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CHAPTERR I 
Genera ll  Introductio n 





Generall Introduction 

1.1.. THE HIV/AID S EPIDEMI C IN SUB-SAHARAN AFRICA 

Inn 1981 Acquired immunodeficiency syndrome (AIDS) was first recognized as a new disease 

inn the United States when clinicians in New York, Los Angeles, and San Francisco began to 

seee homosexual men with Pneumocystis carinii Pneumonia (PCP) and Kaposis Sarcoma (KS), 

unusuall  diseases for young adults not known to be immunosuppressed (1,2). It soon became 

apparentt that this syndrome was not confined to one segment of population, but was found in 

otherr populations, including injecting drug users, hemophiliacs, blood transfusions recipients, 

andd high-risk heterosexuals. Few years later the human immunodeficiency virus (HIV) was 

discovered,, and diagnostic tests soon became available to identify those infected and to screen 

thee blood supply. 

Moree than 60 million people have been infected with HIV since the start of the epidemic, of 

whomm about one-third have died, and by the end of 2001 an estimated of 40 million people 

aree living with HIV/AID S worldwide (3). Around the world, an estimated 5 million people 

becamee infected in 2001 alone, 800,000 of them children. Those who are hardest hit by the 

epidemicc are between the ages of 15 and 49, the time when people are in their most 

productivee and reproductive phases of their lives. 

Thee first cases of AIDS seem to have emerged in Africa in 1978-79 (4). Since then the 

epidemicc has expanded at a fast rate throughout the continent. UN AIDS data for 2001 showed 

that,, of the approximately 40 million infections world wide, 28.5 million (71.3%) were in 

Sub-Saharann Africa (3). In 2001 alone 2.2 million adults and children died of AIDS in sub-

Saharann Africa and there were 3.5 million new infections in 2001 in the region. There are now 

122 countries in sub-Saharan Africa in which more than 10% of the adult population aged 15 to 

499 is infected with HIV. In five countries in the southern part of the region at least one in five 

iss living with HIV. In Botswana, a startling 39% of adults are now infected with HIV, which 

iss the highest in the world (3). In most sub-Saharan African countries AIDS is single-

handedlyy reversing the development gains of the last several decades. In most of these 

countries,, life expectancy, which had risen steadily from the 1950s until early 1990s, is being 

reversedd as a result of AIDS (5). The impact of AIDS has reverberated through every sector of 

thee society, from health to agriculture, education, and the private sector, and is draining 

economiess of the vital resources of a whole generation. 

11 1 



Chapterr I 

Theree are however some glimmers of hope in the fight against AIDS in Africa. In countries 

likee Uganda and Zambia some encouraging changes have been documented. In some places in 

thesee countries the prevalence of HIV-1 infection has fallen since the early 1990s, which has 

beenn attributable to changes in sexual behaviors (6,7). However, in other parts of Southern 

Africaa the epidemic continues unabated (8). Since we still lack a vaccine to battle HIV, 

preventionn program such as education and behavioral change continue to be the most effective 

wayss to fight against the AIDS pandemic. 

Althoughh the majority of HIV infections occur in sub-Saharan Africa, only very limited 

informationn on disease progression and survival time is available from the region. However, a 

widespreadd misapprehension exist that HIV infection progresses much more rapidly in 

patientss in Africa than in industrialized countries (9). Recently reports from some African 

populationss indicated that HIV infection has a similar natural disease progression in Africa as 

seenn in industrialized nations before the widespread use of antiretroviral therapy (10-11). The 

adventt of highly active antiretroviral therapy (HAART) in the industrialised countries not 

onlyy improved survival with HIV infection also reduced the incidence of opportunistic 

infectionss (12-13). Unfortunately, such therapy is scarcely available in sub-Saharan Africa 

wheree it is most needed. Obstacles to the use of HAART in sub-Saharan Africa include the 

highh costs of the drugs and the lack of infrastructure to deliver the drugs and monitor 

treatmentt (12,14-15). 

1.2.. HIV/AID S IN ETHIOPI A 

TheThe setting 

Ethiopiaa is one of the world's oldest civilizations in Africa. The country covers an area of 

aboutt 1.1 million square kilometers between latitudes 3° and 18° north in the hom of Africa 

(16).. The country is divided into 11 administrative regions, 64 zones, 550 districts, and over 

10000 Keble's (the smallest administrative unit). With an estimated of 65 million inhabitants, 

itt is the country with the third largest population in Africa, of which over 80% live in the rural 

areass (16). There are over 80 ethnic groups in Ethiopia with distinct culture and language. 
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Generall Introduction 

Overr 50% of the population is Orthodox Christian, 33% Muslim, 10% Protestant and the 

remainingg 7% comprise different religious groups (17). The country is among the least 

developedd in the world in terms of economic development and living standard of its people. It 

hass also experienced extensive social and political upheaval, recurrent drought and famine, 

wartimee disruption, and degradation of natural resources. In the last two decades the poor 

socio-economicc status of the country has further compounded by the emergence of the 

HIV/AID SS epidemic. 

TheThe current status of the HIV epidemic 

Ethiopiaa is one of those countries in sub-Saharan Africa hardest hit by the HIV epidemic. The 

officiall  figures used by the Government of Ethiopia come from UNAIDS. According to 

UNAIDS,, at the end of 2001, an estimated total of 2.1 million adults and children were living 

withh HIV/AID S in Ethiopia. In 2001 alone an estimated of 160,000 adults and children have 

diedd of AIDS (3). AIDS is now the leading cause of mortality in the age group 15-49, killing 

adultss in the most productive and reproductive phases of their lives. Life expectancy in 

Ethiopiaa is being reversed as a result of AIDS and expected to drop to 46 years instead of 53 

yearss in 2001, and -50 years instead of the expected 59 years in 2014 (18-19). Ethiopia houses 

thee second largest population of children orphaned by AIDS in sub-Saharan Africa, next to 

Nigeria.. The number of AIDS orphans by the end of 2001 was estimated at 990,000 (3). 

Theree is a lack of population-based epidemiological data on HIV/AID S in Ethiopia. HIV 

incidencee data are also very rare. AIDS notification data capture only a fraction of new AIDS 
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casess and are subject to reporting delays. Therefore, seroprevalence data are the only options 

too estimate the magnitude, and monitor the trend of the HIV epidemic in the country. Like in 

manyy countries throughout Africa, HIV prevalence among pregnant women attending 

antenatall  clinic (ANC) is the main source for monitoring the epidemic and assessment of the 

impactt of interventions to reduce transmission (20). ANC prevalence data were available from 

344 sentinel sites throughout the country in 2001(19). In urban areas, HIV prevalence ranging 

fromm a low of 3.1% to a high of 23.4% was documented, with an average prevalence rate of 

13.7%.. Furthermore, 20 out of the 28 sites had prevalence rates exceeding 10%. These data, 

therefore,, confirmed the severity as well as the diversity of the HIV epidemic in the urban 

partss of the country (Fig 1). In contrast, the data from 6 rural sentinel sites found an average 

prevalencee rate of 2.7%. However, the number of sentinel sites is not adequate to describe the 

rurall  HIV epidemic in Ethiopia. Interestingly, a study on 61,000 rural male army recruits in 

1999/20000 gave a better picture of the rural epidemic. The study found an overall HIV 

prevalencee of 3.8% among the recruits, ranging from 3.2% to 4.3% in different region (21). 

Thoughh these rates are lower than the expected, they suggest that the HIV epidemic is now 

welll  established in rural Ethiopia. 

Thee primary modes of transmission of HIV in Ethiopia are heterosexual contacts and prenatal 

transmissionn (19,22-23). Despite the high level of knowledge about HIV/AIDS, a significant 

proportionn of the population, particularly the young, is at risk of HIV infection (19). Casual 

andd extramarital sex is very common while condom use has not yet reached high level. 
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Figl.(Ref.. No. 19) 

— // Urban HIV-prevalence of 
pregnantt women visiting ANC, Ethiopia 2001 

TheThe progression of the HIV epidemic 

Thee HIV epidemic started in the mid-80s in Ethiopia. The first sera with HIV antibodies date 

backk from 1984, and the first AIDS cases were diagnosed in 1986 in Addis Ababa, the Capital 

Cityy (24-25). Two years later in 1988, high rates of HIV prevalence were detected among 

longg distance truck drivers (13%) and commercial sex workers (17%) residing along the main 

tradingg road of the country (26-27). Since then the epidemic has expanded at a fast rate 

throughoutt the country. 

Inn 1989, only 4.6% of women attending antenatal care clinics in Addis Ababa were HIV 

positive;; but this proportion had risen to 10.5% in 1990 (28). By 1996 the prevalence peaked 

att 17.8%, and then showed a modest decline though not statistically significant. Accordingly, 

thee rates were 17.5% in 1997, 14.1% in 2000 and 15% in 2001 (29). Between 1995 and 2001, 

thee prevalence of HIV among young women (15-24 years) attending antenatal clinic in the 

innerr city health centers of Addis Ababa significantly declined from 24.2% to 15.1% (29). 

Sincee prevalence estimates for younger age groups are indicators of relatively recent 

infectionss (30), the observed decline in the inner city was considered an encouraging finding 

althoughh it remained to be confirmed in other population groups (29). 
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AA retrospective study on a total of 63,869 visa applicants between 1993 and 2001 in urban 

Ethiopiaa showed an interesting trend. Visa applicants were those applying for visa to 

countriess requiring prior HIV testing of immigrants. These include scholarship winners, 

winnerss of the United States of America (USA) Diversity Visa lottery, pilgrims traveling to 

Mecca,, and workers (mostly women) looking for job opportunities in Gulf countries. The 

meann ages of these visa applicants were 32 and 26 years for males and females, respectively. 

HIVV prevalence ranged from 6.8% in 1993 to 10.4% in 1997, while it stabilized at around 

11%% after 1997. Among the young visa applicants (ages 15-24), there was a modest increase 

inn prevalence from 7% in 1993 to 9% in 1997 and then remained nearly stable until 2001 (31). 

Veryy limited data and studies described the rural HIV epidemic in Ethiopia. Pollock et al 

(1994)) reported HIV prevalence in Ethiopian immigrants to Israel (32). Up to 1990, the 

immigrantss came directly from their remote rural villages in northern Ethiopia and no 

infectionn was detected in several thousand individuals. Those arriving in 1991-92, however, 

hadd spent more than a year in Addis Ababa before arriving to Israel, and 2.1% of them were 

infectedd with HIV. A small study in 1991 in a rural village near Addis Ababa found a 

prevalencee of only 0.4% (1/240) among adults (33). This might suggest that, at least up until 

1991,, HIV was not prevalent in the rural areas of Ethiopia. However, since then there was 

increasingg evidence that HIV has spread in the rural areas of the country. It was thought that 

citiess and towns act as reservoirs from which spread of the disease occurred (33). Also the 

returnn of soldiers to their rural origins following the defeat of the former government in 1991 

wass believed to have contributed to the spread of HIV in to the rural parts of the country. Of 

note,, high prevalence (26.8%) of HIV was documented among former soldiers in 1993 in 

Gondarr town, Northwest Ethiopia (34). Former soldiers did spend sometime in urban areas 

beforee they return to their rural origin. In 1995, a prevalence of 5.7% was documented among 

ANCC attending pregnant women in a rural village near Debre-Tabor town, Northwest Ethiopia 

(35),, which suggested spread of HIV into rural Ethiopia. The data available in 1999/2000 on 

61,0000 new rural male army recruits gave additional evidence that HIV has spread widely into 

rurall  Ethiopia. A study in Afar Region, Northeastern Ethiopia, found an overall HIV 

prevalencee of 6.4% among police recruits in the year 2000 (36). Higher prevalence was 
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documentedd in women (9.5%) than men (5.4%). Recently (2002) ANC data from same 

Regionn found a prevalence rate of 8% (37). 

Thee data from the different sources are subjected to several biases and should be interpreted 

withh caution. Though ANC data often considered representative of the general population, 

validationn studies in a number of African countries have shown that antenatal clinic data 

underestimatedd on average by 28% the HIV prevalence in the general population (30, 38-44). 

Butt this may not always be the case as revealed by a recent study in Addis Ababa where an 

ANCC based prevalence was found to overestimate the prevalence in the general population 

(45).. Visa applicants' data are difficult to interpret due to the diversity in the soicio-

demographicc characteristics of the study population. However, since temporal trends in HTV 

prevalencee are of greater interest than the exact magnitude, the data from these different 

sourcess remain valid in tracking changes in HIV prevalence over time, provided that the 

magnitudee or direction of biases does not change over time. Data from army recruits also have 

somee limitations. Pre-screening for general health conditions before recruitment is one 

importantt source of bias that affects generalizability of the data. In rural Ethiopia gender 

differentiall  in HIV infection is not known, therefore, the prevalence data from male recruits 

mayy not easily be extrapolated to the female population. 

Despitee the limitations, all data suggest that in urban Ethiopia the HIV epidemic started in 

mid-80ss plateau around mid-90s and stabilizes afterwards. Of note stabilization of HIV 

prevalencee does not mean that HIV incidence is declining, simply that new cases are balanced 

byy deaths or out migration. High stable HIV prevalence rates also mean continuing incidence 

rates.. The progression of the HIV epidemic in rural Ethiopia cannot be fully described due to 

lackk of data. Though scanty available evidences indicate that the HIV epidemic started in the 

earlyy 90s in rural Ethiopia and that recent data showed an increasing trend over time. 

GeographicGeographic heterogeneity 

Thee study on a large population of male army recruits in 1999/2000 showed that HIV 

prevalencee was nearly double among urban recruits (7.2%) compared to their rural 

counterpartss (3.8%) (21). Likewise, the most recent data (2001) from women attending ANC 
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showedd even a wider variation in HIV prevalence between urban and rural areas (13.7% 

versusversus 2.7%) (19). Besides, there was substantial regional variation in the spread of urban 

HIVV (Fig 2). The same study on urban male army recruits found prevalence rates ranging 

fromm 4.3% in Southern Region to 10.5% in Amhara Region. HIV prevalence ranging from a 

loww of 3.1% to a high of 23.4% was also documented among ANC attending pregnant women 

inn 28 major urban areas of the country (19). On the other hand, the spread of rural HIV 

appearedd less divers as revealed by prevalence rates of rural male army recruits ranging from 

3.2%% in Southern Region to 4.3% in Amhara Region (21). Available evidence so far on the 

spreadd of urban HIV in Ethiopia suggested that of the 5 major regions, Amhara Region was 

thee most affected region, followed by Addis Ababa, Oromia, Tigray, and Southern Nations 

Nationalitiess and Peoples Region (SNNPR) (19,21,26). A wide range of factors ranging from 

socio-economic,, cultural and demographic factors to sexual behaviors patterns and the 

prevalencee of sexually transmitted infections (STIs) might be responsible for the uneven 

spreadd of HIV within the country as previously documented elsewhere in sub-Saharan African 

countriess (8, 46). 

Figg 2. HTV-1 prevalence among male army recruits by region, 
1999/2000,, Ethiopia, N=72,000 (Ref. No. 21) 

12 2 
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AgeAge and gender differential 

AA community-based survey on 3853 randomly selected individuals aged 0-49 years in 1994 in 

Addiss Ababa showed that only 2 out of 242 children (0.8%) under 5 years of age were HIV 

positive.. After age 5 years, the first HIV positive sera were identified at age 14 years for 

womenn and 15 years for men. There was, however, no infection detected in the age group 6-

133 years (22)(Fig 2), suggesting that modes of transmissions other than heterosexual and 

mother-to-childd did not play an important epidemiological role in the transmission of HIV in 

thee country. The same study also revealed that in the age group 15-24 years the prevalence 

wass 3% in men and 5.9% in women. In both sexes, however, the peak prevalence was 

documentedd in the age group 25-29 (16.3% for men and 11. 8% for women). A study on male 

armyy recruits in 1999/2000 also documented the peak prevalence in the age group 25-29, 

beingg 6% for rural and 15.3% for urban recruits (21). Results of the analyses of 2001 ANC 

surveillancee data from 12,689 pregnant women in 34 urban and rural sentinel sites throughout 

Ethiopiaa revealed that the prevalence of HIV decreased with age and the peak prevalence was 

documentedd in the age group 15-24 (19). Another study on 677 in and out-of-school 

adolescentss found a prevalence rate of 1.7% among those aged 15-19 years and 7.6% for 

thosee aged 20-24 years (47). The prevalence rate was 11.1% for females in the age group 20-

24,, while the corresponding figure for males was 5.6%. All these data indicated that the 

prevalencee of HIV peaks in the younger age group, suggesting a continuing high HIV 

incidencee rate in the country. Women tended to become more infected at younger age than 

menn mainly due to earlier initiation of sexual activity and exposure to old sexual partner that 

weree already infected. In particular, young girls in Ethiopia are more vulnerable to HIV than 

boyss because of early age at sexual debut, early marriage, sexual abuse and violence such as 

rapee and abduction (48-49). 
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Figg 3. HIV-1 prevalence by age and gender, 
Addiss Ababa, 1994, n=3858 (Ref. No. 22) 
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High-riskHigh-risk groups 

Certainn sections of the population are more affected than others due to their high level of 

exposuree to risky sexual behaviors. Ever since the HIV epidemic started in Ethiopia sex 

workerss have been highly exposed to HIV. Due to their high HIV prevalence, to their 

increasedd ability to transmit HIV when co-infected with other STIs, and to the broad 

populationn groups they reach through their clients, sex workers have often been described as 

'coree group', namely, a small group in which the infection is endemic and from whom it 

spreadss to the population at large (50). A large-scale survey on sex workers operating in the 

mainn trading roads of Ethiopia in 1988 found HIV prevalence rates ranging between 5.3% and 

38.1%% with mean prevalence of 17% (26). In 1989, HIV prevalence was already 24.7% 

amongg sex workers in Addis Ababa (51). By 1990 HIV prevalence reached 50% among sex 

workerss in four major urban centers of the country (28). A study on 372 sex workers 

attendingg STD clinics in 1998 in Addis Ababa found a remarkably high prevalence of HIV 

(73.7%)) (52). In a study carried out in two factories near Addis Ababa, 42.4% of adult men 
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havee acknowledged occasional sex with sex workers when going to bars (53). Sex workers 

estimatedd to represent around 7.1% of the sexually active female population of Addis Ababa 

(54)) and are therefore highly solicited to respond to the high demand for sex workers in the 

cityy (52). 

Longg distance truck drivers are another group known to be at increased risk of HIV infection 

nextt to sex workers in Ethiopia. This is because their work involves considerable travel away 

fromfrom home and families, which are factors associated with higher risky behaviors in an 

individual.. HIV prevalence was already 13% in truck drivers in 1988 (27). At that time the 

ratee was less than 5% in the general population, as indicated by pregnant women attending 

ANCC in Addis Ababa. In 1989 the prevalence among truck drivers increased to 17.3% (55). 

Veryy high prevalence rates were then documented in 1994 (40%) and 1995 (26.7%) among 

driverss in Gondar, Northwest Ethiopia (56). 

Inn the last two decades, Ethiopia experienced prolonged civil war that involved recruitment 

andd mobilizations of soldiers throughout the country. Following the defeat of the previous 

Ethiopiann government in 1991, nearly half a million army was dismantled and scattered all 

overr the country (57). During that time the prevalence of HIV infection in demobilized 

soldierss was estimated at about 11% (16,26). Few years later, between 1993 and 1995, studies 

inn Gondar town, Northwest Ethiopia, documented prevalence rates exceeding 25% among 

soldierss (34). In contrast, the same studies found prevalence rates not exceeding 15% among 

otherr population groups. 

NationalNational response to the HIV epidemic 

Thee National Task Force on HIV was established under the Ministry of Health (MOH) in 

1985;; a year after the first reported HIV cases in Ethiopia (58). In 1987, an office within the 

MOHH responsible.for directing and coordinating the implementation of the AIDS Control 

Programm (ACP) was established. Two medium- term HIV/AID S prevention and control plans 

weree designed and implemented between 1987 and 1996, with the emphasis on information, 

educationn and communication (IEC), condom promotion, surveillance, patient care and the 

expansionn of HIV screening laboratories in different health institutions (59). Interestingly, a 

surveyy in 1994 has shown that nearly 90% of the urban population in Ethiopia knew at least 
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twoo acceptable ways of protection from HIV infection and this encouraging result was 

thoughtt to be attributable to the efforts of the national program (60). However, these 

programss have been seriously constrained by years of economic and political instability in the 

country.. Ethiopia has experienced recurrent episodes of drought, famine and protracted civil 

warr in the past two decades. Between 1977 and 1992, an estimated total of 9.5 million 

civilianss have been displaced (23). During these events, organized HIV/AID S intervention 

programss were not possible. 

Withh the HIV/AID S situation worsening in the 90s, the Government of Ethiopia approved a 

comprehensivee HIV/AID S policy in 1998. In 2000, the National HIV/AID S Council 

Secretariatt (NACS) was then established under the Prime Minster's office. The President of 

Ethiopiaa heads the National Council that consists of 85 members from multiple sectors 

includingg regions and private organization (61). Several UN agencies in Ethiopia currently 

havee some program activity with the objectives to reduce the spread of HIV epidemic, 

alleviatee its impact, and increase access to treatment, care and support for those infected and 

affectedd by HIV/AIDS. UNAIDS-Ethiopia HIV/AID S Theme Group and Technical Advisory 

Groupp are also actively engaged in promoting and coordinating UN agency programs, and 

mobilizingg financial and technical support. The Ethio-Netherlands AIDS Research Project 

(ENARP),, Center for Disease Control (CDC) and The Johns Hopkins University-Information 

Centerr are now actively involved in assisting the country's program by providing scientific, 

technicall  and data bank supports. In particular, ENARP has contributed to the understanding 

off  the HIV infection progression in Ethiopia and laid the ground for future introduction of 

antiretrovirall  drugs and vaccine researches (62). There are a growing number of anti-

HIV/AID SS activities being carried out, with many NGOs being involved in prevention, care 

andd support activities at all levels. Two national NGOs namely, Dawn of Hope and Mekdim 

Ethiopia,, which were formed by People Living with HIV/AID S (PLWHA) have been actively 

involvedd in HIV/AID S campaigns and also protecting the rights of PLWHA in the country. 

DKTT Ethiopia, a social marketing organization, has been engaged in condom promotion and 

supplysupply throughout the country. Interestingly, mass media coverage on HIV/AID S has been 

increasingg over the years. A recent (2001) behavioral survey in Ethiopia revealed a number of 

encouragingg results. Knowledge about HIV/AID S has increased to 98% compared with 90% 

inn 1994. Moreover, condom use among sex workers and the number of media sources for 

AIDSS message have also increased (19). In contrast, despite the high level of knowledge 
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aboutt HIV/AIDS, a significant proportion of the population, particularly the youth is at risk of 

HIVV infection, suggesting that increased knowledge does not necessarily translate into 

changess in behavior. 

Inn conclusion, although HIV/AID S intervention programs were in place in Ethiopia since the 

earlyy years of the epidemic, the programs were constrained by years of socio-economic and 

politicall  instabilities in the country. Recently encouraging signs of commitment from various 

stakeholderss and good political commitment from the side of the government have been 

observedd in the fight against HIV/AIDS. However, there is still a long way to go to limit the 

furtherr spread of HIV in the country. 

1.3.. ETHIO-NETHERLAND S AIDS RESEARCH PROJECT [ENARP] 

OrganizationalOrganizational structure and objectives 

ENARPP is a bilateral project between the government of Ethiopia and The Netherlands, 

financiallyy supported by the Dutch Ministry for Development Co-operation and the Ethiopian 

Ministryy of Health. It is a collaborative effort of the Ethiopian Health and Nutrition Research 

Institutee (EHNRI) in Addis Ababa, the Municipal Health Service in Amsterdam, the 

Departmentt of Human Retrovirology of the Academic Medical Center (University of 

Amsterdam),, and the Central Laboratory of the Netherlands Red Cross Blood Transfusion 

Servicee (Sanquin). The major objectives of ENARP are, first, to establish a state-of-the-art 

laboratoryy for HIV/AID S research at EHNRI, second, to contribute to the capacity building of 

Ethiopiann scientific and technical staff, and third, to undertake scientific and operational 

studiess on HIV/AID S in Ethiopia. ENARP is based at the EHNRI in Addis Ababa. It was 

launchedd at the end of 1994. 

EpidemiologicalEpidemiological studies of ENARP 

AA number of scientific priorities were identified for the project in consultation with public 

healthh and scientific experts from both Ethiopia and The Netherlands. The first priority was to 

documentt the current level of the HIV epidemic in various population groups of Addis Ababa 

andd other parts of the country. The second priority was the establishment of a cohort study on 
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HIVV infection progression in the country (62). In addition, several other research programs 

weree also prioritised. 

Ass part of its initial activities ENARP has participated in a large-scale community based HIV 

prevalencee survey in Addis Ababa in 1994. The results of the study were the basis for the 

understandingg of the magnitude and the spread of the HIV epidemic in the general population 

off  Addis Ababa. To monitor changes in HIV prevalence over time, in collaboration with 

Addiss Ababa Health Bureau, ENARP resumed the former ANC sentinel surveillance for HIV 

infectionn in four health centres in Addis Ababa in 1995. Following that, several 

epidemiologicall  surveys on various population groups and geographic areas were also carried 

outt in collaboration with different organizations in the country. 

Inn 1997 the first ever cohort study on HIV infection progression in Ethiopia were established. 

AA number of pilot studies were conducted between 1995 and 1996 to identify suitable sites for 

thee study. Three main criteria were used to select suitable sites for the study. The criteria were 

aa high HIV prevalence of at least 10%, a stable population with median duration of residence 

longerr than 20 years and a high acceptability of a long-term research project on HIV/AID S 

(63).. Accordingly two sites were selected for the study. One site is located in a fiber products 

factoryy at Akaki, a suburb of Addis Ababa, and the other at Wonji, a sugar estate 107 km 

Southeastt of Addis Ababa. 

1.4.. THE COHORT STUDY OF ENARP 

StudyStudy population and procedure 

Att general information meetings with factory workers at both sites, the objectives of the 

study,, the procedures and several administrative issues of the study were explained and 

discussed.. Factory workers of both sexes were then invited to join the study. The cohort study 

proceduree was that after signing an informed consent form at the study clinics, participants 

receivedd individual pre-test counseling by experienced counselors to determine what they 

kneww of HIV transmission, prevention, and course of infection; how they perceived their 

personall  HIV-infection risk and how they might react to a positive or negative result upon 

HIVV antibody testing. After pre-test counseling, interviewers matched by gender with subjects 
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collectedd data on socio-demographic characteristics, sexual behaviors, and medical history, 

usingg a structured questionnaire. Each interview was followed by a clinical examination 

performedd by a medical doctor, before blood was drawn for laboratory analyses. Finally, 

participantss were informed that their HIV test results would be available 30 days later at the 

studyy clinics. Attending post-test counseling (PTC) is optional, although an appointment date 

wass given in writing to everyone. Participants thereafter came every six months to the study 

clinicc for follow-up, at which the above procedures are repeated. 

Individualss were recruited into the cohort study throughout the period 1997-2001 though most 

participantss (73.6%) joined the study between 1997 and 1998. Recruiting new study 

participantss stopped at the end of 2001. So far 1679 individuals have joined the cohort from 

bothh sites. The socio-demographic characteristics of study participants at the time of 

enrollmentt are shown in Table 1. 

Ass an incentive to participate, factory workers and their families were offered free medical 

caree for the duration of the cohort study. All study information was coded and kept 

confidential.. The EHNRI Research and Ethical Clearance Committee and the National Ethical 

Clearancee Committee approved the study protocol. 
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Tablee 1. General characteristics of ENARP-cohort study participants at the time of 

enrollment,, 1997-2001. 

Characteristics s 
StudyStudy site 

Akaki i 
Wonji i 

Sex Sex 
Male e 
Female e 

Age Age 
20-29 9 
30-39 9 
40-49 9 

Education Education 
Illiterate e 
Gradee 1-6 
Gradee 7-12 
Gradee 12 complete 
Higherr education 

MaritalMarital  status 
Currentlyy married 
Currentlyy not married 

Religion Religion 
Orthodoxx Christian 
Others s 

YearYear of enrolment 
1997 7 
1998 8 
1999 9 
2000 0 
2001 1 

Total l 

Percent t 

48.2 2 
51.8 8 

77.8 8 
22.2 2 

8.0 0 
41.1 1 
50.9 9 

13.7 7 
32.8 8 
27.1 1 
17.6 6 
8.8 8 

77.2 2 
22.8 8 

76.1 1 
23.9 9 

52.9 9 
20.7 7 
14.7 7 
8.7 7 
3.0 0 

100.0 0 

Number r 

810 0 
869 9 

1307 7 
372 2 

135 5 
690 0 
854 4 

230 0 
550 0 
455 5 
296 6 
148 8 

1296 6 
383 3 

1278 8 
401 1 

888 8 
347 7 
247 7 
146 6 
51 1 

1679 9 

ClinicalClinical examinations and procedures 

Clinicall  information is obtained through a medical examination focussing on the conditions 

includedd in the WHO staging system for HIV infection and disease (64). Most diagnoses are 

presumptive,, since access to laboratory investigations is limited. Participants are regularly 

seenn every six months at the study clinic and between visits, if general care is needed. 
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LaboratoryLaboratory samples and procedures 

Bloodd samples are transported on the day they are obtained to ENARP's laboratory at the 

EHNRI.. Upon arrival blood samples are used for routine hematological tests. Plasma samples 

aree tested for HTV-1 and syphilis antibodies routinely and kept for future use. T-cell subset 

andd HIV viral load determination are also performed routinely. In addition, stool samples are 

takenn regularly and tested for parasites and helminthes. 

DataData management 

Laboratoryy and epidemiological databases are designed and built in FoxPro and MS-Access. 

Dataa entry and processing is performed at the central level. These data are easily accessible to 

researcherss via local area network (LAN). ENARP has a LAN and two data servers, over 30 

PCss and printers connected to the server. 

1.5.. SCOPE OF THE THESIS 

Thiss thesis presents several aspects related to the epidemiology of HIV/AID S in Ethiopia. 

Chapterr II, III , IV and V are based on data from the ENARP cohort study. While chapter VI 

andd VII used data from population-based surveys in Addis Ababa. These include community 

basedd HIV prevalence survey, surveillance data on pregnant women attending ANC, and 

populationn data from census and sample surveys. 

Inn chapter II the prevalence, incidence and risk factors for HIV infection among factory 

workerss participating in the ENARP-cohort study is presented. The relevance of socio-

demographic,, behavioral and STIs as risk factors for HIV infection are explored. 

Inn Chapter HI Evidence of change in sexual behaviors and reported STIs is presented among 

maless participating in the ENARP-cohort study. In particular, the efficacy of behavioral 

interventionss such as HIV-Voluntary Counseling and Testing (VCT) is assessed. 

Inn Chapter IV the relevance of simple markers (clinical and laboratory markers not requiring 

sophisticatedd laboratories) in the decision of initiation of antiretroviral therapy among 
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ENARP-cohortt participants is explored. Timing of hypothetical treatment is compared 

betweenn guideline using the simple markers and those guidelines internationally 

recommended. . 

InIn Chapter V survival time with HIV infection and the rate of CD4 decline are estimated 

usingg data from HIV-infected ENARP-cohort participants. Previous studies found lower CD4 

countss among HIV-negative Ethiopians compared to any other populations. Therefore, the 

paperr in particular focuses on investigating the influence of low baseline CD4 counts on 

HIVV survival time. 

InIn chapter VI ANC and community based HIV prevalence data are compared in Addis Ababa 

inn order to assess the validity of ANC data as indictor of the prevalence in the general 

populationn and to correct the ANC prevalence data using a validated adjustment method. 

Inn chapter VII the course of the HIV epidemic in Addis Ababa and its potential demographic 

impactt are presented. The study in particular focuses on the demographic impact of AIDS in 

thee context of low fertility. 

Finally,Finally, the various studies included in this thesis are discussed and recommendations are put 

forward. . 
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HIVV Prevalence and risk factors in Ethiopia 

SUMMARY Y 

Objective:: To determine the prevalence, incidence and risk factors for HIV infection among 

factoryy workers at 2 sites in Ethiopia. 

Design::  Open cohort study 

Dataa and Method: Between February 1997 and December 2001, for a cohort of 1679 

individuals,, information on socio-demographics, sexual behavior, and reported sexually 

transmittedd infections (STIs) was collected using a structured questionnaire. Serum samples 

weree screened for antibodies against HIV, Treponema pallidum hemaglutination (TPHA), and 

herpess simplex virus type 2 (HSV-2). 

Results::  The overall baseline HIV prevalence was 9.4% (8.5% in males and 12.4% in 

females).. For both sexes, factors independently associated with an increased risk of HIV 

infectionn were widowhood, having had antibodies against TPHA and HSV-2. Risk factors 

specificc for males were being orthodox Christian, having had higher lifetime number of 

sexuall  partners and genital discharge in the past 5 years. For females, factors included low-

income,, ever been raped, and casual sex in the last year. The overall incidence of HIV 

infectionn was 0.4 per 100 PY. The highest incidence rate was observed among young women 

(agee <30 years) (1 per 100 PY). 

Conclusion::  This study confirmed that high-risk sexual behavior and STIs play major roles in 

thee spread of HIV infection in Ethiopians of both sexes, but that factors such as rape and low 

economicc position make the women more vulnerable than the men. 

INTRODUCTIO N N 

Inn Ethiopia, the prevalence of the human immunodeficiency virus (HIV) infection has risen 

rapidlyy over the past 15 years. The first AIDS cases were diagnosed in hospitals of Addis Ababa, 

thee capital city, in 1986 (1). Two years later in 1988, high rates of HIV prevalence were detected 

amongg long distance truck drivers (13%) and commercial sex workers (17%) residing along the 

mainn trading road of the country (2,3). In 1989, only 4.6% of women attending antenatal care 
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clinicss in Addis Ababa were HIV positive (4); but by 2001, this proportion had risen to about 

15%% (5). 

Thee predominant mode of spread of HIV in Africa is heterosexual contact (6). The identification 

off  factors that facilitate this sexual transmission of the virus is thus of paramount importance in 

thee search for more effective HIV control strategies. In Ethiopia, previous studies have focused 

onn factors associated with the risk of HIV infection among sex workers (7,8), but little is 

knownn about the risk factors for the general population of the country (9). Incidence data are 

alsoo lacking. In this study we report the prevalence, incidence, and risk factors for HIV 

infectionn among factory workers participating in a prospective cohort study of HIV infection 

andd disease progression at 2 sites in Ethiopia. 

MATERIAL SS AND METHOD S 

StudyStudy population and procedures 

Thee Ethio-Netherlands AIDS Research Project (ENARP) established two cohort sites in 1997 

too study the incidence and progression of HIV infection in Ethiopia. One cohort is located in 

aa fibre products factory at Akaki, a suburb of Addis Ababa, and the other at Wonji, a sugar 

estatee 107 km south-east of Addis Ababa. Both cohorts have followed the same procedures, 

whichh are detailed elsewhere, (10) and summarised below. 

Att general information meetings, factory workers of both sexes were invited to join the study 

andd undergone HIV testing. After signing an informed consent form at the study clinics, 

participantss received individual pre-test counselling by an experienced counsellor to 

determinee what they knew of HIV transmission, prevention, and course of infection; how they 

perceivedd their personal HIV-infection risk and how they might react to a positive or negative 

resultt upon HIV antibody testing. After pre-test counselling, interviewers matched by sex 

withh subjects collected data on socio-demographic characteristics, sexual behaviours, and 

medicall  history, using a structured questionnaire. Each interview was followed by a clinical 

examinationn performed by a medical doctor, before blood was drawn for laboratory analyses. 

Finally,, all individuals were informed that their HIV test results would be available 30 days 

laterr at the study clinics. Attending post-test counselling (PTC) was optional, although an 
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appointmentt date was given in writing to everyone. Participants thereafter came every six 

monthss to the study clinic for follow-up, at which the above procedures were repeated. 

Bloodd samples were transported on the day they were obtained to ENARP's laboratory at the 

Ethiopiann Health and Nutrition Research Institute (EHNRI). Plasma samples were tested for 

HIV-11 antibodies by HIVSPOT (Genelabs Diagnostics, Singapore) and Vironiostika ELISA 

(Organon,, Boxtel, the Netherlands). Positive results found with either or both tests were 

confirmedd by Western blot testing (HIV Blot 2.2 Genelabs Diagnostics, Singapore). Plasma 

sampless were tested also for syphilis using the T. pallidum hemaglutination test (TPHA; 

Serodia-TP,, Fujirebio, Tokyo, Japan) and, if results were positive, a further sample was tested 

usingg the rapid plasma reagin (RPR) test (RPR Slide-Test, Biomerieux, Marcy 1'Etoile, 

France). . 

HSV-22 antibody testing was performed only at Akaki, on a sub-sample of participants using 

gGll  and gG2-coated antigens in a commercially available ELISA test kit (Gull laboratory, 

Germany).. The resulting data (11) were used to assess the relationship between HSV-2 and 

HIVV infections. In general, those tested for HSV-2 did not differ in most of the key 

characteristicss from those not tested. However, in females, those tested for HSV-2 were less 

likelyy to be HIV-positive than those who were not tested. 

Ass an incentive to participate, factory workers and their families were offered free medical 

caree for the duration of the cohort study. All study information was coded and kept 

confidential.. The EHNRI Ethics Committee and the National Ethical Clearance Committee 

approvedd the study protocol. 

StatisticalStatistical analysis 

Analysiss was restricted to participants enrolled before 31 December 2001 and includes data 

fromm follow-up visits through 31 March 2002. 

Thee prevalence of HIV infection was calculated at the time of enrolment. The incidence of 

HIVV infection was calculated by dividing the total number of seroconversions by the total 
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follow-upp time of HIV-negative participants; 95% confidence intervals (CI) were estimated 

assumingg a Poisson distribution of events. 

Thee variables examined as risk factors for HIV infection were broadly categorised as socio-

demographicc or behavioural variables and sexual transmitted infections (STIs). The socio-

demographicc variables included study site (Akaki/Wonji), age, marital status (currently 

married,, currently not married; i.e. single or divorced, and widow), income (with low monthly 

incomee being below the average national income <200 Birr, (or 24 USD), education, and 

religion.. Among behavioural variables were included the lifetime number of sexual partners, 

occurrencee of casual sex in the last year, presence of steady partner in the last year (i.e. not a 

spousee but a regular sexual partner for at least three months), one or more incidents of rape in 

lifetime,, and amount of alcohol consumption. The variables related to STIs were self-reported 

genitall  discharge and/or ulcer in the past 5 years, or being positive for T. pallidum and/or 

HSV-22 at enrolment in the cohort. 

Riskk factors for HIV infection at enrolment were examined using univariate and multivariate 

logisticc regression analysis. Since individuals were recruited throughout the period 1997-

2001,, all results were adjusted for year of enrolment. Multivariate models were presented 

separatelyy for males and females, being constructed by blockwise inclusion of the univariate 

statisticall  significant variables (p-value <0.05). Since STIs may be in the pathway between 

socio-demographicss or behavioural characteristics and HIV infection, we presented first a 

multivariatee model including socio-demographic and behavioural variables (Model I), then 

addedd STI-related variables to the model (Model II). To assess the role of HSV-2, we 

constructedd separate models (Model III and IV) in a similar fashion but used the sub-sample 

withh available HSV-2 data. In model V, HSV-2 was added on top of all other variables. The 

likelihoodd ratio (LR) test was used to obtain the overall p-value for each variable in the 

univariatee analysis and also to compare multivariate models. All odds ratios (ORs) and 95% 

confidencee interval (CI) were based on the Wald test. 

Wee focused especially on HSV2, which is known to boost the HIV epidemic in African 

countries.. To assess its relative importance as a risk factor for HIV infection, the adjusted 

population-attributablee fraction (PAF) in the logistic regression setting (of Model V) was 

computedd (12). The odds ratio was used as a proxy for the risk ratio and it provides the 

42 2 



HIVV Prevalence and risk factors in Ethiopia 

estimatedd proportion of cases in a population attributable to a given risk factor. Statistical 

analysess were performed using the STATA computer package (Stata Statistical Software, 

Stataa Corporation, College Station, Texas, USA). 

RESULT T 

Socio-demographics,Socio-demographics, sexual behaviour and STIs at enrolment 

Thee study consisted of 1679 individuals of whom 1307 (77.8%) were males and 372 were 

femaless (Table 1 and Table 2). Most study participants (more than 90%) were aged 30 or 

older.. Of both sexes, 77% were married or living with a partner at the time of enrolment. 

Aboutt 23% of the males and 35% of the females were considered to have a low income. Only 

8.1%% of the males but a substantial proportion (33.3%) of the females were illiterate. 

Orthodoxx Christianity was the predominant religion (76.1%) among the factory workers at 

thesee 2 sites. Of the 1679 study participants 389 (23%) reported having been previously tested 

forr HIV through a pilot study. Of these, only 2 (0.5%) individuals reported that their test 

resultt was positive, while 207 (53.2%) said they were negative and 180 (46.3%) refused to tell 

orr did not learn their HIV status. 

Riskyy sexual behaviours were common at the time of enrolment, especially in males. About 

17%% of the males and only 1.3% of the females reported at least 20 sexual partners in their 

lifetime.. Casual sex in the last year was reported by 9.2% of the males. The corresponding 

figuree for females was only 1.6%. Ever being rape was reported by 19 (5.2%) females. 

Informationn on STIs were based on reports by the participants and results of serological tests. 

Overr 9% of the males and 16% of the females reported genital discharge in the past five 

years.. The corresponding figures for genital ulcer were 2% in men and 4.8% in women. 

Syphiliss was very common in this population of factory workers, with 25.6% of the males and 

25.5%% of the females being positive for TPHA. Over 50% of the study population in Akaki 

weree positive for HSV-2 antibodies. 
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HIVHIV prevalence and risk factors 

Males Males 

Thee overall HIV prevalence among males was 8.5%, being 10.1%(56/553) in 1997, 8.2% 

(27/328)) in 1998, 5.4% (13/243) in 1999, 8.7% (12/138) in 2000, and 6.7% (3/45) in 2001. In 

univariatee analyses, prevalence was higher in Akaki than in Wonji and was lowest, though not 

statisticallyy significant, in the youngest age group (Table 1). Strikingly, HIV prevalence 

differedd by religion, being the highest amongst orthodox Christians. Married men have lower 

HIVV prevalence compared to their unmarried counterparts. In particular, widowers (n=5) have 

aa very high HIV prevalence (40%). 

AA dose-response relationship was found between the presence of HIV antibodies and the 

lifetimee number of sexual partners. HIV prevalence among those who reported casual sex in 

thee last year was more than double the prevalence among those who did not. The prevalence 

off  HIV infection was significantly higher among those who reported genital discharge in the 

fivee years preceding the interview or those who had positive TPHA and HSV-2 results. The 

adjustedd population-attributable fraction (PAF) for HSV-2 infection was 47%. 
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Tablee 1. HIV prevalence, univariate ORs and 95% CI according to selected variables among male workers, 
1997-2001 1 
Variables s 

Socio-demo&raphics s 
Studyy site 

Wonji i 
Akaki i 

Age e 
20-29 9 
30-39 9 
40-49 9 

Maritall  status 
Currentlyy married 
Currentlyy not married 
Widower r 

Loww income 
No o 
Yes s 

Education n 
Illiterate e 
Gradee 1-6 
Gradee 7-12 
Gradee 12 complete 
Higherr education 

Religion n 
Others s 
Orthodoxx Christian 

fSexualll  Behaviour 
Numberr of partners in lifetime 
0-4 4 
5-19 9 
20+ + 

Casuall  sex in the last year 
No o 
Yes s 

Steadyy partner in the last year 
No o 
Yes s 

Alcoholl  consumption 
Never r 
11 time per month 
>> 1 time per month 
>11 time per week 
Everyday y 

STIs s 
Genitall  discharge in the past 5 years 

No o 
Yes s 

Genitall  ulcer in the past 5 years 
No o 
Yes s 

TPHAA at intake 
Negative e 
Positive e 

HSV-2**  at intake 
Negative e 
Positive e 

n(%) ) 
N=1307 7 

869(66.5) ) 
438(33.5) ) 

117(8.9) ) 
534(40.9) ) 
656(50.2) ) 

1006(77.1) ) 
293(22.5) ) 
5(0.4) ) 

1002(76.7) ) 
305(23.3) ) 

106(8.1) ) 
381(29.2) ) 
395(30.2) ) 
277(21.2) ) 
148(11.3) ) 

369(28.3) ) 
938(71.8) ) 

548(41.9) ) 
538(41.2) ) 
221(16.9) ) 

1184(90.8) ) 
120(9.2) ) 

1181(90.4) ) 
126(9.6) ) 

501(38.9) ) 
402(31.3) ) 
265(20.6) ) 
106(8.2) ) 
12(1.0) ) 

1181(90.6) ) 
122(9.4) ) 

1278(98.0) ) 
26(2.0) ) 

972(74.4) ) 
335(25.6) ) 

208(56.1) ) 
163(43.9) ) 

HIVV % 

7.0 0 
11.4 4 

3.4 4 
9.4 4 
8.7 7 

7.9 9 
10.2 2 
40.0 0 

9.0 0 
6.9 9 

8.5 5 
8.7 7 
8.4 4 
6.1 1 
12.8 8 

4.3 3 
10.1 1 

5.8 8 
9.5 5 
12.7 7 

7.8 8 
15.8 8 

8.6 6 
7.1 1 

6.8 8 
7.0 0 
12.8 8 
11.3 3 
16.7 7 

7.6 6 
17.2 2 

8.4 4 
15.4 4 

5.9 9 
16.1 1 

4.8 8 
18.4 4 

ORR [95% CI] 
Adjustedd for year 

1 1 
1.7(1.0-2.7) ) 

1 1 
2.6(0.9-7.6) ) 
2.4(0.8-6.8) ) 

1 1 
1.4(0.9-2.3) ) 
7.2(1.2-43.9) ) 

1 1 
0.8(0.5-1.3) ) 

1 1 
1.1(0.5-2.3) ) 
1.1(0.5-2.3) ) 
0.8(0.3-1.8) ) 
1.7(0.7-4.0) ) 

I I 
2.4(1.4-4.1) ) 

1 1 
1.6(1.0-2.6) ) 
2.3(1.3-3.9) ) 

1 1 
2.1(1.2-3.6) ) 

1 1 
0.9(0.4-1.7) ) 

1 1 
1.0(0.6-1.7) ) 
2.0(1.1-3.9) ) 
1.7(0.8-3.5) ) 
2.7(0.6-12.8) ) 

1 1 
2.4(1.4-4.1) ) 

1 1 
1.9(0.6-5.6) ) 

1 1 
3.0(2.0-4.5) ) 

1 1 
4.5(2.1-9.4) ) 

P-value e 
Basedd on LR-test 

0.037 7 

0.122 2 

0.028 8 

0.401 1 

0.273 3 

0.001 1 

0.009 9 

0.008 8 

0.656 6 

0.002 2 

0.001 1 

0.208 8 

<0.001 1 

O.001 1 

"Onlyy for males tested for HSV-2 in Akaki (n=371); missing cases not shown (less than 1%) 
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Inn multivariate analysis, a number of models were presented (Table 3). Model I includes 

socio-demographicc and behavioural variables. The risk of being infected with HIV was 

independentlyy higher among widowers, orthodox Christians, and those who reported a higher 

lifetimee number sexual partners. In Model II , STIs were added. Independent risk factors in 

Modell  II were being widowed, orthodox Christian, having had genital discharge in the past 

fivee years, and having a positive TPHA test. Since HSV-2 testing was done on a sub-sample 

off  Akaki participants, the possible association of HSV-2 with HIV infection was investigated 

onlyy for this sub-sample. Among the variables included in the model (Model V), TPHA and 

HSV-22 were independently associated with HIV infection in the Akaki group. It is however 

worthh noting that in this group the effect of factors such as marital status, religion, and genital 

dischargee were all in the expected direction as revealed by the associated ORs, although 

statisticallyy significant p-values were not achieved. 
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Tablee 3. Multivariate ORs and 95% CI of risk factors for HIV-1 infection among male workers, 1997-2001 

Forr the total sample 
ORR f 95% CI] 

ForFor samples tested for HSV2[Akaki] 
ORR f 95% CI1 

Modell  I Modell  II Modell  III Modell  IV Modell  V 
Samplee size 

Studyy site 
Wonji i 
Akaki i 

Maritall  status 
Currentlyy married 
Currentlyy not married 
Widowed d 

Religion n 
Others s 
Orthodoxx Christian 

Alcoholl  consumption 
Never r 
11 time per month 
>11 time per month 
>> 1 time per week 
Everyday y 

Numberr of partners in 
lifetime e 

1-4 4 
5-19 9 
20+ + 

Casuall  sex in the last year 
No o 
Yes s 

Genitall  discharge in the 
pastt 5 years 

No o 
Yes s 

TPHAA at intake 
Negative e 
Positive e 

HSV-22 at intake 
Negative e 
Positive e 

1307 7 

1 1 

1.2[0.7-2.0] ] 
9.1[1.4-60.1] ] 

1 1 

1 1 
0.7[0.4-1.2] ] 
1.11 [0.6-2.2] 
0.9[0.4-1.9] ] 
0.9[0.2-5.0] ] 

1.6[1.0-2.5] ] 
2.2[1.2-3.8] ] 

1 1 

1307 7 

1 1 

371 1 371 1 371 1 

1.2[0.6-2.1]]  1.2[0.6-2.2] 

1.5[0.9-2.5] ] 
9.5[1.2-72.9] ] 

1 1 
2.3[1.2-4.3]]  2.1[I.1-3.9] 

1 1 
0.7[0.4-1.2] ] 
l.l[0.6-2.2] ] 
0.8(0.3-1.8] ] 
0.9[0.2-5.0] ] 

1.3[0.8-2.2] ] 
1.6(0.9-2.9] ] 

1 1 
1.5[0.8-2.7]]  1.3[0.7-2.5] 

1 1 
2.2[1.3-3.9] ] 

1 1 
2.9[1.9-4.5] ] 

11 1 1 
1.9(0.8-4.5]]  2.1[0.8-5.4] 1.9(0.8-5.0] 
19.9(1.6-246.1]]  15.5(1.1-223.7] 14.7(0.8-274.4] 

1 1 
1.8(0.3-10.7] ] 

1 1 
1.3(0.2-6.9] ] 
1.0(0.2-4.8] ] 
0.9(0.2-4.9] ] 
1.1(0.1-16.8] ] 

0.9(0.4-1.9] ] 
1.2(0.5-3.4] ] 

1 1 
1.5(0.6-3.9] ] 

1 1 
1.8(0.3-12.1] ] 

1 1 
0.7(0.1-4.1] ] 
0.8(0.2-4.1] ] 
0.7(0.1-3.9] ] 
0.4(0.0-7.8] ] 

0.6(0.3-1.5] ] 
0.8(0.3-2.3] ] 

I I 
1.4(0.5-3.6] ] 

1 1 
3.1(1.2-7.9] ] 

1 1 
4.3(2.0-9.1] ] 

1 1 
1.4[0.2-8.7] ] 

1 1 
0.7(0.1-4.3] ] 
0.9(0.2-4.2] ] 
0.8(0.2-4.6] ] 
0.5(0.0-9.4] ] 

0.6(0.2-1.4] ] 
0.8(0.3-2.3] ] 

1 1 
1.5(0.6-4.1] ] 

1 1 
2.7(1.0-7.1] ] 

1 1 
3.3(1.5-7.3] ] 

1 1 
3.4(1.5-7.5] ] 

LR(P-value]]  - 30.9[P<0.001^, - n^rPO.OOl]1'11 9.5[P=O.002],1'T 

Likelihoodd Ratio (LR) test comparing Models I & II ^ Likelihood Ratio (LR) test comparing Models III & IV 
mm Likelihood Ratio (LR) test comparing Models IV & V. All models adjusted for year of enrolment. 

Females Females 

HIVV prevalence in females was 12.7%, which was higher than documented for males. The 

prevalencee by year of enrolment was 12.2% (41/335) in 1997, 15.8%(3/19) in 1998, 25.0% 

(1/4)) in 1999, 0.0% (0/8) in 2000, and 16.7% (1/6) in 2001. In univariate analysis, there was a 

strikingg difference in HIV prevalence by marital status and income, being higher among 

widowedd and low-income women. Higher education in females appeared to be associated 
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withh lower HIV prevalence. The association, however, was not statistically significant. Being 

orthodoxx Christian carried a higher risk of HIV infection in females. 

Theree was a dose-response relationship between the lifetime number of sexual partners and 

HIVV prevalence in females, although the association was not statistically significant, mainly 

duee to the small proportion of women (n=24, 6.4%) who reported 5 or more such partners. 

Casuall  sex was significantly associated with a very high HIV prevalence in females, although 

veryy few (only 6) reported having had casual sex in the last year. One important finding of the 

presentt study was that a strikingly high prevalence of HIV infection was associated with the 

incidencee of rape in females (31.6%). 

Higherr HIV prevalence rate was also documented among those who reported genital 

dischargee or genital ulcer in the five years preceding the interview. Besides, the prevalence of 

HIVV infection was significantly higher among those with positive TPHA and HSV-2 results. 

Thee adjusted population-attributable fraction (PAF) for HSV-2 was 72.6%. 

48 8 



HIVV Prevalence and risk factors in Ethiopia 

Tablee 2. HIV prevalence, univariate ORs and 95% CI according to selected variables among female workers, 
1997-2001 1 
Variables s 

Socio-demo&raphics s 
Age e 
20-29 9 
30-39 9 
40-49 9 

Maritall  status 
Currentlyy married 
Currentlyy not married 
Widowed d 

Loww income 
No o 
Yes s 

Education n 
Illiterate e 
Gradee 1-6 
Gradee 7-12 
Gradee 12 complete + 

Religion n 
Others s 
Orthodoxx Christian 

[Sexualll  Behaviour 
Numberr of partners in lifetime 
0-4 4 
5-19 9 
20+ + 
Casuall  sex in the last year 
No o 
Yes s 

Steadyy partner in the last year 
No o 
Yes s 

Everr been raped 
No o 
Yes s 

Alcoholl  consumption 
Never r 
11 time per month 
>> 1 time per month 

STIs s 
Genitall  discharge in the past 5 years 

No o 
Yes s 

Genitall  ulcer in the past 5 years 
No o 
Yes s 

TPHAA at intake 
Negative e 
Positive e 

HSV-2**  at intake 
Negative e 
Positive e 

n(%) ) 
N=372 2 

18(4.8) ) 
156(42.0) ) 
198(53.2) ) 

288(77.4) ) 
59(15.9) 59(15.9) 
25(6.7) ) 

241(64.8) ) 
131(35.2) ) 

124(33.3) ) 
169(45.4) ) 
60(16.1) ) 
19(5.2) ) 

32(8.6) ) 
340(91.4) ) 

348(93.6) ) 
19(5.1) ) 
5(1.3) ) 

366(98.4) ) 
6(1.6) ) 

352(94.6) ) 
20(5.4) ) 

348(94.8) ) 
19(5.2) ) 

336(90.3) ) 
33(8.9) ) 
2(0.5) ) 

311(83.6) ) 
61(16.4) ) 

354(95.2) ) 
18(4.8) ) 

277(74.5) ) 
95(25.5) ) 

110(37.9) ) 
180(62.1) ) 

HIVV % 

16.7 7 
18.0 0 
7.6 6 

9.0 0 
16.9 9 
40.0 0 

7.5 5 
21.4 4 

14.5 5 
12.4 4 
10.0 0 
5.6 6 

3.1 1 
13.2 2 

12.1 1 
15.8 8 
20.0 0 

11.8 8 
50.0 0 

11.7 7 
25.0 0 

11.2 2 
31.6 6 

12.2 2 
12.1 1 
0.0 0 

11.6 6 
16.4 4 

11.9 9 
22.2 2 

9.4 4 
21.1 1 

2.7 7 
14.4 4 

ORR [95% CI] 
Univariate,, adjusted for 
year r 

1 1 
1.1(0.3-4.0) ) 
0.4(0.1-1.5) ) 

1 1 
2.0(0.9-4.5) ) 
6.8(2.7-16.6) ) 

1 1 
3.5(1.8-6.6) ) 

1 1 
0.8(0.4-1.6) ) 
0.7(0.2-1.7) ) 
0.3(0.0-2.6) ) 

1 1 
4.8(0.6-36.7) ) 

1 1 
1.4(0.4-4.9) ) 
1.8(0.2-16.7) ) 

1 1 
7.5(1.5-38.6) ) 

1 1 
2.5(0.9-7.4) ) 

1 1 
3.7(1.3-10.2) ) 

1 1 
0.9(0.3-2.5) ) 
--

1 1 
1.5(0.7-3.2) ) 

1 1 
2.1(0.7-6.8) ) 

1 1 
2.6(1.4-4.9) ) 

1 1 
6.0(1.8-20.4) ) 

P-value e 
Basedd on LR-test 

0.011 1 

<0.001 1 

<0.001 1 

0.587 7 

0.053 3 

0.799 9 

0.023 3 

0.109 9 

0.001 1 

0.870 0 

0.313 3 

0.232 2 

0.005 5 

<0.001 1 

Onlyy for females tested for HSV-2 in Akaki (n=290); missing cases not shown (less than 1%) 
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Resultss of the multivariate analysis for females are presented in Table 4. Regarding socio-

demographicc and behavioural factors, women being widowed, low income, reporting casual 

sexx in the last year, and having ever been raped were found at increased risk of HIV infection 

(Modell  I). Model II includes STIs along with socio-demographic and behavioural variables. 

Thee effect of marital status, income and casual sex were not altered after adjusting for TPHA. 

Inn this model, TPHA appeared to be an independent risk factor in addition to marital status, 

incomee and casual sex. When the effect of HSV-2 infection was analysed on a sub-sample of 

womenn from Akaki (Model V), it appeared to be the strongest risk factor (OR=8.4) for HIV 

infectionn in the model. Its inclusion in the model, however, did not significantly alter the 

effectt of other variables. 

Tablee 4. Multivariate ORs and 95% CI of risk factors for HIV-1 infection among female workers, 1997-2001 

ForFor the total sample 
ORR [ 95% CI] 

Forr samples tested for HSV2[ Akaki] 
ORR [ 95% CI] 

Modell  I Modell  II Modell  III Modell  IV Modell  V 

Samplee size 

Age e 
20-29 9 
30-39 9 
40-49 9 

Maritall  status 
Currentlyy married 
Currentlyy not married 
Widowed d 

Loww income 
No o 
Yes s 

Casuall  sex in the last year 
No o 
Yes s 

Everr been raped 
No o 
Yes s 

TPHAA at intake 
Negative e 
Positive e 

HSV-22 at intake 
Negative e 
Positive e 

372 2 372 2 290 0 290 0 290 0 

11 1 
1.4[0.3-5.7]]  1.2(0.3-4.8] 
0.7[0.1-5.7]]  0.5[0.1-2.2] 

11 1 
2.1(0.9-4.8)) 2.1(0.9-4.8) 
6.7(2.3-19.2)) 5.8(1.9-17.2) 

11 1 
2.8[1.3-6.0]]  2.9[1.3-6.6] 

11 1 
5.8[1.0-37.1]]  6.4(1.0-46.2] 

11 1 
5.4(1.8-16.2]]  4.4(1.4-14.2] 

1 1 
3.0(1.4-6.3] ] 

11 1 1 
1.3[0.2-6.9]]  1.1(0.2^6.1] 0.9(0.1-5.4] 
0.4(0.1-2.9]]  0.3(0.1-2.4] 0.2(0.0-1.6] 

11 1 1 
2.0(0.7-5.9)) 1.9(0.7-5.7) 2.0(0.6-6.3) 
9.5(2.6-34.3)) 8.7(2.3-32.1) 8.1(2.0-32.6) 

11 1 1 
2.9(1.1-7.8]]  3.2(1.2-8.8] 3.9(1.3-10.8] 

11 1 1 
3.2(0.4-29.3]]  3.0(0.3-31.2] 2.2(0.2-26.4] 

11 1 1 
3.6(0.9-15.4]]  3.4(0.8-14.9] 3.8(0.8-18.6] 

11 1 
2.5(1.0-6.3]]  2.3(0.9-6.2] 

1 1 
8.4(2.2-31. . 

LRR [P-value] 8.3[P=0.004] ] 3.3(0.06]]' ' 14.2[P<0.001] ] 

11 Likelihood Ratio (LR) test comparing Models I & II ^' Likelihood Ratio (LR) test comparing Models III & IV 
1,11111 Likelihood Ratio (LR) test comparing Models IV & V . All models adjusted for year of enrolment 
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IncidenceIncidence of HIV infection in both sexes 

Duringg follow-up, 19 seroconversions for HIV antibodies occurred among 1521 HIV-negative 

cohortt participants, yielding an HIV incidence rate of 19/4649.3 = 0.40 per 100 person-years 

(PY)) (95% CI = 0.3 - 0.6). The incidence was higher in females than males and was the 

highestt among young females aged 20-29, in whom it was 2/195.0(1.0 per 100 PY). Higher 

incidencee of HIV infection was also associated with baseline HSV-2 infection in both sexes. 

Tabless 5. Incidence of HIV-1 infection, incidence rate ratio (IRR) and 95% CI according to selected variables 
amongg factory workers, 1997-2002. 

Variables s Numberr of new 
HIVV cases 

PYO O Incidencee rate 
IRperlOOYOO (95% CI) 

IRRR (95% CI) 

Sexx by site 

Akakii  female 
Akakii  male 
Wonjii  male 

Age,, male 
20-29 9 
30-39 9 
40-49 9 

Age,, female 
20-29 9 
30-39 9 
40-49 9 

HSV-2* * 

No o 
Yes s 

9 9 
8 8 
2 2 

0 0 
6 6 
4 4 

2 2 
4 4 
3 3 

5 5 
9 9 

Total l 19 9 

1160.4 4 
1415.7 7 
2072.1 1 

671.2 2 
1551.0 0 
1265.6 6 

195.0 0 
584.2 2 
380.8 8 

1337.9 9 
1112.1 1 

0.8(0.4-1.5) ) 
0.6(0.3-1.1) ) 
0.1(0.02-0.4) ) 

0.0 0 
0.4(0.2-0.9) ) 
0.3(0.1-0.8) ) 

1.0(0.3-4.1) ) 
0.7(0.3-1.8) ) 
0.8(0.3-2.4) ) 

0.4(0.2-0.9) ) 
0.8(0.4-1.6) ) 

1 1 
0.7(0.3-1.8) ) 
0.1(0.0-0.5) ) 

1 1 
0.8(0.2-2.8) ) 

1 1 
0.6[0.1-3.2] ] 
0.6[0.1-3.7] ] 

1 1 
2.2(0.7-6.6) ) 

4649.33 0.4(0.3-0.6) 
"Onlyy for those tested for HSV-2 in Akaki; missing cases not shown (less than 1%). 

DISCUSSION N 

Thiss study addresses the prevalence, incidence and risk factors for HIV infection among 

workerss enrolled in a cohort study of HIV infection and disease progression at 2 factories in 

Ethiopia.. HIV prevalence at enrolment was 8.5% and 12.4% in males and females, 

respectively.. The overall prevalence was 9.4%. The prevalence rate observed in this 

populationn was within the range of a number of community-based studies conducted between 
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19944 and 1999 (13-16). The higher HIV prevalence in females is consistent with previous 

studiess conducted elsewhere in sub-Saharan Africa (14,17). 

Socio-demographicc factors independently associated with a higher risk of HIV infection were 

beingg widowed (both sexes), having low income (females), and being follower of orthodox 

Christiann (males). Interestingly, the association between widowhood and HIV infection did 

nott vary by sexual behaviours or STIs, suggesting that widowhood does not necessarily carry 

moree risky sexual behaviour than any other marital status group. In most African countries 

includingg Ethiopia, AIDS has become the leading cause of adult mortality (16,18,19) and, in 

suchh a context, the loss of ones spouse due to AIDS is quite a widespread phenomenon. 

Therefore,, being widowed is more likely to be one of the possible consequences of the HIV 

epidemicc than a risk factor for HIV infection. 

Thee fact that low income was associated with a higher risk of HIV infection, particularly in 

women,, was not unexpected and the explanation appears quite straightforward. When 

economicallyy and socially dependent on a man, a woman has limited ability to leave a high-

riskrisk sexual relationship or to negotiate safer sex. Young low-income women may also face an 

addedd risk of HIV because of vulnerability to the enticement of older men (20). The finding 

off  higher risk of HIV infection among male orthodox Christians was not altered after 

adjustingg for sexual behaviours and STIs. However, other factors or residual confounders 

couldd account for this finding and may need to be examined in future studies. Male 

circumcision,, which has a protective role against HIV infection (21,22), is almost universal in 

thiss population of factory workers and thus cannot be a possible explanation for the observed 

lowerr risk among the non-Orthodox Christian study participants. At this point we cannot give 

meaningfull  interpretation to the observed finding, but since over half of the population of 

Ethiopiaa are orthodox Christians, the finding suggests the need to intensify HIV intervention 

programss in this group. 

Otherss have reported that the risk of HIV infection rises with an increase in casual sex and the 

lifetimee number of sexual partners (18,21,23). Such risky behaviours are less often reported 

byy women than men in spite of the observed higher HIV prevalence in women. Women may 

bee more vulnerable to HIV through their partners' risky behaviour than their own provided 

thatt misreporting of these behaviours is comparable between the two sexes; we could not 
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evaluatee this hypothesis in our female subjects since we lacked information on their partners' 

behaviour.. Clearly women who were forced to have intercourse against their will are at a 

higherr risk of HIV infection than women in general. We have found an alarmingly high HIV 

prevalencee (31.6%) among those who had been raped. Interestingly, the importance of rape as 

aa risk factor for HIV infection persisted even after adjusting for several socio-demographics 

andd sexual behaviour variables. This finding points to the need for addressing women's 

vulnerabilityy to physical violence, including rape and associated risk of HIV infection, in 

HIV/AID SS intervention campaigns. 

Studyy subjects had high rates of antibodies against HSV-2 and TPHA at enrolment, indicative 

off  past high-risk exposure for this group of factory workers. Consistent with many studies 

elsewheree in Africa (23,24,25), we found a significant association between several STIs and 

HIVV infection. The importance of STIs as risk factors did not alter after controlling for several 

socio-demographicc and behavioural factors, which indicates that STIs facilitate HIV 

transmissionn in addition to acting as markers of risky sexual behaviour. For both sexes, HSV-

22 and syphilis were independently associated with an increased risk of HIV infection, while a 

historyy of genital discharge was associated only in males. HSV-2 is known to facilitate HIV 

transmissionn (26,27), but its role may not always be causal, as HIV infection itself increases 

thee susceptibility to HSV-2 infection (28). If the relationship between HSV2 and HIV 

infectionn were entirely causal, the adjusted population-attributable fraction (PAF) for HSV-2 

wouldd be 47% in males and 72.6% in females. Similar percentages were recently documented 

inn four African cities. The PAF for HSV-2 infection ranged between 32.3% in Cotonou and 

62.3%% in Yaounde for men, and between 56.5% in Kisumu and 75.4% in Yaounde for women 

(28).. Our result may therefore suggest that a substantial reduction in HIV infection would 

resultt from reduction in HSV-2 infection. Although this explanation appears quite simple and 

direct,, the interpretation of PAF in cross-sectional studies is quite complex, and such results 

shouldd be interpreted with caution. 

Somee limitations of this study deserve mention. First, its findings are pertinent largely to the 

groupp we studied: mostly middle-aged and married people working in Ethiopian factories. 

Whetherr they would apply to young, unmarried, and under-employed people, who are 

particularlyy vulnerable to HIV infection is not known. One may question the validity of self-

reportedd sexual behavioural data collected through a structured questionnaire (29). Despite 
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ourr assurance of privacy and confidentiality during the interview, some cohort participants 

mayy misreport sexual behaviour, which might bias our results. 

Inn conclusion, high-risk sexual behaviour and STIs play major roles in the spread of HIV 

infectionn in this population of factory workers. In addition, factors such as rape and 

unfavourablee economic condition put women at a higher risk of HIV infection compared to 

theirr male counterparts. Therefore, HIV prevention programs should intensify their focus on 

decreasingg the number of sexual partners, promoting condom use, and urging early treatment 

off  STIs to control the further spread of HIV infection in the population. Furthermore, HIV 

preventionn programs should also focus on young women and those women who are 

particularlyy vulnerable to HIV infection due to their low socioeconomic status in the society. 

Suchh programs need to address rape and other forms of sexual violence. 

ACKNOWLEDGMENTS S 

Thee Ethio-Netherlands AIDS Research Project (ENARP) is a collaborative effort of the 

Ethiopiann Health and Nutrition Research Institute (EHNRI) in Addis Ababa, the Municipal 

Healthh Service in Amsterdam, the Department of Human Retro virology of the Academic 

Medicall  Centre (University of Amsterdam), and the Central Laboratory of the Netherlands 

Redd Cross Blood Transfusion Service. ENARP is financially supported by the Dutch 

Ministryy for Development Co-operation and the Ethiopian Ministry of Health. We appreciate 

thee cooperation of our cohort participants and also the editorial review by Lucy D. Philips. 

REFERENCES S 

1.. Lester FT, Ayehune S, Zewdie D. Aquired immunodeficiency: seven cases in Addis Ababa 

hospital.. Ethiop Med J 1988, 26:139-145. 

2.. Mehret M, Khodakevich L, Zewdie D. HIV infection and related risk factors among female 

sexx workers in the urban areas of Ethiopia. Ethiop J Health Dev. 1990a. 4, p 163-170. 

54 4 



HIVV Prevalence and risk factors in Ethiopia 

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

Freightt Transport Corporation. Ethiop J Health Dev, 4, 1990b. p 177-182. 

4.. Ministry of Health [Ethiopia]. AIDS in Ethiopia: Background, projections, impact, and 

interventions.. Addis Ababa, 1998. 

5.. Tsegaye A, Rinke de Wit T, Mekonnen Y, Beyene A, Aklil u M, Messele T, et al. Decline 

inn HIV-1 and syphilis prevalence among young antenatal care attenders in Addis Ababa, 

Ethiopia:: results from sentinel surveillance, 1995-2001. J Acquir Immune Defic Synder 2002; 

300 (3):359-62. 

6.. Buve A, Carael M, Hayes RJ, Auvert B, Ferry B, Robinson NJ, et al. The multicentre study 

onn factors determining the differential spread of HIV in four African cities: summary and 

conclusions.. AIDS 2001, 15 (Suppl 4):S127-S131 

7.. Aklil u M, Messele T, Tsegaye A, Biru T, Mariam DH, Van Bethem B, et al. Factors 

associatedd with HIV-1 infection among sex workers of Addis Ababa, Ethiopia. ADDS 2001, 

15:87-96. . 

8.. Mehret M, Khodakevitch L, Shanko B, Belete F. Sexual behaviours and some social 

featuress of sex workers in the city of Addis Ababa. Ethiop J Health Dev 1990, 4:133-137. 

9.. Sentjens REJH, Sisay Y, Vrielink H, Kebede D, Ader HJ, Leckie G, et al. Prevalence of 

andd risk factors for HIV infection in blood donors and various population subgroups in 

Ethiopia.. Epidemiol Infect. 2002, 128, 221-228. 

10.. Sahlu T, Kassa E, Agonafer T, Tsegaye A, Rinke de Wit T, Gebremariam H, et al. Sexual 

behaviour,, perception of risk of HIV infection, and factors associated with attending post-test 

counsellingg in Ethiopia. AIDS 1999, 13:1263-1272. 

11.. Mihret W, Rinke de Wit TF, Petros B, Mekonnen Y, Tsegaye A, Wolday D, et al. Herpes 

simplexx virus type 2 seropositivity among urban adults in Africa: results from two cross-

sectionall  surveys in Addis Ababa, Ethiopia. Sex Transm Dis. 2002 Mar; 29(3): 175-81. 

55 5 



Chapterr I I 

12.. Greenland S and Drescher K. Maximum likelihood estimation of the attributable fraction 

fromfrom logistic models. Biometrics 1993, 49:865-872. 

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

specificc HIV-1 prevalence in the urban community settings of Addis Ababa, Ethiopia AIDS 

1998,, 12:315-322. 

14.. Fontanet A, Sahlu T, Messele T, Rinke de Wit T, Doorly R, Coutinho RA. Factors 

associatedd with HrV infection in Ethiopia: results from four cross-sectional surveys in 1995-6. 

Abstract.. Ethiop Med J. 1999:37:supl (1):107. 

15.. Kebede D, Aklil u M, Sanders E. The HIV epidemic and the state of its surveillance in 

Ethiopia.. Ethiop Med J 2000, 38:283-300. 

16.. Mekonnen Y, Jegou R, Coutinho RA, Nokes DJ, Fontanet AL. Demographic impact of 

AIDSS in a low-fertility urban African setting: projection for Addis Ababa, Ethiopia. J Health 

Popull  Nutr 2002 Jun; 20(2): 120-129. 

17.. Buve A, Carael M, Hayes RJ, Auvert B, Ferry B, Robinson NJ, et al. Multicenter study on 

factorss determining differences in rate of spread of HIV in sub-Saharan Africa: methods and 

prevalencee of HIV infection. AIDS 2001, 15(Suppl 4): S5-S14. 

18.. Gregson S, Garnett GP, Anderson RM. Is HIV likely to become a leading cause of adult 

mortalityy in sub-Saharan Africa? J Acquir Immune Defic Syndr 1994, 7(8):839-52. 

19.. Stover J, Walker N, Garnett GP, Salomon JA, Stanecki KA, Ghys PD, et al. Can we 

reversee the HIV/AID S pandamic with an expanded response? Lancet 2002; 360: 73-77 

20.. UNAIDS. Gender and HIV/AIDS: Taking stock of research and programmes. 

UNA1DS/99.16E.. March 1999. 

56 6 



HIVV Prevalence and risk factors in Ethiopia 

21.. Auvert B, Buve A, Ferry B, Carael M, Morison L, Lagarde E et al. Ecological and 

individuall  level analysis of risk factors for HIV infection in four urban populations in sub-

Saharann Africa with different levels of HIV infection. AIDS 2001, 15(Suppl 4): S15-S30. 

22.. Weiss HA, Quigley MA, Hayes RJ. Male circumcision and risk of HIV infection in sub-

Saharann Africa: a systematic review and meta-analysis. AIDS. 2000, 14(15):2361-70. 

23.. Quigley M, Munguti K, Grosskurth H, Todd J, Mosha F, Senkoro K, et al. Sexual 

behaviorr pattern and other risk factors for HIV infection in rural Tanzania: a case-control 

study.. AIDS 1997, 11:237-248. 

24.. Malamba SS, Wagner HU, Maude G, Okongo M, Nunn AJ, Kengaye-Kayonda JF et al. 

Riskk factors for HIV-1 infection in adults in a rural Ugandan community: a case-control 

study.. AIDS 1994, 8:253-257. 

25.. Bassett MT, McFarland WC, Ray S, Mbizov MT, Machekano R, Van de Wijgert H-H-M, 

ett al. Risk factors of HIV infection at enrollment in an urban male factory cohort in Harare, 

Zimbabwe.. J Acquir immune defic Syndr. 1996, 13:287-293. 

26.. Nelson EK, Eiumtrakul S, Celentano D, Maclean I, Ronald A, Suprasert S, et al. The 

associationn of Herpes Simplex Virus Type 2 (HSV-2), Haemophilus dureyi, and Syphilis with 

HIVV infection in young men in northern Thailand. J Acquir immune defic Syndr. 1997. 16: 

293-300. . 

27.. Hook EW, Cannon RO, Nahmias AJ, Lee FF, Campbell CH, Glasser D, et al. Herpes 

simplexx virus infection as risk factor for human immunodeficiency virus infection in 

heterosexuals.. J infect Dis 1992, 3:1-4. 

28.. Weiss HA, Buve A, Robinson NJ, Dyck EV, Kahindo M, Anagonou S, et al. The 

epidemiologyy of HSV-2 infection and its association with HIV infection in four urban African 

populations.. AIDS 2001, 15(Suppl 4): S97-S108. 

57 7 



Chapterr I I 

29.. Ankrah, ME. AIDS: methodological problems in studying its prevention and spread. Soc 

SciMed.. 1989, 3: 265-2?6. 

58 8 



CHAPTERR I I I 
Evidenc ee of change s in sexua l behaviour s 
amon gg mal e factor y worker s in Ethiopi a 

Yaredd Mekonnen1 

Eduardd Sanders1 

Mathiass Aklilu1 

Asterr Tsegaye1 

Tobiass F.Rinke de Wit1 

Abb Schaap1 

Dawitt Wolday1 

Ronaldd Geskus2 

Roell A. Coutinho2,3 

Arnaudd Fontanet1,2,4 

^thio-Netherlandss AIDS Research Project (ENARP), Ethiopian Health and 
Nutritionn Research Institute (EHNRI), P.O.Box 1242, Addis Ababa, Ethiopia 
2Clusterr Infectious Diseases, STI and AIDS research, Municipal Health 
Service,, Amsterdam, The Netherlands 
depar tmentt of Human Retrovirology, Academic Medical Center, University 
off Amsterdam, The Netherlands 
4Epidemiologyy of Emerging Diseases Unit, Pasteur Institute, Paris, France 

AID SS 2003, 17:223-231 





Changess in sexual behaviours in Ethiopia 

SUMMAR Y Y 

Objective::  To assess changes in sexual behaviours among male factory workers in Ethiopia. 

Design::  Open cohort studies in two factories near Addis Ababa. 

Dataa and Method: At intake and biannual follow-up visits, data were collected on sexual 

behaviourss including casual sex, sex with commercial sex workers (CSW), condom use, and 

historyy of sexually transmitted diseases (STDs) as indicated by genital discharge and genital 

ulcer.. Health education, HIV testing, and counselling were offered to all participants. 

Result::  Between February 1997 and December 1999, 1124 males were enrolled in the two 

cohortt studies. At intake, the prevalence of casual sex in the past year, sex with CSWs, 

condomm use with the last casual partner, history of genital discharge in the past five years, and 

historyy of genital ulcer in the past five years were 9.7%, 43.4%, 38.8% (Akaki site only), 

10.6%,, and 2.1%, respectively. At the Wonji site, the intake prevalence of casual sex, sex 

withh CSW, and history of genital discharge decreased significantly by calendar year between 

19977 and 1999. At both sites combined, between the first and the fourth follow-up visits, 

theree was a decline in the proportion of males reporting recent casual sex (from 17.5% to 

3.5%,, pO.001), sex with CSWs (from 11.2% to 0.75%, pO.001), and genital discharge (from 

2.1%to0.6%,p=0.004). . 

Conclusion::  There was a decline over time in risky sexual behaviours reported by cohort 

participants.. Part of this decline occurred independently of cohort interventions. 

INTRODUCTIO N N 

Changess in sexual behaviours have been advocated to reduce the spread of HIV in the 

developingg world, where heterosexual sex is the most common mode of HIV transmission [1-

3],, These changes mainly involve reduction in the number of sexual partners [4,5] and 

increasee in condom use during casual sex [6]. The effectiveness of these changes is supported 

byy data from Thailand and Uganda, where both HIV prevalence estimates and prevalence of 

riskyrisky sexual behaviours decreased in the past decade [6-9]. However, few longitudinal studies 
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havee been conducted within the same population group to correlate reduction in behavioural 

riskrisk with lower incidence rates of HIV infection or other sexually transmitted diseases (STD) 

[6,8]. . 

Itt is now almost 16 years since the HIV epidemic started in Ethiopia. The epidemic has spread 

throughoutt the country, as shown by HIV prevalence levels of 5-20% among blood donors in 

111 major towns in 1994 [10]. By the end of 1999, an estimated 3 million adults and children 

weree living with HIV/AID S in Ethiopia [11]. Recent surveillance data collected among 

antenatall  care attendants in Addis Ababa, the capital city, suggest a decline in HIV prevalence 

amongg young pregnant women of the inner city [12]. This decline may be related to 

interventionn programmes focusing on risk behaviour reduction, condom promotion, and STD 

control,, which have been underway since 1987 in the country [10]. However, these programs 

havee been seriously constrained by years of political instability, and their effectiveness has 

nott been evaluated in longitudinal studies. In this paper, we present the first evidence of 

changee in sexual behaviours among male factory workers who participated in a cohort study 

onn HIV incidence and disease progression in Ethiopia. 

MATERIAL SS AND METHOD S 

StudyStudy population and procedures 

Thee Ethio-Netherlands AIDS Research Project (ENARP) established two cohort sites in 1997 

too study the incidence and progression of HIV infection in Ethiopia. One cohort is located in 

aa Fibre Products factory at Akaki, a suburb of Addis Ababa, and the other at Wonji, a sugar 

estatee 107 km south-east of Addis Ababa. Both cohorts followed the same procedures, which 

aree detailed elsewhere [13], and summarized below. The two cohort studies are still ongoing, 

andd have been planned to last for 8 to 10 years. 

Factoryy workers of both sexes were invited to join the study during general information 

meetings.. After signing an informed consent form at the project's clinics, each participant was 

givenn pre-test counselling by an experienced counsellor. During the session, the counsellor 

evaluatedd the participant's knowledge of HIV transmission, prevention, and course of 

infection,, as well as his/her perception of HIV infection risk and the potential consequences of 
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aa positive or negative result on HIV antibody testing. After pre-test counselling, interviewers 

matchedd by sex with subjects collected data on socio-demographic characteristics, sexual 

behaviours,, and medical history, using a structured questionnaire. Each interview was 

followedd by a clinical examination performed by a medical doctor, before blood was drawn 

forr laboratory analyses. Finally, all individuals were informed that their HIV test results 

wouldd be available 30 days later at the project's clinic. Attending post-test counselling (PTC) 

wass optional, although an appointment date was given in writing to everyone. Participants 

weree thereafter seen every six months at the study clinic for follow-up, and the above 

proceduress were repeated at each visit. 

Bloodd samples were transported on the day they were obtained to ENARP's laboratory at the 

Ethiopiann Health and Nutrition Research Institute (EHNRI). Plasma samples were tested for 

HIV-11 antibodies by HIVSPOT (Genelabs Diagnostics, Singapore) and Vironistika ELISA 

(Organon,, Boxtel, the Netherlands). Positive results found with either or both tests were 

confirmedd by Western blot testing (HIV Blot 2.2 Genelabs Diagnostics, Singapore). Plasma 

sampless were also tested for syphilis using the Treponema pallidum hemaglutination test 

(TPHA;; Serodia-TP, Fujirebio, Tokyo, Japan) and, if results were positive, a further sample 

wass tested using the Rapid Plasma Reagin (RPR) test (RPR Slide-Test, Biomerieux, France). 

Ass an incentive to participate, factory workers and their families were offered free medical 

caree for the duration of the cohort study. All study information was coded and kept 

confidential.. The EHNRI Ethics Committee and the National Ethical Clearance Committee 

approvedd the study protocol. 

StatisticalStatistical methods 

Duee to the low number of women participating in the study, and the likely underreporting of 

riskyrisky sexual behaviours by women, we have not included in the analysis data obtained among 

femalee participants. Analysis was also restricted to participants enrolled before 31 December 

19999 and includes data from follow-up visits through 31 December 2000. Individuals who 

missedd visits for one year or more were considered lost to follow-up (dropouts). 
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Indicatorss used to assess changes in sexual behaviours were reports of casual sex, sex with 

commerciall  sex worker (CSW), condom use, history of genital discharge, and history of 

genitall  ulcer. Casual sex was defined as having sex with someone who is not your spouse or 

yourr steady sexual partner. Sex with CSW was defined as having sex with a CSW when 

goingg to bars, the usual place to meet CSWs for these factory workers. Condom use was 

queriedd in relation to the last sexual act with a casual partner but these data were available 

onlyy from Akaki. History of genital discharge and genital ulcer was based only on 

participant'ss recollection, not medical records. At intake, the questions on casual sex referred 

too the past year, and the questions on genital discharge and ulcer to the past five years. There 

wass no specific time-frame for the questions regarding sex with CSW at intake, so that it was 

nott possible to assume that persons reporting sex with CSW had casual sex in the past year. 

Duringg follow-up visits, these questions referred to the time-period since the last visit. Any 

personn reporting sex with CSWs during follow-up visits was assumed to have had casual 

partnerss since the last visit. 

Backgroundd characteristics of the study participants who completed follow-up were compared 

too those of the dropouts, using Chi-square tests of independence. Test for trends were 

performedd for ordered categories (age groups, numbers of sexual partners in lifetime). 

Furthermore,, a multivariate analysis was performed using Cox proportional hazards model to 

identifyy independent predictors of the risk of dropping out from the cohort. Unlike the cohort 

att Akaki, where enrolment took place mostly in 1997, the Wonji cohort recruited participants 

throughoutt the period 1997-1999, allowing comparison of the intake prevalence of reported 

sexuall  behaviours and STDs by calendar year of enrolment (Chi-square test for trends). To 

studyy whether changes in intake prevalence of the various behavioural indicators might reflect 

diversityy of background characteristics among the populations enrolled in successive years, 

thee effect of calendar year on each indicator was examined in a logistic regression model, 

controllingg for socio-demo graphic characteristics. 

Thee incidence of HIV infection was calculated by dividing the total number of 

seroconversionsseroconversions by the total follow-up time of HIV-negative participants For seroconverters, 

follow-upp time until the seroconversion visit was included in the denominator of the 

calculationn of the HIV incidence rate. 95% confidence intervals (CI) were estimated assuming 

aa Poisson distribution of events. The observed incidence rate was compared to that expected 
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underr the steady-state assumption. Under this assumption, prevalence is stable over time, and 

thee incidence rate is the ratio of the odds of infection (prevalence/(l -prevalence)) divided by 

thee duration of infection [14]. The prevalence used for our calculation was the cohort intake 

prevalence.. The duration of infection was estimated at 10 years in an African context [15]. 

Thee 95% CI of the expected incidence rate was calculated by applying the same formula as 

abovee and using for prevalence the 95% CI limits of the intake prevalence estimates. 

Finally,, predictors of behavioural indicators were examined using a generalised estimating 

equationn (GEE) model for binary outcome with each follow-up visit as the unit of analysis 

andd an exchangeable within-individual correlation structure. Data from the enrolment visit 

weree ignored in this analysis, since the referent time period for behavioural indicators differed 

att enrolment compared to the follow-up visits. To explore potential biases related to the 

differentiall  loss to follow-up of subjects with certain characteristics, two separate models 

weree run: one including all participants and one including only participants not loss to follow-

up.. Variables included as potential predictors were socio-demographic characteristics (age, 

educationall  status, marital status), cohort site, attendance at PTC, HIV antibody test result, 

andd time. Time was defined as the number of follow-up visits. Since the median time between 

twoo consecutive visits was 191 days, or about six months, the odds-ratio (OR) associated with 

thee variable "visit" gives the odds of reporting risky sexual behaviours per six additional 

monthss of follow-up. For those who attended PTC, the variable "effect of PTC" was coded 

ass a time-dependent variable, 0 until PTC took place, and 1 thereafter. Since those attending 

PTCC might have differed from those not attending by characteristics potentially associated 

withh the outcome variables (because subjects were not randomly allocated to receive PTC), a 

variablee called "ever attended PTC" was added to the model to control for such differences. 

"Effectt of PTC" measures the changes in sexual behaviours occurring after PTC, while "ever-

attendedd PTC" controls for the background characteristics, which differentiate those who 

attendedd and those who did not. All associations examined in univariate analysis were 

adjustedd for time (visit number). Multivariate analysis was performed through stepwise 

modellingg including all variables with a univariate p-value < 0.25. Statistical analysis was 

performedd using the STATA computer package (Stata Statistical Software, Stata Corporation, 

Collegee Station, Texas, USA). 
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RESULTS S 

Betweenn February 1997 and 31 December 1999, 1483 participants were enrolled in the two 

cohortt studies. Of these, 1124 (75.8%) were males (418 in Akaki and 706 in Wonji), and are 

consideredd in this study. Most participants (874 or 77.8%) were 30 years or older and married 

att the time of enrolment (899 or 80.1%). Risky sexual behaviours were common in this 

population,, with 677 (60.2%) acknowledging more than five sexual partners in their lifetime, 

1155 (10.2%) reporting a history of genital discharge in the past five years, and 24 (2.1%) 

reportingg a genital ulcer in the past five years. Although only 109 (9.7%) reported having had 

casuall  sexual partners in the past year, 488 (43.4%) acknowledged having sex with CSWs 

whenn going to bars (this question was asked without any specific time frame). In Akaki, 19 

(38.8%)) of the participants who had casual sex in the past year reported using a condom 

duringg last sexual act with a casual partner. The prevalence of HIV infection was 47/418 

(11.2%)) in Akaki and 49/706 (6.9%) in Wonji (p=0.01), and PTC attendance was 311(74.4%) 

inn Akaki and 564 (79.9%) in Wonji (p=0.03). 

Ass of 31 December 2000, 921 of the 1124 (81.9%) men were still in follow-up, while 203 

(18.1%)) were not seen for more than one year and thus considered dropouts. Most of the 

dropoutss (118=58%) left the study after the enrolment visit, and another 85 (28%) after the 

firstt follow-up visit. Of all dropouts, 30 (14.8%) had died, 20 (9.3%) had left the factories 

whilee 153 (75.4%) were still working there. Table 1 compares the background characteristics 

off  the dropouts and the remaining participants. Dropouts did not differ from other participants 

byy past sexual behaviours. However, dropouts, compared to participants still in follow-up, 

weree more likely to be HIV-positive (18.2% versus 6.5%, respectively, p<0.001), less likely 

too have attended PTC (55.7% versus 82.7%, respectively, p<001), more likely to report sex 

withh CSWs (50.7% versus 40.6%, respectively, pO.001) and tended to be older. In 

multivariatee analysis, only HFV status remained an independent predictor of being lost-to-

follow-upp (data not shown). 
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Tablee 1. Percentage distribution of background characteristics among male cohort participants still in follow-up 
andd lost to follow-up, Akaki and Wonji, 1997-2000. 
Variabless Still in follow-up Lost to follow-up P-value 

Agee (years) 
20-29 9 
30-39 9 

40-49 9 
Missing g 
Maritall  status 
Married d 
Unmarried d 

Missing g 
Numberr of sexual 

0 0 
1 1 

2-4 4 
5+ + 

Missing g 

partnerss in lifetime 

Casuall  sex in last year 
Yes s 
No o 

Missing g 
Sexx with CSW 

Yes s 
No o 

Missing g 
Condomm use in the last episode of casual sex* 

Yes s 
No o 

Missing g 
Genitall  discharge in the last five years 

Yes s 
No o 

Missing g 
Genitall  ulcer in the 
Yes s 
No o 

Missing g 
Attendancee of PTC 
Yes s 
No o 
Missing g 

HIVV STATUS 
Negative e 
Positive e 

Missing g 

pastt five years 

n(%) ) 

219(23.8) ) 
423(45.8) ) 
280(30.4) ) 
0(0.0) ) 

741(80.5) ) 
179(19.4) ) 
1(0.1) ) 

21(2.3) ) 
99(10.7) ) 
233(25.3) ) 
557(60.5) ) 
11(1.2) ) 

85(9.2) ) 
836(90.8) ) 
0(0.0) ) 

374(40.6) ) 
530(57.6) ) 
17(1.9) ) 

17(39.5) ) 
27(60.5) ) 
0(0.0) ) 

92(9.9) ) 
830(90.1) ) 
0(0.0) ) 

18(2.0) ) 
902(97.8) ) 
1(1.0) ) 

762(82.7) ) 
160(17.3) ) 
0(0.0) ) 

852(93.5) ) 
59(6.5) ) 
10(1.0) ) 

n(%) ) 

31(15.3) ) 
101(49.7) ) 
71(35.0) ) 
0(0.0) ) 

159(78.3) ) 
42(20.7) ) 
2(1.0) ) 

6(3.0) ) 
20(9.9) ) 
55(27.1) 55(27.1) 
120(59.0) ) 
2(1.0) ) 

22(10.8) ) 
165(81.3) ) 
16(7.9) ) 

103(50.7) ) 
93(45.9) ) 
7(3.4) ) 

2(40.0) ) 
3(60.0) ) 
0(0.0) ) 

23(11.3) ) 
179(88.2) ) 
1(0.5) ) 

6(3.0) ) 
196(96.5) ) 
1(0.5) ) 

113(55.7) ) 
90(44.3) ) 
0(0.0) ) 

166(81.8) ) 
37(18.2) ) 
0(0.0) ) 

*Onlyy for those who reported casual sex in Akaki; CSW, commercial sex workers; PTC, post-test counselling 

ChangeChange in reported sexual behaviour and STDs by year of enrolment in Wonji 

Inn Akaki, most (95%) participants were enrolled in 1997, whereas in Wonji, the proportions 

enrolledd in 1997, 1998, and 1999 were 156 (22.1%), 316 (44.8%), and 234 (33.1%), 

respectively,, allowing comparison of behavioural indicators by year of enrolment (Table 2). 
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Thee proportions of Wonji men who reported risky sexual behaviours and past history of STDs 

att the intake visit declined from 1997 to 1999: from 10.3% to 3.9% for casual sex in the past 

yearr (p=0.02), from 53.2% to 20.2% for sex with CSW (pO.001), and from 15.4% to 5.1% 

forr history of genital discharge in the past five years (p<0.01). The effect of calendar year 

remainedd statistically significant after controlling for socio-demographic characteristics in 

logisticc regression models, suggesting that the declines were not related to changes in the type 

off  population enrolled at different years. 

HIVHIV incidence and changes in sexual behaviours during follow-up 

Thee incidence HIV infection was 6/952 = 0.63 (95% CI = 0.29 - 1.40) and 2/1125 = 0.18 

(95%% CI = 0.04 - 0.71) per 100 person-years in Akaki and Wonji, respectively. The expected 

incidencee under the steady-state assumption (see Materials and Methods) was 1.26 (95% CI = 

0.922 -1.72) and 0.74 (95% CI = 0.55 - 1.00) per 100 person-years in Akaki and Wonji, 

respectively.. There was no change in incidence by calendar year or by duration of follow-up. 

Duee to the low number of seroconversions (n=8), we could not identify risk factors associated 

withh incident HIV infection. However, we were able to look at longitudinal trends in sexual 

behaviourss and STDs in our two cohorts of male factory workers. 

Figuree 1 displays sexual behaviours and STDs by follow-up visit among study participants. 

Thee median time-period between two visits was 191 days, with littl e variation over time: from 

1899 days between second and third follow-up visit to 194 days between first and second. At 

bothh sites combined, between the first and the fourth follow-up visits, there was a decline in 

thee proportion of males reporting recent casual sex (from 17.5% to 3.5%, pO.001), sex with 

CSWss (from 11.2% to 0.75%, pO.001), and genital discharge (from 2.1% to 0.6%, p=0.004). 

Thee decline over time was statistically significant in GEE models for all indicators except 

genitall  ulcer, for which the decline was significant only for HIV-negative participants (Tables 

33 and 4). Models including data from all participants or data from only those who remained 

inn follow-up gave very similar results (data not shown). This was as expected, since most 

lossess to follow-up occurred just after enrolment, and only data from first follow-up visit and 

thereafterr were included in the longitudinal analysis. There was no significant change in 

reportedd condom use during last casual sex in Akaki, which was 57.5% at the first follow-up 

visitt and 50% at the fourth visit. 
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Tablee 2. Proportion (%) of male participants with reported casual sex, sex with commercial sex workers (CSW), 
reportedd condom use, genital discharge, genital ulcer and HIV prevalence at the time of enrolment, Wonji, 1997-
1999. . 

Sexuall  Behaviour 
STDD & HIV 

Casuall  Sex 
Sexx with CSW 
Condomm use 
Genitall  discharge 
Genitall  ulcer 
TPHA A 
HIV V 

1997 7 
n=156 6 

16(10.3) ) 
83(53.2) ) 
14(8.9) ) 
24(15.4) ) 
2(1.3) ) 
28(17.9) ) 
11(7.1) ) 

Yearr o 
1998 8 
n=316 6 

15(4.8) ) 
121(38.4) ) 
18(5.7) ) 
38(12.0) ) 
8(2.5) ) 
100(31.8) ) 
26(8.3) ) 

?? Enrolment 
1999 9 
n=234 4 

9(3.9) ) 
47(20.2) ) 
13(5.6) ) 
12(5.1) ) 
2(0.9) ) 
53(22.7) ) 
12(5.2) ) 

P-value e 

0.02 2 
O.001 1 
0.32 2 
<0.01 1 
0.29 9 
0.39 9 
0.36 6 

STD,, sexually transmitted diseases; TPHA, Treponema pallidum hemaglutination test. 

Figg 1. Proportion (%) of male cohort participants who reported casual sex, sex with 
commerciall  sex workers (CSW), genital discharge and genital ulcer since last follow-
upp visit, Akaki and Wonji, 1997-2000 

Casuall  sex 

TZZZW^L-TZZZW^L-

Sexx with CSW 

E S 5 S 3 — r z z — — 

Genitall  discharge Genitall  ulcer 

S33 1st follow-up D 2nd follow-up 0 3rd follow-up  4th follow-up 

Factorss associated with behavioural indicators are shown in Table 3 (sexual behaviours) and 

Tablee 4 (STDs). In multivariate analysis, several factors were significantly associated with 

lowerr reporting of casual sex (time, Wonji residence, being married, and effect of PTC), sex 

withh CSW (time, Akaki residence, being married, lower educational status, and effect of 

PTC),, genital discharge (time, age > 40 years, and being HIV-negative), and genital ulcer 

(higherr educational status and being HIV-negative). The association between casual sex and 
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PTCC was complex: those reporting casual sex were more likely to attend PTC during follow-

upp (non-significant), but the reporting of casual sex decreased after PTC attendance. The 

samee association was described for sex with CSWs and PTC. 

DISCUSSION N 

Thiss paper presents evidence of changes in risky sexual behaviours among factory workers 

whoo received health education and HIV testing and counselling in Ethiopia. These 

behaviourall  changes mainly involve reduction in both commercial and non-commercial casual 

sex.. The decline was particularly pronounced for sex with CSWs, reported by 11.2% at the 

firstt follow-up visit and by less than 1% at the fourth follow-up visit. A decline in sex with 

CSWss would have a strong impact on the spread of HIV in this community. As in many other 

Africann countries, CSWs are an important core group for HIV transmission in Ethiopia, as 

shownn by the high prevalence of HIV infection among CSWs in the early days of the 

epidemicc (17.0% among 6,234 CSWs sampled nationwide in 1988) [16] and the 73.4% 

prevalencee documented in 1998 among CSWs of Addis Ababa [17]. 
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Tablee 3. Predictors of reported sexual behaviours during follow-up visits among male cohort study participants, 
Akakii  and Wonji, 1997-2000 

Indicatorss of 
Sexual l 
Behaviour r 

Casuall  sex 

Sexx with CSW 

Predictorr variables 

Visitt (one visit increase) 
Studyy site 

Wonji i 
Akaki i 

Age e 
20-29 9 
30-39 9 
40-49 9 

Educationn (one level increase) 
HIVV status 
Negative e 
Positive e 

Everr attended PTC 
No o 
Yes s 

Effectt of PTC 
No o 
Yes s 

Maritall  status 
Unmarried d 
Married d 

Visitt (one visit increase) 
Studyy site 

Wonji i 
Akaki i 

Age e 
20-29 9 
30-39 9 
40-49 9 

Educationn (one level increase) 
HIVV status 
Negative e 
Positive e 

Everr attended PTC 
No o 
Yes s 

Effectt of PTC 
No o 
Yes s 

Maritall  status 
Unmarried d 
Married d 

Time-adjusted d 
ORR (95% CI) Univariate 

0.80(0.73-0.87) ) 

1 1 
1.83(1.22-2.74) ) 

1 1 
0.46(0.29-0.71) ) 
0.17(0.08-0.32) ) 
1.68(1.39-2.03) ) 

1 1 
1.47(0.75-2.88) ) 

1 1 
0.73(0.44-1.22) ) 

1 1 
0.65(0.45-0.94) ) 

1 1 
0.06(0.03-0.09) ) 

0.44(0.37-0.52) ) 

1 1 
0.29(0.17-0.40) ) 

1 1 
1.01(0.69-1.48) ) 
0.63(0.40-0.99) ) 
1.27(1.11-1.46) ) 

1 1 
1.34(0.78-2.29) ) 

1 1 
2.22(1.31-3.75) ) 

1 1 
1.17(0.83-1.64) ) 

1 1 
0.62(0.43-0.88) ) 

Time-Adjusted d 
ORR (95% CI) Multivariate 

0.78(0.70-0.87) ) 

1 1 
2.57(1.59-4.14) ) 

1 1 
0.79(0.48-1.30) ) 
0.51(0.24-1.08) ) 
1.22(0.99-1.51) ) 

1 1 
0.89(0.44-1.81) ) 

1 1 
1.68(0.84-3.34) ) 

1 1 
0.54(0.31-0.92) ) 

1 1 
0.07(0.04-0.12) ) 

0.46(0.39-0.55) ) 

1 1 
0.26(0.17-0.41) ) 

1 1 
1.59(1.04-2.42) ) 
1.19(0.71-1.99) ) 
1.17(1.00-1.38) ) 

1 1 
1.57(0.89-2.77) ) 

1 1 
3.37(1.78-6.39) ) 

1 1 
0.59(0.39-0.91) ) 

1 1 
0.61(0.40-0.93) ) 

OR,, odds-ratio; CI, confidence interval; CSW, commercial sex workers; PTC, post-test counselling 

Partt of the decline in risky behaviours can be attributed to the prevention interventions (health 

educationn and HIV testing and counselling) provided to the workers through their 

participationn in our study. Indeed, the decline in casual sex for an individual was significantly 
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associatedd with his PTC attendance and the number of follow-up visits. Males with risky 

sexuall  behaviours were more likely to attend PTC compared to those without; however, 

casuall  sex and sex with CSWs decreased after attending PTC, suggesting a positive effect of 

PTCC on participants' behaviours. This result is in line with a recent report on the effect of 

HIVV voluntary testing and counselling (VTC) in Kenya, Tanzania, and Trinidad, where 

individualss receiving VTC were less likely to report unprotected intercourse with non-primary 

partnerspartners than were individuals receiving only health information [18]. However, we suspect 

thatt the decline in casual sex may not be related only to cohort participation but also to a more 

generall  reduction in risky sexual behaviours in the surrounding community. Indeed, the 

proportionn of factory workers with risky sexual behaviours at enrolment declined by calendar 

yearr in Wonji. Prevention information provided to our cohort may well have had 

repercussionss on other workers among their contacts who modified their behaviours as a 

result.. More general prevention programmes provided nationwide may also have influenced 

Wonjii  community in recent years. Programmes focusing on risk-behaviour reduction, 

condomm promotion, and STD control have been underway since 1987 in Ethiopia and, 

althoughh hampered by the political instability of the late 1980s and early 1990s, they have 

raisedd the general awareness of HIV/AIDS. During the 1993 general population survey on 

preventionn indicators carried out by the World Health Organisation in four urban areas of 

Ethiopia,, 94.1% of 2712 males and 83.8% of 4173 females aged 15-48 years demonstrated a 

goodd knowledge of HIV preventive practices [19]. Similar findings were reported among 

Akakii  factory workers at the intake of the cohort study [13]. Such knowledge may have 

translatedd into behavioural changes in a population confronted by the rising number of AIDS 

casess in the past decade. 
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Tablee 4. Predictors of reported STDs during follow-up visits among male cohort study participants, Akaki and 
Wonji,, 1997-2000 

Reportedd STDs Predictor variables Time-adjustedd Time-Adjusted 
ORR (95%CI) Univariate OR (95%CI) Mutivariate 

Genitall  discharge 

Genitall  Ulcer 

Visitt (one visit increase) 
Studyy site 

Wonji i 
Akaki i 

Age e 
20-29 9 
30-39 9 
40-49 9 

Educationn (one level increase) 
HIVV status 
Negative e 
Positive e 

Everr attended PTC 
No o 
Yes s 

Effectt of PTC 
No o 
Yes s 

Maritall  status 
Unmarried d 
Married d 

Visitt (one visit increase) 
Studyy site 

Wonji i 
Akaki i 

Age e 
20-29 9 
30-39 9 
40-49 9 

Educationn (one level increase) 
HIVV status 
Negative e 
Positive e 

Everr attended PTC 
No o 
Yes s 

Effectt of PTC 
No o 
Yes s 

Maritall  status 
Unmarried d 
Married d 

0.73(0.59-0.90) ) 

1 1 
2.08(1.10-3.95) ) 

1 1 
0.94(0.45-1.97) ) 
0.45(0.17-1.16) ) 
0.79(0.59-1.07) ) 

1 1 
3.38(1.51-7.55) ) 

1 1 
1.03(0.44-2.44) ) 

1 1 
0.65(0.34-1.24) ) 

1 1 
0.73(0.34-1.54) ) 

0.81(0.59-1.09) ) 

1 1 
1.59(0.58-4.37) ) 

1 1 
0.66(0.21-2.14) ) 
0.51(0.13-2.02) ) 
0.66(0.42-1.05) ) 

1 1 
3.30(1.03-10.61) ) 

1 1 
2.31(0.38-14.14) ) 

1 1 
1.00(0.34-2.98) ) 

1.69(0.37-7.78) ) 

0.75(0.61-0.93) ) 

1 1 
1.81(0.93-3.55) ) 

1 1 
0.71(0.34-1.57) ) 
0.29(0.11-0.85) ) 
0.76(0.55-1.03) ) 

1 1 
2.91(1.34-6.33) ) 

1 1 
1.89(0.67-5.34) ) 

1 1 
0.56(0.26-1.23) ) 

1 1 

0.80(0.36-1.77) ) 

0.79(0.58-1.09) ) 

1 1 
1.46(0.55-3.89) ) 
1 1 
0.51(0.17-1.51) ) 
0.31(0.08-1.16) ) 
0.59(0.38-0.93) ) 

1 1 
3.57(1.23-10.38) ) 

1 1 
2.39(0.36-15.87) ) 

1 1 
0.81(0.22-2.29) ) 

1.49(0.37-6.02) ) 
OR,, odds-ratio; CI, confidence interval; PTC, post-test counselling. 

Inn the absence of a comparison group, it is unknown whether the cohort interventions resulted 

inn a decline in HIV incidence. Compared to the expected incidence rates under the steady-

statee assumption, the observed HIV incidence rates were lower but not significantly, and there 

wass no trend of declining HIV incidence with longer duration of follow-up. It could well be 

thatt HIV transmission continued unabated between regular partners of discordant serological 
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status,, whereas the incidence of STDs with shorter transmission periods dramatically 

decreasedd in relation to the decline in casual sex. In favour of that scenario is the zero 

incidencee of syphilis observed among factory workers in Akaki between February 1997 and 

Marchh 1999 (0 per 100 person-years, 97.5% one-sided CI = 0 - 0.5) [20] and the decline in 

genitall  discharge among male workers at both sites, from 2% at the first follow-up visit to 

0.6%% at the fourth follow-up visit (pO.01). Recent genital ulcers also declined, but only 

amongg HIV-negative participants. 

Thee findings of this study are pertinent largely to the group, which was studied: mostly 

middle-agedd and married males working in Ethiopian factories. Whether they would apply 

too young and unmarried males, who are particularly vulnerable to HIV infection, is not 

known.. Another study limitation is that health education and HIV testing and counselling was 

offeredd to participants and linked to benefits such as free family medical care, perhaps pre-

selectingg participants whose motivation to get tested and counselled might differ from that 

seenn in ordinary VTC centres. Moreover, since a substantial proportion of the study 

participantss were lost to follow-up (close to 20%) our conclusions apply mainly to those who 

remainedd in the cohort. Yet HIV-positives, particularly those who learnt their HIV status 

throughh PTC, were over-represented among the dropouts; thus we would like to know how 

thee knowledge of their HIV status may have influenced their subsequent sexual behaviours. 

Finally,, one may question the validity of the behavioural indicators used in this study, 

particularlyy if self-reported [21]. In males, genital discharges and genital ulcers are quite 

specificc of STDs, and can be easily recognized by the patients themselves, so that they are 

effectivee entry points for the syndromic approach of STDs treatment [22]. However, genital 

ulcerss caused by herpes simplex infections may reflect recurrences of past infections rather 

thann new infections, and thus may not be a valid marker of behavioural changes. This is 

particularlyy true among HIV-positive individuals who are more subject to recurrences because 

off  immunosuppression [23], explaining why no decline was observed among HIV-positive in 

thee reporting of genital ulcers in this study. Despite assurance of privacy and confidentiality 

duringg the interview, some cohort participants will misreport sexual behaviour. Some 

participantss may indeed prefer the socially acceptable answers when replying to the 

questionnaire,, particularly those who have attended PTC and extensively discussed the issues 

off  safe sex with the counsellor. However, behavioural trends are of greater interest to the 
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presentt study than the exact levels of risk behaviour. Even when there is misreporting, 

repeatedd behavioural surveys will show changes in trends over time, provided that the 

magnitudee or direction of misreporting does not change significantly [24]. 

Inn conclusion, this study provides substantial evidence that risky sexual behaviours and 

incidencee of STDs have decreased in this cohort of factory workers provided with health 

educationn and HIV testing and counselling. This program offers an encouraging view of what 

interventionss can be offered to developing countries to minimise the spread of HIV infection. 
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Antiretrovirall therapy Africa 

SUMMAR Y Y 

Background::  We explored the relevance of simple markers (clinical or laboratory markers 

nott requiring sophisticated laboratories) in the decision of initiation of antiretroviral therapy 

inn resource-poor settings. 

Design::  Open cohort study 

Dataa and Method: Among HIV-infected Ethiopian cohort participants, simple markers 

predictingg short-term death were examined using time-dependent Cox proportional hazards 

models.. Timing of hypothetical treatment was compared between guidelines using the simple 

markerss (based on presence of at least one marker), guidelines recommended by the United 

Statess Department of Health and Human Services (based on CD4 and viral load), and 

guideliness for resource-limited settings recommended by the World Health Organization. 

Results::  From February 1997 to August 2001, 35 deaths were recorded among 155 HIV-

positivee participants. Simple independent predictors of death were low body mass index, 

HIV-relatedd conditions, anaemia, and lymphocyte count <1500/ul. In such time as was 

coveredd by our study, 135 (87%) of 155 cohort participants would have had the same 

managementt under both the simple markers and the DHHS guidelines, i.e., would have been 

treatedd (n=l 14, or 74%) or not treated (n=21, or 14%). Of the 114 participants hypothetically 

treatedd under either set of guidelines, 91(80%) would have started treatment at the same time. 

Applicationn of the WHO guidelines for resource-limited settings (without CD4 counts) would 

havee resulted in 11 participants dying without ever meeting a treatment indication during 

regularr follow-up visits. 

Conclusion::  Simple markers for the initiation of therapy were identified among HIV-infected 

Ethiopiann patients. The validity of these markers for monitoring patients' improvement 

followingg therapy remains to be evaluated. 

INTRODUCTIO N N 

Decisionss to initiate highly active antiretroviral therapy (HAART) are generally based on the 

levell  of CD4+ T-cell (CD4) counts and HIV RNA load (viral load) (1), which measuring 
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unfortunatelyy requires equipment beyond the capacity of most laboratories in the developing 

world.. Recently, the World Health Organisation (WHO) developed guidelines for initiating 

treatmentt that do not require such sophisticated measurements (2). In Haiti, simple criteria 

suchh as clinical conditions and standard cell blood counts have been proposed and used (3). 

However,, it is unknown whether some patients needing treatment were missed by the criteria 

orr whether other patients were over-treated. 

Inn the present study we evaluated the use of simple criteria for initiating HAART in 

hypotheticall  cases based on a cohort study of factory workers in Ethiopia. 

PATIENT SS AND METHOD S 

StudyStudy participants and clinical examination 

Dataa were used through August 2001 from an ongoing cohort started in 1997, encompassing a 

factoryy in Akaki and in Wonji towns. Participants were regularly seen bi-annually at the 

studyy clinic and between visits, if general care was needed (4,5). Clinical information was 

obtainedd through a medical examination focussing on the conditions included in the WHO 

stagingg system (6). Most diagnoses were presumptive due to limited access to laboratory 

investigations.. Acid-fast bacilli (AFB) sputum smears, chest X-ray, and lymph node biopsies 

weree used to investigate suspected tuberculosis cases. 

LaboratoryLaboratory analysis 

HIV-11 screening was performed by HIVSPOT (Genelabs Diagnostics, Singapore) and ELISA 

(Vironostikaa HIV Uni-Form II, Organon Teknika, The Netherlands). All positive or 

discrepantt results were confirmed by a Western Blot Assay (HIV BLOT 2.2, Genelabs 

Diagnostics,, Singapore). The absolute number of leucocytes per u.1 of whole blood was 

obtainedd using a Coulter counter T540 (Coulter Electronics, Florida, USA). Lymphocyte 

subsetss were determined by flow cytometry using a FACScan (Becton Dickinson, San Jose, 

California,, USA). Viral load in plasma was assessed using the Nuclisens assay (Organon, 

Teknika,, The Netherlands). 
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StatisticalStatistical analysis 

Veryy few HIV infected patients in the cohort were diagnosed with AIDS during follow-up. 

Patientss died within a few days or weeks from conditions presumably related to HIV infection 

(off  the total 35 deaths, 16 were attributable to tuberculosis, 10 to wasting syndrome, 4 to 

pneumonia,, 1 to meningitis, and 4 to unknown causes). We thus used "death" as our endpoint 

forr the analysis of predictors of HIV infection progression. 

Severall  clinical and laboratory markers were evaluated (see table 1). These included 

symptomaticc HIV infection according to the WHO staging system (6), low body mass index 

(BMI) ,, using the United Nations FAO criteria (7), anaemia, according to the Centres for 

Diseasee Control criteria (8), lymphopenia according to standard medical textbooks (9), CD4 

countss and viral load. 

Guideliness for initiating therapy in developed countries are based on the identification of 

medium-termm (3-4 years) predictors of AIDS development (1,10). The scarcity of resources in 

thee developing world may justify the delay of treatment initiation and urge the use of short-

termm rather than medium-term predictors. The median duration between two visits was 196 

days,, so "short-term" approximates six months. Using time-dependent Cox proportional 

hazardss analysis, all markers were introduced in the first model and were then deleted using a 

backwardd selection procedure to retain only markers with significant p-values (<0.05) in the 

finalfinal model ("best" model). The same procedure was repeated excluding the sophisticated 

markerss (CD4 counts and plasma viral load) from the initial set of markers available ("simple 

markers""  model). 

Antiretrovirall  treatment guidelines were then elaborated based on the predictors of death 

identifiedd in the "best" and the "simple markers" models. It was postulated that no patient 

shouldd die without having ever been treated, but the number of treatments given to the cohort 

participantss should be kept at a minimum considering the limited resources available. 

Therefore,, the number of predictors present at each participant's visit was examined and 

comparedd with the eventuality of dying in the following interval. The smallest number of 

predictorss of death found at visits preceding deaths was one for predictors identified in the 

simplee markers model and two for predictors identified in the best model. The rule was 
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thereforee to treat participants when at least one predictor was present for the guidelines based 

onn the simple markers model, and when at least two predictors were present for the guidelines 

basedd on the best model. The DHHS guideline requests that treatment is initiated when at 

leastt one prognostic marker is present (HIV-related conditions or CD4 counts < 350/ul or 

virall  load > 55000 copies/ml), and this was the rule adopted in this study. The WHO 

guideliness for resource-limited settings vary according to the availability of CD4 counts (2). 

Thee guidelines in which CD4 counts are available stipulate that patients are treated if subjects 

havee either clinical AIDS, or CD4 counts <200/ul. The guidelines in which CD4 counts are 

nott available suggest to treat subjects if they have clinical AIDS, or WHO stage II conditions 

orr higher and lymphocyte counts <1200/)il. The various treatment guidelines were then 

hypotheticc ally applied to the cohort participants, and compared by looking at the following 

indicators:: a) number of cohort participants who would have died without receiving treatment; 

b)) number of participants who would have been treated under the proposed guideline; c) 

mediann CD4 counts at the time of hypothetical treatment initiation; d) proportion of patients 

withh CD4 counts < 200/ul at the time of treatment initiation; e) median viral load at the time 

off  treatment initiation; f) proportion of patients with viral load > 55000 copies/ml at the time 

off  treatment initiation. 

Forr individual cases lacking data for all markers at intake, the analysis starts at the first 

follow-upp visit for which all data are present; for seroconverters, the analysis starts at the 

seroconversionn visit. 

EthicalEthical clearance 

Ethicall  clearance for the study was obtained from both institutional (EHNRI) and national 

ethicall  clearance committees. 

RESULTS S 

Betweenn 26 February 1997 and 31 August 2001, a total of 1666 individuals joined the cohort, 

amongg which 156 (9.4%) were HIV-positive at intake. During follow-up, 18 seroconversions 

forr HIV antibodies occurred and 35 deaths were recorded among HIV positive persons (data 

nott shown). 
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Afterr excluding participants with incomplete data (n=19) and deaths (n=4) occurring after 

participantss became lost to follow-up, we were left with 155 HIV-positive participants, 

includingg 27 deaths. Of these 155 participants, 106 (68.4%) were male and the mean age was 

344 years at enrolment. At entry, 16.1% had symptomatic HIV infection, 20% had low BMI, 

20.6%% were anaemic, 38.1% had lymphopenia, 23.2% had CD4 cell counts<200/ul and 51.6% 

hadd over 10000 viral load copies/ml (data not shown). 

Tablee 1 shows that all markers were significantly associated with an increased risk of death in 

univariatee analyses. While anaemia and lymphocyte count <1500/|_il were not significant 

independentt predictors anymore in models that included CD4 counts and viral load, they 

becamee independently significant after exclusion of the latter two. 

Tablee 1. Univariate and multivariate hazard ratios (HRs) (95% CIs) of death according to different time-
dependentt Cox proportional hazards models, EN ARP HIV-positive cohort (n=155), 1997-2001. 

Clinicall  and laboratory markers Unadjustedd HRs 
(95%% CI) 

Adjustedd HRs 
(95%% CI) 
'Best'' model 

Adjustedd HRs 
(9555 CI) 
'Simplee arkers' 

Symptomaticc (WHO stages 3 & &  4) 

Loww BMI (BMI <18.5 kg/m2) 

Anaemia* * 

10.11 (4.6-22.2) 

3.55 (1.6-7.6) 

4.11 (1.9-8.9) 

Lymphopeniaa (Lymphocyte count <1500/ul) 3.1 (1.4-7.0) 

CD44 counts <200/ul 12.7 (4.8-33.8) 

CD44 counts <350/nl 17.7(2.4-130.8) 

Virall  load > 10000 copies/ml 24.8(3.6-182.5) 

5.9(2.7-12.9)) 7.3(3.2-16.4) 

2.5(1.1-5.5)) 2.3(1.0-5.1) 

2.9(1.3-6.2) ) 

2.4(1.0-5.3) ) 

9.6(1.3-71.8) ) 

11.8(1.6-88.5) ) 

aa hemoglobin <13.4 g/dl for males and 11.9 g/dl for females in Akaki at 2100 meters of altitude, <13.0 g/dl for 
maless and <11.5 g/dl for females in Wonji at 1500 meters of altitude. CI, Confidence Interval 

Tablee 2 compares treatment guidelines based on the previous models and international 

guidelines.. Both WHO guidelines (i.e., with and without CD4 counts available) resulted in 

thee lowest numbers of treated patients (65 and 67 treated patients). However, with both 

guidelines,, several patients would have died before reaching a treatment indication (5 and 11, 

respectively).. The next lowest number of patients to be treated (n=95) was found with the 

guidelinee based on the "best" model, this time without any subject dying before reaching a 
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treatmentt indication. The two remaining guidelines (DHHS guidelines and simple markers 

guidelines)) gave similar results in terms of number of patients to be treated and the laboratory 

markersmarkers values present at the time of treatment initiation: 135 (87%) of all 155 participants 

wouldd have had the same management under both guidelines, i.e., would have been treated 

(n=114,, 74%) or not treated (n=21, 14%). Of those treated under both guidelines 91 (80%) 

wouldd have started treatment at the same time. Of the 13 patients who would have started 

treatmentt under the DHHS guideline but not under the simple markers guidelines, none would 

havee had CD4 counts <200/ul at the time of treatment initiation. During follow-up, 2 of these 

133 patients had CD4 counts dropping below 200/(il (123/ul and 156/ul at the last visit) while 

noo simple predictor was present. Finally, all 7 patients who would have started treatment 

underr the simple markers guidelines, but not under the DHHS guidelines, would have had 

CD44 counts <500/ul. 
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DISCUSSION N 

Thee timing of HAART would have been very similar had patients been treated using the 

internationall  guidelines recommended by the DHHS or the guidelines based on the simple 

predictorss of death identified in this study. It seems therefore reasonable to suggest that 

simplee markers be used to initiate HAART in areas lacking a sophisticated laboratory or to 

identifyy patients for referral to locations that have such laboratories. 

Onee may argue that such similarity in timing and number of treatments contradicts our initial 

intentionn of delaying treatment in resource-poor settings because of scarcity of drugs. Indeed, 

underr the simple markers guidelines, up to 78% of the cohort participants would have been 

treatedd including 58% from cohort intake. This number may seem exaggerated for a 

populationn known to be healthy enough to work in a factory. However, our simulation shows 

thatt postponing treatment would have resulted in having subjects dying without ever meeting 

aa treatment indication during their regular follow-up visits. In this regard, the WHO 

guideliness without CD4 counts would have not performed well in our setting, with 41% of the 

patientss who died without being treated. If one were ready to accept death of a few patients in 

orderr to minimize the number of treatments provided, a modification of our simple markers 

guidelines,, dropping anaemia as criteria for initiating treatment, would have performed 

reasonablyy well in our setting. Indeed, only two patients would have died without being 

treated,, while 52% patients would have been treated over the course of the study period 

(detailedd data not shown). 

Onee explanation for the large number of patients that would be treated under the DHHS 

guideliness might be the generally low CD4 counts found among Ethiopians, compared to 

peoplee elsewhere (5,11). The guidelines based on the "best" multivariate model may well be 

thee most adapted for Ethiopian patients in places where CD4 counts and viral load 

measurementt are available, since fewer patients would be treated as under the DHHS 

guidelines,, but no patient would die without being treated. 

Whilee simple markers performed well compared to established laboratory markers in deciding 

onn treatment initiation, we do not know how well they would perform in monitoring a 

patient'ss improvement following initiation of therapy. Drugs likely to induce anaemia, such 
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ass zidovudine (1), would obviously preclude the use of haemoglobin for monitoring patient's 

recoveryy under therapy. 

Inn conclusion, we have identified simple markers for initiating retroviral therapy among HIV-

infectedd individuals in a suburb of Addis Ababa, Ethiopia. We hope that the development of 

suchh tools will facilitate the introduction of anti-retroviral drugs in resource-poor countries. 
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HIVV Survival time and CD4 decline in Ethiopians 

SUMMAR Y Y 

Background;;  HIV-negative Ethiopians have lower CD4 counts compared to other 

populations.. It is therefore interesting to know whether the low baseline CD4 counts influence 

survivall  time in HIV-infected Ethiopians 

Design::  Open cohort study 

Dataa and Method: We used data from 149 HIV-infected cohort participants (132 prevalent 

andd 17 incident cases) with visits at 6-month intervals between February 1997 and June 2002. 

Too estimate survival time, a Markov model with CD4 and WHO-defined clinical based stages 

wass used. The rate of CD4 T cell (CD4) decline was compared between Ethiopians and Dutch 

individuals,, including and excluding Dutch homosexual men and drug users in whom the 

viruss switched from the non-syncytium-inducing (NSI)/R5 to syncytium-inducing (SI)/X4 

phenotype. . 

Result::  The 149 Ethiopian individuals contributed 791 visits. Their mean age at intake was 

344 years and 69% were males. The median CD4 cell count was 317 and 578 X 106/1 for the 

prevalentt cases at intake and at the first seropositive visit for incident cases, respectively. We 

estimatedd a median survival time in the range of 9.1 to 12.8 years using different approaches. 

Thee rate of CD4 decline was significantly lower in Ethiopians compared to Dutch homosexual 

menn and drug users. Although those homosexual men and drug users who had no evidence of 

Sl-inducingg strains have a lower rate of CD4 decline than those who had Sl-inducing strains, 

theyy still have a significantly higher rate of CD4 decline than Ethiopians. 

Conclusion::  Survival time in HIV-infected Ethiopians is similar to that of populations in 

industrializedd countries before the advent of antiretro viral therapy. The generally low baseline 

CD44 counts among Ethiopians do not imply shorter HIV survival time than other populations. 
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INTRODUCTIO N N 

Clearr understanding of the natural history of HIV disease progression is critical for planning 

andd developing appropriate therapeutic strategies for the HIV-infected population and also for 

planningg health care resources (1,2). Although the majority of HIV infections occur in sub-

Saharann Africa, only very limited information on disease progression and survival time is 

availablee from that region. Early studies showed a faster disease progression in some African 

countriess compared to industrialized countries (3-6) but recent reports based on long term 

follow-upp prospective cohort studies in Uganda and Malawi indicated that HIV infection has a 

similarr natural disease progression in Africa as seen in industrialized nations before the 

widespreadd use of antiretroviral therapy (7-9). 

Thee CD4 cell count is a leading indicator of HIV disease progression in an individual (10-11) 

andd is together with HIV-1 RNA load (viral load) used as the basis for the initiation and 

monitoringg of therapy (12). The rate of CD4 cell decline is also a good predictor of the time 

fromm infection to AIDS and death (13-14), and hence, is widely used as the basis in the 

estimationn of AIDS incubation period and survival time (15). 

Studiess have shown that HIV negative Ethiopians have lower CD4 cells counts compared to 

anyy other population in Africa as well as in industrialized countries (16-20). Furthermore, 

survivall  time following HIV infection is not known. It is therefore interesting to know 

whetherr the unique immunological profile, i.e. low CD4 counts among HIV negative 

individualss would result in shorter survival time in HIV-infected Ethiopians. To test this 

hypothesiss we estimated the HIV survival time of Ethiopians and compared it with published 

estimatess from elsewhere in Africa and industrialized countries before the widespread use of 

antiretrovirall  therapy. We also studied the rate of CD4 decline in HIV infected Ethiopians in 

thee course of infection and compared it with the decline in HIV infected Dutch homosexual 

men,, and male and female drug users from the Amsterdam Cohort Study. 
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PATIENT SS AND METHOD S 

StudyStudy population 

Thee data used originated from a cohort study of HIV infection and disease progression in two 

factoriess in Ethiopia. Cohort study procedures have in detail been described elsewhere (21). 

Thee cohort recruited both HIV-negative and HIV-positive factory workers between April 

19977 and December 2001, for whom follow-up visits were scheduled every six months. 

Follow-upp data through June 2002 were used for this study. A total of 132 HIV-prevalent and 

177 HIV-incident cases were included. During this period antiretroviral therapy was not 

availablee to cohort participants. We compared the rate of CD4 decline of HIV infected 

Ethiopianss with the decline in 308 and 185 HIV positive Dutch homosexual men and drug 

users,, respectively, between the period 1990 and 1995 (i.e. before highly active antiretroviral 

therapyy (HAART) was available to them). Rate of CD4 decline was compared including and 

excludingg those Dutch homosexual men and drug users in whom the virus switched from the 

non-syncytium-inducingg (NSI)/R5 to syncytium-inducing (SI)/X4 phenotype. These persons 

weree participants in the ongoing Amsterdam Cohort Study (15,22). Follow-up visits were 

scheduledd every three and four months for homosexual men and drug users, respectively. 

ClinicalClinical examination 

Clinicall  information of participants of the Ethiopian cohort was obtained through a medical 

examinationn focusing on the conditions included in the WHO staging system (23). The 

stagingg system includes a clinical axis made of 32 conditions divided in four stages (stage 4 

beingg equivalent to AIDS). Most diagnoses in our cohort were presumptive due to limited 

accesss to laboratory investigations. As a result very few HIV infected patients in the cohort 

weree diagnosed with AIDS during follow-up. Patients died within a few days or weeks from 

conditionss presumably related to HIV infection (of the total 29 deaths included in this 

analysis,, 14 were attributable to tuberculosis, 8 to wasting syndrome, 3 to pneumonia, and 4 

too unknown causes). 
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LaboratoryLaboratory analysis 

HIV-11 screening was performed by HIVSPOT (Genelabs Diagnostics, Singapore) and ELISA 

(VironostikaRR HIV Uni-Form II, Organon Teknika, The Netherlands). All positive or 

discrepantt results were confirmed by a Western Blot Assay (HIV BLOT 2.2, Genelabs 

Diagnostics,, Singapore). The absolute number of leukocytes per ul of whole blood was 

obtainedd using a Coulter counter T540 (Coulter Electronics, Florida, USA). Lymphocyte 

subsetss were determined by flow cytometry using a FACScan (Becton Dickinson, San Jose, 

California,, USA). For the Amsterdam Cohort Study, HIV-1 screening was performed with 

twoo commercially available enzyme-linked immunosorbent assays (Abbot Laboratories, 

Northh Chicago, Illinois, USA; Vironostika, Organon Teknika, Boxtel, the Netherlands) and 

confirmedd by Western Blot Assay. Lymphocyte subsets were determined by flow cytometry 

usingg a FACScan. 

EthicalEthical clearance 

Thee Ethiopian Health and Nutrition Research Institute (EHNRI) Ethics Committee and the 

Nationall  Ethical Clearance Committee approved the study protocol. 

StatisticalStatistical analysis 

AA continuous-time Markov model with constant transition rates was used to model HIV 

diseasee progression as suggested in previous studies (11,15). A Markov model was used 

becausee it can easily account for the doubly censored data that characterise a prevalent cohort; 

itt can also be constructed to allow for the possibility of death before AIDS diagnosis (15). 

Thee general description of the model is shown in Fig. la and lb. We used three different sets 

off  data to define stages of disease progression in the model. First, we defined 4 stages of HIV 

diseasee progression on the raw (not smoothed) absolute CD4 cell counts (Model I). Secondly, 

thee same was done with smoothed CD4 cell counts (Model II). CD4 measurements are often 

characterisedd by both measurement error and short time-scale variability (11,24). Therefore, 

CD44 data from each individual were smoothed using a kernel smoother (a bandwidth of 1.1 

year)) applied to the log-transformed data to determine the stage for that individual at each 

visitt (15,22). The third model was based on WHO clinical staging for HIV infection and 
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diseasee (23) (Model III) . Since very few individuals were diagnosed with AIDS during 

follow-up,, we combined WHO stages 3 and 4, in one stage, to represent late symptomatic 

stagee in HIV infection. In all the models the last stage corresponded to death. From those who 

diedd later than one year after their last visit (n=6) information after this year was not included. 

Thee models allowed bi-directional transitions between adjacent stages except for death, which 

iss an absorbing stage. Direct progression from any stage to death was allowed to take account 

off  death prior to an AIDS diagnosis. As a result, Models I and II were specified by 10 

transitionn probabilities (ki}) (Fig. la) and Model III by 7 (Fig. lb). The transition probabilities 

representedd the instantaneous hazard of moving between stages. Maximum likelihood 

estimates,, taking account of the interval-censored nature of the transition times, were obtained 

viaa the program MKVPCI 1.0 (25). For the CD4 decline analysis a random effect model was 

used.. For this purpose, we introduced a time-dependent covariate that denotes a person's fitted 

CD44 count as obtained via a model with random intercept and an integrated Ornstein-

Uhlenbeckk serial process (26). In the model, we allowed the slope to change when a person's 

fittedd CD4 count enters a new CD4 category. 
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Figg 1. Schematic diagram of the models: Fig la: based on CD4 staging; Fig 2a: WHO clinical 
staging g 

Fig.. l a 
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Stagee 1 Stagee 2 Stagee 3 & 4 

Clinicall  Stage 1: Asymptomatic infection, Persistent generalized lymphadenopathy, Acute retroviral infection; 
Clinicall  Stage 2: Unintentional weight loss < 10% body weight, Minor mucocutaneous manifestations (e.g., 
dermatitis,, prurigo, fungal nail infections, angular cheilitis), Herpes zoster within previous 5 years, Recurrent 
upperr respiratory tract infections; Clinical Stage 3: Unintentional weight loss > 10% body weight, Chronic 
diarrheaa > 1 month, Prolonged fever > 1 month (constant or intermittent), Oral candidiasis, Oral hairy 
leukoplakia,, Pulonary tuberculosis within the previous year, Severe bacterial infections, Vulvovaginal 
candidiasis;; Clinical Stage 4: HIV wasting syndrome, Pneumocystis carinii pneumonia, Toxoplasmosis of the 
brain,, Crytosporidiosis with diarrhea > 1 month, Isosporiasis with diarrhea > 1 month, Cryptococcosis, 
extrapulmonary,, Cytomegalovirus disease of an organ other than liver, spleen or lymph node, Herpes simplex 
viruss infection, mucocutaneous, Progressive multifocal leukoencephalopathy, Any disseminated endemic mycois 
(e.g.,, histoplasmosis), Candidiasis of the esophagus, trachea, bronchi, or lung, Atypical mycobactenosis, 
disseminated,, Non-typhoid Salmonella septicemia, Extrapulmonary tuberculosis, Lymphoma. Kaposi's sarcoma, 
HIVV encephalopathy (23). 
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RESULTS S 

CharacteristicsCharacteristics of the study population at enrolment 

Thiss study included 149 HIV infected Ethiopians, of whom 132 were prevalent and the 

remainingg 17 were incident cases. Table 1 presents the characteristics of study participants at 

entryy into the study for prevalent cases or at the first seropositivity visit for incident cases. 

Thee mean age of study participants was 34 years. The majority (69.1%) were males. At entry 

66.7%% of the prevalent cases were in WHO stage 1 (asymptomatic), 17.4% in stage 2, 15.1% 

inn stage 3 and only 1 individual (0.8%) was diagnosed with AIDS. None of the incident cases 

hadd symptomatic disease at the time of seroconversion. More than 25% of the prevalent cases 

hadd CD4 count less than 200 X 106/1 and 21.2% had CD4 count at least 500 X 106/1. The 

mediann CD4 count for prevalent cases at entry was 316.5 X 106/1. In contrast, only about 6% 

off  the incident cases had CD4 count less than 200 X 106/1, while most (47%) had CD4 count 

exceedingg 500 X 106/1 at seroconversion. The median CD4 count of the incident cases was 

5788 X 106/1. 

Wee also compared the enrolment characteristics of HIV infected Ethiopians with that of the 

Dutchh homosexual men and drug users. The three cohorts have a similar age distribution at 

enrolmentt (mean age: 34, 35.1 and 32.3 for Ethiopians, homosexual men and drug users, 

respectively).. On the other hand, the median CD4 counts of Ethiopians (327 X 106/1) were 

significantlyy lower than the Dutch drug users (430 X 10Vl) (sign rank test: pO.001) but not 

thatt of homosexual men (380 X 106/1). 
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Tablee 1. Characteristics of the study participants (N=149), either prevalent cases (N=132) at 
enrolmentt or at the time of seroconversion for the incident cases (N=17). 

%%  N 
Age e 
20-24 4 
25-29 9 
30-34 4 
355 + 
MeanMean age (range) 

Sex x 
Male e 
Female e 

WHOO Stage (Prevalent cases) 
Stagee 1 
Stagee 2 
Stagee 3 
Stagee 4 

WHOO Stage (Incident cases) 
Stagee 1 
Stagee 2 

CD44 cell count (Prevalent cases) 
<200 0 
200-350 0 
350-500 0 
500+ + 
MedianMedian CD4 count (range) 

CD44 cell count (Incident cases) 
<200 0 

200-350 0 
350-500 0 
500+ + 
MedianMedian CD4 count (range) 

2.7 7 
20.1 1 
32.2 2 
45.0 0 
34.00 (20-45) 

69.1 1 
30.9 9 

66.7 7 
17.4 4 
15.1 1 
0.8 8 

70.6 6 
29.4 4 

25.8 8 
31.8 8 
21.2 2 
21.2 2 
316.5(49-966) ) 

5.9 9 
11.8 8 
35.3 3 
47.0 0 
578(306-950) ) 

4 4 
30 0 
48 8 
67 7 

103 3 
46 6 

88 8 
23 3 
20 0 
1 1 

12 2 
5 5 

34 4 
42 2 
28 8 
28 8 

1 1 
2 2 
6 6 
8 8 

Thee 149 HIV-infected study participants comprised a total of 791 visits with a mean of 5.3 

visitss per person (range, 2-11). The median time between two successive visits was 6.3 

monthss (inter-quartile range, 6.1-6.9 months), which was quite close to the scheduled semi-

annuall  visit. 
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AA total of 35 deaths were documented until June 2002, of which 6 occurred a year after a 

person'ss last visit and; these persons were censored at the last visit. The incidence of death 

wass 6.7 per 100 PY. Most of the deaths (n=24, 82.8%) occurred after the individuals were 

seenn at CD4 stage 4, and 4 (13.8%) died after being seen in CD4 stage 3. Only one individual 

diedd after being seen in CD4 stage 2 and nobody died at CD4 stage 1. The median CD4 

countss at the last visit before death was 121 X 106/1. At the last visit before death most 12 

(40%)) were in WHO clinical stage 3, while only 3 individuals (10%) were in stage 4. On the 

otherr hand, about 50% of them were either in stage 1 or 2. 

SurvivalSurvival time 

Usingg the maximum likelihood approach, we obtained the estimates of the transition 

probabilitiess of moving between adjacent stages (per year) along with their estimated standard 

error.. These are presented in Table 2. Models I and II were based on CD4 staging. It appeared 

thatt by smoothing the CD4 measurements (Model II), most of the forward transition 

probabilitiess declined by about half when compared with the probabilities based on the raw 

CD44 (Model I). However, smoothing did not alter the transition probability from stage 4 to 5 

(death).. Smoothing of the CD4 measurements also resulted in a decline in all backward 

transitionn probabilities. We cannot compare the transition probabilities of Model III with the 

otherr two models since model III was based on clinical stages and these stages do not 

necessarilyy overlap with the CD4 based stages. 

Usingg the transition probabilities we estimated the survival probability distribution function as 

shownn in Fig 2. The median time from seroconversion to death was 9.1, 11.0 and 12.8 years 

forr models based on WHO clinical stages, raw CD4 and smoothed CD4, respectively. 
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Tablee 2. Estimated transition probabilities (X^) and standard error (SE) according to the models 

*.« « 
A.15 5 

x.2, , 
^ 23 3 

* 2 5 5 

*3 2 2 

^-34 4 

A.35 5 

X.43 3 

^ 45 5 

A.;,, (SE) per year 
Raww CD4 
(Modell  I) 

0.824(0.139) ) 
0.0000 (0.000) 
0.3755 (0.086) 
0.9811 (0.131) 
0.012(0.012) ) 
0.456(0.083) ) 
0.413(0.062) ) 
0.0000 (0.000) 
0.2577 (0.057) 
0.2411 (0.047) 

Smoothedd CD4 
(Modell  II) 

0.345(0.073) ) 
0.000(0.000) ) 
0.067(0.030) ) 
0.471(0.075) ) 
0.011(0.011) ) 
0.128(0.035) ) 
0.243(0.042) ) 
0.000(0.000) ) 
0.078(0.029) ) 
0.248(0.047) ) 

WHOO clinical stage 
(Modell  III ) 

1.121(0.246) ) 
0.012(0.013) ) 
3.669(0.878) ) 
2.774(0.973) ) 
0.000(0.000) ) 
3.981(1.493) ) 
0.593(0.133) ) 

Figg 2. The estimated cumulative probability of dying since seroconversion in HIV-infected 

Ethiopians s 

00 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 19 20 
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CD4CD4 decline in Ethiopians versus Dutch homosexual men and drug users 

Regardlesss the baseline CD4 cell counts, the annual CD4 cell loss was the least for 

Ethiopians.. For example, at the CD4 cell counts of 327 (the median baseline value at which 

thee Ethiopians had their first seropositive visit) the annual loss was 32 cells, while this was 68 

andd 79 cells for Dutch homosexual men and drug users respectively (Fig 3). In Fig 4 CD4 

declinee was compared by CD4 category. The overall rate of CD4 decline for Ethiopians was 

significantlyy lower than that of homosexual men and drug users in all CD4 categories. The 

differencee in rates of CD4 decline between Ethiopians and any of the two other groups was 

statisticallyy significant in all CD4 categories (all p values: <0.01). On the other hand, 

homosexuall  men and drug users have similar rates of CD4 decline except for the last category 

(0-2000 X 106/1) in which homosexual men have a faster decline although the difference was 

nott statistically significant (p=0.088). Although those homosexual men and drug users who 

hadd no evidence of Si-inducing strains have a slower CD4 decline than those who had such 

evidencee (Fig 4), they still have a significantly higher rate of CD4 decline than Ethiopians 

(p<0.05). . 

Figg 3. Slope of CD4 decline in HIV infected Ethiopians, Dutch homosexual men and drug 
users. . 
. . .. Ethiopians Homosexual men Drug users 
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Figg 4. Rate of CD4 decline in HIV infected Ethiopians, Dutch homosexual men and drug 
userss according to different categories of CD4 cell counts. 
.. . . Ethiopians Homosexual men Drug users Homosexual NSI only Drug users NSI only 
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DISCUSSION N 

Thiss study is the first to report survival time in HIV infected Ethiopians who are known to 

havee low baseline CD4 cell counts. The median survival time from seroconversion using three 

differentt approaches ranged between 9.1 and 12.8 years, suggesting that survival time with 

HIVV infection among Ethiopians is similar to studies from industrialised countries before 

HAARTT was available. Median survival times ranging between 8 and 13 years were 

previouslyy reported from several industrialised countries before the widespread use of 

antiretrovirall  therapy (2,15, 27-29). Previous studies in Africa showed shorter survival time 

comparedd to industrialised countries (3-6). However, most of these studies were conducted in 

thee early years of the HIV epidemic in African hospitals and one study was on sex workers in 

Nairobi.. Most had very short follow-up time and the results do not represent the general 

populationn (9). Recently studies with at least 10 years follow-up data from two African 

countriess revealed median survival times similar to industrialised countries. In Uganda, a 

\population-basedd cohort study, which followed incident cases for 10 years, found a median 

survivall  time of 9.8 years (Inter-quartile range; 6.1 to >10.3 years) (8). Another study from a 

similarr population cohort study in Malawi also reported a median survival time of about 10 

yearss (7). 

Wee used clinical and laboratory markers to stage disease progression since both clinical 

markerss and CD4 cells have been previously shown to be independent predictors of death in 

thee same study population (30). Moreover, previous studies in other population used either 

clinicall  (31,32) or CD4 based stages (11,15,22) to estimate HIV incubation period and 

survivall  time. In this study the median survival time varied in accordance with the data used, 

butt interestingly, even our shortest estimate using clinical staging fall within the range of 

previouss estimates from elsewhere. It is unknown, however, which of these estimates is the 

mostt robust. 

Severall  studies have documented low absolute CD4 counts in HIV negative Ethiopians. The 

averagee CD4 counts in HIV negative Ethiopians as reported from different sources ranged 

betweenn 591 and 775 X 106/1 (17-20,33). A previous study in Akaki, one of our cohort sites, 

foundd a median CD4 count of 667 X 106/1 among HIV negative individuals and this value was 

significantlyy lower than the median count of 1067 X 106/1 for Dutch homosexual men (20). 
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Studiess from elsewhere in Africa also found average CD4 count ranging between 838 and 

12566 X 106/1 (34-38), which was substantially higher than the average for Ethiopians. The low 

baselinee CD4 count in Ethiopians is believed to result from the higher burden of infectious 

diseasess known to induce chronic immune activation and thereby providing more viral target 

cellss and increasing immunological damage once the patient becomes infected (39). It is 

widelyy held that in African countries HIV infection progresses faster compared to progression 

off  HIV infection in the Western world. In line with this hypothesis are the more recent ideas 

aboutt AIDS pathogenesis were the level of bystander immune activation induced in the host is 

thoughtt to determine rate of progression (40,41). 

Onn the contrary, the present study did not show shorter survival time than other populations. 

Indeed,, we might have found shorter survival time if HIV infected Ethiopians had a similar or 

evenn a faster rate of CD4 decline than other populations. We had the opportunity to 

investigatee this by comparing the rate of CD4 decline between Ethiopians and Dutch 

(homosexuall  men and drug users). Our comparison of the three cohorts showed that 

homosexuall  men and drug users had at least two times faster rates of CD4 loss compared to 

Ethiopians.. The rate of CD4 cell decline in Ethiopians at their median CD4 cell counts at their 

firstfirst seropositive visit, was -32 X 106/1 while it was -68 and -79 X 106/1 per year for Dutch 

drugg users and homosexual men, respectively. Before the widespread use of anti retro viral 

therapyy in industrialised countries, investigators reported that the annual loss of CD4 was 40-

800 X 106/1 (42-46). This suggests that, although Ethiopians in general have lower CD4 count 

att baseline than other population, the slow rate of CD4 decline following HIV infection 

resultss in a similar progression towards AIDS and death as seen in other populations. We 

exploredd one possible reason for this difference in the rate of CD4 decline, i.e. the lack of 

occurrencee of Si-inducing HIV strains in Ethiopians (47). While part of the difference was 

indeedd explained by this phenomenon, the slower decline was still apparent comparing 

Ethiopianss with participants in the Amsterdam cohorts who had no evidence of Si-inducing 

strains.. The present finding that HIV disease progression in an Ethiopian cohort is not faster 

thann that observed in the Amsterdam cohorts of homosexual men and drug users seems 

difficul tt to reconcile with the hyper immune activation hypothesis. Although it has been 

observedd that in HIV negative Ethiopians immune activation was higher than in HIV negative 

Dutchh individuals (20), it is yet unclear whether also in HIV infected Ethiopians a 

significantlyy higher level of immune activation compared to HIV infected Dutch individuals 
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whoo are matched on HIV viral load, is present. It also not known how HIV viral load 

comparess between CD4 matched Dutch and Ethiopian HIV infected patients. It may be that 

moree than in the Western world, Ethiopians and people living in the developing world in 

generall  have been selected to survive despite chronic immune activation due to the high 

burdenn of infectious diseases. To survive longer despite the accelerated ageing of the immune 

systemm brought about by persistent immune activation, slowing down of the erosion of the 

(naive)) T cell pool may have been critical. A strong selection for that immune activation 

relatedd phenotype may have occurred over many centuries. Exactly that phenotype is expected 

too be associated with the unanticipated slow progression of HIV infection (40, 48). These are 

alll  quite testable hypotheses that warrant further research regarding this important issue. 

Ourr cohort participants were factory workers, implying that they were all healthy enough to 

performm their duties in the factories when enrolled into the study and most were still actively 

working.. Indeed the majority of HIV prevalent cases were asymptomatic at enrollment and 

theirr median CD4 count was 327 X 106/1. Through their participation in the cohort study, they 

hadd access to free treatment for their general health problems and for some of the 

opportunisticc infections they might have during the course of HIV infection. Such standard of 

caree was not available for the general HIV-infected population in the country. Therefore, one 

wouldd expect better survival with HIV infection in these factory workers than the general 

HIV-infectedd population. In the absence of a comparison group, it was however, unknown 

whetherr disease progression and survival time differed between our cohort participants and 

thee general population. In Uganda, no difference in survival time was found between 

participantss of a population cohort study who received intensive treatment and those with no 

suchh access (8). If the same condition prevails in this population, our finding is likely to be 

representativee of survival in the general HIV-infected population of Ethiopia. 

Inn conclusion, survival time in HIV-infected Ethiopians is similar to reports from 

industrialisedd countries before the widespread use of antiretroviral therapy. The generally low 

baselinee CD4 counts among Ethiopians do not lead to shorter HIV survival time than other 

population. . 
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Overestimationn of HIV prevalence in Addis Ababa 

SUMMARY Y 

Background:: In most sub-Saharan African cities, antenatal data underestimate HIV 

prevalencee in the general population. However, the opposite has been observed in Addis 

Ababa.. The objective of this study is, therefore, to correct HIV prevalence estimates obtained 

amongg antenatal clinic users of Addis Ababa, using a newly developed adjustment method. 

Dataa and Method: From 4 antenatal clinics involved in HIV sentinel surveillance studies in 

Addiss Ababa, data on women's age and parity were available from 1183 pregnant women in 

2001.. A published parity-based adjustment procedure was applied to the data, using fertility 

dataa obtained from the Demographic and Health Survey (DHS) of 2000. The adjusted data 

weree compared with available HIV prevalence figures from community-based surveys, and 

fertilityy data were also compared across African cities. 

Result:: HIV prevalence among antenatal clinic users was 15.6% but decreased to 11.3% after 

parity-basedd adjustment. This latter estimate is in line with figures from several community-

basedd surveys carried out over the years 1996-2000 [8.2%-12.2%]. Compared to other 

Africann cities, the proportion of women who are not sexually active is higher in Addis Ababa. 

Suchh women, who are at low risk of HIV infection, would not get pregnant; thus data from 

antenatall  clinic users overestimate the HIV prevalence in the general population. 

Conclusion:: The parity-based adjustment method clearly corrects for the overestimation of 

HIVV prevalence based on antenatal care users in Addis Ababa. This suggests that differences 

inn fertility patterns between Addis Ababa and other African cities are responsible for the 

disparityy between HIV prevalence figures based on antenatal care versus community data. 

INTRODUCTION N 

Thee main objective of HIV sentinel surveillance studies is to estimate and monitor HIV 

prevalencee in high-risk population groups and other groups representative of the general 

population.. Such information is important for tracking the progress of the HIV epidemic and 

monitoringg the impact of interventions. Antenatal care users are suitable for HIV sentinel 

surveillancee in terms of accessibility, logistics, and cost. They are also thought to be 
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representativee of the general population [1], although validation studies have shown that most 

antenatall  clinic data underestimate by 28% on average, the HIV prevalence in the general 

populationn [2-9]. Unlike most sub-Saharan African cities, however, such data in Addis Ababa 

Ethiopia,, overestimate the HIV prevalence in the general population. Indeed, HIV prevalence 

amongg antenatal care users in Addis Ababa was 16.4% in 1996 but was only 5.5% among 

womenn aged 15-44 years participating in a community survey in 1994 [10]. High HIV 

incidencee in the two years separating the two surveys may explain part of the difference 

betweenn the two rates, but not all. Besides, HIV prevalence estimates remained in the range 

off  15-18% among antenatal care users between 1996 and 2000 [11], while surveys in other 

populationn groups in the capital city found figures in the range of 8-12% during the same 

periodd [12-15]. These findings convinced us that antenatal care users in Addis Ababa 

overestimatee the HIV prevalence in the general population. We suspected that the unique 

fertilityy patterns of women in Addis Ababa [16, 17]; compared to those of other African cities, 

mayy be responsible. A paper recently published by ABA et al [18] on parity-based 

adjustmentt of HIV prevalence estimates among pregnant women gave us the opportunity to 

testt this hypothesis. 

SUBJECTSS AND METHOD S 

SentinelSentinel surveillance data 

Fourr antenatal clinics have been involved in HIV sentinel surveillance studies in Addis Ababa 

sincee 1996 [11]. The four sites were selected based on their location: two in the inner city, 

wheree the HIV prevalence was high during the 1994 community-based survey, and two in the 

outerr city, where the HIV prevalence was low [10]. HIV testing follows the WHO guideline of 

unlinkedd anonymous testing, and 300 pregnant women are tested per site every year [19]. 

Dataa on parity have been collected since 2001. 

MethodMethod of adjustment 

Ass the proposed method is described elsewhere [18], only brief details are given here. Of 

note,, we have ignored the proposed adjustment for sub-fertility of HIV-infected women and 

focusedd only on the adjustment for infertility. First, women are divided into two groups: with 

andd without children. Referred to in this paper as "mothers" and "childless women," 
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respectively,, these groups are further divided into several fertility categories: "not sexually 

active,""  "sexually active using contraception," "sexually active and fecund," "sexually active 

andd infecund," plus a category "never had sex" for childless women. Definitions for these 

categoriess can be found in the original paper [18]. Data obtained through the Demographic and 

Healthh Surveys [20] are used to estimate the distribution of women in the general population 

accordingg to this categorization. The 2000 Ethiopian Demographic and Health Survey is a 

nationallyy representative survey, which covered the major regions of the country including 

Addiss Ababa. The survey used a standard questionnaire to collect socio-demographic 

informationn from randomly selected women of reproductive age. 

Womenn included in the sentinel surveillance study are by definition sexually active and 

fecund.. Thus, they provide estimates of HIV prevalence for the categories "sexually active 

andd fecund childless women" (parity=0) and "sexually active and fecund mothers" (parity> 1), 

whichh will be used as reference categories. HIV prevalence estimates for other fertility 

categoriess are obtained by multiplying the HIV prevalence of the reference category by the 

HIVV prevalence ratio of each category. HIV prevalence ratios were obtained from community-

basedd studies in population of low and high contraceptive use [18] and for the purpose of this 

study;; ratios of population of high use have been applied. Finally, the overall HIV prevalence 

inn the general population corresponds to the weighted sum of HIV prevalence rates by fertility 

category. . 

RESULTS S 

Inn the year 2001 surveillance in Addis Ababa, included a total of 1183 antenatal care users 

fromm four clinics. Of these, 58.5% were mothers (i.e., had previously a successful pregnancy) 

andd 41.5% were childless (i.e., were expecting their first child). The median age for all 

womenn was 24 years, being 22 for childless women and 26 for mothers. The overall HIV 

prevalencee rate was 15.6%, ranging from 17.3% in the inner city to 14.1% in the outer city. 

Thee peak prevalence was in the age group 25-34 (17.6%), followed by rates of 14.3% for age 

15-244 and 9.8% for age 35-44. Table 1 displays adjustment procedure for HIV prevalence 

amongg antenatal care users. HIV prevalence among the reference categories was 16.0 and 

15.2%% for childless women and mothers using antenatal care, respectively. However, as seen 

fromm column (d), women belonging to the reference categories represent only 12.1 % (3.4 + 
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8.7)) of the total population of women aged 15-49 years in the city, while the largest group is 

thatt of women who have never had sex (41.8%). Through adjustment, HIV prevalence drops 

fromm 16.0% among childless antenatal care users to 6.0% among childless women in the 

generall  population and increases from 15.2% to 18.2% for mothers. The combined effect of 

thesee two adjustments is an overall decline in HIV prevalence from 15.6% among all 

antenatall  care users to 11.3% among their counterparts in the general population. 
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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/AIDSS 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/AIDS 

(UNAIDS)) estimated that 3 million people were living with HIV/AIDS 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 fulfil the intended 

objective.. The results of the model are presented elsewhere (17). Only brief details are given 

135 5 



Chapterr VII 

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/AIDS parameters, SPECTRUM 

HIV/AIDS S 
Percentage e 

parameter r 
off infants with AIDS dying in first year 

Lifee 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, life 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 

138 8 



Demographicc impact of AIDS in Addis Ababa 

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/AIDS 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, , 
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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 
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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 

70-1 1 

ËË 40-

cc 30 -

20--

10--

00 -I ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 
O O O O C N ^ O OO — — C^ 
O V O S ^ C N O O O O O O 
—— — — — (N <N <N <N <N 

Year r 

—•—Withoutt AIDS -«—With AIDS 

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. 
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Generall Discussion 

Thiss section presents a general discussion of the thesis divided into three broad topics: I) the 

cohortt study ii) population-based studies and iii) future epidemiological research on HIV/ADDS 

inn Ethiopia. 

I.. COHORT STUDY ON HIV INFECTION AND DISEASE IN ETHIOPIA 

TheThe cohort study and its epidemiological significance 

Thee cohort study of ENARP is unique for Ethiopia and is among the few cohort studies 

elsewheree in Africa. At the time the cohort study was embarked, there was limited information 

onn the various aspects of the HIV/ADDS epidemic in the country. In particular, from the 

epidemiologicall point of view, the cohort study has become the basis for the understanding of the 

naturall history of HIV infection and disease progression in Ethiopia. 

Severall studies have been generated from the cohort since 1997 and in this thesis we presented 

fourr papers, which were based on longitudinal and cross-sectional analysis of the cohort data. 

Wee have studied markers of HIV disease progression and survival time in HIV infected 

individualss (Chapter IV & V). Simple markers for initiating antiretroviral therapy were identified 

(Chapterr IV). Such information is crucial for developing appropriate therapeutic strategies for 

thee HIV-infected population in the country. Besides, the cohort study offered unique data to 

investigatee the various risk factors for HIV infection in the country (Chapter II). The efficacy 

off behavioral interventions such as VCT were also explored and documented (Chapter III). 

Therefore,, although the cohort study is expensive, difficult to organize and laborious; it has 

contributedd to the understanding of the HIV/AIDS epidemic in Ethiopia. 

HIVHIV prevalence, incidence, and mortality in the cohort 

Betweenn 1997 and 2001, 1679 individuals joined the cohort study. Individuals have been 

followedd semiannually. Overall 1355 (80.7%) were still in follow-up in 2001, whereas 324 

(19.3%)) had not been seen for more than a year and thus considered dropouts. Most of the 

dropouts,, 194 (60%), left the study after the enrollment visit. Of all dropouts, 67 (20.6%) had 

died,, 25(7.7%) had left the factories and 232 (71.7%) were still working there. We compared 
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dropoutss with those still in the study. Interestingly, dropouts did not differ from other participants 

byy their socio-demographic characteristics and past sexual behaviors. 

Att enrollment, there were 157 HIV positive participants, giving a HIV prevalence of 9.4%. This 

ratee is quite comparable with a number of studies carried out in Addis Ababa and other urban 

areass of the country but much lower than the prevalence rates documented for ANC attending 

pregnantt women. Of the 157 HIV-infected individuals, 104 (66.2%) were asymptomatic (WHO 

stagee 1), 30 (19.1%) in stage 2, 22 (14.1%) were in stage 3 and only 1 (0.7%) individual had 

AIDSS (stage 4) when enrolled into the study. The mean number of visits was 4 (range, 1-11), 

whichh is equivalent to an average of two years of follow-up. During follow-up of 1522 HIV 

negativess 19 seroconverters for HTV infection were documented, giving an incidence rate of 0.4 

perr 100 PY. This incidence rate was much lower than expected considering the observed high 

prevalencee of HTV at enrollment (See discussion under the section on change in sexual behavior 

andd STIs). A total of 67 deaths were recorded during follow-up, of whom 45 (67%) were among 

thee HIV positives, giving an incidence rate of 7.1 deaths per 100 PY, whereas the corresponding 

ratee for the negatives was 0.28 deaths per 100 PY. The risk ratio of death between HIV positives 

andd negatives was 25.5 (12.5-55.3), which is quite high but in the expected range for a HIV 

infectedd population with no access to antiretroviral therapy. 

RiskRisk factors for HIV infection 

Inn Ethiopia the risk factors for HIV infection were not well documented. Previous studies 

focusedd on risk factors for HIV infection among sex workers (1). We examined for the first 

timee several risk factors for HIV infection among factory workers participating in our cohort 

studyy (Chapter II). Since the predominant mode of spread of HIV in Ethiopia as elsewhere in 

Africaa is heterosexual contact, we focused on those factors related to the sexual transmission 

off the virus. We have identified several socio-demographic characteristics, sexual behavior 

andd STIs as important risk factors for the acquisition of HIV in the cohort participants. Most 

off the factors identified in the study were similar to those from other parts of Africa (2-10) but 

somee of the factors such as religion were pertinent to the population studied. From socio-

demographicc factors; higher risk of HIV infection was associated with being widowhood, 

Orthodoxx Christian, and low-income. Higher lifetime number of partners, having had casual 

sex,, and having been raped (in women) were identified among sexual behavior variables. STIs 
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relatedd risk factors were having had antibodies against TPHA and HSV-2, and report of 

genitall discharge. 

Thee study underlined the need for intensifying HIV prevention programs that focus on 

decreasingg the number of sexual partners, promoting condom use, and urging early treatment 

off STIs to control the further spread of HIV infection in the population. Furthermore, it was 

stressedd that HIV prevention programs should also focus on young women and those women 

whoo are particularly vulnerable to HIV infection due to their low socioeconomic status in the 

society.. Such programs need to address rape and other forms of sexual violence. 

ChangeChange in sexual behavior and STIs 

Inn sub-Saharan Africa few longitudinal studies were conducted within the same population 

groupp to correlate HIV interventions with reduction in behavioral risk or sexually transmitted 

infectionss (STIs). Using intake and follow-up information on sexual behaviors and STIs we 

measuredd changes in sexual behaviors and reported STIs among males participating in our 

cohortt study (Chapter III). Cohort participants were offered general information on HIV/AIDS 

andd HIV-Voluntary Counseling and Testing (VCT) on a regular basis. At intake into the cohort, 

riskyrisky sexual behaviors and STIs were common among this population of factory workers. 

Duringg follow-up, however, we have documented substantial evidence of decrease in risky 

sexuall behaviors and reported STIs. A previous study in the same cohort revealed a very low 

incidencee of syphilis during follow-up (11). Interestingly, we have also documented a low 

incidencee of HIV infection during follow-up although we were not able to ascertain the link 

betweenn the cohort interventions and the decline in HIV incidence due to lack of a 

comparisonn group. 

Mostt of the decline in risky behaviors in our study group was attributed to the prevention 

interventionss (health education and HIV-VCT) provided to the workers through their 

participationn in our study. Indeed, the decline in risky sexual behaviors and STIs for an 

individuall was significantly associated with Post-Test Counseling (PTC) attendance and the 

numberr of follow-up visits. However, we suspected that the decline in risky sexual behaviors 

mightt not be entirely related only to cohort participation but also to a more general reduction 

inn risky sexual behaviors in the surrounding community. Thus, our study provided the first 
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evidencee on the efficacy of HIV intervention programs in changing people's behavior towards 

safee sex in the country. In particular, the study underlined the importance of promoting VCT in 

thee general population. 

MarkersMarkers of HIV disease progression 

Inn Chapter IV several clinical and laboratory markers were evaluated as predictors of death in 

HIVV infected cohort participants. These include: HIV-related clinical conditions as listed in 

stagess 3 and 4 of the WHO staging system (12); body mass index (BMI), anemia, lymphocyte 

counts,, CD4 counts and plasma HIV RNA load (viral load). CD4 count, viral load, and WHO 

stagingg were found to be independent predictors of death in HIV infected Ethiopians. These 

markerss have been shown to be the strongest predictor of risk for opportunistic infection and 

deathh elsewhere (13-18). In the absence of CD4 and viral load measurements (which require 

high-techh laboratories), we examined the predictive values of simple markers of disease 

progressionn (clinical or laboratory markers not requiring sophisticated laboratories). Simple 

markerss including anemia, lymphocyte counts, BMI and WHO staging were identified as 

independentt predictors of death in this study population. Some of these simple markers were also 

identifiedd in other studies. Anemia has been shown to predict disease progression in a European 

studyy of patients with HIV (19). High correlation between CD4 and lymphocyte counts was 

previouslyy reported from Ethiopia and elsewhere (18,20). The relevance of BMI as a predictor of 

diseasee progression in HIV infected individuals has been demonstrated previously (21-22). 

SimpleSimple Markers for initiating antiretroviral therapy 

Inn the industrialised countries, access to highly active antiretroviral therapy (HAART) has led 

too a drop not only in AIDS deaths but also in the number of opportunistic infections (23-24). 

Unfortunately,, such therapy is scarcely available in the developing world where it is most 

needed.. Obstacles to the use of HAART in developing countries include the high costs of the 

drugss and the lack of infrastructure to deliver the drugs and monitor treatment (23,25-26). 

Severall initiatives are underway to decrease the price of drugs in the developing world, in the 

formm of negotiations among governments, non-govemmental organisations, and 

pharmaceuticall companies or producers of generic drugs (27-28). Few efforts have been 

made,, however, to identify simple and valid markers for assisting physicians in deciding 
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whenn to start treatment and how to monitor patients under treatment. Decisions to initiate 

HAARTT are generally based on CD4 counts and viral load (23), which measuring 

unfortunatelyy requires equipment beyond the capacity of most laboratories in the resource 

poorr countries. 

Thee major objective of Chapter IV was to explore simple markers that could replace CD4 and 

virall load in the decision to initiate antiretroviral therapy in our setting. Once we established 

thee fact that simple markers predicted death in HIV infected individuals, we moved one step 

furtherr and investigated whether these markers could be used in the decision to initiate 

antiretrovirall therapy. It was postulated that, in actual treatment settings, treatment would be 

initiatedd when at least one simple predictor of death was present. We compared timing of such 

hypotheticall treatment among our cohort participants between guidelines using the simple 

markerss and international guidelines using CD4 counts and viral load, such as those 

recommendedd by the United States Department of Health and Human Services (DHHS) (29). 

Indeed,, we have shown that the timing of antiretroviral treatment would have been very 

similarr had patients been treated using the international guidelines recommended by the 

DHHSS (HIV-related clinical conditions, CD4 counts <350/u.l, viral load >55000 copies/ml) 

orr the guidelines based on the simple predictors of death identified in this study (clinical 

conditions,, low BMI, anaemia, lymphocyte counts <1500/u,l). It seems therefore reasonable 

too suggest that simple markers can be used to initiate antiretroviral therapy in areas lacking a 

sophisticatedd laboratory or to identify patients for referral to locations that have such 

laboratories.. However, the validity of these markers for monitoring patients' improvement 

followingg therapy remains to be evaluated. 

HIVHIV survival time and CD4 decline 

Inn Chapter V we estimated the median survival time in HIV infected cohort participants. We 

foundd a median survival time in the range of 9.1 to 12.8 years using different approaches, 

whichh is consistent with recent studies elsewhere in Africa (30-32) and in industrialized 

countriess before antiretroviral treatment was available. Median survival times ranging 

betweenn 8 and 13 years was reported from several industrialized countries before the 

widespreadd use of antiretroviral therapy (33-35). 
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Severall studies have documented lower absolute CD4 counts in HIV negative Ethiopians 

comparedd to any other population (36). One would therefore expect that HIV infected 

Ethiopianss progress faster to AIDS and death than other populations considering the low 

baselinee CD4 count in this population and the well known relation between CD4 cell loss and 

progressionn to death. On the contrary the present study showed longer survival time than 

expectedd and also similar with other populations. Indeed, this assumption would hold if HIV 

infectedd Ethiopians had similar or even faster rate of CD4 decline and disease progression 

thann other population. We had the opportunity to investigate this by comparing the rate of 

CD44 decline between Ethiopians and the Dutch (homosexual men and drug users). 

Interestingly,, the rate of CD4 decline in Ethiopians was much lower compared to their Dutch 

counterparts.. This suggests that although HIV-negative Ethiopians in general have lower CD4 

countt than other population, the slower rate of CD4 decline following HIV infection results in 

aa similar progression towards AIDS and death as seen in other populations. Although 

considerablee thoughts have been given to explain the possible reasons for the difference in the 

ratee of CD4 decline between the two populations, we do not have a good explanation at the 

moment.. However, further immunological studies might clarify the observed phenomenon. 

Thee study concluded that survival time in HIV-infected Ethiopians is similar to recent reports 

fromm other sub-Saharan African countries and that of industrialized countries before the 

widespreadd use of antiretroviral therapy. The generally low baseline CD4 counts among 

Ethiopianss doesn't lead to shorter survival duration with HIV infection compared to other 

populations. . 

II.. POPULATION-BASED STUDIES IN ETHIOPIA 

MeasuringMeasuring the HIV epidemic in Ethiopia: historical perspective 

Thee HIV epidemic started around mid 80s in Ethiopia. In the early years of the epidemic HIV 

prevalencee surveys were focusing on high-risk groups such as sex workers, long distance 

truckk drivers and STD patients. These studies were important to understand the spread of the 

HIVV epidemic in the high-risk population of the country. Although there were no data from 

thee general population during that time, the increase in the number of AIDS cases reported to 

thee Ministry of Health (MOH) indicated the spread of HIV into the general population. It was 
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inn the late 80s that the first ANC seroprevalence data were available from Addis Ababa, the 

Capitall City. Unfortunately, at that time such data were not available from other parts of the 

countryy and population groups. Beginning from around the mid-90s a number of ad-hoc 

serosurveyss were conducted in different population groups and geographic areas. These 

includee surveys on general population, blood donors, visa applicants, new army recruits, 

soldiers,, factory workers and others. Recently, the number of ANC surveillance sites has 

expandedd from 15 in 2000 to 34 in 2001, and from only few urban populations to suburban 

andd rural populations. These data though scant indicated the severity as well as the 

heterogeneityy of the spread of HIV in the country. 

ANCANC versus community based HIV prevalence data 

Antenatall care users are suitable for HIV sentinel surveillance in terms of accessibility, 

logistics,, and cost. They are also thought to be representative of the general population (37), 

althoughh validation studies have shown that most antenatal clinic data underestimate by 28% 

onn average, the HIV prevalence in the general population (38-45). 

ANCC based HIV prevalence surveillance was started in 1989 in Addis Ababa; it was, 

however,, discontinued in the first half of the 90s due to the social instability around the 

changess in the political regimen (46). Since 1995, it has been resumed in four health centers 

inn Addis Ababa. This was possible due to the close collaboration of ENARP with the Addis 

Ababaa Health Bureau. These data continued to be the major source for estimating and 

monitoringg the HIV epidemic in the City. 

Ann important question is, therefore, whether HIV prevalence data from ANC users are indeed 

representativee of the prevalence in the general population of Addis Ababa. In order to answer 

thiss question, a comparison of HIV prevalence was made between ANC users and prevalence 

dataa obtained from different population based surveys in Addis Ababa (Chapter VI). In 

contrastt to most studies in other sub-Saharan Africa countries, such data in Addis Ababa 

overestimatee the HIV prevalence in the general population. Indeed, HIV prevalence estimates 

remainedd in the range of 15-18% among antenatal care users between 1996 and 2001 (46), 

whilee surveys in other population groups in the capital city found figures in the range of 8-

12%% during the same period (47-50). These findings convinced us that ANC users in Addis 
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Ababaa overestimate the HIV prevalence in the general population and the data need 

adjustment.. We then adjusted the data using a validated procedure to get an improved 

estimatee of HIV prevalence in the general population. Interestingly, the adjusted HIV 

prevalenceprevalence falls within the range of several community-based surveys. 

Thee overestimation of HIV prevalence by antenatal clinic data in Addis Ababa is linked 

mainlyy to the unique demographic situation of the area compared to other sub-Saharan 

Africann cities. Unlike most African cities, an unprecedented fertility transition to below 

replacementt level was documented in Addis Ababa by the mid 1990s (51-54). Compared to 

otherr sub-Saharan African cities, women in Addis Ababa have a higher age at sexual debut, 

marryy later, begin childbearing at a later age, and consequently have the lowest total fertility 

ratee (TFR) (See Chapter VI, Table 2). As a result, the proportion of young women aged 15-24 

whoo is not sexually active is presumably much higher in Addis Ababa than other African 

countries.. Since this particular group is associated with low HIV prevalence due to less 

sexuall activity, their contribution in driving down the overall prevalence in the general 

populationn would be high. 

Ourr study, therefore, highlighted the importance of the heterogeneity of fertility patterns in 

Africaa and its effect on HIV surveillance data collected among pregnant women. It was 

stressedd that unless proper adjustment methods are used, policy-makers relying on antenatal 

surveillancee data only may be misinformed about the magnitude of the epidemic in their own 

country,, and comparisons of HIV prevalence estimates across countries may be severely 

biased. . 

DemographicDemographic Impact of AIDS in Addis Ababa 

Inn Chapter VII we predicted the course of the HIV/AIDS epidemic and its potential 

demographicc impact in Addis Ababa. The impact of AIDS on a number of demographic 

indicatorss was examined. These include: adult mortality, life expectancy, population growth 

rate,, rate of natural increase (birth-death), and population size. Indeed AIDS has had a severe 

impactt on the demographic structure of Addis Ababa. By 2000, about 60% of deaths among 

adultss were estimated to be attributable to AIDS, and by 2024; over 70% of deaths among 

adultss would be attributable to AIDS. As a result, also in relation to child mortality, life 
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expectancyy would have dropped by nine years in 2000, 14 years in 2003, and 17 years in 

2024,, compared to what it would have been in the absence of HIV epidemic. The rate of 

naturall increase is estimated to turn negative after 2009 as a result of the epidemic. The 

annuall rate of natural increase would have been 0.57% and 0.14% in 2009 and 2024, 

respectively.. However, in the presence of the HIV epidemic, the annual rate of increase for 

thee same year was predicted at -0.81% and -0.71%, respectively. The annual population 

growthh rate will not turn negative, however, due to the effect of positive net-migration. 

Severall studies from elsewhere in sub-Saharan Africa also reported a similar severe impact of 

AIDSS on their population (55-60). However, our study was the first to report a negative rate 

off natural increase in conjunction with a severe epidemic of HIV in sub-Saharan Africa. 

Addiss Ababa is unique as it combines a severe epidemic of HIV with one of the lowest TFR 

off urban Africa. In such context, the rate of natural increase of population is expected to 

becomee negative as early as in 2009. It is, however, important to note that the population of 

Addiss Ababa will continue growing mainly due to the high influx of people from other parts 

off the country. 

III.. FUTURE EPIDEMIOLOGICAL STUDIES ON HIV/AIDS IN ETHIOPIA 

Itt is almost two decades into the HIV epidemic in Ethiopia. We have gathered some 

epidemiologicall data enabling targeted actions. However, we still need more epidemiological 

dataa to better guide policy makers in the design and implementation of appropriate and 

effectivee HIV prevention programs in the country. In particular, there is very limited 

informationn from the rural parts of the country where over 80% of the population resides. It is 

thereforee imperative that more epidemiological data be generated to understand the 

mechanismm underlying the heterogeneity of the spread of HIV in the country, in particular 

sexuall behavior patterns, sexual networking, and contextual risk factors for HIV transmission. 

Suchh information is crucial for the design and implementation of locally (culturally) 

appropriatee HIV prevention programs. It is also important to increase and expand the number 

off ANC surveillance sites both in the urban and rural areas, and also to conduct more HIV 

prevalencee surveys especially in the rural parts of the country. 
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HIVV Cohort studies similar to ours would not be justifiable any longer without providing 

antiretrovirall therapy to HIV infected participants. Hopefully, ENARP will soon avail such 

therapyy to cohort participants. In conjunction with the management of HIV infected patients, 

thee cohort can serve as a basis for a number of studies. Obviously, antiretroviral therapies 

havee been shown to improve HIV survival and disease progression in industrialized countries. 

Thee efficacy of such intervention in decreasing the incidence of opportunistic infections and 

AIDSS is an interesting area to be investigated in our setup. Other topics of interest include, 

studiess on patients' compliance to therapy, treatment strategies, drug-resistance, side effects, 

etc.. We have shown previously that simple markers could perform very well in the decision to 

initiatee therapy in this cohort population. As a next step, it is logical to evaluate the relevance 

andd validity of these markers in monitoring the patient's improvement during therapy. 

Therefore,, maintaining the ENARP-cohort infrastructure and its participants will have several 

advantagess for future longitudinal studies in the country. 

Previouss virological and immunological studies at ENARP provided a good ground for future 

testingg of HIV vaccines in the country. If HIV vaccines are to be tested in Ethiopia, 

epidemiologicall studies will have important roles in the various phases of the trials. . 
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Thiss thesis presents results of studies on the Epidemiology of HIV-1 in Ethiopia, carried out 

ass part of the research program of ENARP. Most of the studies included in this thesis were 

basedd on cross-sectional and longitudinal analysis of data from the cohort. The other topics 

usedd population-based data from Addis Ababa. This thesis concludes with a general 

discussionn of the results of the different studies and some recommendations for future 

epidemiologicall studies. 

Inn chapter I the main section (Section 1.2.) presented a review of the HIV/AEDS epidemic in 

Ethiopia.. The section attempted to provide a thorough review of the current status of the HIV 

epidemic,, progression, heterogeneity in the spread of HIV, high risk groups and national 

responsee to the epidemic using available information. The HIV epidemic started in urban 

Ethiopiaa around the mid-80s and currently most urban areas are severely affected, with some 

urbann areas more affected than others. The few existing data on the progression of the HIV 

epidemicc indicated that the prevalence of HIV has stabilized in major urban areas of the 

countryy in the recent years with a plateau around the mid-90s. In contrast, the rural epidemic 

startedd in the early 90s. Recent data showed that the epidemic has spread into the rural parts 

off the country at a fast rate. There is also indication that the rural epidemic is at its early stage 

andd is expected to be worsening unless checked. Analyses of the national response to the HIV 

epidemicc revealed that although HIV/AIDS intervention programs were in place in Ethiopia 

sincee the early years of the epidemic, the programs were constrained by years of socio

economicc and political instabilities in the country. Currently, encouraging signs of 

commitmentt from various stakeholders and good political commitment from the side of the 

governmentt are being seen in the fight against HIV/AIDS. There is however a long way to go 

too limit the further spread of HIV in the country. 

Inn Chapter II the prevalence, incidence and risk factors for HIV infection among participants 

off ENARP-cohort study were examined. The overall baseline HIV prevalence was 9.4%, 

significantlyy higher in females (12.4%) than males (8.5%). For both sexes, factors 

independentlyy associated with an increased risk of HIV infection were widowhood, having 

hadd antibodies against TPHA and HSV-2. Risk factors specific for males were being orthodox 

Christian,, having had a higher lifetime number of sexual partners and genital discharge in the 

pastt 5 years. For females, factors included low-income, ever been raped, and casual sex in the 

lastt year. The overall incidence of HIV infection was 0.4 per 100 PY. The highest incidence 
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ratee was documented among young women (age <30 years) (1 per 100 PY). The study 

confirmedd that high-risk sexual behavior and STIs play major roles in the spread of HIV 

infectionn in Ethiopians but that factors such as rape and low economic position make the 

womenn more vulnerable than the men. It was recommended that HIV prevention programs 

shouldd intensify their focus on decreasing the number of sexual partners, promoting condom 

use,, and urging early treatment of STIs to control the further spread of HIV infection in the 

population.. Furthermore, HIV prevention programs should also focus on young women and 

thosee women who are particularly vulnerable to HIV infection due to their low socio

economicc status in the society. Such programs need to address rape and other forms of sexual 

violence. . 

Inn Chapter HI the trend in sexual behavior among male factory workers participating in the 

ENARP-cohortt study was examined. A number of behavioral and STI related indicators were 

assessedd through cross-sectional and longitudinal analysis. These include casual sex, sex with 

commerciall sex workers (CSW), condom use, and history of sexually transmitted diseases 

(STDs)) as indicated by genital discharge and genital ulcer. Health education, and HIV-

Voluntaryy Counseling and Testing (VCT) were offered to cohort participants. At intake, the 

prevalencee of casual sex in the past year, sex with CSWs, condom use with the last casual 

partner,, history of genital discharge in the past five years, and history of genital ulcer in the 

pastt five years were 9.7%, 43.4%, 38.8% (Akaki site only), 10.6%, and 2.1%, respectively. 

Att the Wonji site, the intake prevalence of casual sex, sex with CSW, and history of genital 

dischargee decreased significantly by calendar year between 1997 and 1999. At both sites 

combined,, between the first and the fourth follow-up visits, there was a decline in the 

proportionn of males reporting recent casual sex (from 17.5% to 3.5%, pO.001), sex with 

CSWss (from 11.2% to 0.75%, pO.001), and genital discharge (from 2.1% to 0.6%, p=0.004). 

Thee study documented a substantial decline in risky sexual behaviors and reported STIs 

duringg follow-up. In conclusion, the study gave evidence that risky sexual behaviors and 

incidencee of STIs have decreased in this cohort of factory workers provided with health 

educationn and HIV testing and counseling. 

Inn Chapter IV the relevance of simple markers (clinical or laboratory markers not requiring 

sophisticatedd laboratories) in the decision of initiation of antiretroviral therapy was explored 

amongg HIV-infected ENARP-cohort participants. Timing of hypothetical treatment was 
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comparedd between guidelines using the simple markers (based on presence of at least one 

marker),, guidelines recommended by the United States Department of Health and Human 

Servicess (based on CD4 and viral load), and guidelines for resource-limited settings 

recommendedd by the World Health Organisation. Simple markers found to independently 

predictt death were low body mass index (BMI), HIV-related conditions, anaemia, and 

lymphocytee count <1500/ul. In such time as was covered by our study, 135 (87%) of 155 

cohortt participants would have had the same management under both the simple markers and 

thee DHHS guidelines, i.e., would have been treated (n=l 14, or 74%) or not treated (n=21, or 

14%).. Of the 114 participants hypothetically treated under either set of guidelines, 91(80%) 

wouldd have started treatment at the same time. Application of the WHO guidelines for 

resource-limitedd settings (without CD4 counts) would have resulted in 11 participants dying 

withoutt ever meeting a treatment indication during regular follow-up visits. The study, 

therefore,, identified simple markers for initiating antiretroviral therapy in HIV-infected 

Ethiopia,, although the validity of these markers for monitoring patients' improvement 

followingg therapy remains to be evaluated. It was recommended that the development of such 

toolss would facilitate the introduction of anti-retroviral drugs in resource-poor countries. 

Inn chapter V we estimated survival time and the rate of CD4 T cell (CD4) decline among 

HIV-infectedd individuals participating in the EN ARP-cohort study. The study was undertaken 

too test the hypothesis whether the generally low baseline CD4 counts among Ethiopians 

influencee survival time following HIV infection. We used data from 149 HIV-prevalent 

ENARP-cohortt participants with visits at 6-month intervals between February 1997 and July 

2002.. CD4 cells slopes were compared between Ethiopians and Dutch homosexual men. The 

1499 individuals contributed 791 visits. Their mean age at intake was 34 years and 69% were 

males.. The mean CD4 cell count was 345 and 514 X 106/1 for the prevalent cases at 

enrollmentt and at the time of serocnversion for incident cases, respectively. During active 

follow-upp 29 individuals died, giving a cumulative incidence of death of 6.7 per 100 PY. We 

estimatedd median survival time in the range of 9.1 to 12.8 years using different approaches. 

Thee rate of CD4 decline was significantly lower in Ethiopians compared to Dutch homosexual 

menn and drug users. The study concluded that survival time in HIV-infected Ethiopians is 

similarr to that of populations in industrialized countries before the advent of antiretroviral 

therapy.. The generally low baseline CD4 counts among Ethiopians do not lead to a shorter 

HIVV survival time than in other populations. 
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Inn Chapter VI we attempted to correct HIV prevalence estimates obtained from antenatal 

clinicc (ANC) attending pregnant women of Addis Ababa using a validated adjustment 

method.. This study is especially important since available evidence so far showed that ANC 

dataa overestimate the prevalence in the general population of Addis Ababa, which is in 

contrastt to reports from other sub-Saharan African countries. A published parity-based 

adjustmentt procedure was applied to the ANC based HIV prevalence data, using fertility data 

obtainedd from the Demographic and Health Survey (DHS) of 2000. HIV prevalence among 

antenatall clinic users was 15.6% but decreased to 11.3% after parity-based adjustment. This 

latterr estimate is in line with figures from several community-based surveys carried out over 

thee years 1996-2000 [8.2%-12.2%]. Compared to other African cities, the proportion of 

womenn who are not sexually active is higher in Addis Ababa. Such women, who are at low 

riskk of HIV infection, would not get pregnant; thus data from antenatal clinic users 

overestimatee the HIV prevalence in the general population. The study concluded that 

differencess in fertility patterns between Addis Ababa and other African cities are responsible 

forr the disparity between HIV prevalence figures based on antenatal care versus community 

data. . 

Inn chapter VII the potential demographic impact of AIDS in Addis Ababa was studied. 

Addiss Ababa is experiencing a demographic transition in which the total fertility rate has 

declinedd from 3.8 to below replacement level over the last 20 years. HIV prevalence is 

predictedd to stabilize at 10% in adults, resulting in a total number of people living with HIV at 

200,000,, a cumulative number of AIDS deaths at 50,000, and about 60% of adult deaths 

attributablee to AIDS by the year 2000. The epidemic is predicted to reduce life expectancy by 

100 and 17 years for the years 2000 and 2024, respectively, and to turn to negative the rate of 

naturall increase (RNI) after 2009 (-0.18%, -0.35% and -0.71% per annum by 2009, 2014, and 

2024,, respectively). Population growth is expected to continue with or without HIV, as a 

resultt of high net in-migration, although data for migration are scant. It was concluded that in 

aa low fertility area like Addis Ababa, AIDS has the potential to cause negative RNI as early as 

inn 2009. In addition, the study has shown that the epidemic has already had a significant 

demographicc impact on the population of Addis Ababa, and will have even greater impact in 

thee future. However, it was stressed that, the future course of the epidemic and its 

demographicc consequences could be altered through effective interventions such as 
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behaviorall change towards safe sex, control of sexually transmitted diseases, antiretroviral 

therapies. . 
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Ditt proefschrift beschrijft de resultaten van studies naar de Epidemiologie van HIV-1 in 

Ethiopië,, uitgevoerd als onderdeel van het onderzoeksprogramma van ENARP. De meeste 

studiess in dit proefschrift zijn gebaseerd op cross-sectionele en longitudinale analyses van 

dataa uit het cohort. De andere studies gebruiken populatie-gebaseerde data uit Addis Ababa. 

Hett proefschrift sluit af met een algemene discussie van de resultaten van de verschillende 

studiess en enkele aanbevelingen voor toekomstige epidemiologische studies. 

Inn Hoofdstuk 1 wordt (in Sectie 1.2.) een overzicht gegeven van de HIV/AIDS epidemie in 

Ethiopië;; de huidige status van de HIV epidemie, progressie, diversiteit in de verspreiding van 

HIV,, hoog-risico groepen en de nationale respons op de epidemie gebruik makend van de 

aanwezigee informatie. De HIV epidemie is begonnen in de stedelijke gebieden van Ethiopië 

omstreekss midden jaren tachtig en heeft zich momenteel verspreid over alle steden, in 

verschillendee gradaties. De schaarse gegevensbronnen die beschikbaar zijn over de progressie 

vann de HIV epidemie geven aan dat de prevalentie van HIV recentelijk gestabiliseerd is in de 

grotee steden en midden jaren negentig een plateau vertoont. In tegenstelling tot de stedelijke 

epidemie,, startte de rurale epidemie in de vroege jaren negentig. Recente gegevens laten zien 

datt HIV zich nu met grote snelheid heeft verspreid in de rurale gebieden. Er zijn aanwijzigen 

datt de rurale epidemie zich in de vroege fase bevindt en zich nog sterk zal uitbreiden, tenzij 

err effectieve bestrijdingsmaatregelen worden genomen. Analyse van de nationale respons op 

dee HIV epidemie laat zien dat er ondanks het opzetten van HIV/AIDS interventie

programma'ss sinds het begin van de epidemie, de uitvoering van deze programma's beperkt 

iss tijdens de jaren van sociaal-economische en politieke instabiliteit in het land. Momenteel 

zijnn er bemoedigende tekenen van betrokkenheid van verscheidene belangengroepen en 

politiekk engagement van de kant van de regering in het gevecht tegen HIV/AIDS. Maar een 

langee weg is nog te gaan in het beperken van verdere verspreiding van HIV in het land. 

Inn Hoofdstuk II is de prevalentie, incidentie en zijn de risico-factoren voor HIV infectie 

onderzochtt bij deelnemers aan de ENARP-cohort studie. De HIV prevalentie bij studie-

intredee was 9.4% en was hoger voor vrouwen (12.4%) dan voor mannen (8.5%). 

Onafhankelijkee factoren geassocieerd met een verhoogde kans op HIV infectie waren 

weduwe/weduwnaarr en antilichamen tegen HIV en HSV-2. Voor mannen waren er specifieke 

risicofactorenrisicofactoren zoals orthodoxe religie, een hoger aantal seksuele partners en genitale 

afscheidingg in de afgelopen vijf jaar. Voor vrouwen waren deze risicofactoren een laag 
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inkomen,, ooit verkracht en losse partners in het afgelopen jaar. De HIV incidentie was 0.4 per 

1000 persoonsjaren (PJ). De hoogste incidentie was te zien onder jonge vrouwen (leeftijd <30 

jaar)) (1 per 100 PJ). De studie bevestigde dat seksueel hoog risico gedrag en geslachtsziekten 

eenn belangrijke rol spelen bij de verspreiding van HIV onder Ethiopiërs, maar dat factoren 

zoalss verkrachting en een lage economische positie de vrouwen meer kwetsbaar maken dan 

mannen.. Aanbevolen wordt de nadruk bij in de HIV preventie te leggen op afname van het 

aantall seksuele partners, promotie van comdoomgebruik en vroege behandeling van 

geslachtsziektenn om zo verdere verspreiding van HIV in de populatie te beperken. Verder zou 

HIVV preventie ook gericht moeten worden op jonge vrouwen en vrouwen die met name 

kwetsbaarr zijn vanwege hun lage sociaal-economische status in de gemeenschap. Zulke 

programma'ss moeten zich ook richten op het tegengaan van verkrachting en andere vormen 

vann seksueel geweld. 

Inn Hoofdstuk III is de trend onderzocht in seksueel gedrag onder mannelijke 

fabrieksarbeiderss die deelnemen in het ENARP-cohort. Een aantal gedragsvariabelen en 

geslachtsziektenn zijn bekeken met behulp van cross-sectionele en longitudinale analyses: seks 

mett losse partners, seks met prostituees, condoomgebruik en het hebben (gehad) van 

geslachtsziekten,, zoals genitale afscheiding en genitale lesies. Gezondheidsvoorlichting en 

opvoeding,, vrijwillige HIV counseling en HIV-tests werden aangeboden aan de 

cohortdeelnemers.. Bij studie-intrede was de prevalentie van seks met losse partners in het 

afgelopenn jaar, seks met prostituees, condoomgebruik met de laatste losse partner, 

voorgeschiedeniss van genitale afscheiding of lesies in de afgelopen vijfjaar, respectievelijk 

9.7%,, 43.4%, 38.8% (alleen in Akaki), 10.6%, and 2.1%. In Wonji daalde tussen 1997 en 

19999 de prevalentie van seks met losse partners, seks met prostituees en voorgeschiedenis van 

genitalee afscheiding. Bij beide studiesites (Wonji en Akaki) gecombineerd daalde tussen het 

eerstee en vierde follow-up bezoek de proportie gerapporteerde seks met losse partners (van 

17.5%% tot 3.5%, pO.001), seks met prostituees (van 11.2% tot 0.75%, pO.001), en genitale 

afscheidingafscheiding (van 2.1% tot 0.6%, p=0.004). De studie heeft een aanzienlijke daling laten zien 

inn seksueel risicogedrag en gerapporteerde geslachtsziekten gedurende studie follow-up. 

Concluderend,, sterke aanwijzingen zijn gevonden dat seksueel risicogedrag en de incidentie 

vann geslachtsziekten is gedaald in het cohort van fabrieksarbeiders die routinematig 

gezondheidsvoorlichtingg en HIV testen kregen aangeboden. 
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Inn Hoofdstuk IV wordt het belang van eenvoudige markers (klinische of laboratorium 

markerss die gemeten kunnen worden zonder verfijnde laboratoria) in de besluitvorming 

omtrentt de aanvang van antiretrovirale therapie onderzocht onder HTV-geïnfecteerde ENARP-

cohortt deelnemers. De timing van hypothetische behandeling werd vergeleken aan de hand 

vann richtlijnen die gebruik maken van de eenvoudige markers (gebaseerd op aanwezigheid 

vann minstens 1 marker), richtlijnen opgezet door de United States Department of Health and 

Humann Services (DHHS) (gebaseerd op CD4 en virale load) en richtlijnen van de World 

Healthh Organisation (WHO) voor ontwikkelingslanden. Eenvoudige markers die 

onafhankelijkee voorspellers waren voor overlijden waren een lage body mass index (BMI), 

HIV-gerelateerdee condities, bloedarmoede, en aantal lymfocyten <1500/ul. In totaal 135 

(87%)) van de 155 cohort deelnemers zouden dezelfde behandeling hebben gehad onder zowel 

dee richtlijnen van de eenvoudige markers als van de DHHS, d.w.z. zouden behandeld worden 

(n=114,, or 74%) of niet behandeld (n=21, or 14%). Van de 114 deelnemers die hypothetisch 

behandeldd zijn onder welke richtlijnen dan ook zouden bij 91(80%) van hen behandeling 

startenn op hetzelfde moment. Toepassing van de WHO richtlijnen (zonder CD4) zou hebben 

geresulteerdd in 11 deelnemers die zouden zijn overleden zonder ooit een indicatie voor 

behandelingg te hebben gehad gedurende studie follow-up. Het onderzoek heeft dus 

eenvoudigee markers geïdentificeerd om te starten met antiretrovirale behandeling in Ethiopië, 

maarr de validiteit van deze markers voor het monitoren van een patiënt onder behandeling 

moett nog worden vastgesteld. Aanbevolen wordt dat deze eenvoudige markers worden 

gebruiktt omdat zij kunnen helpen bij de introductie van antiretrovirale behandeling in 

Ethiopiëë en andere ontwikkelingslanden. 

Inn Hoofdstuk V hebben we de overlevingsduur geschat na HIV infectie en de mate van CD4 

TT cell (CD4) afname onder HlV-geïnfecteerde personen die deelnamen aan het ENARP-

cohort.. De studie is uitgevoerd om te testen of de lage CD4 aantallen, waargenomen bij 

Ethiopiërs,, de overlevingsduur na HIV infectie kunnen beïnvloeden. Data zijn gebruikt van 

1499 HlV-geïnfecteerde ENARP-cohort deelnemers (overwegend seropositief bij intrede) met 

zes-maandelijksee bezoeken tussen februari 1997 en juli 2002. CD4 cel dalingen zijn 

vergelekenn tussen Ethiopiërs en Nederlanders (druggebruikers en homoseksuele mannen). De 

1499 deelnemers hadden in totaal 791 bezoeken. Hun gemiddelde leeftijd bij intrede was 34 

jaarr en 69% van hen waren mannen. Het gemiddelde aantal CD4 cellen was respectievelijk 

3455 en 514 X 106/1 voor de prevalent positieven bij intrede en bij het eerste seropositieve 
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bezoekk voor de seroconverters. Gedurende actieve follow-up zijn 29 HIV geïnfecteerde 

Ethiopiërss overleden (cumulatieve incidentie van overlijden: 6.7 per 100 PJ). We hebben de 

medianee overlevingsduur geschat op 9.1 tot 12.8 jaar, gebruik makend van verschillende 

methoden.. De mate van CD4 daling was beduidend lager bij Ethiopiërs in vergelijking met 

Nederlandsee homoseksuele mannen en druggebruikers. Concluderend, de overlevingsduur 

vann HIV geïnfecteerde Ethiopiërs is vergelijkbaar met die in geïndustrialiseerde landen vóór 

dee introductie van antiretrovirale (combinatie) therapie. De in het algemeen lage CD4 

waardenn onder Ethiopiërs leiden niet tot een kortere overlevingsduur vergeleken met andere 

populaties. . 

Inn Hoofdstuk VI zijn HIV prevalentie schattingen onder zwangeren in Addis Ababa 

gecorrigeerdd met behulp van een gevalideerde correctie-methode. Deze studie is van belang 

omdatt gegevens aantoonden dat HIV prevalentie schattingen onder deze zwangeren een 

overschattingg gaven van de prevalentie in de algemene populatie, terwijl in andere Sub-

saharischee landen deze veelal een onderschatting gaven. Een gepubliceerde pariteit-

gebaseerdee correctie-methode is toegepast op de HIV prevalentie data verkregen onder 

zwangeree vrouwen in Addis Ababa. Hierbij is gebruik gemaakt van fertiliteits-gegevens uit de 

Demographicc and Health Survey (DHS) van 2000. De HIV prevalentie onder zwangeren was 

15.6%% maar daalde tot 11.3% na pariteit-gebaseerde correctie. Deze laatste schatting komt 

overeenn met schattingen van verscheidene populatie surveys in 1996-2000 [8.2%-12.2%]. 

Vergelekenn met andere Afrikaanse landen is het aandeel van vrouwen die niet seksueel actief 

zijnn hoger in Addis Ababa. Deze vrouwen, die een laag risico hebben op HIV infectie zouden 

niett zwanger worden; dus data van zwangeren overschatten de HIV prevalentie in de 

algemenee bevolking. De studie concludeert dat de verschillen in fertiliteitpatronen in Addis 

Ababaa en andere Afrikaanse landen verantwoordelijk zijn voor de verschillen in de HIV 

prevalentiee schattingen gebaseerd op de populatie van zwangeren en op populatie surveys. 

Inn Hoofdstuk VII is de demografische impact van AIDS in Addis Ababa bestudeerd. Addis 

Ababaa ondergaat een demografische transitie waarbij in de afgelopen 20 jaar de totale 

fertiliteitsratee gedaald is van 3.8 tot onder het vervangingsniveau. Verwacht wordt dat de HIV 

prevalentiee stabiliseert op 10% bij volwassenen, resulterend in een totaal aantal mensen met 

HIVV van 200,000, een cumulatief aantal AIDS doden van 50,000 en omstreeks 60% van alle 

overlijdensgevallenn door AIDS onder volwassenen in 2000. Verwacht wordt dat de epidemie 
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dee levensverwachting reduceert met 10 en 17 jaar voor 2000 en 2024, respectievelijk en dat er 

eenn negatieve groei zal optreden na 2009 (-0.18%, -0.35% en -0.71% per jaar in 2009, 2014, 

enn 2024, respectievelijk). Echter, de totale bevolking zal blijven groeien met of zonder HIV 

vanwegee de netto-migratie, hoewel data over migratie schaars zijn. Geconcludeerd wordt dat 

inn een laag-fertiliteits gebied, zoals Addis Ababa, al in 2009 AIDS een negatieve groei kan 

veroorzaken.. Verder heeft de studie aangetoond dat de epidemie reeds een belangrijke 

demografischee impact heeft op de bevolking van Addis Ababa en zelfs een grotere impact zal 

hebbenn in de toekomst. Echter, de toekomstige loop van de epidemie en de demografische 

consequentiess kunnen veranderen onder invloed van effectieve interventies zoals veiliger 

seksuelee omgang, bestrijding van geslachtsziekten en effectieve antiretrovirale therapie. 
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