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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. 

95 5 



Chapterr V 

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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Fig.. l b 

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 

Timee (in Y ears) 

—Raww CD4 - - Smoothed CD4 WHO clinical 
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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 

-1000 -
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00 100 200 300 400 500 
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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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