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SUMMARY

This report presents the results of the application of the
iwgAIDS mathematical model of the AIDS epidemic to data
reprosentative of a subSaharan African country. The primary
focus of the study is the demographic impact of an AIDS epidemic,
although other important implications are 4discussed.

Data inputs were selected to represent present-day
subSaharan Africa. The population size for this typical country
is 1 percent of the 1990 population of the region, while the
demographic processes of fertility and mortality were those
estimated by the U. 5. Bureau of the Census for the region. [In
terns of epidemiological data, initial infection levels were
based on 1990 estimates by the World Health Organization-about |
percent of the total population. Behaviors were selected for
input based on various studies conducted in the region. As a
result of this data input, this scenario can be taken to
represent the entire region. Rates can be used directly to
represent subSaharan Africa, while absolute numbers should be
multiplied by 100,

Major findings include:

¢ HIV infection in the population iacreagses sevenfold
over the 2%-year projection pexiod. Seroprevalence in urban
areas increases from under 4 percent to over 16 perzent of
the total urban population., Rural infection grows slowly
for a time and then increases strongly toward the end of the
period, reaching $ percent in 2015%5--a tenfold increase over
1990.

e By 2015, the number infected increases to over 700 thousand
(70 million in subSaharan Africa). At this point in time
the number of infected persons in rural areas 1s greater
than the number infactad in urban areas.

¢ Population growth continues in both urban and rural areas,
due to the excess of births over deaths, even with the AIDS
epidemic. By the end of the projection period AIDS has
reduced the to>tal population by more than one-half million
fron a non-AIDS projected total population of nearly 10
million (a $-percent reduction).

¢ Death rates in urban areas are more than double rates that
would have existed without AIDS by the end of the period,
Despite the concentration of the epidemic in urban areas,
AIDS increases nortality levels in the country as a whole by
nearly 50 percent (see fiqgure below).
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Projected Deaths, Total: 1990 to 2015
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By 201%, the wmodsl shows a total of nearly 138 thousand
deaths (13.8 million in subSaharan Africa) annually-nearly
46 thousand (4.6 million) of these are AIDS deaths.

As the result of 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,
due to the survival of many infected infants beyond their
first birthday.

An examination of the age pattern of the epidemic shows, as
expected, a concepntration of infection in the young adult
ages (ages 25-39), whare HIV seroprevalence levels excead 30
percent in the urban areas. Urban infection levels for
infants are over 10 pe.-ant,

Mortality patterns are also age related. 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 of the expected level. This reduction
results from elevated mortality rates, particularly in young
adult ages. Survival to age 45 in urban areas is less than
one-half the level expected without AIDS.

iv




An examination of alternative interventions suggests that
universal blood screening will not substantially reduce the
AIDS epidemic pecause the majority of infection is being
transmitted through sexual contact.

An increase in urban condom use to 10 percent could result
in an urban seroprevalence in 2015 about one-half of the
ne-intervention level. Twenty percent condom use would
result in declining urban infection over the period (see
figure below) .

A decrease in the duration of sexually transmitted diseases
(STDs) by 10 percent would result in an urban seroprevalence
level of 12 percent—a one-third decline from the
no-intervention level. A 20-percent decline in urban STD
duration would result in an actual decline in urban
seroprevalence from initial levels.

A reduction in the number of casual sexual contacts appears
to have the greatest relative impact of the interventions
examined. A l10-percent reduction in the number of such
contacts in urban areas would result in an urban
saroprevalence of 6 percent in 2015, while a 1S-percent or
greater reduction would result in declining urban infection
levels.

Projacted Urban HiV Seroprevalence Rate--
Condom Intervention: 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
sitvation in several African countries at a comparable level of
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 mexual 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. The
cultural and practical feasibility of effectively implementing
such interventions is also important to consider.

This analysis demonstrates the potential for continuad
epidemic growth in HIV infection and AIDS in Africa. Both urban
and rural areas experience rapidly-growing levels of infection,
although the timing of these epidemics differed. Over the next
several decades, African countries should expect growing
epidemics, although the timing and the peak infection levels will
vary from one 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 and the spread of HIY
infection. However, direct measures of such an impact are
typically slow in arriving, due to insufficlient infrastructure
for data collection and reporting. And there has been no readily
available tool to examine the likely impact through projection or
simulation methods.

With the recent development of the U.S. Department of
State’s iwgAIDS model, however, researchers and policy makers can
examine the potential effects of an epidemi¢ on a population,
given a particular set of inputs on demographic processes,
behaviors, and disease parameters, The results of such an
application should not be considered a prediction, since our
knowledge of disease processes and behaviors is incomplete and
will be improving over the next several vears. Rather, the
results should be viewed as the implications of the particular
set of assumptions that the user is making about the epidenic.
Relatively modest changes In inputs can result in changes,
sometimes major, in the projected course of epidemic growth.

The major strength of the model, then, may not be in its
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 epidemic should be viewed with healthy caution
and even skepticism, However, the fact of an epidemic Ls not in
guestion in many countries as surveillance studies have
demonstrated strong growth in infection levels. In such
settings, the AwgAlIDS model addresses two related aspects of the
epldenmic:

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

¢ Given an epidemic based on demographic processes and
patterns of behavior which may be considered typlical 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 comnpare in terms of thelr impact on
the subsequent epidenic?

The scenario which is presented in thig report is based on
inputs that have been chosen to represent processes and behaviors
not unlike those found in the subSanaran African region, It
should be noted, however, that there is considerable variation on
these parameters between countries, and particular combinations
of these parameters may result [n epldemics that are elther more
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or less extreme than the results discussed here. A review of the
HIV seroprevalence data available for Africa should convince the

reader that the potential exists for wide variation in the course
of possible epidemics in Africa.

THE iwgAIDS MODEL

The iwgAIDS 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 and Methods. Teanm
nembers included mathematicians, system analysts and demographers
from Los Alamos National Laboratories; Merriam Laboratories,
University of Illinols; Center for International Research, U.S.
Bureau of the Census; apd Department of Mathamatical Sciences,
U.S5. Alr Force Achdenmy.

This i35 a model of the spread of HIV in a population by
hetercosexual sex (both shorf.-term (casual) and long-term
(married) sexual partners), blood transfusions, and by perinatal
transmission;® and of the demographic impact of the subsequent
AIDS epidenic,

The model was designed for various uses, including technical
research, policy analysis, and decision making support. Research
uses include studying patterns of HIV spread, assessing the
relative importance of different processes on the spread of HIV,
exanining the demographic impact of HIV infections, and modeling
the impact of intervention strategies, such as the promotion of
condom use. The model can also gulde researchers by indicating
the types of data that are needed to mode) the disease and to
measure its impact.

But perhaps more importantly, the model can help policy
makers and health officials make decisions. It can ke used as a
"presentation model” to raise the awareness of the AIDS epidemic
among local health administrators. Comparisons can be nade
between various intervention strategies, the impact on the
economically active population can he assessed, etc, In fact,
iwgAIDS forms the basis of project activity known as the AIDS

'stanley, E.A., S.T. Seitz, P.0, Way, P.D. Johnson,
T.F. Curry. 1989. "The iwgAlIDS Mcdel for the Heterosexual
Spread of HIV and the Demographic Impact of the AIDS Epidemic.”
Paper prepared for the UN/WHO workshop on modeling the
demographic impact of the AID$ epidemic in pattern II countries,
New York. Decenber.

IV drug abuse and homosexual contact modules are curren~ly
being tested. However, these processes are not considered to bhe
important determinants of the AIDS epidemic in Africa.




Inpact Model (AIM), sponsored by the U.S. Agency for
International Development and bsing implemented by Family Health
International and the Futures Group. This non-technical
presentation model is aimed at policy makers in developing
countries.

The iwgAIDlS model can provide qualitative insights into
specific demographic and epidemiological questiors about the
epidemic. Demographic questions include the age pattern of
infections and the effect of the epidemic on the age-structure of
the population (e.g., dependency ratios, orphanhood), on infant
and child mortality, and on overal) population growth rates.
Epideniological questions include the relative importanca of each
infection route, how the virus 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 conditions ond not spread at
all under other conditions), the effect of other &TIDs on the
transmission and spread of HIV, and the impact of interventions
on the epidenmic,

Intervention studies might include the effectiveness of
pronoting condom use, especially since this affects other S1DS;
comparison of condom use stralegies with those to make blood
screening more ef” active; the treatmenrt of other STDS; and the
impact on HIV incidence and prevalence of treatment strateglies
such ag AZT.

A demographic model is used as the foundation for additional
AlIDS-related processes. The model projects the population by
age, includes a fartility component for births, and uses life
tables to calculate deaths. The population is divided into two
regions (e.g., urban and rural), so that aspects of intervegional
spread can be studied. We then include the major processes
inportant in HIV spread:

¢ Demographic processes-—fertility, mortality, migration;

¢ Marriage anca partnership formation/dissolution;

¢ HIV transmissior through heterosexual contact;

¢ Perinatal HIV transmission; and

* Transmission throujh contaminated blood.

The age-specific results of the model include uninfected and

infected populations by time since infection, the number of new
HIV infections and AIDS cases, the impact of AIDS on the

population age structure and demographic measures, and the spread
of HIV from urhan to rural areas.




OVYERVIEW OF INPUTS

The following is a brief description of the model inputs.
More detail, references, and background nformation can be found
in Appendix A.

Demugraphy
The first reguirement for the model is the basic demographic

descriptioa of the twe areas. For this example we look at the
urban and rural areas:

Initial populaticn, by age and sex;
o Initial and projected fertility, by age of mother;

* Initial and projected mortality rates, by age and sex
(mortality in the absence of AIDS);

¢ Initial and projectad age patterns of marriage and age
difference between partners;

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

¢ Initial and projected migration flows between regicas, by
age and sex.

These estimates can come from the most recent population
census and surveys such ag a demographic, fertility,
contraceptive prevalence, or health survey.

Demographic patterns in Africa have not been 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. The pcpulation age structure
used in tiiis analysis is based or a projected 1990 midyear
population for the entire subSaharan African region. The initial
population size is 5.4 million--1 percent of the 1990 projected
population cf subSaharan Africa. The country has a growth rate
of about 3 percent and a ds=clining mortallity rate., Life
expectancy 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
the results; if the results are interpreted as applying to
subSaharan Africa as a whole, the numbers of deaths, new
infections, new AIDS cases, eftc., can simply be multiplied by 100
to apply to the whole region,




Urban and rural populations were derived using a figure of
20 percent urban. HNo 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 iwgAlIDS model maintains the categories of "married" and
"single" (i.e., those in long-term 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
gubSaharan 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
nmigration 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 sex. This application of the model assumes
an overall net migration to urban areas of 2 percent per year.
Very little information is availe™le on circular migration and it
is assumed to be v/rtually nil in this application. The nodel
also accepts input on international migrants. However, in this
appiication we assumed international migration to be nil.

Sexual Behavior

The next sel of data input includes the sexual behavior
data. The model requires estimates of the proportions of
"promiscuous" (i.e., those having casual sexual contacts), 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 STDs are also
input.

¢ The proportion of the population engaging in casual sex is
used to estimate the population involved in high-risk
behavior. Based on several studies, 2% percent of the
married men and 75 percent of the single men in the urban
areas were considered to be involved in bigh-risk behavior
(i.e., casual sex).




e Only 5 percent of the urban married women were assumed to be
involved in high-risk behavior but S0 percent of single
urban women were considered to be involved in high-risk
behavior.

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

These modal values were decreased for the oldest and the youngest
age groups and balanced 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 unimedal distribution. For single males, the number of
contacts averages four per month. For married high-risk males,
the number of sexual contacts averages one per month outside of
marriage.

Sexually-transmitted diseases (STDs) play an important role
in the transnmission of HIV. The model incorporates several
aspects of STD infection in modeling the impact of HIV on the
population; duration of infection, rate of transmission, and
susceptiblility. These rates can vary by $STD and by country.

The amount of data availoble on STDs in Africa is scant.
Better data are needed in this area to give more reiiable
astimates of transnmission. For this appllication, an STD
transmission rate of 40 percent per contact is assumed along with
a 2-month duration for males and a 2.5-month duration for females
in urban areas and 2.5 months for malas and 3.% months for
females 1n rural areas.

Condom use has the potential of being an effective
intervention in the control of HIV. Presently there is very
little data on condom use in Africa. What is available comes
from contracaptive prevalence surveys, The results of these
studies unitormly show very little condom use. African couples
do use some contraceptives, but other forms do not stop the
transmission of HIV. A 0.4 percent rate of condom use is iLnput
for the low~risk married male and female populations,

Transmission/Natural History

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

e Population by infection status by risk group;



» Rate of standard infectivity per sexual contact;

s Relative HIV infection risk associated with STD infection;
e Rate of progression from HIV infection to AIDS;

¢ Rate of progression from AIDS to death; and

e Rate of perinatal transmission between mothers and infants.

The pattern of seroprevalence by age used in this example 1s
based on the Uganda National Serosurvey. Using this age/sex
pattern, the level of infection was then adjusted to reproduce
the recent World Health Organization (WHO) astimate of
approximately 5 million infected adults in subSaharan Africa.’
Based on the population size which is 1 percent of the total
Africa population, th. corresponding figure of infected adults is
50 thousand.

Variability in transmission remains the most significant
unexplained aspect of HIV infection., Very few estimates on the
rate of infectivity per sexual contact are availablae,
particularly for developing countries. Based on the available
estimates in the literature, per-contact transmission rates from

males to females of 0.0030 and from females to males of 0.001%
are assumed.

Sexually transmitted diseases have a wall-documented effect
on increasing the likelihood of HIY transmission. Based on
several studies in Africa, a cofactor of 50 is used in this
application. Thus, the likelihood of HIV transmission is
increased by S50 in those contacts involving an STD.

The lincubation period is defined as the time between
infection and the diagnosis of disease. With AIDS the incubation
period seens to be long and variable, Estimates of the
incubation for transfusion-asso¢iated »IDS patients ranges from
4.% years to 1% years. For this example a Weibull distribution
with means of 7.8 for adults and 1.9 for children 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 figure of 12 months for
adults and for children was used in this analysis,

‘world Health Organization Global Programme on AIDS. 1990.

current and Future Dimensiong uf the HIV/AIDS Pandemic; A
Gapsule sSummary. WHO/GPA/SFI/90.2 Rev.l. Geneva,




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 table, only selected or aggregate figures
are provided by age. In the actual input, many parameters vary
by age.

B.ood Transfusion

Blood transfusions represent the third major route for
transmission of HIV; sexual contact and perinatal transmission
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 blcood received; and

® Proportion of blood that is screened for HIV infection.

The distribution ¢f blood donors by age and sex is based on

HIV seroprevalence studies of blood donors in Mozambique and Cdte
d’Ivoire. A patient in an urban hospital is more likely to
receive a blood donation tham a patient .n a rural hospital.

Children are also more likely to have blood transfusions due to
their lack of immunity to malaria and sickle cell disease.




Table 1. Summary of Key Epidemiological/Behavioral Input

Parameters
Urban Rural
Parameter Male Female Male Female
Percent high risk (ages 25-29 years)

Single 7% 50 60 4%

Married 25 5 20 4
HIV+, in percent (gvg. ages 20-24 and 25-29)

Low-risk single 0 0 0 0

High-risk single 15.5 14.6 1.4 1.3

Low-risk married 9.3 8.8 0.8 0.8

High-risk married 15.5 14.6 1.4 1.3
Sexual contact raﬁg (per month, ages 25-29 years)

Low-risk single v 0 0 0

High-risk singlae 4 22.5 4 22.5

Low-risk married 2 8 5.79% 8 5.79

High-risk married 1 1 1 1
Percent using condoms

High-risk 0.0 - 0.0

Low-risk 0.4 - 0.0 .
HIV transmission rate (per contact)

Proportion infected .0015 .0030 .001% L0390
Perinatal transmission rate - .39 — .39
Relative risk for STDs %0 50 50 50
Duration of STD infection (months) 2 2.5 2.9 3.9
Incubation period for HIV (years) 7.8 7.8 7.8 7.8
Survival time after AIDS (years) 1.0 1.0 1.0 1.0

‘Not. sexually active.
Contacts outside of marriage,
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RESBULTS OF THE MODEL

Increase in HIV Seroprevalence

Initial seroprevalence levels for 1990 were selected which
resulted in infection levels comparable to those currently
estimated by WHO for subSaharan Africa. These figures gave an
urban seroprevalence among sexually-active adults of 6.7 percent
(3.6 percent overall), and a rural seroprevalence for sexually
active adults of 0.7 percent (0.4 percent overall). The combined
1990 seroprevalence for the total country was ).} percent.

Using the inputs described briefly above and detailed in
Appendix A, the results of the model show an ovarall increase in
seroprevalence levals for both urban and rural areas over the
2%.year period (see Fiqure 1), The rate of growth of the
epidemic in the two areas is quite different, however. In urban
areas the seroprevalence s projected to incraase from ).6
percent in 1990 to 16.6 percent of urban population in
2015--nearly a fivefold increase. Despite this relatively high
level of infection, there is little indication of a plateauing of
the epidemic in urban areas, although by 2015 it is increasing at
decreasing rates,

In rural areas, seroprevalence levels increase slowly during
the first 1% years of the projection perlod but by tha end are
increasing rapidly., Infection levels increase tenfold, from

Figure 1. HIV Seroprevalence Rate,
by Region: 1990 to 2015
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0.5 percent in 1990 to 5.3 percent in 2015. The demographic and
behavioral inputs for rural areas do not result in a
rapidly-growing epidemic, at least in the short run. As
infaction levels in urban areasg increase, howaver, increasing
numbers of rural residents are gxposed to the risk of infection
through the migration of infectwad persons from urban to rural
areas. It appears that the combined cumulative affect of this
increased exposure and indigenous epidemic growth gains momentunm
in rural areas toward the end of the projection period.

The results of the model, in terms of the growth of the
epidenic, described here may be considered to ba conservative,
especially if applied tvo an individual country. Racent
seroprevalence data for several countries in subSaharan Africa
show short-term increases in seroprevalence more rapid than those
shown here. Local variation in bLehavior and possibly in health
conditions and disease parameters may account for these
differences.

ropulation Gize and Orowth

The demographic input to the iwgAIDS model assumes declinkng
fertility levels and lncreasing levals of life expectancy in the
absence of AIDS., At the nationa) level, the epidemic projected
by the model has a moderate effact-reducing sxpacted population
growth rates. Without AIDS, the population is projected to
increase by over 7% percent in the 2%-ysar peviod from 5.4 to 9.5
million (see Figure 2). Annual population growth rites over this
period decrease from about 2.8 percent to 2.2 parcent, due to tho
demographic trends mentioned abavae.

Figure 2. Projegted Total Population:
1990 to 2015
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In the face of the AIDS epidemi:-, 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 population size in 2015 is
about 0.5 million smaller with the eplidemic than without. In
termg of the subSaharan Africa region, these results would
suggest that the total population of the region 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
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This decrease in population due to the AIDS epidemic is
accomplished by lncreasing numbers of deaths and fewer births due
to fewer women of childbearing age, Fiqure 3 shows the trends in
birth and death rates in the total population. By 2015, the
crude death rate with the AIDS epidemic i8¢ 19 compared to 10 with
no epidemic. Thus, this AIDS epidemic, although concentrated in
urkan asreas, hss raised the crude death rate by nearly 50 percent
in the country as a whole. The crude birth rate (CBR) is only
slightly reduced by the epidemic and only the CBR with AIDS is
shown on the graph.
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Figure 4. Projected Urban Population:
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Since, in this scenario the majority of the epidemic occurs
in urban areas, the impact is also concentrated there. Figure 4
shows the increase in population with the epidemic and without.
By the end of the projection period the urban population is
approximately one-third smaller than was projected without the
epidenmic. The population growth rate for urian areas in the last
S-year period of the projection is nearly one pesrcentage point
lower than without the epidemic., Again, this decrease in growth
has been brought about through increases in the number of deaths.
At 22 per 1,000 population, the crude death rate in urban areas
is more than twice the level expucted without the epidenmic.
Figure 5 shows the trend in vital rates for urban arsas,

Life Expectancy and Number of Deaths

As evidenced in the crude death rate, the AIDS epldenmlic
makes 1ts presence known in increasing the number of deaths.
Figure 6 shows tha trend over time in the composition of deaths
in the total population. Hon-AIDS deaths initially grow with
increasing population size, and then gradually decline as
projected improvements in non-AIDS mortality overcome thae




Figure 5. Projected Vital Rates,
Urban: 1980 to 2015
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Figure 6. Projected 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 noted above. 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 these are AIDS cleaths.

Initially, approximately two-thirds of the AIDS deaths are
occurring in urban areas compared with 20 percent of the non-AIDS
deaths. By 2015, 57 percent of AIDS deaths occur in urban areas.

At this time, 58 percent of the urban deaths are AIDS deaths (see
Figure 7).

What impact do these dea“hs have on levels of life
expectancy of the population? Figure 8 graphically shows the
impact of AIDS in urban areas on projected levels of life
expectancy. With no AIDS, life expectancy at birth increasaes
from around %0 years in 1990 to 58 years in 201%. Urban life
expaectancy is already affected by the AIDS epidemic in 1990 when
life expectancy is about 47 years. The impact of AIDS on urban
life expectancy increases with the increase of the epidemic. By
200%, when urban seroprevalance is 6 percent, the deficit in life

Figure 7. Projected Deaths, Urban:
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Figure 8. Urban Life Expectancy at Birth
With and Without AIDS: 1990 to 2015
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expectancy due to AIDS {s 9 years. At the end of the projection
period, when urban seroprevalence is 17 percent, urban life
expectancy is 19 years lower than that projected in the absence
of AIDS. This is a significantwloss in life expectancy and is
due to the fact that psople are dying at younger ages., Age
patterns of the mortality impac¢t will be discussed further below.

Infant and Child Mortality

A major concern in discussions of the demographic impact of
AIDS has been tha impact on levels of infant and child mortality,
Major international health programs over the pust several decades
have addressed the need to improve the survival chances for
newborns. Since the AIDS epidemic in the African setting is
predominantly heterosexual, with large numbers of women of
reproductive age infected, many (nearly two-fifths) of the births
will result in HIV infection of the newborn. Available studies
show that the survival chances for these infected infants
declines rapidly after the first year. Thus, the impact of the
AIDS epidemic will be observed both in increased levels of infant
mortality and also in levels of child mortality or mortality
under age 5. An AIDS epidemic algo has an indirect {mpact on
infant and child survivorship through the creation of AIDS
orphans.



Probabilities of survival from birth to 1 year of age
(infant mortality, or ,q,) and from birth to age 5 (,q,) were
chosen as the principai indicators, since they are both strictly
probzbilities of survival and c¢an be readily compared. Fiqures
on infant and child mortality for the total country and urban
areas with the AIDS epidemic, 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-AIDS
scenario declines to an IMR of about 73. In urban 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 tetal country given the AIDS epidemic is
slightly elsvated relative to the nosm.

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

Figure 9. impact of AIDS on Infant and Child
Mortaiity, Total and Urban: 1990 to 2015
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the last S-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 also evident.

Figure 10 shows the mortality rates for infants and children
in the total country and urban AIDS scenarios relative to the
level without AIDS. By the end of the projection in 2015, urban
infant mortality levels are 22 parcent slevated relative to the
norm. Overall mortality under age 5 is even more arfected,
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.

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

1890 to 2015
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Age Patterns

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

HIV Beroprevalence. Fiqure 11 shows the age pattern of HIV
seroprevalence in the population at the end of the projection
period (2015). Whereas the overall level of infection in the
population is almost 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 ages 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 levels for those under $ years of age are elevated
relative to older children. Infection is passed to 39 percent of
the infants born to infected mothers, but most of these infected
infants do not survive to their fifth birthday. Thus, in urban
areas, nearly 12 percent of the children under 5 years are
infected, reflecting the infection levels among women of
childbearing age. 1In the country as a whole, infection levels
for children under 5 years are around 4 percent.
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Age Patterns of Mortality. The impact of the epidemic on
levels of infant and child mortality and life expectancy have
already been discussed above. Fiqure 12 shows the impact of AIDS
on mortality rates for the year 2015 across the entire age
spectrum. Again we see that the epidemic strikes hardest the
youngest and those in the middle adult years. Levels of
mortality for those under 1 and under 5 ysars are elevated, as
has been discussed above. In the middle adult years, the effect
of the epidemic can be seen in increasing the expected mortality
levels by a factor of 6 or more in some ages. 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 i8 a low and slowly
increasing level. Approximately 12 percent of the population
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 Age-Specific Mortality Rates,
AIDS and No-AIDS Scenarios: 2015
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The age pattern of mortality in Figure 12 is, in fact, the
reason for the substantial impact of the epidemic on expected
levels of life expectancy by the end of tha projection period.
Deaths occurring to children and young adults have a much
stronger influence on overall levels of l1ife 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 raduce the aggregate
number of years of life expected in a population. F¥Figure 13
graphically portrays the cumulative impact of AIDS mortality. By
age 45, the number of survivors is less than one-half that
expacted without AIDS.

Figure 13. Urban Survivors per 100,000 Births,
AlDS and No-AIDS Scenarios: 2015
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Deficit of Population Due to AID8. An adjunct consideration
to the discussion of the impact of AIDS on tha size of the
population at the end of the projection period is the comparison
of the final population, in terms of age, with that projected
without AIDS. The age-specific differences represent the deficit
of population due to the AIDS epidemic. Figure 14 shows this
daficit for the country as a whole and for urban areas in the
year 2015, In general, these daficits resemble a graph of the
population itseif. A moment’s consideration suggests why this is
s0. 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 across time and across all age qroups, the impact aftey
2% or more years has also been distributed across these ages.
There are fewer children due both to AIDS mortality and to the
reductions in the numbers of potentjlal mothers in the absence of
AIDS. 1In addition, there are fewer adults overall, due to both
the reduced survival of births and due to adult AIDS mortality.

The lack of any dramatic and concentrated age impact is
perhaps one of the initial surprises of the impact of AIDS,
particularly in relation to other epidemics which may have a more
pronounced effaect. For example, the effect of the widespread
influenza epidemic of 1918 can stil)l be sean in the population
pyranids of many countries. The difference with the AIDS
epidenic will be its more protracted time scale and the increase
of mortality rates across a broad age spectrum. The deficit of
total population due to AIDS expressed as a percent of the
expected population is shown in Figure 15, We see the broad
impact of AIDS on the population with some concentration of
impact on the niddle adult agus.
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Figure 15. Percentage Population Deficit
Due to AIDS, by Age, Total: 2015
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Indeed, reflecting the broad deticit of population shown in
thesae figures, gross measures of population ags distribution,
such as the dependency ratio, show very little impact of the ALDS
epidemic. The dependency ratio in 2015 with the AIDS apidemic is
virtually identical to that without AIDS. COverall, thera are
77.% persons under 15 or over 6% years per 100 persons 15-64
yearg of age with the AIDS epidemic. Without AIDS, this figure
is 76.5. The epidemic in urban areas raises the dependency rvatio
to 79.0; still a modest increase considering the size of the
epidenic.

Epidenic MHeasures

Beyond the results already discussed, another aspect of the
AIDS epidemic in this typical African countyry is the outcome [n
terms of numbers infected, numbers of new infections, and numbers
of AIDS cases. These measures are important in understanding the
potential impact of an AIDS epidemic on the health systen, for
exanple, and for grasping the sheer size of this epidemic. In
order to maintain the linkage to the projection for the entire
subSaharan ragion, the inflated regional figures are shown in
parenthesis.
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Humber Infected. The level of infection in the population
has already been discussed in terms of the percent of population
infected. In this typical African country of 5.4 milllon (543
million) population in 1990, the initial seroprevalence level
corresponds to about 59 thousand (5.9 million) parsons,
two-thirds of whom are in urban areas (see Fiqure 16). OQver the
25-year projection period, the number infected increases by a
factor of over 12-to over 700 thousand (70 million) infected in
the year 2015. The doubling time for the infected population is
7 years. 0Oue to the accaleration of the epidemic in rural areas
in the latter part of the projection, by the year 201% the
infected population is about egqually divided between urban and
rural areas.

Rumber of Hew Infections. New infectionzs “fesd” the
epidemic, replacing those who dlie and contributing to growth in
the nunber infected. The number of new infectlons, then, is a
measure of the growth of the epidemic. More importantly,
howaver, this number s an indication of the potantial target for
reducing the epidemic. Thosa already infected are beyond
measures ajiped at prevention. But the annual number of new
infections represents ineffective prevention, and thus can
provide a target for praventjion measures.

Figure 16. HIV-Infected Population, by Region:
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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 17).
At this early point, the strength of the epidemic growth in urban
areas is evident. Infections continue to grow over the 25 vyears
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 stronaly. By 2015, nearly 200 thousand (20
million) new infections are occurring annually, and two-thirds of
these are in rural areas. By 2015, 12% thousand (12.9% milliion)
new infections a year are occurring in rural areas.

Figure 17. New HIV Infections, by Region:
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Number of AIDS Cases. Ths final measures of the epidemic to
be discussed are the number of new AIDS cases in the population
and the population currently with AIDS. These measures are
perhaps the best by which to gauge impact on the health care
system, since these persons are the nmost likely to seek and to
need attention by the health care system.
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Figure 18. Current AIDS Cases, by Region:
1990 to 2015
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In 1990, the model shows 7 thousand (700 thousand) AIDS
cagses in the population. Nearly 5 thousand (500 thousand) of
these are in urban areas (See Figure 18). The number of AIDS
cases increases over the projection period to over 120 thousand
(12 million) AIDS casaes in the country in 201%. At this point in
time about three out of every five are in urban areas raflecting
again the stronger urban epidemic, particularly in the early
years of this scenario. In rural areas the number of AIDS cases
increases and then declines as a result of declining numbers of
new infections during the sarly years of the projection, In the
last decade of the projection, xural AIDS cases are increasing
rapidly, reaching 51 thousand (5.1 million) in 2015. The lag
resulting from the extended incubation pericd can be seen in a
comparison of the timing of rural incrasases in nev infactions
(see Figure 17) and AIDS cases (see Figure 12),
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Figure 19. New AIDS Cases, by Region:
1990 to 2015
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Given the short life expectancy following the development of
AIDS, the relationship betwoen new AIDS cadew and thae curcent
population with AIDS is quite direct and exhibits litile of the
lag seen praviously with new infections and infected populations
(see ¥Figure 19). The population with AIDS tends to be abuut
twice the number of new infectjons. Since the epidenic is
growing more rapidly in rural areas, by the and of the period,
more new AIDs cases are occurring in rural arsas than in urban
areas.
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PROGRAM INTERVENTIONSB

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

What interventions are most cost effective for countries
with very limited budgets? The following is a description of
four different possible interventions to ba implemented in the

1990-95 period to stop or decrease the spread of HIV infection in
the population. They are:

¢ The promotion of condom use that results in the

participation of a certain percentage (5 to 25 percent) of
urban women by 1995;

¢+ An STD control program that reduces the duration of $TDs (5
to 25 percent) in the urban population by 1995;

¢ An imormation, education, communication (IEC) program that
reduces the anount of casual sex in the urban population
(5 to 25 percent); and

* A 100-percent blood screening program that becomes
completely operational by 1995,

Condom Use

One of the interventions that can be used by a country is
the promotion of the use of condoms. Condom distribution
provides a means of HIV prevention for individuals who are at
risk of contracting and transmitting HIV infection because of
their sexual or drug-using behavior. Condom usge 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 of condom use by 5 to 25 percent
of urban woumen. In 1990, 0.4 percent of the urban women and men
use condoms.
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With no intervention, 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 decrease 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 Tate of 0.6 percent by the year 2015.

Figure 20. Projected Urban HIV Seroprevalence
Rate--Condom Intervention: 1990 to 2015
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8TD Control

The second intervention nodeled is a program to control
STDs. It has been shown that infection by an STD increases the
risk of HIV infection. 1In an attempt to raduce the risk of HIV
infection, an intervention program could be put in place to
reduce the duration of STD infection. (This would come about
through earlier treatments of STDs 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 frem 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 STDs in urban areas
results in a 2-percentage point drop in urban seroprevalence
levels in 2015—from 17 to 15 percent (sea Figure 21). Larger
reductions in STD duration result in progregsively larger
decreases in seroprevalence levels in 2015%. However, even with a
20-percent reduction in the duration of urban STDs, the urban
AIDS epidemic shows signs of growth toward the end of the
projection period.

Figure 21. Projected Urban HIV Seroprevalence
Rate--STD Duration Intervention: 1990 to 2015
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Reduction in Casual Sex

Another potential intervention is an information, education,
and communication (IEC) program with the goal of reducing the
amount of caasual sex., The model defines casual sex as the number
of sexual contacts outside of marital sex. In this example we
reduce the amount of casual sex in the urban areas by a range
from % to 25 percent.
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Figure 22. Projected Urban HIV Seroprevalence
Rate--Casual Sex Intervention: 1990 to 2015
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An IEC 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 ot a rate of 17 per 100 population, the
model projects a prevalence rate¢ of around 12 for the year 2015
(see Figure 22). Under these model assumptions, a reduction of
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, STD, and casual
sex interventious suvggests that all three of these interventions
have the pirtential to dramatically change the course of the
epidemic, at least in the scenario presented here. The relative
payoffs for a given level of change 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. Different populations may be reached
by each of the interventions and the cost and feasibility of
achieving a target level of change may well differ.
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Blooed Bcreening

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

Using the iwgAIDS model, an interventior to screen 100
percent of the blood is introducad 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 100-percent blood
screening program in place by the year 1995, 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 Seroprevalence
Rate--Blood Screening Intervention: 1990 to 2015
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This i8 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 maiaria treatments. This group is not
yet at risk for HIV 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
blcod. They should review requests and treatment procedures that
require blood transfusions in an effort to reduce the number of
transfusions performed unnecessarily. However, putting all
available health funds into establishing a 100-percent screening
program may not be as cost effective as other types of
interventions, as described above.

IMNPLICATIONS

The results presented above have important implications for
the majority of subSaharan African countries in which the AIDS
epldemic can be conuidered a major concern. Whether current
seroprevalence levels are 5, 10, or 20 percent among
sexually-active adults, the results of the application of the
iwgAIDS model to this typical African country suggest that HIV
infection and AIDS are currently having substantial impacts on
the populations of these areas. Furthermore, without
congiderable 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 nore
detail. 1In particular, an analysis of the economic impact of the
epidemic is currently planned, based 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 areas, including:

* Population growth and family planning;
¢ Infant and child mortality;
¢ Family structure and AIDS orphans;

e Provision of health care;
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e Urbanization and migration; and
o Labor force and human resources,

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 Growth and Family Planning

Population growth in African countries will continue to be a
development issue into the foreseeable future. AIDS epidamics
can cause huge increases in the death rate in affected areas.

The urban crude death rate more 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. 1In
the scenario presented in this report, urban rates of natural
increase continued to be positive despite IV infection rates of
over 30 percent in young adult ages, Furtherrwore, the epidomic
pattern shown in virtually all African countries is for much
lower rates of infection and likely slower epidemic growth in
rural areas. Even in Uganda, a country hard hit by the AIDS
epidemic, average infection levels outside the capital are less
than half those recorded in Kampala,

Thus, African populations, particularly in rural areas, will
continue to grow. 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 bhirth intervals., Per capita family resources for food
and education are increased through smaller family slize. Parents
should have the freedom and the means to choose to limit their
family size. These and other important benefits to households
will continue, even in the face of an AIDS epidemic.

Furthernmore, in households in which one or both of the
spouses are infected by HIV, family planning methods provide the
means to dacide not to have an additional (possibly HIV-infected)
c¢hild, or the means to limit, through the use of a condom, the
potential transmission of HIV. These choices are also important
to maintain.
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Clinics and other outlets where family planning information
and supp' ies are available may also be places where information
on other aspects of reproductive health, including AIDS, other
S$TDs and the risk of perinatal transmission, should be made
avalilable.

Infant and 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 the average infant mortality claims about 10
percent of births in the first year, African countries have
devoted large amounts of resources to improving these conditions.

AIDS epidemics in Africa threaten to reverse the trend
toward declining mortality levels for infants and children. In
the scenario presented in this report, urban infant 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 measures of
infant mortality may not capture the full impact of the AIDS
epidemic on the wsurvival of these children,

The AIDS epldemic may have indirect effects on infant and
child mortality as well. Mothers who are suifering from
HIV-related illnesses may not be able to care adequately for
their young. Relatives and friends may be reluctant to assist,
for fear of themselves becoming infected,

Many development programs in the areas of health and
nutrition use as measures of program success the level of infant
or child mortality. To the extent that AIDS mortality is
increasing these levels, they will become less usefu)l measures of
program effectiveness in other areas.

Family Btructure and AIDS Orphans

The integrity of the family will be severely taxed in an
extensive AIDS epidemic. Mothers and fathers 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 African family has traditionally adapted to these
stresses through the extended family 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 fanily may suffer 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, traditional 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 Health 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 he no doubt, however, that an AIDS epldemic can strain
the ability of the system to function. Studies in several urban
areas in 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 [nclude
the cost of food and medication, while indirect costs result from
lost earnings or production by the care giver.

In urban areas, not al)l of the sick and dying will be
visible. Many of those who fall ill return to their rural
homelands for fami.y care. This may be particularly true of
young urban migrantg. To the extent that this occurs, the
mortality of urban residents will be less visible, since many
will actually die in rural areas. This will serve to mask some
of the effect of the AIDS epidenmic.

HIV infection and AIDS increases the susceptibility of the
host to other diseases, including tuberculosis (TB). Dramatic
increases have been recorded in those areas of Africa where TB
reporting is good and where HIV infection is increasing.
Increases in the incidence of other opportunistic infections will
also result fron elevated HIV infection levels,

Urbanization ang Wigration

Urbanization is an important population dynamic in
developing countries, especially in Africa, The migration of
rural population to the clities has been a critical factor in the
growth and economic vitality of the cities of the reglon.
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 AIDS epidemics now
evident in Africa. Youny adults, without family ties, are more
likely to have multiple sexual partners and are among the
earliest population group to become infected in an AIDS epidemic.

A major AIDS epidemic in urhan areas may affect the
migration and urbanization process in several ways. To the
extent that the epidemic increases mortality, the growth and
development of urban areas may be slowad. 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 cities may increase the flow of
migration to the city—in effect o fill the spaces vacated by
those taken by the epldemic. However there is also some risk
that, as the epidemic lncreases and matures, rural populations
may come to view the cities as "places where people gat AIDS and
die." Thiszs may reduce the propensity to migrate to the clity and
create localized labor shortages despite excess population in
rural areas.

Currently, most urban areas in Africa are characterized by
an excess supply of labor, resulting in substantial levels of
underemployment. This excess population is avajilable to
compensate for AIDs deaths in urban areas, at least initlally,

Labor Force and Human Resources

The broad impact of an AIDS epidemic on the age structure
has been examined above, The net loss of population by the end
of the projection interval, compared with the non-AIDS situation,
was distributed across age groups. This is due to the variation
in the age at the time of infection and the long incubation
period for the virus. The effect on labor force 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--0.5
million in our scenario. This loss results from actual AIDS
deaths and the loss of births due to the death of their potential
mothers,

The more subtle impact °f the AIDS epidemic on labor force
and human resources comes “° <a an examination of who dies and
where, Our discussion of »LLS mortality has shown that the AIDS
deaths are occurring to those in the nost praductive years of
life—~their 30‘s and 40‘s primarily. Thus, each death robs the
gsocliety of these productive workers and also eliminates their
potential future contributions. With an extended AIDS epidenic,
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 the *"best and the
brightest® from rural areas. Thus, an urban enidemic 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
eperging group of the urban middle class.

An AIDS epidemic in urban areas would disproportionately
affect the most educated and skilled of the nations workers, 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 highev
socioeconomic status are indeed more infected by HIV. Should
this pattern develop in countries throughout Africa, then the
AIDS epidemic will have a substantial, potentially devastating,
impact on the reqgion’s human ruesources far in excess of the
impact suggestaed by an examination of the numbers of cdeaths
alone,

CONCLUBIONS

This analysis has demonstrated the potential for continuod
epidemic growth in HIV infection and AXIDS in Africa. Both urban
and rural areas experienced rapidly-growing levels of infection,
although the timing of these eplidemics differed. Over the next
several decades, African countries should expect growing
epidemics, although the timing and the peak infection levels will
vary from one country to the naxt.

The population impacts of an epldenic have been shown to be
substantial. However, since the epidemic differentially affects
various ages and subgroups of the population, as well as urban
and rural regions, different demographic measures are not uniform
in showing this impact, Total population size and natlional
growth rates, for example, may be only moderately affected, while
mortality rates and resulting life expectancies in urban areas
showed large impacts. FPrograms targeting infant and child
mortality are not likely to make headway against the lncreasing
direct and indirect mortvality of children under age 5.

The scenarios presented in this report suggest the potential
for varicus interventions to change the course of the epidenic.
The spread of infection and AIDS result from human behavior
patterns, and changes in current pstterns can change the
direction and magnitude of the spidemic,
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Finally, this analysis has demonstrated the utility of the
iwgAIDS model in examining the numerous facets of an epidemic.
The model is designed as a tool for research and program
planning. Further development of the model and future
applications of the model to a wide range of situations will
greatly enhance our understanding of the dynamics of this

epidemic.



Appendix

“l
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DATA INPUT FOR TBE IWGAIDES MODEL

This section describes the data and parameters used as input to
the iwgAIDS model. In keeping with the approach of this paper,
the inputs reflect regional levels (particularly of the
demographic variables) are drawn from a variety of countries in
the region, or are thought to be the best available parameters
describing the transmission and natural history of HIV~related
disease. The discussion of each particular input includes a
description of the data, a review of avalilable data, and the
presentation of the particular values used in this application.
Data are divided into demographi«¢, behavioral, disease-related,
and other parameters.

Demography

1. Initiel Population. The initial population is input by age,
sex, and urban/rural residence. This input provides the
population base for the demographic and epidemiological processes
of the model. Many subseqguent parameters are input as
proportions of the population, thus avoiding repeated
calculations.

Nodelers examining the potential impact of AIDS on populations in
Africa have generally used a "stable" population age structure
(e.g., Bongaarts, 1989). A stable population is one which has
been characterized by an extended history of constant fertility
and mortality, thus giving the age distribution a reqular and
predictable pattern. We know, however, that demographic
parameters in Africa have not been constant aver 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 for the initial input may not be the best.

The population age structure used in this analysis is based on
the projected 1990 midyesr 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 %.4 million~~1 percent of the
total~~while keeping the proportional distributicn of population,
by age and sex.

Urban and rural populations were derived using a figure of 20
percent urban. Among subSaharan African countries this
proportion varies from $ percent to over 50 percent in 1990,
according to YUnited 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'Ivoire, 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 resulting pronortional
urban age distribution was affected to such a minor extent that
it was decided to use the same input proportional age
distribution for both urban and rural areas. The resulting
population for each area, by age and sex, is presented in

Table A-1l.

2. Levels and Trends in Fertility. The ilwgAIDS 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 specifies the total fertility
rate for particular years of the projection. 1Initial ASFRs are
adjusted to reproduce the desired total fertility rate level. By
this method, the uaser may determine the exact pattern of
fertility change, following a linear or other pattern of changae
to its ultimate lavel.

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 populztion and the ASFRs. The age-gpecific
fertility rates for 1990 and the projected total fertillity rates
for the 1990 to 2015 period are shown in Table A-2. No urban-
rural differentials in fertillity were assumed for the projection.
Although, in reality, there [s usually some difference,

3-4. Initial end Projected Mortality Rates and Life Expsctancy
at Birth, Input to the model for non-AIDS mortality s in the
form of age-specific mortality rates (,m,), by sex and

urban/rural residence, for the initial and the texrminal years of
the projection. Thus, the user can allow for the expected change
in the age pattern of mortality with increasing levels of life
expectancy. Within the model, expected deaths based on these
mortality rates are combined with those resulting from AIDS to
give the total deaths in the country. AIDS deaths are determined
by the model based on the infected population, time since
infection, progression to AID$, and survival after development of
AIDS.

Life expectancy, by sex, for all of subSaharan Africa for 1990 as
projected at the U.5. Bureau of the Census was used for the non-
AIDS level of mortality. These projections do not take into
account the possible impact of AIDS on mortality. The ags
pattern of mortality was determined by a comparison of the total
deaths projected without AIDS and the number that would have been
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expected based on the projected level of life expectancy and
several different "model" life tables. These model life tables
include those originally developed by Coale and Demeny (1967) and
life tables more recently developed by the United Nations

(U.MN,) (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 for males and 53.5 years for
females was used for the initial morctality input. No urban~rural
¢tfferentials in mortality were assumed for the projection.

Mortality for the terminal life table input (for the end of the
projection period) was also based on the Census Bureau
projections of life expectancy and the U.N. general pattern.
Expected levels of life expectancy in the absence of AIDS was
projected at 59.9 years for males and 64.5 years for females for
201%. Age-gpecific mortality rates, by age and sex for 1990 and
2015 as input to the iwgAlIDS model are shown in Table A-3.
Patterns of change in life expectancy, by sex, for the entire
projection period are shown below:

YEAR MALE FRMALE
1990 50.4 53.5
1996 52.4 55.8
2000 43.3 58.0
2005 56.2 60.2
2010 58.1 62.4
2015 59,9 64.95

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

$. Proportion Harried (in Union). The iwgAIDS maintains the
categories of "married® and "single" (i.e., those in long-term
partnerships and those not). Within the model, each of these
categories is characterized by differing patterns of (sexual)
behavior. Clearly, conceptualizations of behavior may be
difficult to measure empirically, and self-reported information
on marital status is not an ideal measure of fhis status, This
may be particularly true in Africa where informal unions may be
common and patterns of "trial marriages® prior to formalizing a
union may be widespread. Nevertheless, reported information from
censuses and demographic surveys provides the best available
source of information on marital status and partner formation.

It should be noted that official statistics on marriages
ronducted are not collected in many African countries, and may be
of questionable coupleteness where collected,
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For this study, marriage patterns, by age and sex, in three
African countries (Burkina Faso, Malawi, and Liberia) were
averaged to form a composite pattern of partner 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 popuilations. 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.

6. 8pouse Age Preference. Since the iwgAIDS model contains a
dynamic marriage model, information must be provided on the
preferred age difference betwsen spouses and the distribution of
this preference. Ouring the projection run, new partnerships are
formed based on thege prefarences and the avajilability of
potential partners of the opposite sex.

Since the warriage information from various African censuses
showed a S~year difference in the median age at marriage, this
S-year differential was maintained in the preference function.
Thus, males prefer a spouse on average 5 years younger than
themgelves. A standard deviation of 3 yvears was assumed for the
distribution of preferences around this mean. This age
differential was used for both urban and rural areas.

7. Rates of Marital Disruption. Rates of marital disruption, or
divorce rates, are used by the iwgAIDS model to reflect the
process of partnership dissolution. These data, however, are not
readily available for subSaharan African countries, In fact,
only Mauritius, Reunion, St. Helena, and Seychelles report the
nunber of divorces to the U.N. (United Nations, 1989). These
countries, however, are not typical of subSaharan Africa.

For purposes of this analysis, a modal divorce rate of 10 percent
per year was assumed for both urban and rural areas. This figure
is lower than levels reported for Egypt and Tunisia, although the
religious and cultural differences betwaen these two north
African countries and subSaharan Africa are great. Divorce rates
wvere assumed to decline with lncreasing ages over age 30. These
figures are shown in Table A~9.

8. Rates of Polygamy. WMany ethnic groups in Africa practice
polygyny, that is, some men have more than one wife. Obviously,
this practice affects the number of men and women in unions, as
well as the rate of sexual contact between spouses. The iwgAIDS
model allows for the user specification of levels of polygyny (or
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polyandry) and adjusts the partnership formation and dissolution
processes accordingly.

Based on the marital status data used as input, the rate of
polygyny was estimated at approximately 1.3 wives 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 (Libaria).

9. Population Mobility. The iwgAIDS model incorporates several
different aspects of the geographic mobility of the population.
The first of 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
determining the disease impact of the migrant on the destination,
separate flows to and from urban areas are maintained. Most
demographic models simplify this p ocess 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 country. 27 initial demographic processes of
births and deaths result in a population growth rate for this
hypothetical country of slightly over 3 percer™ per vear. Levels
of migration between urban and rural areas were selected which
regultaed 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 vear, compired with around 3 percent
for rural areas. The rates of migration which result in this
growth are held constant over the projection period.

Migration to urban areas tends to follow a regular pattern by
age, with peak rates in the young adult ages, followed by
declines iu the older ages. Rates for infants and young children
are also elevated, since many migrants have offspring in these
ages. Migration age patterns from urban to rural acreas are
typically less pronounced, and affect the population of older
adults. Migration rate patterns from urban and from rural areas
which corresponded to these overall trends were developed 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 or cutmigration from urban and rural
areas are shown in Table A~6.

The iwgAIDS 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



48

is potentially an important factor in the spread of infection
between urban and rural arcas. However, relatively few
quantitative studies have been done on this type of population
mobility, particularly in the African setting. 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 the urban or the rural
population. The iwgAIDS model allows for this demographic
process, treating international migration as a net process. This
assumes that the infection status and other characteristics of
those entering or leaving the country are not known. Net
international migration waz assumed to be nil for this analysis.

The final migration process provided for in the iwgAIDS model is
the adjustment of migration rates for those in different
partnership status groups. Thus, the rural-urban migration rates
for these, for example, currently in partnerships can be adjusted
to be higher or lower, older or younger, than the norm. This
allows for considerable flexibility in patterns of migration
without the need to separately specify age-spacific migration
raves for each status group. For this analysis, migration rates
were not adjusted for any status group.

gexual) Behavior

10. Proportions Engaging in Casual 8ex. These proportions are
used to estimate the population involved in high-risk beshavior.
These proportions are multiplied by the estimated population by
age, sex and marital status. The rate of promiscuous behavior of
the married female population is assumed to be low. This
assumption is based on beliefs held by traditional socleties that
extramarital behavior of the wife is unacceptable,

The proportions input for this example are partly based on
reported sexual behavior from a knowledge, attitudes and
practices (KAP) study conducted in Kinshasa where 22.6 percent of
the married men reported having extra-marital relations in the
past 6 months and 1.4 percent of the marrjed women reported the
same (Bertrand et al.,1989). A survey of 711 currently married
Zimbabwean men found that 40 percent of the men had sex partners
in addition to their wife in the past year and that 29.4 percent
had sex with a prostitute in the past year (Adamchak et al.,
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. Numbers of 8sxual Contacts per Partner. The number of sexual
contacts is input by age, sex, risk group, and marital status.
These figures are also partly based on the Kinshasa KAP study and
partly on reports of the number of sexual contacts per day by
prostitutes in Nairobi (3.7/day and 116-1042/year) (Simonsen et
al., 1990; Kreiss et al.. 1986). These figures are then balanced
with the proportions engaging in casual sex.

The figures used for the low-risk married group are for sexual
contacts within the marriage, the figures for the high-risk
married group are the number of gsexual contacts outside the
marriage (see Table A~-8). Low risk married women average nearly
six sexual contacts per month. This frequency is based on the
Auvert, et al. (1988) estimate of 1.5 weekly sexual contacts with
a regular partner and is consistent with other studies in the
region (Ryder et 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 is assumed to be four per month,
while higi-risk contacts for married males occur once per month
for males less than 50 years of age.

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

12. Proportiona of the Population Engaging in Homosexual Contact.
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 at a relatively young age (l.e.,
under age 15). A possible hypothesis is that these contacts took
place in a gender-segregated ktoarding school situation.

13. Sexually-Tra.smitted Disease (81TD) Pavameters. The model
requires the input of the average duration of infection, by sex,
For an episode of STD. These figures, together with figures for
the transmission of STDs 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 for gonorrhea., Transmission from males to
females would presumably be higher, perhaps by a factor of 2 or
more. Other studies cite transmission rates ranging from 1%
percent for syphilis and chancroid to 60~-80 percent for gonorrhea
(Over and Piot, 1990).
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Duration of infections is longer in developing countries than in
developed countries where access to medications and medical
services is better. The duration of an STD episode also varies
by disease, sex and by individual.

For this example, an STD 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 ¢o be 2.5 months for males and 3.5 months
for females.

14. Prevalence of Condom Use. Several studies have reported very
low use of condoms in Africa. The 1989 Kenya Demographic and
Health Survey (National Council for Population and Development
and Institute for Resource Developuwent, 1989) reported that 0.4
percent of women and 0.5 percent of married women used condoms
for contraceptive purposes. In the 1988 Contraceptive Prevalence
and KAP for AIDS survey of the University of Kinshasa students,
0.3 percent of married men, 1.2 percent of single men, 0.7
percent of married women, and 0.04 percent of single women used
condoms. For our application a condom use rate of 0.4 percent
was input for the low risk married males and females.

Increased condom use is one intervention that is explored in this
analysis.

Discsse Parameters

15. 8Beroprevalence of HIV. 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. Rupresentative data on rural
areas is particularly lacking.

The pattern of seroprevalence by age used for this analysis is
based on the Uganda National $Serosurvey (Herkley et al. 1989).
The study began in 1987 and continued in 1988. Cluster sampling
nethodology was used and the data presented here is based on
3,553 adults, 62 percent female and 38 pexcent male. The
seroprevalence is highest for women in the age group 20~24 and
for men in the age group 25-29 (sese Table A-9), This pattern is
typical of age patterns seen of the infection in Africa.

This observed age and sex pattern was used with an adjustment f(or
the age groups 40~44 and above in order to smooth the curve.
Using this age/sex pattevn, 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 seroprevalence for the 1%-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 seroprevalence rate is 19.1
percent in the high~risk group, ages 25-29., For the low-risk
populations, the seroprevalence rates peak in the same age
categories, 10.2 percent for females 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 has a seroprevalence rate
of 1.5 percent and the low-risk group has a rate of 0.9 psrcent.

16. 8tandard Rate of Infectivity per 8Bexusl Contact, The risk
of heterosexua) sexual trangmission of the AIDS virus is well
accepted. However, there are few astimates on the rate of
infectivity per sexual contact. The estimates that are found in
the literature are usually a partnership rate and not a psr-
contact rate. Variability in transmissibllity remains the most
significant unexplained aspect of HIV infection.

Recent reviews suggest that the average transmission probability
for heterosexual partnerships is around 0.,1-0.2, 0.1 for
homosexual partnerships. Per sex act the probability of
transmission has been estimated at less than .001 to 0.01
(Anderson and Medley, 1988). But Cameron, et al., (1989)
estimate a per-contact female to male transmission rate of 3
percent, based on a study in Nairobi. Over and Plot (1990) in
medelling the epidemic use a transmission rate of 0.03 for males
and 0.0) for females without ulcers and 0.10 for males and 0.05
for females with ulcers,

For this application we use a male to female per contact
transmission rate of 0.0030 and for females to males of 0.0018,

17. Relative HIV Infection Riask Assoclated with 8TD Infection,
Sexually transmitted diseases (S1Ds) have a well-documented
affect on increasing the likelihaod of HIV transmission. This
enhancenent has now been demonstrated both with STDs
traditionally considered ulcerative as well as with non-
ulcerative STDs.

‘The prevalence rates for the various STDs range a great deal
between countries as well as within countries. Depending on the
relacive prevalence within a country of the various STDs the risk
factor for HIV 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 relative risk is typically calculated
based on an examination of the seroprevalence of those in the
sample and self-reported episodes of an STD at some point in the
recent part. Since it is likely that they had the STD for only a
fraction of the period of exposure to HIV infection, the per
contact risk is likely to be much greater than the observed
relative risk. For this application of the model we use a
relative risk of 50 for both males and females,

18. Progression from HIV Infaection to AIDS. The incubation
period is defined as the time between infection and the diagnosis
of disease. With AIDS the incubation period seems to »e long and
variable. Estimates of the incubation for transfusion-associated
AIDS patients period ranges from 4.5 years to 15 years (Lul et
al., 1986; Rees, 1987).

In the U.S., the San Francisco General Hospital Cchort Study has
saen 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 Welbull 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 based on
transfusion-associated AIDS patients in the U.S., Medley, at al.
(1987) suggest the following age~related incubation periods:
1.97 years for children (0-4 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 years and 5,62 years, respectively.

We have 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 for adults and 1.9 years for
children.

19. Progression from ARIDS to Death. The mortality rate for
diagnosed cases of AIDS is virtually 100 percent. The 2-year
rate of progression from symptomatic HIV disease to AIDS in the
San Francisco General Hospital Cohort Study is 50 percent (AIDS
Knowledge Base, 1990).

Median survival times for AIDS patients in developed countries
ranges from 9 to 13 months (Anderson 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), infants and children 8 months (Piot et
al., 1988).

The progression to AIDS of HIV !.ifected newborns is much quicker
than in adultgs. 1In the Newborn French Collaborative study, 59
percent of the infants in the study who had HIV infection by the
age of 18 months had severe disease (Blanche et al., 1989).
Whereags, in a study o 288 HIV seropositive men at the San
Francisco General Hospital found a 33 percent progression to AIDS
at 4.5 years.

20. Rate of Perinatal Tra..omission between Mothers and Infants,
Maternal transmission of LIV is the primary cause of pediatric
AIDS particularly in countries which have established blood donor
screening. '

It is difficult to identify at birth the actual status of HIV
infection. Maternal antibodies may persist in the child for wore
than a year. Time is needed for the pasgively transmitted
maternal antibodies to disappear from the infants. Maternal IgG
antibodies readily cross the placenta and are present in the
neonate's blood in approximately the same conceantration as in the
mothert's.

There are other dif{ficulties in determining HIV infection in the
first and second year of life. The mother may transmit other
congenjtal infections or, if the mother is a drug abuser, the
HIV-uninfected baby may exhibit a transient lmmune deficliency
(Holmes et al., 1989), However, in Africa the IV-drug abuse |is
nct prevalent.

The European study reported an infection rate after 15 months of
24 percent., The authors, howvever, feel that this ls an
underestinmate due to the insensitivity of virus and antigen tests
(Eurcpean Collaborative Study, 1988). The Italian study reports
33 percent transmission from mother to child among the B9 infants
followed for at least 15 months (Italian Multicenter Study,
1988). In Z2aire, 39 percent of infants born to seropositive
mothers had evidence of HIV~1l infeccion 1 year later (Ryder, et
al., 1989). The relative risks associataed 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 of the miscellaneous projection
parameters used in this application of the iwgAIDS model.

21. Proportion of Blood that is Horesned for HIV Infection.
Blood transfusions represent the third major route for
transmigsion of HIV; sexual contact and perinatal transmission
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being the other two. Blood donation parameters used with the
model are shown in Table A-11.

The distribution of blood donors by age and sex ia based on HIV
gseroprevalence studies of blood donors in Mozambique and Cote
d'Ivoire. In these studies, 75 to 87 percent of the blood donors
vere male. For this projection, it was assumed high risk males
were as likely to donate blood as low risk males; however, blood
donations from high risk females were assumed not to occur.

The likelihood of receiving a blood transfusion is related to
diagnoeis of disease and resldence. If dlagnosis suggests a
blood transfusion, a patient in an urban hospital is more likely
to receive a transfusion than a patient in a rural health
facility. Thus, we have assumed that those in the urban areas
are ten times more likely to recelve & blood transfusion than
those in the rural areas. Children have a hligher frequency of
blood tranasfusions than adults because of thelr lack of immunity
to malaria and sickle cell disease. The exceptlion is females in
the reproductive ages. The frequency of transfusion is slightly
higher in this group because of factors related to childbirth.
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Table A-1. Population, by Age and Sex, for Urban and Rural Areas: 1990

(Population in thousands)

Urban Rural

Age Both gsexes Male Female Both sexes Male Female
All ages
0-4 years 200 100 99 798 401 397
5«9 yaars 161 80 80 642 322 ja21
10-14 years 135 68 68 540 270 270
15-19 years 114 57 57 457 229 228
20-24 years 96 48 48 363 192 191
23~29 years 78 39 e 311 155 156
J0~14 years 64 3l 33 256 126 130
35~39 years 54 26 28 215 104 111
40-44 years 46 22 24 182 88 94
45-49 years 37 18 19 150 73 77
50~-54 years 1 15 16 123 59 631
54~59 yoars 25 12 13 98 48 51
60-64 yYears 19 9 10 75 16 39
65«69 years 13 6 7 52 26 27
70~74 years 8 4 4 34 16 18
79-79 years b 2 2 19 9 10
Ovaer 80 years 3 i 2 12 5 6
Source: Based on 1990 population projected at the U.S. Bursau of the

Census and aggreqgated across all subSaharan African countries.
population distribution, by age and sex, was adjusted to the totals for
urban and rural areas shown here.

This
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Table A-2. Age-Specific Fertility Rate, per Woman, for 1990 and
Projectad Total Fertility Rates for 1990 to 2015
Age Specific Projected Total
Age Fertility Rates Year Fertility Rate
15~19 years +1163 1980 6.5
20-24 years .30185 1995 6.26
25~29 years + 3126 20400 5.89
30-34 years . 2654 2005 5.47
3%=39 years .1892 2010 5.01
40-44 yeaars .08132 2015 4.5%5
45-49 years L0323
Source: Based on 1990 to 2015 fertility levels projected at the U.S.

Bureau of the Census and aggreygated across all SubSaharan African
Countries. '




57

Table A-3. Age~Specific Mortality Rates, by Age and Sex: 1990 and 2015

80 years and over

.A8332

LAT7FLS

2015
Age Hale Femalo Male Female
Under 1 year <12499 -10117 .07641 .0615%
1-4 years 01498 . 01559 ~ 00691 00649
5-9 years .00169 00367 Q0179 .0015C
10-14 years 00233 .00219 »00120 . 00097
15~19 years »00343 .003136 .00184 .00123¢
20~24 years .004886 . 00463 . 00263 .0018¢
25-29 years .005%5)] . 00540 .00303 .0022¢
3J0~34 years 00660 .00624 .00362 .0028]
i5-19 years 00824 +007132 «00472 .0035¢%
45-49 years .01425 .01071 .00918 .0062¢
%0~%4 vyears 01953 .014%7 .01347 . 0090t
55-5%9 years .02702 02077 .01982 «0135°
60~64 years .0J88) +03030 .02985 . 02071
65~69 years »0%682 .04508 . 04499 .0325¢
- 70~74 years 08202 .06797 .0667) .0510:
75~79 years «1148% 10170 . 09645 .0783:
+ 16670

1551

Source:

Baged on 1990 and

201% mortality levels projected at the U.S.
Burgau of the Census and aqggrogated across all subSaharan African
countries. The age pattern of mortality is based on the United Nations
General pattern of mortality.
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Table A-4. Percent Married, by Age, Sex, and Urban/Rural Residence
Urban Rural

Age Male Female Male Female
15~19 years 2.14 23.60 4.28 47.20
20-24 years 18.35 67.42 32.42 87.63
25-29 years 48.13 89.35 63.85 91.06
J0=-14 years 71.57 91.09 79.29 91.12
35-39 years 82.43 90,08 85.58 88.98
‘0"44 Yﬂﬂl‘s 36161 87'-50 37365 86021.
45~-49 years 88.46 83.95 89.26 81.69
50~-%4 years 892.09 79.02 88.74 76,34
56~-59 years 89.00 72.09 89.26 67.84
60-64 years 87.69 62.37 86,12 56.89
6569 years 85.48 $3.35%5 84.85 49.81
70-74 years 82.86 44.95 80.688 40.10
75~79 years 78.52 3%.18 76.15 30.25
Source: Rural figures calculated as the average of data reported in

United Nations Demographic Yearbook, 1982, table 40, for Malawi,

purkina Faso, and Liberia.

older.

Urban figures were shifted 2.5 years



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

Age Urban Rural
15=19 years .10 .10
20~24 years .10 .10
25-29 years .10 .10
3034 years 08 .08
40-44 yaears .04 .04
45~-49 years .03 .03
%0-54 years .02 .02
55~59 years .02 .02
60~64 years .02 .02
65~69 yeors 02 .03
70~74 years .02 : .02

Source: Derived at the U.S. Bureau of the Census based on a
comparision of available data from the African region. Ses
text for discussion.
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Table A-6. Out-Migration Rates per 1,000 Population, by Age and Sex,
for Urban and Rural Areas

Urban Rural
Age Male Female Hale Female
0-4 years 4,18 4.38 6.57 6.57
%-9 years 4,38 4.38 4.93 4.91
10=-14 years 4,38 4.38 1.29 3,29
15-19 years 6.57 6.57 9.86 9.86
20~-24 years 2.86 92.86 13.14 13.14
25-29 years 9.86 9.86 13.14 13.14
30~34 years 9.86 3.86 9.86 9.86
15~29 years 9.86 9.86 6.57 6.57
40~44 years 9.86 9.86 3.29 3.29
45~-49 years 9.86 9.86 - 1.64 1.64
50~54 years 9.86 9.8¢ 1.64 1.64
55-59 years 6.57 6.57 1.10 1.10
60-64 Yyears 4.38 4.38 55 5%
65~69 years 2.19 2.19 .00 .00
70~-74 years 1.64 1.64 .00 .00
75~79 years .00 .00 .00 .00
80 years and over .00 .00 .00 ,00

Source: Derived at the U.S. Bureau of the Census based on an
assumed age pattern of migration and a target net migration to urban
areas of approximately 3 percent.



Table A-7. Proportion of the Population in the High-Risk Group, by
Age, Sex, and Marital Status, for Urban and Rural Areas: 199v

¥
o

Married Single

Sex and age Urban Rural Urban Rural
Male

15-19 years .13 .10 .60 .30
20-24 years .25 .20 75 .60
25-29 years «25 .20 +75 .60
J0~34 years .25 .20 .75 .6C
35-39 years .25 .20 75 .60
40-44 years .25 .20 .75 +6C
45-49 years 25 .20 .75 .6C
65-69 years .00 .00 .00 . 0C
70-74 years .00 . Q0 .00 « QC
75~79 years .00 .00 .00 .0C
80 years and over .00 .00 .00 « 0C
Female

15~19 years .03 .03 295 .20
25-29 years .05 .04 .50 .4t
30~34 years .08 .04 .50 .4
35-39 years .04 .04 .30 .4t
40~44 years .03 .03 29 e 3!
50-54 years .00 .01 .00 )
54-59 years .00 .00 .00 . 0t
60"64 YGGI‘B .00 000 .00 <Ot
70-7‘ YQOKS 000 .00 -00 QO'
75-79 years .00 .00 .00 0

.00

80 years and over

.00

.00

Y

Note: High Risk refers to those with casual sexual contacts,

Source: Derived at the U.S. Bureau of the Census based on

available data for selected populations and assumed age pattern.

See text for discussion.




Tabls A-8. Frequency of Sexual Contact per Month, by Age, Sex, and
Risk Group, for Urban and Rural Areas

low=-risk married High-risk single High-risk marri
Sex and age Urban Rural Urban Rural Urbhan Rur
Kals
15-19 years 8 8 4 3 1
20~24 years 8 8 4 3 1
25-29 years 8 8 4 3 1
30~34 yas&rs 8 8 4 3 1
35=39 years 8 8 4 3 1
40~44 years 8 8 4 3 1
4549 yvears 8 8 4 3 1
50~54 years 8 8 2 2 .5
54-89 years 6 6 3 2 .5
60~64 years 4 4 2 ) 5
65~69 ysars 2 2 2 1 5
70=-74 years 1 1 1 1 .5
75~79 years 0 0 0 0 o
80 years and over 0 0 0 0 0
Female
15-19 years %.7% 5.7% 10 10 1
20~24 years 5.75% 5.7% 22.5 22.5 1
30~34 years 5.75 5.75% 22.5 22.8 1
35~39 years 5.75 5.7% 22.5 22.5 i
40~-44 yoars 5.75% 5.75% 15 15 .5
45-49 yoars 5.75 5.7% 10 10 .5
50~54 years 4 4 0 0 5
%54-59 years 3 3 0 0 .5
60~64 years 2 2 0 0 .5
65~69 years 1 1 0 0 .
70-74 years 0 0 0 0 .9
75~79 years Q 0 (1] 0 0
80 years and over 0 0 0 0 0

Note: High Risk refers to those with casual sexual contacts.

Source: Derived at the U. S. Bureau of the Census based on
available data for selected populations anq an assumed age
pattern of behavior. See text for discussion.
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Table A-9. HIV Seroprevalence, as a Proportion of the Population, by
Age, Sex, and Rigk Group, for Urban and Rural Areas: 1990

Urban Population Rural Population
Sex and age High Risk Low Risk High Risk Low Risk
Male
Unider 5 years - .011 - . 001
5~9 years ~- .003 —- .000
10~14 years - .000 - . 000
15~19 yesrs .051 <031 .005 .003
20~24 years .119 .072 .010 .006
25~-29 years .191 .115 .017 .011
30-34 years .131 .078 .012 .008
35-39 years «103 . 062 009 . 006
40~44 years .091 .058% .008 .005%
50~54 years .083 .050 007 .004
54~59 years .040 .024 .003 .002
60-64 years .032 .019 .001 .002
6569 years . 000 .000 . 000 .000
70~74 years .000 . 000 .000 .000
75-79 years . 000 .000 . 000 000
80 years and ovar .000 .000 . 000 .000
Female
Under % years - .010 - .001
5-9 years - .003 - .000
10~14 yeurs - .000 e .000
20~24 years 1795 .10% .015 009
25-29 yesrs <137 .070 .010 .006
30-34 years .083 . 050 .007 .004
15-39 years .075% .04% 007 .004
40-~44 years 072 043 .008 .004
45-49 years .068 .041 .006 004
50-54 years . 068 .039 .006 .004
54-59 years . 061 .037 .00% 004
60~64 years .041 .025 .004 .002
65-69 years .000 .000 .000 .000
70~74 years . 000 . 000 . 000 .000
75-79 years . 000 . 000 .000 .000
80 years and over .000 .000 .000 .000

Note: High Risk refers to those with casual sexual contacts, while
Low Risk refers to the balance of the population.

Source: Based on the age-sex-specific patterns of seroprevalence
for Uganda in 1987-88. This pattern was adjusted downward to
reproduce the World Health Organization estimate of infected African

population in 1990.
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Table A-10. Miscellaneous AIDS Projection Parameters, for Urban

and Rural Areas

Paramaeter Urban Rural
Condom Use
Ages 15-49 .004 . 000
Sexual transmission per contact
Male to female .0030 .0030
Female to male .0015 .001%
Sexually Transmitted Diseases (5TDs)
Risk factor for HIV transmission
Male 50 50
Female 50 50
STD transmission rate per contact .4 . 4
puration of STD infection
Male 2.0 2.5
Female 2.9 3.9
.39

Vertical transmission (mother to child)

.39

Source: See text for source of individual parameters.
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Table A~11. Blood Donor and Transfusion Recipieni Parameters,
by Age and Sex, for Urban and Rural Areas

Urban Rural

Parameter -
and age Hale Female Male Female

Percent distribution of blood donating population within region

Under 15 years 0 o 0 0
15~19 years 15 3 15 3
20-24 years 20 3 20 1
25~29 years 25 3 25 3
30~34 years 10 2 10 2
36~39 years 5 1 5 1
40~-44 years 5 1 5 1
45 years and over 5 2 5 P
Proportion of population recelving a transfusion per year

Under % years 0100 0100 .00100 00100
5~14 years .007% L007% .0007% .00075
15-4% years L0019 0030 .00015% .00030
45 years and over . 0020 . 0020 . 00020 .00020
Average number of units received per transfusion

Under % years 1 1 1 1
$5~14 years  § ) § 1 1
15-45 years 1 3 1 3
4% years and over 1 ) 1 1

Source: Blood donor data -~ Barreto, J., et al., 1988 (MHozambique);
Odehouri, K, et al., 1988 (Codte d'Ivoire).
Frequency of transfusion -- Auvert, B., et al., 1988,
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