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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. 

INTRODUCTION 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. 

MATERIALSS AND METHODS 

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 
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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%. 
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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 


