989).
The stUdy began in 1987 and continued in 1.988. Cluster sampling
methodology was used and the data presentE:d here is based on
3,553 adults, 62 percent temale and 38 percent male. The
seroprevalence is highest tor women in the age group 20-24 and
for men in the age group 25-2~~ (see Table A-9). This pattern is
typical of age pattern~ seen ot the infection in Africa.

This observed age and sex pattern was used with an adjustment Cor
the age groups 40-44 and abov~. in order to smooth the curve.
Using this age/sex patte~n, the level of infection was then
adjusted in order to obtain an overall level of seroprevalence
comparable to the World Health Organization (1990) estimate of
approximately 5 million infected adults in 1990. This
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corresponds to an urban seroprev~llence for the 15-49 age group of
6.7 percent and 0.7 percent for the rural area.

In the urban population, the highest HIV seroprevalence rate
among women is 17.5 percent in the high-risk group for the age
group 20-24, for men the highest HIV seroprevalenc9 rate is 19.1
percent in the high-risk group, clges 25-29. For the low-risk
populations, the seroprevalence rates peak in the same age
cate.qories I 10.2 percent for fema.les and 11.5 percent for males.

In the rural areas, the seroprevalence rate for high-risk males
25-29 years of age is 1.7 percent and for the low-risk males in
the same age group the rate is 1.1 percent. For females .in the
age groups 20-24, the high-risk group haa a seroprevalence rate
of 1.5 percent and the low-risk group has a rate of 0.9 percent.

1'. 8tan44r4 Rate of Inteotivitl' p.r Sexual contaClt. The r 1sk
of heterosexual sexual tranamissJ.on of the AIDS virus 1s well
accepted. However, there are few ~stimates on the rate of
infectivity per sexual contact. The estimates that are found 1n
the literature are usually a partnership rate and not a per
contact rate. Variability in transmissibility remains the most
significant unexplained aspect ot HIV infection.

Recent reviews suggest that the ~verage transmission probability
tor heterosexual partnerships is around 0.1-0.2, 0.1 far
homosexual partnerships. Per sex act the probability or
transmission has been estimated at less than .001 to 0.01
(Anderson and Hedley, 1988). But Cameron, at al., (1989)
estimate a per-contact temale to male transmission rat~ at J
percent, baaed on a stUdy 1n Nairobi. Over and Piot (1990) 1n
m.odelling the epi.d6l'Oic use a trafllsmission rate at 0.03 for males
and 0.01. tor temales without ulcEllJ:"s and 0.10 tor males and 0.05
tor temales with ulcers.

For this application we U80 a male to female per contact
transmission rate at 0.0030 and for temales to males of 0.0015.

11. R.lativ. UIV Intection Risk Asaooi.tea with 8TO lnt.otlon.
Sexually transmitted diseases (S'rDs) have a w!ell-documented
affect on increasing the 1ikel ihood ot "IV tnlOsmission. 'f'h is
enhancement has now been demonstl'ated both with STOs
traditionally considered Ulcerative as vell as with non
ulcerative STOs.

The prevalence rates for the various STOs range a great deal
between countries as well as within countries. Depending on the
rela~ive prevalence within a country of the various STOa the risk
factor for "IV infection may also vary. The risk factor for HIV
infection calculated from several studies in Africa ranges from
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1.0 to 12.3. However, this r~alative risk is typically calculated
based on an examination of th.! seroprevalEmce of those in the
sample and self-reported epis.)des of an s']~o at some point in the
recent part. since it is likely that they had the STD for only a
fraction of the period of expc)sure to HIV infection I the per
contact risk is likely to be Jlluch greater than the observed
relative risk. For this application of the model we use a
relative r i8k of SO for both 111<lle9 and fel'llales,

11. progr•••lon fro. DIV Infootion to Ale,s. The incubation
period Is def'lned as the time between infElction and the diagnosis
of disease. with AIDS the incubation period seems to ~e long and
variable. Estimates of the incubation for transfusion-associated
AIDS patlents period ranges fJ:'om 4.5 Yfuirsl to 15 years (Lui et
al. t 1986; Rees, 1987).

In the U.S., tho San Francisco General Hospital cohort study has
seen a progression rate of 54 percent at 10 years after
infection. The median incubation period has been estimated to be
9 to 10 years.

Other estimates of the mean incubation period from adult u.s.
transfusion-associated AIDS cases reported through April 1988 are
7.43 years (based on a Weibull distribution) and 14.33 years
(based on a Gamma distribution). The incubation period for
perinatal infected children appears to be shorter (less than 1
year). (Anderson and Medley, 1988) In another study baaed on
transfusion-associated AIDS patients in the U.S., Medley, at a1.
(1987) suggest the following ~~ge-related incubation periods:
1.97 years for children (O-4 years old at infection), 8.23 years
for adults (5-59 years old), and 5.50 years for elderly patients
(60 yrs and older). Analysis by sex shows the incubation period
for females to be longer than for males. The means for the
females and males are 8.77 ye&rs and 5.62 years, respectively.

We heve used a distribution of~ the incubation period based on a
weibull distribution with parameters proposed by Medley et al.
(1987) with means of 7.8 years tor adults and 1.9 years tor
children.

19. Pr09re.eioD frOB AIDS to De.tb. The mortality rate for
diagnosed cases ot AIDS is virtually 100 percent. The 2-year
rate ot progression trom symptomatic HIV disease to AIDS in the
San Francisco General Hospital Cohort Study is 50 percent (AIOS
KnOWledge Base, 1990).

Median survival times for AIDS patients in developed countries
ranges from 9 to 13 months (Af1lderson and Medley, 1988). The
progression from AIDS to death for adults has been reported as 1
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year (Piot et al., 1988), infan1:s and children 8 months (Piot at
al., 1988).

The progression to AIDS of HIV ~ .•feoted newborns is much quicker
than in adults. In the Newborn French Collaborative study, 59
percent of the infants in the study who had H.IV infection by the
age of 18 months had severe diseaye (Blanche et al., 1989).
Whereas, in a study 0; 28·8 HIV seropositive men at the San
Frttncisco General Hoapital found a 33 percent proqressionto AIDS
at 4.5 years.

20. aate of Perinatal Tr8,,,,Jfli••:!onbet,,••n :Mothers an4 Infants.
Maternal transmission of hIV is the primary cause of pediatric
AIDS par'ticularly 1n countries w'hich hav@ turtablished blood donor
screening.

It is difficult to identify at birth the actual status of "IV
infection. Maternal antibodies may persist in the child for more
than a yea.r. Time 1s needed for the passively transmitted
mate.rnal antibodies to disappear from the in:l'ants. Maternal .190
antibodies readily cross the placenta and ar~f) present in the
neonate's blood in approximately the same concentration as in the
mother's.

There are other di~ficultie5 in determining lilV infection 1n the
first and second year of life. The mother may transmit other
congenital infections or, if the mother is a drug abuser, the
HIV-uninfected baby may exhibit a transient :lmmune deficiency
(Holmes at al., 1989). However, in Africa the IV-drug abuse is
not prevalent.

The European stUdy reported an infection rat." after 15 months of
24 percent. Th6 authors, however, teel that this is an
underestimate due to the insensitivity of virus and antigen tests
(Europeem Collaborative study, 1'988). The Italian stUdy reports
33 percent transmission from mother to chil('; among the 89 infants
followed for at least 15 months (Italian MUlticenter StUdy,
1.988). In Zaire, 39 percent ot .infants born to seropositive
mothers had evidence of HIV-l intec\':.ion 1 yea~r later (Ryder, et
al., 1989). The relative risks associat~d with various modes of
vertical transmission have not been measured. For this
application, a transmission rate of 39 percent is used.

Table A-10 summarizes a number alf the miscell.aneous projection
parameters used in this application of the iwgAIOS model.

21. proportion of 81004 tbat 1. Sor••ne4 tor SIV Int.otion.
Blood transfusions represent the third major route tor
transmission ot "IV; sexual contact and perinatal transmission
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being the other two. Blood donat.ion paralnetel's used with the
model are shown in Table A-il.

The distribution of blood donors by ACle and sex 1a based on HIV
seroprevalence studies of blood donot's in f'tozambique and COte
d'Ivail'e. In these studies, 75 to 87 perc::ent of the blood donors
were male. For this projection, it was assumed high risk males
were as likely to donate blood as low rlsJc males; however, blood
donat.ions from high risk females were assumed not to occur.

The like,llhood of re.ceivinq a blood transl~usion is related to
diagnosis ot disease and residenc,e. If dJlaqnosis suggests a
blood tra.nsfualon, a patient in an urban hospital is more likely
to recei.ve a transfusion than (\ patient in a rural health
facility. ThUS, we have assumed that tho~e in the urban areas
are ten times more likely to Ir@ceive 4 bl()oo transfusion than
thoSG 1n the rural areas. Ch.Lldren have ~~ higher frequency ot
blood tranafusi.ona than adultl!J because of their lack of immunity
to malaria and sicklo cell dlaease. The ~xceptlon is females 1n
the reproductive 4qes. The frequency of t~r8n8fu,8ion ls slightly
higher in this group because ~)r factor6r~llated to childbirth.
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Tabl. 16-1. Populat.ion, by Age and Sex, for Urban and Rural Areas: 1990
(Population in thousand.s )

Urban Rural

Aq8 Both sexes Hale Female Both sex•• Hale Female

All age.

0-4 years 200 100 99 798 401 397
5-9 y....,ar8 161 80 80 642 322 321
10-14 years 135 68 68 540 270 270
15-19 years 114 5"' 57 457 229 228
20-24 years 96 48 48 383 192 191
25-29 y.ars 78 39 39 311 155 156
30-34 year's 64 31 33 256 126 130
35-39 years S4 26 28 215 104 111
40-44 years 46 22 24 182 86 94
45-49 years 37 18 19 150 73 77
50-54 years 31 15 16 123 59 63
54-59 years 25 12 13 98 40 51
60-64 year's 19 9 10 75 36 39
65-69 years 13 6 7 52 26 27
70-14 years 8 4 4 J4 16 18
75-19 years 5 2 2 19 9 10
Over 80 years 3 1 2 12 5 6

Sourc.. : Based on 1990 population projected at the U.S. Bureau ot the
Cen.us and aggreqated acrosa all subSaharan African countries. This
population distribution, by age and 5QX, W8a adjusted to the totals for
urban and rural areas shown here.
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Table A-2. Aq8-speciticFertillty Rate, per "'ollan, for 1990 and
Projected Total Fertility Rates for 1990 to 2015

Age
Ag_ Specific

Fertility Rates Y~tar

Projected Total
Fertility Rate

15.90
1~.95
2()OO
2()05
2()10
2()lS

15-19 years
20-24 y.ars
25-29 years
30-34 years
35-39 years
40-44 years
45-49 years

.1163

.3015

.3126

.2654

.1892

.0832

.0323
------

6.53
6.26
5.89
5.47
5.01
4.55

--_._._._----
Source; Based on 1990 to 2015 f.'elrtl1ity htv.1Le proj1lcted 1St the u.s.
Bureau of the Census and aqqr....4at~.d a,crOS8 alJL SUbSaharan African
Countries.
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Table A-J" Age-specific Mortality Rates, by Age ,and SOX: 1990 and 2015

Age

Under 1 year
1-4 y.ara
5-9 y••re
10-14 y.ar.
15'""19 yeare
20-24 years
25-29 year.
30-34 yea.ra
35-39 v.ar.
40-4. year.
45-49 y.ara
50-54 years
55-·59 v.ars
60-64 y.ers
65 ...·69 years
10-7. y.ara
15-79 yeara
80 y.ara and over

1990

Male

.12499

.01498

.00369

.00233

.00343

.00488

.00553

.00660

.00624

.01068

.01425

.01953

.02702

.03SS3

.05682

.08202

.1148~

.18332

remato

.10117

.01559

.00361

.00219

.0(}336

.00463

.00540

.00624

.00132

.00853

.01011

.01457

.02071

.OJ030

.04508

.06791

.10110

.. 11715

2015

Male

.07641
~00691

.00179

.00120

.00184

.00263

.00303
.00362
.00472
.00646
.00918
.01341
.01982
.02985
.0,4499
.06673
.09645
.16670

Female

.06155

.00649

.00lSe

.00094

.OOll!

.0018~

.0022E

.0028J

.0035!

.0046C
•0062~
.00901
.0135~

.0207'

.OJ25t

.0510:

.0783·

.1551

Source: Balled on 1990 and 2015 Jlortality lev.ls lPr:ojected at the u.s.
Bur.au of the CenaU$ and aq9r~lqated f;\'CrOS8 811 aul:;'Saharan Afr.ican
countries. Thtt 49- patt4l)rn of llIortal i·ty i. ba.ed ltm tn. United Nations
<;."ntIll761 pattern ot eortal.1ty.

!

I

J
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Table 1.-4. Percent Married, by Age, Sex, and Urban/Rural Residence

Urban Rural--
Age Male Felual" Kale Female

15-19 years 2.14 23.60 4.28 47.20
20-24 years 18.35 61.42 32.42 87.63
25-29 years 48.13 89.35 63.85 91.06
30-34 years 71.57 91..09 79.29 91.12
35-39 years 82.43 9(1.05 85.58 88.98
40-44 years 86.61 8i'.60 87.65 86.21
45-49 years 88.46 8:11. 95 89.26 81.69
50-54 years 89.00 751.02 88.74 76.34
55-59 years 89.00 12.09 89.26 67.84
60-64 years 81.69 6~!. 31 86.12 56.89
65-69 years 85.48 531.35 84.85 49.81
70-74 years 82.86 4~i. 95 80.88 40.10
75-79 years 78.52 3~i.18 16.15 30.25

Source: Rural t iqure. calculated as tne aver'age ot data reported in
Un! ted Nation. Oellloqraphic VearlXlok, 1982, t8,blo 40, tor Malawi,
Burkina Fasa, and Liberia. Urban t iglJrea wet'. shitted 2.5 years
older.



Table A-5. Annual divorce Rates tor Kales, by Age, for Urban
and. Rural Areas

Age Urban Rural_....-
15-19 years .10 .10
20"'14 years .10 .10
25-29 years .10 .10
30-34 years .08 .08
35-39 years .05 .05
40-44 y.ars .04 .04
45-49 years .03 .OJ
50-54 years .02 .02
55-59 years .02 .02
60-64 years .02 .02
65-69 yearB .02 .02
70-74 years .02 .02
75-79 years .02 .02

~----_.. J"'~ jrrr~

Source: Der i v@d at the U. s. BurGflu 0 t the CfU1BU& based on a
comparlsion ot available data trom the African region. See
text tor discussion.

59
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Table A-G. Out-Migration Rate. l>er 1,000 POinllation, by Age and Sex,
tor Urban and Rural Arells

Urban Rural

1.9· Kale Female Hale Female

0-4 years 4.38 4.38 6.57 6.57
5-9 years 4.38 4.38 4.93 4.93
10-14 years 4.38 4.38 3.29 3.29
15-19 year'. 6.51 6.57 9.86 9.86
20-24 years 9.86 9.66 13.14 13.14
25'"'29 years 9.86 9.86 13.14 13.14
30-34 years 9.66 9.86 9.86 9.86
35-?i9 years 9~86 9.86 6.57 6.57
40-44 year. 9.86 9.86 3.29 3.29
45-49 years 9.86 9.86 1.64 1.64
50-54 years 9.86 9.3G 1.64 1.64
55-59 year. 6.51 6.51 1.10 1.10
60-64 years 4.36 4.38 .55 .55
65-69 years 2.19 2.19 .00 .00
10-14 years 1.64 1.64 .00 .00
75-19 years .00 .00 .00 .00
80 yeer. and o\'er .00 .00 .00 .00

Source: Derived at the U.S. Bureau ot the Census baGed on an
aS8u••d ag. pattern ot mlqration and a target n.t miqration to urban
area. ot approximately 3 percent.
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Table A-7.. proportion ot the Population in the H1gh-Risk Group, by
~g., Sex, and Marital Statu., tor Urban and Rural Areas: 199u

Harried Single

Sex and age Urban Rural Urban Rural
...---.,........

Male

15-19 years .13 .10 .60 .30
20-24 years .25 .~O .75 .60
25-29 years .25 .20 .75 .60
30-34 years .25 .20 .75 .60
35-39 years .25 .20 .75 .60
40-44 years .25 .20 .75 .6C
45-49 years .25 .20 .15 .6C
50-54 years .19 .15 .60 .4!
54-59 years .13 0,10 .50 .3C
60-64 yeara .06 .05 .25 .2C
65-69 years .00 .00 .00 .OC
70-74 years .00 .00 .00 .OC
75-19 years .00 .00 .00 .oe
80 years and over .00 .00 .00 .O(

Filmal.

15-19 years .03 .OJ .25 .2(
20-24 years .05 .04 .50 • 4 ~
25-29 years .05 .04 .50 • 4~
30 .... 34 years .05 .04 .50 • 4 ~
35-39 years .04 .04 .30 • 4 ~

40-44 years .03 .03 .25 • J!
45-49 years .01 .02 .13 .2!
50-54 years .00 .01 .00 .1'
54-59 years .00 .00 .00 .01

60-64 years .00 .00 .00 .Ot

65-69 years .00 .00 .00 .Ot

70-14 yeat's .00 .00 .00 .0'
75-79 years .00 .00 .00 .0 1

80 years and over .00 .00 .00 .0_-.._1_-.........
Note: H191\ Risk refers to those with casual ..xuisl contacts.

Source: Derived at the u.S. Bureau of the Census based on
available data for selected populations and assumed age pattern.
See text tor discussion.
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Table A-a. Frequency of Sexual Con,tact per Month, by Age, Sex, and
Risk Group, tor Urban and Rural Areas

Low-risk aarried Hiqh-risk sinqle High-risk marri

Sex and 89- Urban Rural Urban Rural Urban Rur

Hal.

15-19 years S 8 4 J 1
20-24 years e 8 4 3 1
25-29 years a 8 4 J 1
30-34 years a 8 4 3 1
3b-39 years 8 8 4 J 1
40-44 years S 8 4 J 1
45-49 years 8 8 4 J 1
50"'54 years a 8 1 2 .5
54-59 years 6 6 3 2 .s
60-64 years • 4 2 1 .5
65-69 years 2 2 2 1 .5
10-74 years 1 1 1 1 .5
75...19 years 0 0 0 0 0
80 YEtClTS and over 0 0 0 0 0

F••ale

15-19 year. 5.75 5.75 10 10 1
20"'24 year. 5.15 5.15 22.5 22.5 1
2tS-29 years 5.15 5.15 22.5 22.5 1
30-34 yeara 5.15 5.15 22.5 22.5 1
35-39 years 5.15 5.15 22.5 22.5 1.
40-44 years 5.15 5.15 15 15 .5
45-49 yoars 5.15 5.15 10 10 .5
50-54 years 4 4 0 0 .5
54-59 years 3 3 0 0 .5
60-64 year. 2 2 0 0 .5
65-69 years 1 1 0 0 .5
10-'4 years 0 0 0 0 .5
75-19 years 0 0 0 0 0
80 year. and over 0 0 0 0 0

F1.~.

,_

Note: High Ri.k. refers to those wit:h casual S~l)tual contacts.

Source: Derived at the U. S. Bureau of the Census based on
available data for selected popUlations and an assumed age
pattern of behavior. See text for discussion.

J
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Table A-g. HIV Seroprevalence, as a Proportion of the Population, by

Age, Sex, and Risk Group, tor Urban and Rural Areas: 1990

Urban Population Rural Population

Se:K and ag8

Hale

High Risk Low Risk High Risk Low Risk

U,.der 5 years
5-9 years
10-14 years
15-19 years
20-24 years
25-29 years
30-34 years
35-39 years
40-44 years
45-49 years
50-54 years
54-59 years
60-64 years
65-69 years
70-74 years
75-79 years
80 years and over

Fellale

.011 -- .001

.003 -- .000
...- .000 -- .000

.051 .031 .005 .003

.119 .072 .010 .006

.191 .115 .017 .011

.131 .018 .012 .008

.103 .062 .009 .006

.091 .055 .008 .005

.087 .052 .008 .005

.083 .050 .007 .004

.040 .024 .003 .002

.032 .019 .003 .002

.000 .000 .000 .000

.000 .000 .000 .000

.000 .000 .000 .000

.000 .000 .000 .000

----._-----_.-

Under 5 years
5-9 years
10-14 years
15-19 years
20"'24 years
25-29 years
30-34 years
35-39 year5
40-44 years
45-49 years
50-54 years
54-59 years
60-64 years
65-69 years
70-74 years
75-79 years
80 years and over

-- .010
.003..... .000

• 110 .066
.115 .105
.117 .070
.083 .050
.015 .045
.012 .043
.068 .041
.065 .039
.061 .031
.041 .025
.000 .000
.000 .000
.000 .000
.000 .000

.010

.015

.010

.001

.007

.006

.006

.006

.005

.004

.000

.000

.000

.000

.001

.000

.000

.006

.009

.006

.004

.004

.004

.004

.004

.004

.002

.000

.000

.000

.000

Not.: Hiqh Risk refers to those with casual sexual contacts, While
Low Riak refers to the balance of th.t population.

Source: Baaed on the aq.-••x....p4Jci t J,c patterna Olt .eroprevalence
tor Uganda in 1987-88. Thia pattern wae ftdluetGQI downward to
reproduce the World Health OrqanizatJ.on .at .ate ot int.cted African
popUlation in 1990.
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Table A-10. Miscellaneous AIDS Projection Parameters, tor Urban
and Rura1 Areas

ParaDIfJter

Condo. Use

A(j8S 15-49

Sexual transmission per contact

Male to fema!e
Female to ma!e

Urban

.004

.0030

.0015

Rural

.000

.0030

.0015

Sexually Transmitted Oise8ses (STDa)

Risk factor tor HIV transmission
Hal.
Fema!e

STD transmission rate per contact

Duration ot STO infection
Hale
Female

Vertical transmission (mother to chilci)

50 50
50 50

.4 .4

41. 0 2.5
2.5 3.5

.39 .39

Source: See text tor source of individual parameters.
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Table A-11. Blood Donor and Transfusion Recipien1: Pa.rameters,
by Age and Sex, for Urban and Rural Areas

Parallleter
and age

Urban

Kale

Rural

Kale Female--------_._,--_._._.---------,-----_._-----_._--
Percent distribution of blood donating population within region

Under 15 years 0 0 0 0
15-19 years 15 3 15 3
20-24 years 20 J 20 )

25-29 years 25 3 25 3
30-34· years 10 2 10 2
35-39 years 5 1 5 .1
40-44 years 5 1 5 1
45 years and over 5 2 5 2

Proportion of population receiving a tremsfU610n per year

Under 5 years
5-14 years
15-45 years
45 years and over

.0100

.0015

.0015

.0020

.0100
• (101~
.(1030
• (1020

.00.100

.00075

.00015

.00020

.00100

.00015

.00030

.00020

Averaq6 number of units recelved per transfusion

Under 5 years
5-14 years
15-45 years
45 years and over

1
1
1
1

1
1
3
1

1
1
1
1

1
1
J
1

~_,_. l __~ ~i_,.~.... _....__""~t\~~~__i':O._.__

Source: 8100d donor data -- Barreto, J' t et 01., 1988 (Mozambique);
Odehouri, K, et a1., 1988 (COte d'Ivo1re).
Frequency of tra.nstuslon -- Auvert' 8. t et a1. I 1915e.
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