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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/AID S 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/AID S 

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/AID S 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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