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Demographicc impact of AIDS in Addis Ababa 

SUMMARY Y 

Background:: Addis Ababa is experiencing a demographic transition in which the total 

fertilityy rate has declined from 3.8 to below replacement level over the last 20 years. This 

studyy estimates the potential demographic impact of acquired immunodeficiency syndrome 

(AIDS)) in Addis Ababa, a low-fertility urban setting in sub-Saharan Africa. 

Dataa and Method: The prevalence of human immunodeficiency virus (HIV) projected using 

aa deterministic mathematical model was put into the AIDS Impact Model (AIM) of the 

SPECTRUMM Policy Modelling System to estimate the potential demographic impact of AIDS 

inn Addis Ababa, Ethiopia. Demographic indicators from 1984 (the start of the HIV epidemic 

inn Ethiopia) to 2024, including and excluding the HIV epidemic, were compared. 

Result:: The prevalence of HIV is predicted to stabilize at 10% in adults, resulting in a total 

numberr of people living with HIV at 200,000 and a cumulative number of deaths due to AIDS 

att 50,000. About 60% of adult deaths can be attributable to AIDS by 2000. The epidemic is 

predictedd to reduce life expectancy by 10 and 17 years in 2000 and 2024 respectively, and to 

turnn to negative, the rate of natural increase after 2009. Accordingly, the rate of natural 

increasee will be -0.18%, -0.35%, and -0.71% per annum by 2009, 2014, and 2024 

respectively. . 

Conclusion:: In a low-fertility urban society of Africa, this study shows the potential for the 

HIV/AID SS epidemic to turn the rate of natural increase to negative. Population growth is 

expectedd to continue with or without HIV in Addis Ababa, as a result of high net in-

migration. . 

INTRODUCTION N 

Ethiopiaa has been experiencing a severe epidemic of human immunodeficiency virus/acquired 

immunodeficiencyy syndrome (HIV/AIDS) during the past 15 years, as in most of Africa. The 

firstfirst AIDS cases were diagnosed in hospitals of Addis Ababa, the capital city, in 1986 (1). High 

ratess of HIV prevalence were soon detected along the main trading roads of the country, with 

HIVV seroprevalence rates of 17% among 6,234 commercial sex workers and 13% among 468 
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truckk drivers working along these roads in 1988 (2,3). In 1994, data from 11 urban blood bank 

centress showed that the prevalence of HIV varied from 5% to 20%, confirming the severity of 

thee epidemic in urban areas (4). By 2000, the Joint United Nations Programme on HIV/AID S 

(UNAIDS)) estimated that 3 million people were living with HIV/AID S in Ethiopia, making it 

thee country with the third largest HIV-infected population in the world (5). However, the 

scalee of the epidemic remains uncertain, especially in the rural parts of the country where 

moree than 80% of the people reside. In contrast, the epidemic is relatively well documented 

inn the capital city of Addis Ababa. A community-based survey, carried out in 1994, estimated 

thee prevalence of HIV at 7% among adults aged 15-49 years, with a peak of 16.3% for men 

andd 11.8% for women aged 25-29 years (6). Such an epidemic is expected to have an impact 

onn the demographic structure of the city, and this is the focus of the present paper. 

Thee prediction of the impact of AIDS epidemic on the demographic structure of a population 

mustt take into account the demographic changes occurring independently of the epidemic. In 

thee past two decades in Addis Ababa, fertility has dropped considerably from a high of 3.8 

childrenn per woman (total fertility rate, TFR) in 1978 to a low of 1.8 in 1994 (7-10). This was 

corroboratedd by a Demographic and Health Survey conducted in 2000, which recorded a TFR 

off  1.9 in Addis Ababa (11). Although mortality has shown a declining trend over the past two 

decades,, it remains among the highest in sub-Saharan Africa (7). Addis Ababa is also 

characterizedd by a high level of migration from different parts of the country (12), although 

recentt data are scanty. Most previous studies on the demographic impact of the AIDS 

epidemicc have been carried out in high fertility societies, predominantly at the national level 

(13-15).. The present study is different in estimating the potential demographic impact of 

AIDSS in a low-fertility urban community of sub-Saharan Africa. 

MATERIALSS AND METHODS 

DescriptionDescription of the setting 

Ethiopiaa covers an area of about 1.1 million sq km between latitude 3° and 18° North. With 

61.11 million inhabitants in 1994, the country has the third largest population in Africa. More 

thann 80% of the people live in rural areas (7). The country is among the least developed in 

thee world in terms of economic status and living standard of its people. Ethiopia has 
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experiencedd extensive social and political upheaval; recurrent drought and famine, war and 

extensivee environmental degradation, which have negative impact on the overall national 

developmentt activities of the country. As a result, the country is characterized by high infant 

andd child mortality, low level of life expectancy, massive population movement, and poor 

infrastructure.. Over 2.5 million people live in Addis Ababa, the capital city of Ethiopia. Its 

altitudee ranges between 2,300 and 2,700 metres. The city is organized into 5 zones, 28 

districts,, and 305 kebeles (the lowest administrative entity which refers to urban dwellers 

associations).. The population of Addis Ababa is growing at the rate of 2.4% per annum, 

predominantlyy due to the high influx of people from different corners of the country. 

Althoughh the city is expanding rapidly, the existing situations clearly indicate that the 

carryingg capacity of the city in terms of infrastructure and social services has been surpassed. 

Thee city ranks among those cities in Africa with the highest infant and child mortality rates 

andd poor socioeconomic infrastructure. 

PredictionPrediction of HIV epidemic 

Thiss study combines model projections of the HIV epidemic with those of the population 

structuree of Addis Ababa. Comparisons were made between simulations including and 

excludingg the HIV epidemic. 

Thee Epimodel used by the United Nations (UN) and the World Health Organization to project 

thee future course of HIV infection has several limitations. First, the Epimodel is an estimation 

modell  which is useful in making short-term projection. The projection is based on three key 

assumptions:: year in which HIV infection first became widespread; number of people alive 

withh HIV infection in a recent year; and shape of the infection curve. The usual assumption is 

aa gamma curve (16). In most cases, it is up to the modeller to decide where the epidemic 

curvee in the current year lies on. Moreover, it does not take into account the demographic 

structuree and sexual activity of the population, which are relevant in understanding the course 

off  HIV epidemic in an area. It has, thus, limited utility for the present study. 

We,, therefore, employed a deterministic mathematical model to project the course of HIV 

epidemicc in Addis Ababa. This model was found to be more appropriate to fulfi l the intended 

objective.. The results of the model are presented elsewhere (17). Only brief details are given 
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here.. The structure of the model is based on that published by Garnet and Anderson (18), 

modifiedd to account for changing demographic schedules, i.e. the assumption of a stable age 

distributionn is relaxed, and migration effect is included, which are relevant for capturing a 

betterr picture of the epidemic in Addis Ababa. The model compartmentalizes the population 

intoo three groups, namely susceptible (HIV-negative population), HIV-infected (divided into 

33 stages of infectivity), and AIDS cases. The model predicts changes over time in numbers of 

individualss within each compartment with respect to age, gender, and sexual-activity class 

(dividedd into low and high). Those with 0-2 new partner(s) per year made up the low-activity 

class,, and those having over 2 new partners per year were classified as the high-activity class. 

Thee force of infection, through sexual transmission in susceptible individuals of specified age, 

gender,, and activity-class, is defined as the summation of effective contacts (i.e. sexual 

contactss that result in the transmission of the virus) with HIV-infected individuals of the 

oppositee sex, across age and activity-class, and stages of HIV infection. The force of infection 

iss determined by the probability of transmission of HIV from an infected person per 

partnership,, given the proportion of infected persons in the population and the average 

numberr of new sexual partners per year. Transmission is assumed to be via heterosexual 

contact,, or perinatally, and excludes individuals with AIDS. As the epidemic proceeds, the 

ratess of change of sexual partners are continually updated to keep a balance of supply and 

demand.. Age-specific fertility and mortality rates are time-dependent; AIDS cases are 

assumedd not to have children and are subject to an increased age-specific case-fatality rate. 

Thee model was parameterized using available demographic and behavioural data from the 

populationn of Addis Ababa or elsewhere in Ethiopia, and biological parameters appropriate to 

transmissionn of HIV and progression of disease appropriate to the African context from 

publishedd literature. Model sensitivity was explored in relation to parameters for which there 

wass a considerable uncertainty, with the largest effects arising from the differences in mixing 

patternss between the different activity-groups and the method of compensation of partnerships 

ass the disease progressed. 

Projectionss from the assumed start of the epidemic in 1984 were compared with the 1994 

surveyy data as a method of model validation. In this study, a single HIV prevalence trajectory 

fromfrom 1984 to 2024 was used, which provided the best fit  to the age-structured seroprevalence 

dataa from the representative citywide HIV survey conducted in 1994 (6). As shown in Figure 

1,, the prediction is that the prevalence of HIV rose rapidly from the late 1980s to a peak of 
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11%% in 2000, declining thereafter only slightly with prevalence of around 10% by 2024. The 

predictedd levelling off of the epidemic is a result of saturation of the most susceptible group in 

thee population. This is explained by the fact that entry of new uninfected group members and 

exitt of infected members due to death and migration could cause equilibrium to be reached. 

This,, however, does not mean that the incidence of HIV is zero; this simply implies that new 

casess are balanced by death and migration (19). 

Figg 1. Predicted HIV prevalence, Addis Ababa, 1984-2024 

12 2 

10 0 

aa 4 
%% 2 

00 0 

Year r 

Dataa on the predicted prevalence of HIV were put into the AIDS Impact Model (AIM ) to 

predictt the future HIV-infected population, number of AIDS cases, and number of deaths due 

too AIDS by age and gender for the prediction period. For that purpose, the AIM uses various 

setss of assumptions on the mother-to-infant HIV transmission rate, and it also estimates the 

numberr of children developing AIDS and dying of HIV infection based on assumption for the 

incubationn period among infants. Assumptions used in modelling the HIV epidemic in this 

projectionn are detailed in Table 1. The AIM , one of the components of the SPECTRUM 

Policyy Modelling System, is a computer programme for projecting the impact of the AIDS 

epidemic.. It can be used in projecting the future number of HIV infections, AIDS cases, and 

deathss due to AIDS, given an assumption about the prevalence of HIV in adults. Further, it 

cann also project the demographic and social development impacts of AIDS. A detailed 

descriptionn on SPECTRUM and its components can be found in a manual (20). In the present 

study,, the outputs from the AIM include the number of HIV-infected people, AIDS cases, and 

AIDS-relatedd deaths. 
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Tablee 1. Assumptions used on HIV/AID S parameters, SPECTRUM 

HIV/AID S S 
Percentage e 

parameter r 
off  infants with AIDS dying in first year 

Lif ee expectancy after onset of AIDS 
Reduction n inn fertility among 
Perinatall  transmission rate 
Cumulative e 
numberr of 
Yearss since 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 

HIV-positivee women 

percentagee of individuals developing AIDS by 
yearss since infection (medium variant) 
infection n Adults s 

0,0 0 
3,0 0 
5,0 0 
11,0 0 
18,0 0 
28,0 0 
37,0 0 
47,0 0 
58,0 0 
66,0 0 
73,0 0 
79,0 0 
83,0 0 
87,0 0 
90,0 0 
92,0 0 
94,0 0 
95,0 0 
96,0 0 
97,0 0 

Parameterr value 
67% % 
11 year 
30% % 
35% % 

Children n 
29,0 0 
62,0 0 
75,0 0 
85,0 0 
90,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 
95,0 0 

DemographicDemographic parameters and projection 

Thee starting year for the projection period was 1984 for both demographic and HIV epidemic 

components.. Population distribution by age and gender was obtained from the 1984 census 

reportt of Addis Ababa (12). The demographic projection was prepared using DemProj in the 

SPECTRUMM system along with the AIM (21). It follows a standard cohort-component 

techniquee of population projection. This method requires assumptions about the future course 

off  TFR, lif e expectancy, and annual rate of net migration. 

Informationn available on TFR for a number of years on Addis Ababa is used for supporting 

assumptionss about future trends. The TFR rarely declines at a constant pace throughout an 

entiree demographic transition. Rates of decline are often slow at first, increase during the 

middlee of the transition, and slow down again as the rates approach replacement-level fertility 

(21).. The changes in TFR over time were extrapolated from the observed levels in the 1984 

Censuss (12), the 1990 Family and Fertility Survey (22), 1994 Census (7), the 1995 Fertility 

Surveyy of Addis Ababa (8), and the 2000 Demographic and Health Survey data (11). Three 

differentt variants of fertility change (low, medium, and high) were used in the projection 
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process.. The medium variant used after 2000 was based on the fertility level found at the 

20000 Demographic and Health Survey (11), i.e. 1.9 children per woman. As a high variant 

assumption,, a replacement-level fertility (2.1 children per woman) was set, and for the low 

variant,, a rate of 1.7 children per woman was assumed. Assumptions on fertility are detailed 

inn Table 2. However, most discussions made on the paper are based on the medium-term 

assumption.. The age pattern of fertility is assumed to follow the UN sub-Saharan Africa 

patternn (21), which is in-built in the SPECTRUM system. 

Assumptionss about life expectancy followed the UN model schedule. This schedule assumes 

thatt life expectancy at birth, for males and females, increases by 2.0 to 2.5 years over each 

five-yearfive-year period when life expectancy is less than 60 and then increases at a slower rate at 

higherr levels (21). The Coale-Demeny North model life-table, which is assumed to be an 

appropriatee choice for Addis Ababa (7,12), was applied to fit the age pattern of mortality for 

thee data. 

Tablee 2. Assumptions used on the total fertility rate in Addis Ababa during 1984-2024 

Total l 
fertility y 
rate e 

Low w 
variant t 
Medium m 
variant t 
High h 
variant t 

Yearr of 

1984--
1989 9 
3.2 2 

3.2 2 

3.2 2 

projection n 

1989--
1994 4 
2.7 7 

2.7 7 

2.7 7 

1994--
1999 9 
1.9 9 

1.9 9 

1.9 9 

1999--
2004 4 
1.7 7 

1.9 9 

2.1 1 

2004--
2009 9 
1.7 7 

1.9 9 

2.1 1 

2009--
2014 4 
1.7 7 

1.9 9 

2.1 1 

2014--
2019 9 
1.7 7 

1.9 9 

2.1 1 

2019--
2024 4 
1.7 7 

1.9 9 

2.1 1 

Considerablee uncertainty exists in the projection of net migration and the age distribution of 

migrantss for the population of Addis Ababa. Most recent data are derived from the 1984 

census,, in which a net migration of 17/1,000 for both the sexes was described, and the Central 

Statisticall  Authority of Ethiopia assumes this rate to be almost constant in most population 

projectionn exercises for Addis Ababa (7,12). In the present study, the same assumption was 

followed. . 

Onn top of the outputs from the AIM, the population growth rate, rate of natural increase, life 

expectancy,, etc. are estimated. These demographic parameters were estimated in a projection 

withh and without AIDS and were then compared. 
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RESULTS S 

PredictionPrediction of number of AIDS cases and deaths 

Thee prediction of the HIV/AID S epidemic using the deterministic mathematical model 

showedd that the prevalence of HIV in adults would plateau at 11% between 1999 and 2004, 

beforee declining and stabilizing at 10% for the remaining projection years (Fig. 1). 

Itt is estimated that, in 2000, about 200,000 people were living with HIV in Addis Ababa. By 

2024,, the number of people with HIV may reach a quarter of a million. The model predicts 

thatt a cumulative total of 50,000 people had died of AIDS by 2000. By 2024, the cumulative 

numberr of AIDS-related deaths is predicted to exceed half a million (data not shown). 

PopulationPopulation growth and population size 

Thee rate of natural increase will turn to negative after 2009 as a result of the HIV epidemic 

(Fig.. 2). Indeed, under the medium variant fertility assumption and in the absence of the HIV 

epidemic,, the annual rate of natural increase would have been 0.57% and 0.14% in 2009 and 
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Figg 2. Predicted rate of natural increase with and without AIDS, Addis 
Ababa, , 

1984-2024 4 
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20244 respectively. However, in the presence of the HIV epidemic, the annual rate of natural 

increasee for the same years is predicted at -0.18% and -0.71% respectively. The annual 

populationn growth rate will not turn to negative, however, due to the net effect of migration 

(Fig.. 3). In the absence of the HIV epidemic, the annual rate would have been 2.64% in 1999, 

2.00 % in 2009, 1.3% in 2019, and 1.1% in 2024. With the HIV epidemic, the corresponding 

figuree is 2.1% in 1999, 1.29% in 2009, 0.55% in 2019, and 0.36% in 2024. As a result of the 

decreasee in the annual growth rate, the total population size of Addis Ababa will be lower in 

thee presence of the HIV epidemic. The effect became noticeable after 1994, and the deficit in 

populationn size reaches 50,000 (2.38 vs 2.43 million) by 2000, and will reach 660,000 (3.01 

vss 3.67 million) by 2024. 

AdultAdult mortality and life expectancy 

Thee AIDS epidemic is known to have a substantial impact on adult mortality and also life 

expectancy.. As shown in Figure 4, adult mortality was affected from 1989 onward. By 2000, 

aboutt 60% of deaths among adults were attributable to AIDS, and by 2024, over 70% of 

deathss among adults will be attributable to AIDS. As a result, and also in relation to childhood 

mortality,, life expectancy will have dropped by 9 years in 2000, 14 years in 2004, and 17 
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yearss in 2024 compared to what it would have been in the absence of the HIV epidemic (Fig. 

5).. It is currently predicted to stabilize at 47 years, while it was expected to reach 64 years by 

2024. . 

Figg 3. Predicted population growth rate with and without AIDS, Addis 
Ababa,1984-2024 4 

Year r 

•Without•Without AIDS -Withh AIDS 

Figg 4. Predicted adult deaths with and without AIDS, Addis Ababa, 
1984-2024 4 
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Figg 5. Predicted life expectancy at birth with and without AIDS, Addis 
Ababa,, 1984-2024 
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DISCUSSION N 

Thiss study addressed the demographic impact of AIDS in Addis Ababa. Addis Ababa is 

uniquee as it combines a severe epidemic of HIV with one of the lowest TFR of urban Africa. 

Inn such context, the rate of natural increase of population is expected to become negative as 

earlyy as in 2009. This would be the first documented negative rate of natural increase in 

conjunctionn with a severe epidemic of HIV in the world. 

Onee may first question the validity of the TFR estimated during the various surveys used for 

referencess in this study. Although reporting on births may indeed be subject to biases, the 

consistentlyy low TFR calculated over several surveys (1984 and 1994 census, 1990 and 1995 

familyy and fertility survey, 2000 Demographic and Health Survey) carried out by different 

institutionss adds weight to the finding (7-11). Also, the narrowing of the Addis Ababa 

populationn age-pyramid among those aged less than 10 years suggests a major reduction in 

fertilityy rate in the past 10 years (7). Finally, several important societal changes took place in 

Addiss Ababa in the past three decades and may contribute to the decrease in fertility. 

Specifically,, some most important determinants of fertility have changed over the past 20 

yearss (8,9,22). These are: increase in age at marriage (mean age at marriage increased from 20 

yearss in 1974 to 27 years in 1995), rise in the proportion of unmarried women at the age of 30 
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yearss (from 7% in 1974 to 42% in 1995), and high rate of contraceptive prevalence among 

sexually-activee women in the city (42%). Although previous data on contraceptive use are 

scanty,, the use is expected to be much lower than the current rate. 

Thee estimates used for the prevalence of HIV and its projections are based on solid data and 

aree quite conservative. Addis Ababa is one of the few African cities where an HIV 

prevalencee survey was carried out by selecting a random sample of the entire population of 

thee city (6). These data were at the backbone of the projections made in this paper. Data 

availablee from other surveys, including sentinel surveillance among pregnant women, and 

dataa from visa applicants and blood donors indicatedz a stabilization of HIV prevalence rates 

inn Addis Ababa in the second half of the 1990s in accordance with the model used in this 

studyy (4). 

Previouss attempts to model the spread of HIV and its impact on population growth have 

producedd quite diverse results. Some researchers have reported that AIDS-related mortality 

willl lead to negative population growth (14,24,25). Others reported that AIDS-related 

mortalityy will cause a significant increase in overall mortality but that this increase will not be 

soo large as to lead to negative population growth (25-27). All researchers, however, agreed 

that,, in an African setting, negative population growth will not occur unless the prevalence of 

HIVV among adults reaches 30-50% (19). Way and others argued, there is evidence from both 

simulationn modelling and epidemiological data that the epidemic of HIV does plateau (26). In 

somee cities (Lilongwe, Malawi; Lusaka, Zambia), these levels of plateauing might well 

approachh 30-40%. The rural areas are likely to plateau at a much lower level. Therefore, it is 

veryy unlikely that levels of 30-50% will be reached for any area as large as a country (19). 

Accordingg to reports by the U.S. Census Bureau, population growth rates will remain positive 

inn all sub-Saharan African countries but will be reduced significantly due to AIDS. For all 21 

sub-Saharann African countries, the annual rate of growth from 1990 to 1995 will be 2.2% 

ratherr than the 2.6% that would be projected without AIDS (24). These studies, however, 

weree conducted at the national level where fertility, in general, estimated well above 

replacementt level, and the prevalence of HIV is not as high as those observed in specific 

cities. . 
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Inn these modelling exercises, much emphasis has been put on the impact of AIDS on the 

mortalityy rate and its subsequent impact on the population growth, while potential variations 

inn the fertility rates and their impact on the population growth were not fully explored. This 

studyy stresses that the high prevalence levels described above for the population growth to 

turnn negative may not need to be reached, once one takes into account the heterogeneity of the 

fertilityy rates which exist across the African continent. Although this argument is theoretically 

sound,, there is, however, no African country with nationwide fertility rate close to the 

replacementt level. However, as in Addis Ababa, one cannot rule out the possibility of 

observingg low fertility rates in some specific communities in Africa. The last important 

componentt of the population growth rate is migration. It is, perhaps, the most difficult one to 

apprehendd as quality data on its magnitude are rare and as predictions are almost impossible 

too make. Migration was usually ignored in previous modelling work aiming at national 

predictionss on the assumption that most migrations occur within countries and that the 

balancee across countries might be zero. The situation is clearly different for most African 

citiess which experience high positive net migration rates. As was shown for Addis Ababa, 

thesee migration rates are likely to overwhelm the rate of natural increase, so that the rate of 

populationn growth will remain positive in most urban areas of Africa. 

Otherr findings of this study describe the marked impact of HIV epidemic on young adults, as 

wass shown in earlier reports (28). The impact of epidemic is much more severe among adults 

agedd 15-49 years than among any other section of the population. It is estimated that AIDS-

relatedd mortality represents 60% of all adult deaths by 2000, which suggests that AIDS is 

becomingg the leading cause of adult mortality in Addis Ababa. Adults represent the most 

economicallyy active section of the population, and the loss of this section of the population 

willl have a negative impact on the national economic development activities of the country. 

Moreover,, family disintegration and the resulting AIDS orphans are among the many social 

problemss the AIDS epidemic poses on the society. The study also revealed that life 

expectancyy at birth will be severely affected by the epidemic of AIDS. The estimated drop 

wass 9 years by 2000, and will be 17 years by 2024, with a life expectancy levelling off at 47 

years.. There are two major reasons for a large effect of the HIV epidemic on life expectancy. 

First,, AIDS causes many deaths of children at very young ages, resulting in the loss of many 

potentiall life years. Second, there is a large increase in death among those aged 15-49 years. 

Thiss group typically has very low death rates. Therefore, young adults with HIV infection are 
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nott likely to die of some other causes before dying of AIDS. Similar estimates were produced 

forr six selected countries of Southern Africa, where life expectancy had dropped 10-17 years 

beloww what it would have been in case the trend of improving life expectancy continued after 

19855 (24). 

Inn conclusion, the present study provides an insight into the demographic impact of AIDS in a 

low-fertilityy urban setting of Africa. Most importantly, the study revealed that, in a low-

fertilityy society like Addis Ababa, AIDS has the potential to cause negative rate of natural 

increasee even with the prevalence of HIV well below 30%. In addition, the study revealed that 

thee epidemic has already had a significant demographic impact on the population of Addis 

Ababaa and will have even greater impact in the future. However, the future course of the 

epidemicc and its demographic consequences could be altered through effective interventions, 

suchh as behavioural change toward safe sex, control of sexually transmitted diseases, and 

interventionss for reducing mother-to-child transmission. 

ACKNOWLEDGEMENTS S 

Thee Ethio-Netherlands AIDS Research Project (ENARP) funded this research. ENARP is a 

collaborativee effort of the Ethiopian Health and Nutrition Research Institute (EHNRI), Addis 

Ababaa and the Municipal Health Service, Amsterdam, the Department of Human 

Retrovirologyy of the Academic Medical Centre/University of Amsterdam, and the Central 

Laboratoryy of the Netherlands Red Cross Blood Transfusion Service, Amsterdam, the 

Netherlands.. ENARP is financially supported by the Dutch Ministry for Development 

Cooperation,, the Ethiopian Ministry of Health, and the World Health Organization. The 

authorss would like to thank Professor Graham Medley for his assistance in the development 

off the model used in this work. 

146 6 



Demographicc impact of AIDS in Addis Ababa 

REFERENCES S 

1.. Lester FT, Ayehunie S, Zewdie D. Acquired immunodeficiency syndrome: seven 

casess in Addis Ababa hospital. Ethiop Med J 1988;26:139-45. 

2.. Mehret M, Khodakevich L, Zewdie D, Shanko B. HIV infection and related risk 

factorss among female sex workers in the urban areas of Ethiopia. Ethiop J Health 

Devii 990;4:163-70. 

3.. Mehret M, Khodakevich L, Zewdie D, Shanko B. HIV-1 infection among employees of 

thee Ethiopian Freight Transport Corporation. Ethiop J Health Dev 1990;4:177-82. 

4.. Kebede D, Aklilu M, Sanders E. The HIV epidemic and the state of its surveillance in 

Ethiopia.. Ethiop Med J 2000;38:283-302. 

5.. Joint United Nations Programme on HIV/AIDS. Report on the global HIV/AIDS 

epidemic.. 2000. (http://www.who.int/emc-hiv/global report/). 

6.. Fontanet AL, Messele T, Dejene A, Enquselassie F, Abebe A, Cutts FT et al. Age-sex-

specificc HIV-1 prevalence in the urban community setting of Addis Ababa, Ethiopia. 

AIDSAIDS 1998;12:315-22. 

7.. Ethiopia. Central Statistical Authority. Report of the 1994 census of Addis Ababa. 

Addiss Ababa: Central Statistical Authority, 1997. pp 147-175. 

8.. Ethiopia. Central Statistical Authority. The 1995 fertility survey of Addis Ababa. 

Addiss Ababa: Central Statistical Authority, 1997. p 25-57. 

9.. Kinfu Y. Below-replacement fertility in tropical Africa? Some evidence from Addis 

Ababa.. JPopul Res 2000;17:63-82. 

147 7 

http://www.who.int/emc-hiv/global


Chapterr VII 

10.. Wilson C. Implication of global demographic convergence for fertility theory. In: 

Proceedingss of International Perspective on Low Fertility: Trends, Theories, and 

Policies,, Tokyo, 21-23 March 2001. International Union for the Scientific Study of 

Populationn (IUSSP), Working Group on Low Fertility. 2001. pp 1-19. 

11.. Central Statistical Authority [Ethiopia] and ORC Macro. Ethiopia demographic and 

healthh survey 2000. Addis Ababa, Ethiopia and Calverton, Maryland, USA: Central 

Statisticall Authority and ORC Macro. 2001. p 40. 

12.. Ethiopia. Central Statistical Authority. Report of the 1984 population and housing 

censuss results for Addis Ababa. Addis Ababa: Central Statistical Authority, 1990. pp 

52-67. . 

13.. Anderson RM, May RM, McLean AR. Possible demographic consequences of AIDS 

inn developing countries. Nature 1988;332:228-34. 

14.. Anderson RM, May RM, Boily MC, Garnett GP, Rowley JT. The spread of HIV-1 in 

Africa:: sexual contact patterns and the predicted demographic impact of AIDS. Nature 

1991;352:581-9. . 

15.. Nicoll A, Timaeus I, Kigadye R-M, Walraven G, Killewo J. The impact of HIV-1 

infectionn on mortality in children under 5 years of age in sub-Saharan Africa: a 

demographicc and epidemiological analysis. AIDS 1994;8:995-1005. 

16.. Chin J, Lwanga SK. Estimation and projection of adult AIDS cases: a simple 

epidemiologicall model. Bull World Health Organ 1991;69:399-406. 

17.. Jegou R. Demographic impact of AIDS in Addis Ababa, Ethiopia. London: Ecology 

andd Epidemiology Group, Department of Biological Sciences, University of Warwick, 

1999.. pp 22-66 (MSc thesis). 

148 8 



Demographicc impact of AIDS in Addis Ababa 

18.. Garnett GP, Anderson RM. Balancing sexual partnerships in an age and activity 

stratifiedd model of HIV transmission in heterosexual populations. IMA J Math Appl 

MedMed Biol 1994;11:161-92. 

19.. Stover J. The impact of HIV/AIDS on population growth in Africa. 1993. 

(http://www.tfgi.com/publicat/aidspigr.htm). . 

20.. Stover J. AIM: a computer program for making HIV/AIDS projection and examining 

thee social and economic impact of AIDS. Washington, DC: The Future Group 

International,, 1997. pp 5-24. 

21.. Stover J. DemPrj: a computer program for making population projection. Washington, 

DC:: The Future Group International, 1997. pp 9-37. 

22.. Ethiopia. Central Statistical Authority. Report of the 1990 family and fertility survey 

off Addis Ababa. Addis Ababa: Central Statistical Authority, 1995. p 23. 

23.. Rowley JT, Anderson RM, Wang T. Reducing the spread of HIV infection in sub-

Saharann Africa: some demographic and economic consequences. AIDS 1990;4:47-56. 

24.. Stover J, Way P. Projecting the impact of AIDS on mortality. AIDS 1998;12(Suppl 

1):S29-S39. . 

25.. Bongaarts J. A model of the spread of HIV infection and the demographic impact of 

AIDS.. Stat Med 1989;8:103-20. 

26.. Way PO, Karen S. The demographic impact of an AIDS epidemic on an African 

country:: application of the iwgAIDS model. Washington, DC: Centre for International 

Research,, U.S. Bureau of the Census, 1991. 69 p. 

27.. Bos E, Rodolfo AB. The demographic impact of AIDS in sub-Saharan Africa: short 

andd long term projections. Int J Forecast 1992;8:367-84. 

149 9 

http://www.tfgi.com/publicat/aidspigr.htm


Chapterr VII 

28.. Boerma JT, Nunn AJ, Whitworth JAG. Mortality impact of the AIDS epidemic: 

evidencee from community studies in less developed countries. AIDS 1998;12(Suppl 

1):S3-S14. . 

150 0 


