












































Sexual behaviour patterns and other risk factors for
HIV infection in rural Tanzania: a case—control study

Maria Quigley*, Katua Munguti®, Heiner Grosskurth**, James Todd**,
Frank Mosha*, Kesheni Senkoro®, James Newell**,
Philippe Mayaud**, Gina ka-Gina', Arnoud Klokke®, David Mabey*,
Awena Gavyole™ and Richard Hayes*

Objective: To examine the association between HIV infection and patterns of sexual
behaviour and other risk factors in a rural Tanzanian population in a case—control
study, nested within a randomized trial of improved sexually transmitted disease
treatment.

Methods: All HIV-positive patients from the baseline survey of the randomized trial
were cligible as cases. Cases (n = 338) and controls {a random sample of one in
eight HIV-negative persons; n = 1078) were interviewed about risk factors for HIV
infection using a structured questionnaire.

Results: A significantly higher HIV prevalence was found among men and women
not currently employed in farming [men: odds ratio (OR), 2.08; women: OR, 3.65],
women who had travelled {OR, 3.27), educated women (OR, 4.51), and widowed/
divorced people compared with those currently married (men: OR, 3.10; women:
OR, 3.54). Two spouse-related factors were significantly associated with HIV, even
after adjustment for the sexual behaviour of the index case: HIV was more prevalent
in men with younger spouses (P =0.020 for trend) and in women married to men
currently employed in manual work, office work or business (OR, 2.20). In women
only, blood transfusions were associated with a higher HIV prevalence (OR, 2.40),
but only a small population attributable fraction (4%). There was an increased HIV
prevalence associated with increasing numbers of injections. Reported number of
lifetime sexual partners was significantly associated with HIV infection (women: OR,
7.33 if 210 lifetime partiners compared with S1; men: OR, 4.35 for 250 compared
with <1). After adjustment for confounders, male circumcision was associated with a
lower HIV prevalence (OR, 0.65; P=0.11),

Conclusions: In these rural communities, many HIV infections occur through sexual
transmission. Some people are at high risk of HIV infection through large numbers of
sex partners, whereas some are at risk through their spouse or regular partner. The
role of circumcision in HIV transmission is unclear. Commercial sex seems to play a
negligible role in HIV transmission in these communities. Our results confirm
marked heterogeneity in HIV risk, indicating the scope for risk reduction strategies.
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Introduction

AIDS has now been documented as the leading cause
of adult death in Cote d'lvoire, Zaire and Uganda (1],
and HIV-related deaths have substantially increased
mortality rates in many parts of sub-Saharan Africa.
The HIV epidemic in sub-Saharan Africa is spread pre-
dominantly through heterosexual contact [2]. Groups
that are at particularly high risk of HIV infection have
been identified as commercial sex workers, those
attending sexually transmitted discase (STD) clinics,
and truck drivers [3].

The transmission dynamics of HIV infection outside
these high-risk groups are not clear. Studies that have
been conducted in rural African populations have iden-
tified sociodemographic risk factors for HIV infection
[4-12]. This information is useful for the planning of
HIV intervention programmes, but additional informa-
tion on sexual attitudes and behaviour is needed to
design appropriate educational campaigns. Most previ-
ous studies [4-8,10-12] have obtained some informa-
tion on sexual behaviour: multiple sex partners, history
of sex with commercial sex workers, and history of
STD were identified as risk factors for HIV. However,
no studies to date have sought detailed information on
types of sexual partnerships or patterns of casual sex in
such populations. Such information might be used to
focus HIV interventions on those at greatest risk of
infection.

In 1991, implementation of an STID intervention pro-
gramme began in 12 rural communities of Mwanza
Region, Tanzania. The impact of this intervention
programme was assessed in 2 community randomized
trial [13-15]. Patients with HIV infection and other
STD at baseline were identified from the cohort of
subjects participating in the trial. These individuals,
together with a random subsample of the cohort, were
selected for detailed questioning about sexual attitudes
and practices. The random subsample formed the basis
for a survey of sexual behaviour in this population. In
addition, case—control analyses were carried out by
comparing cases of HIV or ST with controls drawn
appropriately from the random subsample. The resulis
of the sexual behaviour survey and the nested
case—control study for STD will be reported separately.
We report here the results of a case—control study of
the association of HIV prevalence with sexual behav-
iour patterns and other risk factors in this rural
Tanzanian population.

Methods

The demographic characteristics of the study popula-
tion have been described previously [13]. Implementa-

tion of a programme of improved STD treatment ser-
vices began in the Mwanza Region in December 1991,
A bascline survey was conducted prior to implementa-
tion and has been described previously [14]. In brief, a
cohort of approximately 1000 adults aged 15-54 years
was selected from each of 12 rural communities using
random cluster sampling. This cohort of 12 537 adults
was enrolled, interviewed and examined between
November 1991 and December 1992, prior to imple-
mentation of the intervention in each community. A
sample of venous blood was taken from consenting
adults and sera were tested for HIV antibodies by
enzyme-linked immunosorbent assay (ELISA;
Vironostika HIV MIXT Microelisa, Organon
Technika, Boxtel, The Netherlands). All positive sam-
ples underwent confirmatory testing with a method-
ologically independent ELISA (Wellcozyme HIV 1+2
GACELISA, Murex Diagnostics, Dartford, Kent, UK).
In the case of discrepant or indeterminate ELISA
results, a confirmatory Western blot was performed
(HIV-1 Westernblot, Epitope, Beaverton, Oregon,
USA). Individuals wishing to know their HIV test
result were referred for pre- and post-test counselling.
HIV tests were performed on 12 500 (99.7%) of those
enrolled and these individuals formed the sampling
frame for a nested case—control study of HIV infection.
Overall, 219 men (3.7% of the total} and 291 women
(4.4%) were HIV-positive, and were thercfore cligible
for selection as cases. The controls were drawn from a
simple random sample of one in cight persons in the
sampling frame. All HIV-negative persons in this ran-
dom sample were eligible as controls.

An attempt was made to revisit all eligible cases and
controls. After obtaining informed consent, cases and
controls were interviewed about sexual and non-sexual
risk factors. A structured questionnaire was used to
ascertain sociodemographic details and information on
blood transfusions, injections, sexual attitudes, sexual
practices, and perception of risk. In the questionnaire,
sexual partners were classified as ‘marital’ (spouses/con-
stant partners), ‘regular’ (partners for more than a few
wecks), or ‘casual’ (partners for no more than a few
weeks, including ‘one-off’ partners and commercial sex
workers). Men and women were asked whether they
ever got bruises on their sexual organs because of sexu-
al intercourse. Women were asked whether they ever
practised ‘dry sex’, involving the insertion of herbs or
other substances into the vagina to reduce vaginal
secretions. The questionnaire was designed in
Kiswabhili, back-translated into English and pre-tested
in a pilot study in February 1993. Non-medical person-
nel, most of whom were teachers, community develop-
ment workers or cultural officers from Mwanza Region
were carefully selected and trained in interview tech-
niques. Interviewers were unaware of the participants’
HIV status. Very few participants requested their HIV
test result and most were unaware of their HIV status.
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The study took place in May and June 1993, 6-17
months after the baseline survey of the 12 study com-
munities.

In the analysis, each sex was considered separately. Risk
factors for HIV have been broadly categorized as either
sociodemographic or ‘proximate’ factors, the latter
including factors likely to be directly related to HIV
transmission. Odds ratios (OR), adjusted for age-group
(15-19, 20-24, 25-29, 30-34, 35-44 and 45-54 years)
and community of residence, were obtained for all risk
factors using logistic regression. For most of the
sociodemographic factors, no adjustment was made for
additional confounders, because the aim was to describe
the relative risk in different classes of individual, rather
than to isolate the specific effect of a particular variable.
OR for proximate factors and those sociodemographic
factors relating to an individual’s spouse were adjusted
for confounders. All risk factors found to be significant
after adjusting for age-group and community of resi-
dence were fitted in a logistic model. A final model
included only those factors which remained significant
after adjusting for all other factors in the model.
Significance was assessed using the likelihood ratio test.
Logistic regression was performed in Egret (Statistics
and Epidemiology Research Corporation, Seattle,
Washington, USA), Adjusted OR were used to esti-
mate the population attributable fraction for each expo-
sure [16]. Each population-attributable fraction
estimates the proportion of HIV infections that would
have been prevented had the risk for all subjects been as
low as in the baseline category while all other factors
were kept constant. Although each population-attribut-
able fraction is adjusted for confounders, it is not possi-
ble to estimate the joint population-attributable fraction
for several exposures by summing several population-
attributable fraction.

Results

The participation rate among those sought for this
case~control study was 66% for cases and 75% for con-
trols (Table 1). Non-participation was largely due to
the person not being found (20% had moved, travelled,
died or could not be traced). Only 0.5% of those found
refused to be interviewed. Fifty-four persons were
excluded because of doubts about identity. The age
distribution of cases and controls is also shown in Table
1. Since no male cases were under 20 years of age, the
remainder of the analysis of men was restricted to the
149 cases and 394 controls aged 20-54 years. The
analysis of women was conducted on all 189 cases and
574 controls.

Sociodemographic risk factors in men and
women
OR for sociodemographic risk factors are shown in

Table 1. Participation rates and reasons for non-recruitment among
HIV-positive cases and HIV-negative controls, by sex.

Men Women
Cases  Controls Cases Controls
Sought (n} 219 659 291 781
Participated (n) 149 504 189 574
Participation rate (%) 68 76 65 73
No. participated, by
age-group (years)
15-19 0 110 13 96
20-24 22 82 57 108
25-29 24 60 39 84
30-34 38 78 33 85
35-44 38 75 30 107
45-54 27 99 17 94
Total 149 504 189 574
Reasons for
non-rectuitment (n)
Died* 9 1 1 5
Moved* 26 48 37 87
Refused 0 ] 1 7
Travelled 13 47 13 33
Not traced* 8 15 15 23
Other 8 26 19 27
Excluded® 6 17 6 25
Total 70 155 102 207

*Since the baseline survey. 'Person unknown and unable to be
traced within the community. ‘Individuals were excluded if at the
time of interview their identity with the person originally enrolled
in the baseline survey was doubted.

Table 2. There was no significant association between
education and HIV infection in men. In women, the
prevalence of HIV infection increased significantly with
level of education, the small group of women with sec-
ondary education or higher having four times the
prevalence of those with no education. Men and
women in manual work, office work or business had a
significantly higher prevalence of HIV infection than
farmers, as did men in ‘other’ occupations {mostly fish-
ermen). Those who had lived elsewhere in the past 5
years had a higher prevalence of HIV infection, espe-
cially men who had lived in another large town [OR,
2.13; 95% confidence interval (CI), 1.11-4.07], women
who had lived in Mwanza town (OR, 3.52; 95% ClI,
1.62-6.27), and women who had lived in another large
town (OR, 3.19; 95% CI, 1.62-6.27). Travel was
much less common among women than men but was
more strongly associated with HIV, In particular, travel
to another large town in the past year was significandy
associated with HIV infection in women and gave rise
to a population-attributable fraction of 9.7%. The
prevalence of HIV infection was somewhat higher
among Moslems, although in men this was not statisti-
cally significant, Moslems in this study shared a number
of characteristics, some of which may have put them at
higher risk of infection. Among the controls, Moslem
women were more likely than other women to have
lived in a large town in the past 5 years (14 versus 3%;
P=0.011) and to rcport five or more lifetime partners
(30 versus 18%; P =0.13), but their spouses were not
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Table 2. Odds ratios (OR) for selected sociodemographic factors, by sex.

Men Women
Variables No. cases No. controls OR* (95% CI) P{P)  No.cases No.controls OR*(95% CI PP
Education
None/adult 20 82 1 0.39(0.17) 49 263 1 0.004 (<0.001)
Primary 1-3 24 66 1.72 (0.84-3.55) 24 51 1.97 (1.07-3.65)
Primary 24 93 227 1.62 (0.86-3.06) 110 255 2,08 (1.32-3.28)
Secondarythigher 12 19 1.77 {0.70-4.50) 6 5  4.51(1.20-16.93)
Present job
Fammer 10 333 1 0.002 164 546 1 0.005
Manual/office/business 35 45 2.08(1.21-3.60) 19 13 3.65 (1.66-7.99)
Other 13' 18' 3.08 (1.32-7.15) 2 13 1.07(0.21-5.45)
Lived elsewhere {past 5 years)
No 9N 294 1 0.01 17 432 1 0.022
Yes 58 99 1.76 (1.14-2.71) 72 1 1.57 1.07-2.31)
Travel to Mwanza (past year)
No 78 246 1 0.41 129 472 1 0.012
Yes 71 148 1.20(0.77-1.87) 59 102 1.72(1.13-2.62)
Travel to other large town (past year)
No 123 335 1 0.98 160 548 1 <0.001
Yes 26 59 0.99 (0.57-1.72) 26 26 3.27 (1.78-6.03)
Ethnic group
Sukuma 109 254 1 0.50 130 396 1 0.248
Mkara 7 55 0.71 (0.13-3.91) 10 59 1.60 (0.50-5.13)
Other 33 83 1.32(0.77-2.27) 49 118 1.50 (0.93-2.41)
Religion
Moslem 12 14 1 0.1 20 28 1 <0.001
Catholic 68 151 0.64 (0.26-1.55) 93 228 0.55 (0.28-1.07)
Protestant 41 105 0.46 (0.18-1.16) 55 150 0.45 (0.22-0.91)
Other 28 124 0.38 (0.15-0.99) 21 167 0.22 {0.10-0.49)
Marital status
Currently married 107 325 1 0.008 131 462 L <0.001
Divorced/widowed 21 18 3.10(1.52-6.34) 38 48 3.54 (2.07-6.04)
Never married 15 42 1.07 (0.51-2.26) 12 53 1.30 (0.57-3.00)
Previous marriage that ended (if married)
No 51 202 1 0.012 74 306 1 <0.001
Yes 48 106 1.92(1.15-3.21) 36 LA V4 1.66 (0.99-2.77)
Age of current spouse (years)
<20 1" 39 1 0.096 (0.014) 13 32 1 0.99
20-24 28 70 0.81 (0.32-2.04) 37 96 0.95 (0.42-2.13)
25-34 42 107 0.58 (0.22-1.56) 27 79 1.14 (0.44-2.89)
3544 13 62 0.33(0.10-1.12) 15 70 1.05 (0.35-3.14)
245 1 20 0.08 (0.01-0.81) 6 27 1.17(0.29-4.71)
Spouse divorced/widowed
No 60 215 1 0.085 61 279 1 0.012
Yes 39 90 1.59 (0.94-2.68) 49 144 1.82(1.14-2,88)
No, wives®
1 87 277 1 0.26 90 346 1 0.167
22 20 47 1.45 (0.77-2.73) 40 13 1.39 (0.87-2.22)

*Adjusted for age-group and community.'Mostly fishermen. *Mostly students/school pupils. SFor women, number of wives of current spouse.

Py, test for trend P value; C, confidence interval.

more likely to have more than one wife (18 versus 25%;
P=0.47). Moslem men were more likely than other
men to be circumcised (79 versus 29%; P <0.001), to
have lived in roadside settlements in the past 5 years (36
versus 7%; P =0.003), to have travelled to Mwanza in
the past year (64 versus 37%; P=0.036), to have sec-
ondary or higher education (14 versus 5%; P=0.054),
and to report 10 or more lifetime partners (79 versus
56%; P =0.096), but were not significantly more likely
to have more than one wife (20 versus 14%; P = 0.62).

Current and past marital status was associated with HIV
infection (Table 2). Men and women who were
divorced or widowed were three times more likely to
be HIV-positive than those currently married, and in

women the HIV prevalence was higher in those never
married than in those currently married. The higher
prevalence in divorced or widowed women than
among currently married women may be due pardly to
a greater number of lifetime parmers and casual partners
(28 versus 19% reported five or more lifetime partners,
and 28 versus 7% reported a casual partner in the past
year). Men who were divorced or widowed reported
similar numbers of lifetime partners to married men,
but more casual partners in the past year. For example,
33% of divorced or widowed men and 11% of those
currently married reported three or more casual part-
ners in the past year. Among those currently married, a
substantial proportion (34% of male controls, 28% of
female controls) had previous marriages that ended in
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Table 3. Odds ratios (OR) for marital status shown within different age-groups, by sex.

Men Women
Marital status No.cases  No.conmtrols  OR* (95% CI) No. cases  No. controls OR* (95% C1)
Age 20-29 years
Currently married 30 93 1
Divorced/widowed 4 6 - 1.56 (0.34-7.18)
Never marricd 7 37 0.48{0.17-1.31)
Age 15-29 years 81 224 1
Currently married 12 8 3.70(1.31-10.46)
Divorced/widowed n 50 1.35{0.55-3.31)
Never marricd
Age 30-54 years
Currently married 77 232 i 50 238 1
Divorced/widowed 17 12 3.81 (1.64-8.82) 26 40 2,74 (1.34-5.61)
Never married 8 5 4.31(1.20-15.52) 1 3 4.37 (0.35-55.03)

*Adjusted for age-group and community. Cl, confidence interval.

divorce or widowhood, and these individuals had a
higher HIV prevalence. There was no association
between number of wives and HIV prevalence.

OR for marital status within different age-groups are
shown in Table 3. In men, there was a significant inter-
action between marital status and age (P =0.017). In
men aged 30-54 years, a fourfold increased prevalence
was found in those never married and in those divorced
or widowed, compared with those currently married. In
men aged 20-29 years, there was a higher prevalence in
those divorced or widowed, but the group of men who
had never married had only half the prevalence of those
currently married. There was no interaction between
marital status and age in women (P = 0.44), although, as
for men, the highest prevalence was found among those
aged 30-54 years who had never married.

Analysis of the spouse-related factors suggested that
some marricd men and women may be at increased risk
of HIV infection through their spouses (Table 2). First,
among men there was a significant trend with age of
current spouse (the younger the spouse, the higher the
prevalence of HIV infection), which remained signifi-
cant after adjustment for confounders (P = 0.020).
Second, those men whose spouses had previously been
widowed or divorced had an increased HIV prevalence
although after adjustment for confounders, this excess
was not statistically significant (P =0.145). Among
married women, there was no association between age
of current spouse and HIV infection. However, those
women whose spouse had previously been widowed or
divorced had a higher HIV prevalence, although this
effect was smaller and not significant after adjustment
for confounders (OR,, 1.46; 95% CI, 0.89-2.42).
Furthermore, those women married to men employed
in manual work, office work or business had a twofold
increased HIV prevalence, even after adjustment for
confounders (OR,, 2.20; 95% CI, 1.22-3.95).

Proximate risk factors for men
OR for proximate risk factors among men are shown

in Table 4. Only 2% of cases and controls had received
a blood transfusion during the past 5 years; therefore,
transfusions are clearly not a major source of infection
in this population. There was a significant upward
trend between HIV infection and the number of injec-
tions received in the past year, although this trend was
no longer significant after adjustment for confounders.
A substantial proportion of men (62% of controls)
reported skin incisions or tattoos, but these men did
not have a higher prevalence of HIV.

Most men (63% of cases, 65% of controls) had their
first sexual intercourse aged 15-19 years, and 90% of
men had their first sexual intercourse before they were
aged 20 years. Age at first sexual intercourse was similar
in cases (mean, 15.9 years) and controls (mean, 16.1
years) and was not associated with HIV infection (P =
0.90). There was a very wide variation in the reported
number of lifetime partners, with 34% of controls
reporting 20 or more pariners and 18% reporting fewer
than five. All men reported at least one sex partner.
There was a highly significant trend for increasing HIV
prevalence with increasing partners (P = 0.002), but the
trend weakened after adjustment for confounders
(P = 0.059). The population-attributable fraction for
reporting more than one lifetime sex partner was 66%
and the population-attributable fraction for reporting
more than four lifetime sex partners was 18%.

We examined the association between HIV infection
and reported number of casual and non-casual partners
in the past year. Before adjustment for confounders,
there was no association between the number of sexual
partners in the past year and HIV infection. After
adjustment for confounders, there was a significant
negative trend (P =0.011), those men reporting no
partners having the highest prevalence and those
reporting five or more partners having the lowest
prevalence. A strong negative trend was also observed
between the number of casual partners in the past year
and HIV infection. Since the number of sexual partners
in the past year was strongly correlated with lifetime

241
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Table 4. Odds ratios {OR) for selected proximate factors in men aged 20-54 years.

Variables Cases Controls OR?* (95% CI) PPy OR' (95% C1) PP
Blood transfusion (past 5 years)
No 146 (98} 387 (98) 1 0.96 1 0.60
.Yes 3(2) 7(2) 0.97 (0.23-4.11) 0.59 (0.08-4.61)
Injections (past year)
None 51 (34) 204 (52) 1 0.049 (0.010) 1 0.27 (0.12}
1 9 (6) 29(7) 1.27 (0.54-2.97) 1.34 (0.50-3.57)
2-4 37 (25) 59(15) 2,14 (1.24-3.69) 2,20(1.10-3.70)
5-9 29 (20) 62 (16) 1.77 (0.99-3.15) 1,32 (0.69-2.54)
210 23(15) 39 (1) 1.82 (0.96-3.46) 1,42 (0.67-3.00)
Skin incision/ftaticos
No 61 (41) 150 (38) 1 0.98 1 0.76
Yes 87 (59 242 (62) 0.99 (0.66-1.50) 0.93 (0.58-1.49)
Lifetime sex partners
0-1 1{1) 123) 0.37 (0.04-3.24) 0.40 {0.04-3.86)
244 16(11) 59 (15) 1 0.036 (0.002) 1 0.48 (0.059)
5-9 27 (19) 96 (25) 1.13 (0.54-2.39) 0.89 (0.39-2.01)
10-19 3021 90 (23) 1.27 (0.61-2.64) 1.09 (0.49-2.44)
2049 38(27) 85 (22) 1.58 (0.75-3.31) 1.33 {0.59-2.98)
250 31(22) 46 (12} 2.99 (1.32-6.78) 1.74 (0.71-4.26)
Sex partners (past year)
Nane 14 (9) 15 (4) 3.08 (1.32-7.18) 3.45 (1.08-11.00)
1 58 (39 168 (43) 1 0.13(0.29) 1 0.059 (0.011)
2 3020 86 (22) 1.07 (0.62-1.85) 0.84 (0.45-1.56}
34 3121 84 (21) 0.98 (0.57-1.70) 0.66 (0.35-1.26)
25 16(11) 41010 1.04 (0.51-2.13) 0.50(0.21-1.18)
Casual partners (past year) .
None 86 (58) 226 (57) 1 0.93 (0.56) 1 0.048 (0.002)
1 26(17) 75(19) 0.84 (0.49-1.44) 0.66 (0.35-1.23)
2 17 (1) 38010 0.99 (0.50-1.94) 0.50 (0.23-1.09)
3-4 13(9) 36 09) 0.76 (0.36-1.58) 0.40 (0.17-0.97)
25 79 19 (5) 0.91 (0.34-2.41) 0.24 (0.07-0.80)
Commercial sex workers {past year)
None 143 (96) 386 (98) 1 0.25 1 0.69
21 6 (4) 8(2) 1.95 (0.64-5.88) 1.27 (0.39-4.14)
Bruising during sex
No 91 (62) 295(75) 1 0.046 1 0.80
Yes 56 (38) 96 (25) 1.60 (1.01-2.54) 1.07 (0.64-1.79)
Ever used condom
No 107 (72) 314 (80) 1 0.15 1 0.37
Yes 42 (28) 7820 1.44 (0.88-2.34) 0.77 (0.43-1.37)
Genital ulcer/discharge {past year)
No 95 (66) 308 (78) 1 <0.001 1 0.037
Yes 50 (34) 85(22) 2.22(1.40-3.52} 1.77 (1.04-3.02)
Circumcised
No 101 (68} 272(70) 1 0.98 1 0.1
Yes 48 (32) 121 (31) 1.01 (0.64-1.58) 0.65 (0.38-1.12)
Perceived risk of AIDS
None/slight 30 (20} 104 (26) 1 0.43 1 0.52
Quite likely 90 (60} 220 (56) 1.22 (0.73-2.02} 0.70 (0.36-1.36)
Very likely/infected 12 (8) 17 (4) 2.14 (0.87-5.26} 1.27 (0.45-3.61)
Don't know 1701 5304 1.21 (0.58-2.49) 0.71(0.27-1.84)
Perceived risk STD
None/slight 29 (20) 119 (30) 1 0.009 1 0.097
Quite likely 75 (50) 175 (44) 1,77 {(1.05-2.99) 1.76 (0.97-3.18)
Very likely/infected 35 (24) 69 (18) 2.86 {1.54-5.34) 2.46 (1.19-5.09)
Don't know 10(7) 3@ 1.90 (0.79-4.58) 1.74 (0.65-4.71)
Known anyone with AIDS
No 74 (50) 207 (52) 1 0.43 1 0.86
Yes 75 (50) 187 (47) 1.18 {0.78-1.78) 0.96 (0.60-1.53)
How faithful is spouse
Very faithful 19(18) 84 (25) 1 0.027 1 0.260
Quite faithful 51 (48) 162 (50) 1.74 (0.92-3.31) 1.61 (0.81-3.19)
Not faithful 8(7) 17 (5) 3.16 (1.02-9.78) 1.83(0.53-6.34)
Don't know 29 (27} 61(19) 2.84 (1.35-5.99) 2.21 (1.00-4.90)

*Adjusted for age-group and community. *Adjusted for age-group, community, job, marital status, lifetime sex partners, genital ulcer/dis-
charge, perceived risk of sexually transmitted discase (STD); the second lowest exposure group was chosen as the baseline category, if there
were small numbers in the lowest exposure group. £, test for trend P value. Cl, confidence interval.
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partners, these effects were also examined without
adjustment for lifetime partmers. However, similar neg-
ative trends were observed even after adjustment for
age, community, marital status, occupation, history of
STD, and perceived risk of STD (data not shown).
Those reporting sexual contact with commercial sex
workers had a higher HIV prevalence, although num-
. bers reporting such contacts were very small (4% of
cases, 2% of controls) and the association was not sig-
nificant. Casual sex with other types of partner was
more common (in controls, 38% reported short-term
partners and 9% reported other casual partners) but was
not associated with HIV infection. Sex during travel
away from home, or at dances, weddings or other ‘tra-
ditional events is assumed to contribute to the risk of
HIV infection. In controls, 13% reported casual sex
during travel and 18% reported casual sex at dances or
other events over the past year. However, neither of
these were associated with HIV (OR, 0.70; 95% ClI,
0.35-1.38 for travel; OR, 0.73; 95% Cl, 0.40-1.31 for
dances and otheér events). Bruising during sex was
reported by 25% of controls and 38% of cases, but after
adjustment for confounders, this effect was very weak
(OR, 1.07) and not significant (P =0.80). The main
confounders were lifetime sex partners, history of geni-
tal ulcer or discharge, and perceived risk of STD.

There was no significant association between reported
condom use and HIV infection, cither before or after
adjustment for confounders. Those reporting a history
of genital ulcer or discharge during the past year had a
higher HIV prevalence, even after allowing for con-
founders; the estimated fraction of HIV infections
attributable to this effect was 15%.

The effect of circumcision on HIV prevalence was
examined in a number of ways. Comparing circumcised
men with non-circumcised men, and adjusting for con-
founders, circumcision showed a protective effect,
although this was not statistically significant (Table 4).
The main confounder of the effect of circumcision was
occupation: 64% of non-farmers and only 26% of farm-
ers were circumcised. Comparing men who had been
circumcised before and after 15 years of age with non-
circumcised men, and adjusting for confounders,
showed a significant (P = 0.027) association with HIV:
circumcision after age 15 years was associated with a
lower HIV prevalence (OR, 0.48; 95% CI, 0.25-0.90),
but circumcision before age 15 years was associated with
a higher prevalence (OR, 1.34; 95% CI, 0.64-3.00).
Circumcision was strongly associated with religion:
among the controls, 64% of Moslems and 5% of non-
Moslems were circumcised at birth, whereas 21% of
Moslems and 71% of non-Moslems were never circum-
cised. However, excluding Moslems made little differ-
ence to the significance of the association with HIV (P
= 0.005) or to the OR: after adjusting for confounders,
circumcision after age 15 years was associated with a

lower HIV prevalence (OR,, 0.37; 95% CI, 0.18-0.74),
but circumcision before age 15 years resulted in a higher
prevalence (OR, 1.50; 95% CI, 0.57-3.90). The num-
bers were too small (n=26) to examine the effect of
circumcision in the Moslems.

The perception of being at risk of STD was significant-
ly associated with HIV prevalence, but not the percep-
tion of being at risk of AIDS, Perceived risk of AIDS
was associated with perceived risk of STD, but
although men admitted to a high risk of STD (18% of
controls), few men (4% of controls) would admit to
being at high risk of AIDS. There was no association
between knowing anyone with AIDS and HIV preva-
lence. Perceived faithfulness of spouse was significantly
associated with HIV, those men reporting that their
spouse was not faithful having the highest prevalence,
although this effect was reduced after adjustment for
confounders.

Proximate risk factors for women

OR for proximate risk factors among women are
shown in Table 5. More women (4% of controls) than
men had received a blood transfusion in the past 5
years, and this was associated with a twofold increased
prevalence of HIV infection (OR, 2.40), but only a
small population-attributable fraction (4%). There was a
significant upward trend in HIV prevalence with
increased number of injections, even after adjustment
for confounders. Skin incisions or tattoos were associat-
ed with an increased HIV prevalence, although this
effect was not significant after adjustment for con-
founders.

Most women (64% of cases, 66% of controls) had their
first sexual intercourse aged 15-19 years, and almost all
(92% of cases, 89% of controls) had their first sexual
intercourse before they were 20 years. Age at first sexu-
al intercourse was not associated with HIV infection
(P =0.79). The number of lifetime partners reported
by women was lower and less varied than for men.
However, most women reported more than one part-
ner and a substantial proportion (18% of controls)
reported at least five lifetime partners. Increasing life-
time partners were significantly associated with increas-
ing HIV prevalence, even after adjustment for
confounders (P < 0.001 for trend), with a sevenfold
(3.59/0.49) increased prevalence in those women
reporting 10 or more lifetime partners. The popula-
tion-attributable fraction for reporting more than one
lifetime partner was 50%, and the population-attribut-
able fraction for reporting more than four lifetime part-
ners was 17%. Only one case and 16 controls reported
no sex partners ever. This case had received a blood
transfusion in the past 5 years, but had received no
injections in the past year and had no skin incisions or
tattoos. It is likely that the blood transfusion was the
mode of HIV transmission in this case.
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Table 5. Odds ratios (OR) for selected proximate factors in women and aged 15-54 years.

n (%)
Variables Cases Controls OR* (95% CI) PP OR *(95% CN PP
Blood transfusion (past 5 years)
No 175(93) 553 (96) 1 0.079 1 0.039
Yes 14(7) 20(4) 1.98 {(0.944.18) 2,40 (1,07-5.41)
Injections (past year)
None 68 (36) 278 (48) 1 0.006 (<0.001) 1 0.054 (0.006)
1 15 (8) 53(9) 1.33 (0.67-2.64) 1.27 (0.58-2.77)
2-4 41(22) 124 (22} 1.12(0.70-1.79) 1.12(0.67-1.88)
5-9 41(22) 83(14) 1.89 (1.16-3.09) 1.84 (1.07-3.17)
210 23(12) 35 (6) 2.92(1.54-5.52) 2.55 (1.24-5.28)
Skin incision/tattoos
No 75 (40) 267 (47} 1 0.033 1 0.148
Yes 114 {60) 306 (53} 1.48 (1.03-2.13) 1.34 (0.90-2.01}
Lifetime sex partners
0-1 27 (15) 173 (31) 0.49 (0.29-0.81} 0.49 (0.28-0.84)
24 92 (50) 277 (50) 1 <0.001 (<0.001} 1 <0.001 (<0.001)
5-9 40(22) 83 (15) 1.27 (0.79-2.05) 1.24 (0.75-2.05)
210 24(13) 19 (3) 4.72 (2.33-9.54) 3.59(1.65-7.78)
Sex partners (past ycar)
None 18(10) 56 (10) 1.55 (0.82-2.94) 0.71 (0.30-1.67)
1 137 (73) 461 (80) 1 0.010 1 0.430 (0.407)
2 21 Q1) 42(7) 1.96 (1.07-3.59) 1,02 (0.50-2.07)
23 12(6) 14(2) 5(1.32-7.50) 2.01 {0.78-5.20}
Casual partners {past year)
None 154 (82} 511(89) 1 0.002 (<0.001) 1 0.658 (0.361)
1 25(13) 49 (8) 2.48(1.384.43) 1.21 (0.61-2.40)
22 10(5) 14(2) 2.62(1.05-6.54) 1.54 (0.54-4.44)
Bruising during sex
No 157 (85) 485 (90) 1 0.18 1 0.49
Yes 28 (15) 56 (10 1.44 (0.85-2.43) 1.23 {0.68-2.23)
Ever used condom
No 180 (96) 558 (97} 1 0.830 1 0.112
Yes 7(4) 16 (3) 1.12{0.42-2.93) 0.38 (0.11-1.32)
Genital ulcer/discharge (past year) i
No 147 (78) 482 (84) 1 0.014 1 0.194
Yes 42(22) 90 (16) 1.76 (1.13-2.74) 1.41 (0.84-2.35) .
Perceived risk of STD
None/slight 51(27) 157 (27) 1 0.118 1 0.55
Quite likely 93 (49) 245 (43) 1.06 (0.69-1.63) 1.00 (0.62-1.61)
Very likely/infected 23(12) 51(9) 1.53 (0.80-2.90) 1.40 (0.68-2.92)
Don't know 2212} 121 Q21) 0.65 (0.36-1.17) 0.77 (0.40-1.48)
Perceived risk of AIDS
None/slight 35018} 133 (23) 1 0.10 1 0.64
Quite likely 116 (61) 279 (49) 1,35 (0.84-2.15) 1,13 (0.67-1.90)
Very likely/infected 84 15(3) 1.95 (0.72-5.25) 1.24 (0.40-3.84)
Don‘t know 30016 147 (26) 0.81 (0.45-1.45) 0.81 (0.43-1.52)
Known anyone with AIDS
No 96 {51) 385 (67) 1 0.002 1 0.165
Yes 93 (49) 189 (33) 1.79 (1.25-2.56) 1.34 (0.89-2.01)
How faithful is spouse
Very faithful 12(9) 71(16) 1 0.34 1 0.24
Quite faithful 60 (46} 187 {41) 1.83 (0.89-3.75) 1.77 (0.84-3.75)
Not faithful 28 (21) 102 (22) 1.54 (0.70-3.35) 1.18 (0.52-2.71)
Don't know 31(24) 99 (22) 1.88 (0.86-4.14) 1.86 (0.82-4.24)

*Adjusted for age-group and community. *Adjusted for age-group, community, travel to another large town, seligion, marital status and life-
time sex partners; baseline categories for lifetime sex partners and sex partners (past year) are consistent with those used in Table 4. Py, test

for trend P value; C, confidence interval,

The few women who reported more than one sexual
partner in the past year (9% of controls) or any casual
partner in the past year (11% of controls) had a much
higher HIV prevalence. These effects remained even
after adjustment for age-group, community, travel,
religion and marital status (data not shown). However,
when further adjustment was made for lifetime part-
ners, these effects were weaker and no longer signifi-
cant (Table 5).' Few women reported that they had

casual sex during travel away from home (3% of con-
trols), or at dances, weddings or other traditional
events (4% of controls), and this was not associated
with HIV prevalence. Bruising during sex was report-
ed by 10% of controls and was associated with a small
and non-significant increased HIV prevalence. Only
1% of women reported the practice of ‘dry sex’ ever,
which was too few to examine its association with

HIV.
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Fewer women than men reported that they had ever
used a condom and no association was found between
condom use and HIV prevalence. Fewer women than
men reported an STD in the past year and the associa-
tion with HIV was not significant after adjustment for
confounders. Very few women placed themselves in
the category of being at high risk of STD (9% of con-
trols) or AIDS (3% of controls). Risk perception was
not significantly associated with HIV infection.
However, there was a higher HIV prevalence among
those women who had known anyone with AIDS, but
this effect was weaker and not significant after adjust-
ment for confounders. More women than men stated
that their spouses were definitely ‘not faithful® (22%
compared with 5%), but this was not associated with
HIV prevalence.

Discussion

Compared with most previous studies of risk factors for
HIV infection in representative samples of rural African
populations [4-12], our study has provided more
detailed information on casual and non-casual sexual
behaviour patterns. Controls were drawn from the
same population as cases and were not matched on age
or any other factor. The unmatched design employed
here has several advantages. First, the same controls
were used for case-control studies of several outcomes
(HIV, syphilis and other STD), so for given resources
each study yielded a greater power. Since cases and
controls were not matched on community of residence,
the amount of fieldwork was similar in each of the 12
communities, rather than being proportional to the
community-specific prevalence of HIV. The selection
of individuals rather than matched pairs was logistically
simpler. The confounding effects of age, community of
residence and other factors were controlled for in the
analysis, rather than in the design. The controls also
provided a survey of sexual behaviour patterns in a rep-
resentative sample of this population.

The findings of this study, however, are subject to the
same limitations as all case-control studies. First, the
results may be biased if the controls do not represent
those who would have been selected as cases, had they
satisfied the case definition. In our study, cases and con-
trols were drawn from the same source population and
the participation rates were broadly similar in cases and
controls. Bias may also result if cases and controls differ
in their abilities to recall or report. Information on past
and current sexual behaviour is particulacrly prone to
recall and reporting bias. In this population, most people
are not aware of their HIV status, and most participants
of this study chose not to be told their HIV status.
Furthermore, interviewers were not aware of the partic-
ipant’s HIV status. Recall and reporting bias are there-

fore likely to be non-differential and so OR will tend to
be underestimated. A further problem arising from
case—control studies is the difficulty in determining tem-
poral sequences of events. Our study is based on preva-
lent HIV cases. Therefore, information pertaining to the
past year may not be relevant to an individual's HIV sta-
tus, or may even represent the effects of HIV infection
rather than its causes. This problem may be addressed by
using incident HIV cases. We are currently conducting
a case—control study based on incident cases of HIV
infection in these communities.

Our study identified particular groups of men and
women with a high HIV prevalence. First, the preva-
lence of HIV was higher in men and women who were
divorced or widowed than in those currently married.
In those aged 30~54 years, marriage was associated with
the lowest HIV prevalence, the highest prevalence
being in those never married. In those under 30 years,
however, married men had a higher HIV prevalence
than never-married men. Our findings are consistent
with those from rural Uganda [11], except that we did
not observe an increased prevalence of HIV infection
among young married women. At younger ages, mar-

riage may be a marker of recent sexual activity.

However, being divorced, widowed or never married
may reflect greater exposure to HIV-infected partners,
as suggested by the higher number of casual sexual
partners reported in these groups: in male controls
(female controls), the proportions reporting three or
more (one or more) casual partners in the past year
were 33% (25%) in the widowed or divorced, 26%
(28%) in the never married, and 11% (7%) in the cur-
rently married. Alternatively, it may be that HIV infec-
tion was the cause of divorce or widowhood.

An important finding from this study is that some mar-
ried men and women may have been infected with
HIV by their spouse. Women married to men in occu-
pations other than farming had a significantly higher
prevalence, as did men married to younger women.
Our data do not indicate whether the spouse was the
source of HIV infection in the index case. However,
these associations persisted even after adjustment for the
sexual behaviour of the index case. Furthermore, it is
notable that many of the cases whose own sexual
behaviour would be categorized as ‘low risk' had
spouses falling into ‘high risk’ categories: in women,
56% of cases reporting one or fewer lifetime partners,
33% of cases reporting two or more lifetime partners,
and 14% of controls were married to men in manual
work, office work or business; in men, 58% of cases
reporting four or fewer lifecime partners, 39% of cases
reporting five or more lifetime partners, and 37% of
controls were married to women aged 24 years or
younger. Thus it is possible that a husband in an occu-
pation other than farming, with a risky lifestyle, is the
source of HIV infection in some women. This is con-
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sistent with the belief that many African women are at
increased risk of HIV infection through their spouse
{1,17-20]. Likewise, in some men, it is possible that the
source of HIV infection may be their younger wife.
This is consistent with the high HIV prevalence among
young women in this and other studies [4,7-11,14]. It
is also consistent with the strong association between
HIV and reported sexual partners among the women in
this and other studies [7,8,18], and with evidence sug-
gesting that some African women are driven to
exchange sex for means of subsistence [21].

In these rural communities, most men and women
have primary education or less, most men and women
are farmers, and women tend not to travel, cither to
Mwanza or other large towns (Table 3). The groups
who appear to be at particularly high risk of HIV infec-
tion are those not currently employed in farming, and
the small group of women who travel or have sec-
ondary or higher education. These high-risk groups
have been identified in other studies {5,7,8,11] and may
be markers of more modern lifestyles or higher dispos-
able incomes, which may be associated with risky
behaviour. In contrast to other studies {11,12], we
found the highest HIV prevalence in the small group of
Moslems; in women, this excess risk was statistically
significant. The Moslems in this study comprised only a
few individuals and may not be representative of the
wider population of Moslems. It is also worth noting
that the higher prevalence in Moslems could not be
attributed to polygamy, since in our study polygamy
was not strongly associated with being a Moslem or
HIV prevalence. A possible explanation for the
increased prevalence, which is consistent with the find-
ings of another study {8}, is that Moslems were more
likely to have lived in roadside setdements and large
towns in the past 5 years, where the risk of HIV infec-
tion is greatest [7,14].

Blood transfusions were associated with a twofold
increased in risk among women, although only a small
population-attributable fraction (4%). The population-
attributable fraction associated with at least one injec-
tion in the past year was 24% in men and 21% in
women. These are likely to overestimate the true pop-
ulation-attributable fraction, since injections in the past
year may be an effect of HIV-related illness rather than
a route of HIV transmission. No data were collected on
history of illnesses, so it was not possible to evaluate
this association further. Skin incisions and tattoos were
not significantly associated with HIV in men or women
and are therefore unlikely to be a major route of HIV
transmission.

Particular patterns of reported sexual behaviour were
associated with an increased prevalence of HIV infec-
tion. As in other studies |4,5,7,8,12,18,19], there was
an increased prevalence in those reporting higher num-

bers of lifetime partners. This association was particu-
larly strong among women, in whom there was a sev-
enfold increased prevalence associated with 10 or more
lifetime partners. The population-attributable fraction
for women, associated with 10 or more lifetime part-
ners (9.8%), is consistent with the finding of 9.4%
among family planning clinic attenders in Nairobi [18].
In our study, the population-attributable fraction for
reporting two or more lifetime sex partners was 66% in
men and 50% in women; these figures are similar to
those found in rural Uganda (53% in men and 69% in
women) [8]. Given the limitations of recall and report-
ing, and the fact that some partnerships may have
occurred long before the HIV epidemic, it is perhaps
surprising that the association is so strong. Lifetime sex-
ual history may be acting as a proxy for sexual behav-
iour during the past few years. In women, reported
sexual behaviour in the past year was associated with an
increased HIV prevalence, except when it was adjusted
for lifetime partners. In men, however, reported sexual
behaviour in the past year was not associated with HIV
prevalence. This applied irrespective of whether we
analysed total number of partners, or number of part-
ners of any type, including short-term partners, com-
mercial sex workers and other casual partners. There
was even a significant negative trend of HIV prevalence
with increasing partners and increasing casual partners
in the past year. An obvious explanation for these find-
ings is that sexual behaviour in men changed as a result
of their HIV infection. Since awareness of HIV status is
low in this population, changes in behaviour are more
likely to be due to HIV-related illness or to the loss of a
regular partner due to HIV/AIDS.

There was no increase in HIV prevalence associated
with reported sex during travel away from home, or at
traditional events. Few men reported sex with com-
mercial sex workers in the past year, although there is a
substantial amount of casual sex, and we cannot
exclude the possibility that this sometimes involves an
element of exchange. However, outside the towns and
truck-stops, there are no clearly defined groups of
commercial sex workers who could form the basis for
targeted intervention programmes. Few women report-
ed the practice of ‘dry sex’, so it was not possible to
estimate its association with HIV infection, as suggested
by some other studies [22]. Bruising during sex was
reported by 25% of male controls and 10% of female
controls, but was not associated with HIV prevalence,
in contrast to a study in Jamaica {23]. Interpretation of
the association between HIV and history of genital
ulcer or discharge in the past year is subject to the same
limitations as in other case~control or cross-sectional
studies [6-8,11,12]: first, it is possible that this associa-
tion reflects the confounding effect of some aspect of
sexual behaviour for which we have not fully adjusted;
second, it is difficult to determine the temporal
sequence of these factors.
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Many studies have reported a lower risk of HIV and
other STD in circumcised men, although some other
studies have given conflicting results [24]. Our findings
clearly demonstrate the importance of adjusting for
confounders. On unadjusted analysis, there was no
association between HIV prevalence and circumcision.
However, circumcision was strongly associated with
several other risk factors, including age, community,
religion, marital status and current occupation. Most
notably, 64% of non-farmers and only 26% of farmers
were circumcised, and 78% of Moslems and only 29%
of non-Moslems were circumcised. After adjusting for
confounders, circumcision had a modest but non-sig-
nificant protective effect. The substantial change in the
OR after adjustment suggests that there may be residual
confounding, for which we have been unable to adjust
[24].

Our data suggest that circumcision at age 15 years or
older was protective, whereas circumcision at a
younger age was associated with an increased HIV
prevalence. We cannot explain the greater apparent
protective effect among men circumcised at older ages,
which was surprising given that some of these men may
have been circumcised after onset of exposure to HIV
or other STD. Our results contrast with findings in
rural Uganda [B] where Moslems, who are usually cir-
cumcised in childhood, had a lower prevalence of HIV
infection. Although our study population included a
suitable mix of circumcised and non-circumcised men,
facilitating analysis of the effects of circumcision, the
circumcised men formed a heterogeneous group. Men
may have been circumcised for different reasons, which
may have been differentially associated with their HIV
risk.

The main conclusions of this study are, first, that most
HIV infections in these rural communities occur
through sexual transmission, although some may be
due to non-sterile injections. The population-attribut-
able fraction associated with blood transfusions or other
routes of infection is small. Interventions to change
sexual behaviour patterns are clearly a major priority.
Some men and women are at high risk of HIV infec-
tion through large numbers of sex partners.
Intervention strategies, therefore, should aim to reduce
partner change and to promote condom use. However,
some men and women with a low-risk profile, most
notably those with few sex partners, may be at risk
through their spouse or regular partner. This suggests
that interventions should extend beyond the high-risk
groups. The practice of dry sex and bruising during sex
do not seem to play an important role in HIV transmis-
sion, whereas the role of male circumcision is unclear.
Although a substantial proportion of the population are
engaged in high-risk behaviour, commercial sex, as
obscrved in urban surroundings, scems to play a negli-
gible role in HIV transmission. Our results confirm

marked heterogeneity in the risk of HIV infection in
these rural communities, indicating the scope for risk-
reduction strategies.
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Male circumcision and HIV acquisition and
transmission: cohort studies in Rakai, Uganda
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Michael Z. Chen?, Chuanjun Li? and Maria J. Wawer', for the Rakai
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Background: Male circumcision is associated with reduced HIV acquisition.

Methods: HIV acquisition was determined in a cohort of 5507 HIV-negative Ugandan
men, and in 187 HIV-negative men in discordant relationships. Transmission was
determined in 223 HIV-positive men with HIV-negative partners. HIV incidence per
100 person years (py) and adjusted rate ratios (RR) and 95% confidence intervals (Cl)
were estimated by Poisson regression. HIV-1 serum viral load was determined for the
seropositive partners in HIV-discordant couples.

Results: The prevalence of circumcision was 16.5% for all men; 99.1% in Muslims
and 3.7% in non-Muslims. Circumcision was significantly associated with reduced
HIV acquisition in the cohort as a whole (RR 0.53, Cl1 0.33-0.87), but not among non-
Muslim men. Prepubertal circumcision significantly reduced HIV acquisition (RR
0.49, C10.26-0.82), but postpubertal circumcision did not. In discordant couples with
HIV-negative men, no serconversions occurred in 50 circumcised men, whereas HIV
acquisition was 16.7 per 100 py in uncircumcised men (P = 0.004). In couples with
HIV-positive men, HIV transmission was significantly reduced in circumcised men
with HIV viral loads less than 50 000 copies/ml (P = 0.02).

Interpretation: Prepubertal circumcision may reduce male HIV acquisition in a
general population, but the protective effects are confounded by cultural and beha-
vioral factors in Muslims. In discordant couples, circumcision reduces HIV acquisition
and transmission. The assessment of circumcision for HIV prevention is complex and
requires randomized trials. © 2000 Lippincott Williams & Wilkins
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Introduction

Prospective studies have shown increased acquisition of
HIV infection in uncircumcised compared with cir-
cumcised men in selected high-risk populations, such as
clients of commercial sex workers, men attending
sexually transmitted disease (STD) clinics and Kenyan
transport employees [1—6]. Also, in a study of discor-
dant couples, we found lower levels of HIV acquisition
in circumcised HIV-negative men [7]. However, no
prospective studies have been conducted in representa-
tive general populations. Cross-sectional and ecological
studies also suggest that circumcision may protect men
from prevalent HIV and STD infections [8,9], and the
protective effects of circumcision are most marked if
the procedure is performed before the onset of puberty
[10]. On the basis of these findings from observational
studies, it has been proposed that circumcision should
be widely promoted as a means of HIV prevention
[8,9]. To assess the role of male circumcision in HIV
prevention, we examined the effects of circumcision
on HIV acquisition in a representative population-
based cohort of Ugandan men with moderate potential
HIV exposure, and we assessed both HIV acquisition
and transmission in a group of HIV-discordant couples
with high levels of HIV exposure.

Methods

The Rakai STD Control for AIDS Prevention Study
was a community-randomized trial conducted in a rural
area of southwestern Uganda. The methods and results
have been reported previously [11,12]. All consenting
adults aged 15-59 years resident in 10 community
clusters were enrolled and followed at intervals of 10
months between November 1994 and October 1998.
The follow-up rates were approximately 75%. The 10
clusters were randomly allocated five to an intervention
and five to a control arm. The five intervention arm
clusters received antibiotic treatment for STD control
using a mass treatment strategy (i.e. treatment of all
consenting symptomatic and asymptomatic subjects),
and the five control arm clusters received mass treat-
ment with anthelminth and vitamin supplements. Sub-
jects were interviewed in the home to determine
sociodemographic, behavioral and health-related
characteristics. Men were asked whether they had been
circumcised and, if so, at what age the procedure was
performed. A venous blood sample was obtained for
HIV testing using two enzyme immunoassays (EIA;
Vironostika HIV, Organon Teknika, Charlotte, NC,

USA and Cambridge Biotech, Worcester, MA, USA),
with Western blot confirmation of discordant EIA tests
(HIV WB; Bio-Merieux-Vitek, St Louis, MO, USA).
Among HIV-positive subjects in discordant relation-
ships with a HIV-negative partner, HIV-1 RNA in
sera was quantified by reverse transcriptase polymerase
chain reaction assay using the Amplicor HIV-1 Moni-
tor 1.5 Assay (Roche Molecular Systems, Branchburg,
NJ, USA). The minimal detectable range of HIV-1
RNA was 400 copies/ml. Urine was also tested for
HIV using EIA (Calypte HIV Urine EIA; Calypte
Biomedical, Alameda, CA, USA) with Western blot
confirmation, for 10% of subjects who declined to
provide a blood sample. Syphilis serology used the
non-treponemal toluidine red unheated serum test
(New Horizons, Columbia, MD, USA) with confirma-
tion by Treponema pallidum hemagglutination test (Sero-
Tek, Fujirebio, Tokyo, Japan). Gonorrhea and chlamy-
dia infections were determined in a subsample of 2440
men using ligase chain reaction on first-catch urine
samples (LCx Probe System; Abbott Laboratories,
Abbott Park, IL, USA).

The association between circumcision and HIV inci-
dence was examined in 5507 initially HIV-negative
men, observed for 10231 person years (py) in the
whole cohort population. Individuals who were mar-
ried or in stable relationships were asked to identify
their partners. In the cohort of 5507 HIV-negative
men, 3010 reported that they were currently married
or in a consensual union, and linked data on the female
partner’s HIV status was available for 2732 couples
(90.8%), of whom 2553 were concordant HIV-nega-
tive couples. There were 410 HIV discordant (HIV+/
HIV—) couples in which the male partner’s circumci-
sion status was known. We assessed HIV acquisition
associated with male circumecision in 187 HIV-negative
men in discordant relationships with an HIV-positive
female partner, and we examined HIV transmission by
223 HIV-positive men in discordant relationships with
HIV-negative female partners. All couples were identi-
fied retrospectively in 1999, and linked data on the
serostatus of partners were not available during the
conduct of the trial (1994—1998).

All subjects were strongly encouraged to receive their
HIV results and post-test counseling was provided at
no cost by trained project counselors in confidence and
privacy. Intensive efforts were made to provide HIV
results to all participants without stigmatization, and
approximately 60% of subjects requested and received
their HIV test results and counseling during the course
of the trial. Ugandan Ministry of Health policy en-
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courages voluntary HIV testing/counseling and the
sharing of results between sexual partners, but does not
allow involuntary provision of HIV test results to
partners within HIV-discordant relationships. All sub-
jects also received health education and condom
promotion, and condoms were provided free of charge
by the project. The study was approved by Institutional
Review Boards in Uganda, Columbia and Johns
Hopkins universities, and the National Institutes of
Health.

The characteristics of circumcised and uncircumcised
men were compared, and differences assessed by y%°
tests. Incidence rates of HIV seroconversion were
estimated per 100 py, and 95% confidence intervals
(CI) were estimated from the standard errors of these
rates. Tests of statistical significance for differences in
HIV incidence associated with circumcision were based
on comparison of the CI of the incidence rates, and on
estimation of the rate ratio (RR) and 95% CI of HIV
acquisition rates in circumcised men compared with
the incidence in uncircumcised men. Stratified analyses
were conducted to assess possible confounding or inter-
action. Circumecision is highly correlated with Islamic
religion in this population, so to determine whether
religious affiliation affected the risk of HIV, we
examined HIV acquisition associated with religion
(Muslim/non-Muslim) in separate stratified analyses
restricted to circumcised men. Also, we previously
found that age at circumcision was associated with
prevalent HIV infection [10], so analyses were stratified
by circumcision at or before 12 years of age (the
approximate age of onset of male puberty in this
population), versus procedures performed at older ages.
Multivariate adjusted risks of HIV acquisition associated
with circumcision were estimated using Poisson regres-
sion models [13], incorporating covariates for age (15—
19, 20—-29, 30-39, 40+ years), marital status (never
married, monogamous, polygamous, previously mar-
ried), number of reported extramarital sex partners in
the past year (none, 14) and STD diagnosis. Adjust-
ment was also made for trial randomization arm.
Because circumcision was almost universal among
Muslim men, a variable for religion could not be
included in the main regression models. However,
separate stratified models were fitted for non-Muslim
men among whom the HIV risks associated with
circumcision and age at circumcision could be deter-
mined, without confounding by religious aftiliation.

The analyses of the discordant couples were as follows.
HIV acquisition per 100 py was determined in 187
HIV-negative men with HIV-infected female partners,
and transmission rates per 100 py were estimated in
223 couples with HIV-positive men in discordant
relationships with HIV-negative female partners. Ac-
quisition and transmission rates were also estimated in
relation to the HIV wviral load of the HIV-positive

partner, stratified into viral loads of less than 10 000,
10 000—49 000 and 50 000 plus copies/ml. Multivariate
adjusted risks of HIV acquisition or transmission asso-
ciated with circumcision were estimated by Poisson
regression, after adjustment for viral load of the HIV-
positive index partner and the other covariates listed
above.

Results

In the cohort of 5507 HIV-negative men, 908 men
reported circumcision (prevalence 16.5%). Reasons
given for circumcision were traditional/religious
(87.0%), health (11.0%), or other reasons (2.0%). Table
1 compares the characteristics, sexual behaviors, STD
symptoms and diagnoses in circumcised and uncircum-
cised men in the cohort. Compared with the uncir-
cumcised men, the circumcised men  were
predominantly Muslim, significantly older, less fre-
quently single and more often polygamously married.
There were no differences between circumcised and
uncircumcised men with respect to educational attain-
ment, the number of extramarital sexual partners
reported in the previous year or current condom use,
but alcohol consumption within the past month was
significantly less common in the circumcised than in
the uncircumcised men, consistent with the predomi-
nance of Muslims among the circumcised. There was
also a higher frequency of dysuria reported by circum-
cised men, but no significant difterences were observed
in other STD symptomatology, condom use or STD
diagnoses. The proportions of men who were circum-
cised in the intervention arm were lower than in the
control arm, because, by chance, the latter randomiza-
tion group contained more Islamic communities

[11,12].

Table 2 shows the incidence of HIV per 100 py among
circumcised and uncircumcised men. HIV incidence
was lower in the circumcised (1.1 per 100 py), com-
pared with the uncircumcised men (1.8 per 100 py),
and this difference was statistically significant (unad-
justed RR =0.61, CI 0.37-0.97). Among men who
reported circumcision at or before the age of 12 years,
the incidence of HIV was 0.9 per 100 py; the incidence
of HIV was 1.5 per 100 py in men reporting circumci-
sion at 13 years or older, and incidence was 1.8 per
100 py in the uncircumcised (y*> for trend 4.97,
P=0.03). The HIV incidence in men with pre-
pubertal circumcision was significantly lower than the
HIV incidence of 1.8 per 100 py in the uncircumcised
men (unadjusted RR = 0.54, CI 0.40—0.71), but for
men circumcised at 13 years or older, HIV incidence
was not significantly different from the incidence in the
uncircumcised men (unadjusted RR = 0.83, CI 0.35—
2.03).
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Table 1. Population cohort of 5507 HIV-negative men: characteristics, behaviors, sexually
transmitted disease symptoms and diagnoses in circumcised and uncircumcised men.

Circumcised (N = 908)

Uncircumcised (N = 4599)

Characteristics, behaviors, STD

symptoms and STD diagnoses No. % No. %
Age (years)
15-19 195 21.5 1252 27.2
20-29 317 34.9 1735 37.7
30-39 210 23.1 748 16.3
40-49 108 11.9 454 9.9
50+ 78 8.6 410 8.9%H
Marital status
Never married 281 31.0 1900 41.3
Married monogamous 419 46.2 2090 45.4
Married polygamous 165 18.2 336 7.3
Divorced/separated/widowed 43 4.7 270 5.9%FH
Religion
Muslim 730 80.4 7 0.2%**
Other religions 178 19.6 4592 99.8™**
Education
No education 57 6.3 299 6.5
Primary education 583 54.3 3012 65.5
Secondary or higher education 267 29.4 1287 28.0
Sexual behaviors
No extramarital partners in past year 591 65.1 3048 66.3
14 Extramarital partners in past year 309 34.0 1550 33.9
Current condom use 97 10.7 532 11.6
Alcohol use in past month 150 16.5 2982 64.8%**
STD
Genital ulcer in past year 65 7.2 297 6.5
Genital discharge in past year 33 3.6 156 3.4
Dysuria in past year 92 10.1 351 7.6*
Positive syphilis serology 93 10.2 482 10.5
Gonorrhea® 3 0.7 25 1.1
Chlamydia® 17 3.9 71 3.2
Randomization arm
Intervention 421 46.4 2507 54.5%%*
Control 487 53.4 2103 45 7%%%

¥? test: ¥ P < 0.05; ** P < 0.01; *** P < 0.001; *** P < 0.0001.
2Subsample based on 438 circumcised and 2202 uncircumcised men with urinary ligase chain

reaction results.
STD, Sexually transmitted diseases.

HIV incidence was similar in circumcised and uncir-
cumcised adolescent males aged 15—19 years. How-
ever, in men over the age of 20 vyears, HIV
seroconversion rates were lower in the circumcised
than the uncircumcised, although the differences were
not statistically significant within age strata. A total of
535 men over the age of 20 years reported prepubertal
circumcision, and HIV incidence was 1.0 per 100 py
(10/1042 py), in 172 who reported circumcision at or
above 13 years the HIV incidence was 1.5 per 100 py
(5/325 py), and among 3351 uncircumcised men the
incidence was 2.1 per 100 py (134/6414 py). This
trend in HIV incidence by the age of circumcision or
lack of circumcision was statistically significant
(x* = 6.2, P=0.01). Circumcision was not associated
with a reduced risk of HIV acquisition in the never-
married men (HIV incidence of 1.6 and 1.4 per 100 py
in circumcised and uncircumcised men, respectively).
However, among ever-married men, the rate of HIV
acquisition was lower in the circumcised (0.9 per
100 py) than in the uncircumcised (2.1 per 100 py),

and this difference was statistically significant (Table 2).
Only seven Muslim men reported that they were
uncircumcised, and none seroconverted. HIV inci-
dence was similar in circumcised and uncircumcised
non-Muslim men (1.6 and 1.8 per 100 py, respectively,
Table 2). However, HIV acquisition was significantly
lower in circumcised compared with uncircumcised
men reporting no extramarital sexual partners (unad-
justed RR = 0.50, CI 0.24—0.95) and those reporting
no alcohol consumption within the previous month
(unadjusted RR = 0.47, CI 0.26—0.91). There were
no significant protective effects of circumcision on
HIV acquisition in men reporting extramarital sexual
partners, the use of condoms, alcohol consumption, a
history of STD symptoms, diagnosed STD or by
randomization arm.

Table 3 shows the multivariate Poisson regression used
to estimate the adjusted rate ratio of HIV acquisition
associated with circumecision. In the whole population,
the adjusted rate ratio of HIV acquisition associated
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Table 2. HIV incidence rates by circumcision status and selected sociodemographic/behavioral and health characteristics.

Circumcised HIV-negative men Uncircumcised HIV-negative men

Incident HIV HIV incidence/ Incident HIV HIV incidence/
No. cases/py 100 py No. cases/py 100 py
All 908 18/1683 1.1 4608 154/8548 1.8**
Age at circumcision (years)
<12 726 13/1348 0.9 na
13+ 178 5/335 1.5 na
Age (years)
15-19 195 3/313 1.0 1252 20/2120 0.9
20-29 317 8/583 1.4 1735 69/3156 2.2
30-39 210 5/423 1.2 748 33/1459 2.3
40+ 186 2/372 0.5 864 32/1792 1.8
Marital status
Never married 281 7/452 1.6 1900 44/3248 1.4
Ever married 627 11/1239 0.9 2696 110/5274 2.1%*
Religion
Muslim 730 13/1373 1.0 7 0/16 0
Other religion 178 5/318 1.6 4592 154/8512 1.8
Sexual behaviors
No extramarital partners 591 9/1132 0.8 3048 94/5763 1.6*
14 extramarital partners 240 6/434 1.4 1558 41/1704 2.4
Current condom use 97 1175 0.6 450 16/798 2.0
No current condom use 810 17/1514 1.1 4145 138/7721 1.8
Alcohol past month 150 6/268 2.2 2982 104/5678 1.8
No alcohol use past month 752 12/1412 0.8 1628 50/2872 1.7*
STD
GUD 65 2/113 1.8 297 11/575 1.9
Dysuria 92 3/174 1.7 351 11/695 1.6
Discharge 33 0/59 0 156 8/315 2.5
Syphilis 93 5/183 2.7 482 30/968 3.1
Gonorrhea 3 0/7 0 25 2/45 4.5
Chlamydia 17 2/29 6.8 71 5/139 3.6
Randomization arm
Intervention 415 71778 0.9 2507 92/4696 2.0
Control 487 11/902 1.2 2103 62/3854 1.6
x? test on difference in HIV incidence among circumcised and uncircumcised men: * P < 0.05; ** P < 0.01.
GUD, Genital ulcer disease; py, person years; STD, sexually transmitted diseases.
Table 3. Adjusted rate ratios of HIV acquisition based on multivariate with circumcision was 0.53 (CI 0.33-0.87). For

Poisson regression.

Adjusted rate ratio  95% confidence

Covariates of HIV incidence intervals
Any circumcision 0.53 0.33-0.87
Circumcision at <12 years 0.49 0.26-0.82
Circumcision at age 13+ 0.70 0.25-1.55
Age (years)

15-19 1.0

20-29 2.02 1.19-3.46

30-39 1.92 1.01-1.37

40-59 1.38 0.71-2.70
Marital status

Never married 1.0

Married monogamous 0.89 0.58-1.38

Married polygamous 1.34 0.72-2.48

Separated/divorced/widowed 1.10 0.52-2.31
Sex partners in past year

One 1.0

Two 1.28 0.84-1.96

Three or more 1.75 1.10-2.79
Sex for money of gifts 1.05 0.76-1.47
Condom use 1.15 0.76-1.71
Syphilis 1.64 1.04-2.59

circumcision performed at 12 years or younger, the rate
ratio was 0.49 (CI 0.26—0.82), and for circumcision
performed at 13 year or above, the rate ratio was 0.70
(CI 0.25—-1.55). Other covariates significantly asso-
ciated with HIV risk were age (20—29 and 30-39
years), more than three sex partners in the previous
year and positive syphilis serology. In separate models
for non-Muslim men, the adjusted rate ratio of HIV
acquisition associated with circumcision was 0.80 (CI
0.33—1.95) and was not statistically significant. Among
non-Muslim men, circumcision at or before 12 years
was associated with an adjusted rate ratio of HIV
acquisition of 0.71 (CI 0.18-2.85), and for circumci-
sion at or after 13 years, the rate ratio was 0.89 (CI
0.28-2.82).

Effects of religion on HIV acquisition among
circumcised men

Religion was highly correlated with circumecision
status. In Muslim men, 99.1% were circumcised (730/
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737), and among the 730 circumcised Muslims, 87.5%
reported circumcision at or before 12 years of age. All
Muslims reported that circumcision was performed for
religious reasons. However, in men of non-Muslim
religious aftiliations, the prevalence of circumecision was
3.7% (178/4770); 48.0% of those circumcised reported
prepubertal circumcision and 52.0% were circumcised
after 12 years of age. Moreover, 75% of the non-
Muslim men with post-pubertal circumecision indicated
that the procedure was performed for health reasons.
The associations between circumecision and HIV acqui-
sition shown in Table 2 may thus reflect behavioral
differences between Muslim and non-Muslim men,
rather than an effect of circumecision per se.

The potential effects of religion on HIV incidence
cannot be assessed among the uncircumcised men,
because there were too few uncircumcised Muslim
men for meaningful analyses. Therefore, we compared
HIV incidence in circumcised Muslim and non-Mus-
lim men to assess the effects of religion, after control-
ling for circumcision status (Table 4). HIV incidence
was 1.0 per 100 py in Muslim men and 1.6 per 100 py
in circumcised non-Muslims, but this was not statisti-
cally significant (RR =0.63; CI 0.21-2.07). Also,
circumcised Muslims had a lower HIV incidence than
circumcised non-Muslims, irrespective of the age at
which circumcision was performed, although these
differences were not statistically significant. There were
no significant differences in HIV acquisition between
Muslims and non-Muslims in the youngest and oldest
age groups, but among men aged 20-29 years, HIV
incidence was significantly lower in the Muslim men,
compared with the non-Muslims (1.0 and 4.1 per 100
py, respectively, RR = 0.24, CI 0.05-0.77). The low-
er HIV incidence among circumcised Muslim com-
pared with non-Muslim men aged 20—-29 years was
observed both in men reporting prepubertal circumeci-
sion (Muslims 0.7 per 100 py, non-Muslims 3.7 per
100 py) and in men circumcised at 13 years or older
(Muslims 2.4 per 100 py and non-Muslims 4.7 per
100 py). However, these differences were not statisti-
cally significant (Mantel-Haenzel weighted RR =
0.29, CI 0.07-1.19). There were no significant differ-
ences in HIV incidence between the two religious
groups after stratification for marital status, sexual
behaviors, and the age of circumcision, although in all
such strata the non-Muslims had higher HIV incidence
rates. One noteworthy exception was a higher HIV
incidence in Muslims who reported the use of alcohol
(4.7 per 100 py), which suggests atypical behavior
given Islamic proscriptions against alcohol consump-
tion.

We also examined the distribution of HIV risk factors
in circumcised Muslim and non-Muslim men. The
Muslim men were significantly younger than circum-
cised non-Muslims (age 15—19 years; Muslims 24.3%

(177/729) versus non-Muslims, 10.4% (18/173),
P < 0.0001). Also, the Muslim men were circumcised
at younger ages; 87.7% (639/729) of Muslims reported
circumcision before puberty, compared with 48.0%
(83/173) of non-Muslims (P <<0.0001). A higher
proportion of Muslim men had never married (33.6%,
245/726), compared with non-Muslims (20.2%, 35/
173, P < 0.00001). Muslims and non-Muslims re-
ported similar frequencies of extramarital partners
(33.5% and 37.8%, respectively, P = 0.33), and current
condom wuse (10.8% and 10.4%, respectively, P =
0.98). However, Muslim men reported significantly less
alcohol wuse (3.7%, 27/729), compared with non-
Muslims (71.1%, 123/173, P < 0.0001).

In summary, as shown in Table 4, the incidence of
HIV varied with these sociodemographic and behavior-
al characteristics, and the distribution of such character-
istics differed by the religious affiliation of these
circumcised men. We therefore used Poisson regression
to estimate adjusted rate ratios of HIV acquisition
associated with religion among circumcised men, ad-
justing for the risk factors in Table 4. The overall
adjusted rate ratio of HIV acquisition among circum-
cised Muslim compared with circumcised non-Muslim
men was 0.59 (CI 0.21-1.66). Among men circum-
cised at or before 12 years, the rate ratio of HIV
acquisition was 0.69 (CI 0.15-3.16), and in men
circumcised at 13 years or older, the rate ratio was 0.48
(CI 0.12—-1.96). Among men circumcised before pub-
erty, HIV incidence was 0.9/100 py in Muslims and
1.4/100 py in non-Muslims, compared with 1.8/
100 py in uncircumcised men. Approximately half the
protective effects of prepubertal circumcision may thus
be attributable to circumcision per se (1.8—1.4 = 0.4/
100 py), and approximately half to characteristics of
Muslim men (1.4-0.9 = 0.5/100 py). Using the uncir-
cumcised as the reference group, the adjusted rate ratio
was 0.51 (CI 0.28-0.94) for Muslims, and 0.77 (CI
0.19-3.08) for non-Muslims. This analysis confined to
circumcised men, suggests that Muslims may generally
be at lower risk of HIV acquisition than non-Muslims,
particularly in the age group 20-29 years. Although
Muslims have a generally lower risk profile than
circumcised non-Muslims, it is unclear what specific
behaviors, other than abstinence from alcohol, might
reduce the risk among Muslim men. However, key
informant interviews suggest that the Islamic practice of
post-coital cleansing before prayer may be an important
factor explaining the lower incidence of HIV in
circumcised Muslim men.

HIV acquisition in HIV-negative concordant
couples and HIV acquisition and transmission in
HIV-discordant couples

Linked spousal information was available for 2729
couples in which the male partner was initially HIV-
negative. There were 530 HIV-negative circumcised



Table 4. HIV acquisition in HIV-negative circumcised Muslim and non-Muslim men.

Circumcised Muslim HIV-negative men

Circumcised non-Muslim HIV-negative men

HIV incidence/ HIV incidence/ Rate ratio
No. Incident HIV cases/py 100 py No. Incident HIV cases/py 100 py (95% Cl)

All 729 13/1371 1.0 173 5/309 1.6 0.63 (0.2-2.7)
Age at circumcision (years)

<12 639 11/1197 0.9 83 2/144 1.4 0.64 (0.2-1.9)

> 12 90 2/174 1.2 90 3/165 1.8 0.63 (0.2-2.2)
Age (years)

15-19 177 3/284 1.1 18 0/29 0 na

20-29 258 4/488 1.0 59 4/97 4.1% 0.24 (0.1-0.8)

30+ 294 6/560 1.0 96 1/183 0.5 1.96 (0.4-8.7)
Marital status

Never married 245 6/395 1.5 35 1/56 1.8 0.85(0.2-3.7)

Monogamous 323 3/654 0.5 94 2/174 1.2 0.42 (0.1-1.4)

Polygamous 136 4/273 1.5 27 2/48 4.1 0.35(0.1-1.1)

Divorced/separated/widowed 25 0/49 0 17 0/31 0 na
Sexual behaviors

No extramarital partners 484 6/940 0.6 107 3/192 1.6 0.38(0.2-1.1)

Extramarital partners 244 7/430 1.6 65 2/115 1.7 0.94 (0.3-2.8)

Current condom use 79 0/140 0 18 1/35 2.9 na

No condom use 650 13/1230 1.1 155 4/275 1.5 0.73 (0.3-1.6)

Alcohol past month 27 2/43 4.7 123 4/225 1.8 2.67 (0.8-8.3)

No alcohol 702 11/1328 0.8 50 1/84 1.2 0.67 (0.2-2.9)

Cl, Confidence interval; py, person years.
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men, and 49 of their wives were HIV positive (9.2%).
Among 2199 HIV-negative uncircumcised men, 127
wives (5.8%) were HIV infected.

There were 2553 couples in which both partners were
concordantly HIV negative. In 481 concordant HIV-
negative couples the male partner was circumcised and
nine seroconversions occurred over 967.8 py, giving an
HIV incidence of 0.9/100 py. In 2072 concordant sero-
negative couples the male partner was uncircumecised,
and there were 62 seroconversions over 4276 py, with an
incidence of 1.5/100 py. This difference was not statisti-
cally significant (adjusted RR = 0.64, CI 0.39-1.05).
There were 374 men with prepubertal circumcision
married to HIV-negative wives, and seven seroconverted
over 757.5 py, with an incidence of 0.9/100 py, which
was not significantly lower than the rate in uncircum-
cised men (adjusted RR = 0.64, CI 0.37—1.10). Among
concordant HIV-negative couples, circumcision did not
significantly reduce the risk of male HIV acquisition,
although the trend towards a protective effect was
consistent with that observed in the general population.

There were 411 HIV-discordant couples. The propor-
tion of circumcised men among couples in which the
man was the HIV-positive partner was 13.0% (29/224),
and this was lower than the proportion circumcised in
discordant couples in which the man was the HIV-
negative partner, 26.7% (50/187). This suggests that
circumcision may be associated with a reduced risk of
prevalent HIV infection in men (RR = 0.63, CI 0.46—
0.85), consistent with our previously published findings
of baseline results for the general population [10], and
reports by other investigators [8,9]. This also suggests
that the subgroup of HIV-discordant couples are not
atypical with respect to circumcision status.

To address male acquisition risk we examined 187
couples in which the woman was the HIV-positive

index partner (Table 5). Among these couples, there
were no serconversions in 50 HIV-negative circum-
cised men, whereas in 137 uncircumcised men, there
were 40 seroconversions, with an HIV acquisition rate
of 16.7 per 100py (CI 11.9-21.4 per 100 py,
P =0.0004). Seventy-two per cent (36/50) of circum-
cised HIV-negative male partners were Muslims.
Among the 14 non-Muslim circumcised men, no
seroconversions were observed over 26.2 py, and this is
significantly lower than the incidence of 16.7 per
100 py in uncircumcised non-Muslim men. The lower
HIV incidence in circumcised men was statistically
significant at all viral loads. In uncircumcised men,
there was a significant trend of increased HIV inci-
dence with a higher viral load in the female HIV-
positive partner (x> trend 11.5, P=0.0007). This
suggests a protective effect of circumcision on the risk
of male HIV acquisition even under circumstances of
high HIV exposure.

The 223 couples in which the man was the HIV-
positive index partner were examined to assess HIV
transmission (Table 5). The HIV transmission rate was
5.2 per 100 py if the man was circumcised, compared
with 13.2 per 100 py if the man was uncircumcised.
This difference was not statistically significant (unad-
justed RR =0.38, CI 0.13-1.22). However, for all
HIV-positive male partners with viral loads of less than
50 000 copies/ml, no transmissions were observed in
22 circumcised men, compared with a transmission rate
of 9.6 per 100 py (CI 6.1-13.1 per 100 py) in 143
uncircumcised men, and this difference was statistically
significant (P = 0.02). At wviral loads greater than
50 000 copies/ml, the transmission rates were similar in
circumcised and uncircumcised HIV-infected men
(25.0 and 25.6 per 100 py, respectively). The multi-
variate adjusted rate ratio of HIV transmission in
circumcised versus uncircumcised HIV-positive men,
adjusted for viral load was 0.41 (CI 0.10—1.14).

Table 5. HIV acquisition and transmission by circumcision status and viral load in discordant couples.

Couples with circumcised men

Couples with uncircumcised men

Incident HIV HIV incidence/100 py Incident HIV HIV incidence/100 py
No. cases/py (95% CI) No. cases/py (95% Cl)
Male acquisition Male acquisition
Male HIV— Female HIV+ 50 0/106 0 137 40/239 16.7 (12.0-21.4)***
Viral load
<10 000 24 0/51 0 71 11/134 8.2 (3.6-12.9)"**
10 000-49 999 18 0/37 0 46 20/72 27.8 (17.4-38.0)***
50 000+ 8 0/18 0 20 9/33 27.3 (12.4-43.0)**
Female acquisition Female acquisition
Male HIV+ Female HIV— 29 3/58 5.2 (0-10.6) 195 46/349 13.2(9.6-16.8)
Viral load
< 10000 12 0/24 0 73 10/144 6.9 (2.8-11.0)***
10 000-49 999 10 0/23 0 70 16/127 12.6 (6.8—18.4)***
50 000+ 7 3/12 25.0(0.5-49.5) 22 20/70 25.6 (15.4-35.8)

#*% P < 0.001 based on confidence intervals of incidence rates.
Cl, confidence interval; py, person years.
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Muslims constituted 75% of circumcised HIV-positive
male partners (21/28). In 21 circumcised, HIV-positive
Muslim men, the transmission rate was 4.6 per 100 py
(2/44 py) and in seven circumcised non-Muslims, there
was one seroconversion over 11.9 py, with an HIV
incidence of 8.4 per 100 py. The transmission rate was
13.2 per 100 py in 194 uncircumcised non-Muslims
(46/348.7 py), but these rates by religion and circumci-
sion status did not differ significantly from one another,
partly as a result of small numbers.

Discussion

The findings from this representative community co-
hort suggest that circumcision may protect men from
acquiring HIV infections (adjusted RR = 0.53, CI
0.33-0.87). The overall protective effects of circumci-
sion observed in this study of a general population is
comparable to some, but not all studies of other general
populations in sub-Saharan Africa [8,9]. However, the
general population protective effects are less than
reported in prospective studies of self-selected high-risk
populations (relative risks ranging from 0.12 to 0.4)
[1-6,9]. The possibility that the magnitude of the
protective effects of circumcision may be greater in
self-selected subgroups at high risk of HIV is supported
by our finding that circumcised HIV-negative men in
discordant relationships with HIV-positive women
experienced no seroconversions (Table 5) [7]. The
absence of male HIV acquisition even if the HIV-
positive female partner had a high viral load is striking,
because we have previously shown that viral load is the
main determinant of the risk of HIV infection among
HIV-discordant couples [7]. A protective effect of
circumcision on the risk of HIV acquisition is biologi-
cally plausible because the foreskin contains HIV target
cells, the epithelium of the glans is thinner in uncir-
cumcised men, and the prepuce may be more vulner-
able to traumatic lesions during intercourse. Also, the
preputial sac may be conducive to the survival of
microorganisms [8,9,14]. In addition, circumcision may
reduce the risk of genital ulcer disease and STD [1,7,8],
which could act as co-factors for HIV infection [15].

Although our findings and those of other investigators
suggest that circumcision may protect men from HIV
acquisition, and that the magnitude of the effects may
be comparable with other interventions such as STD
control, we believe that the interpretation of these
observational data on circumcision are complex. For
example, reduced risks of HIV acquisition associated
with circumcision were not found in subgroups such
as non-Muslim men, adolescents and never-married
men, or among men with STD symptoms or diagnoses
(Table 2), and multivariate analyses of such subgroups,
although constrained by small numbers, did not

demonstrate any protection after adjustment (Table 3).
Circumcision is not normative in these societies, and
confounding by reason for circumcision is difficult to
resolve. In the present study, religious affiliation is a
major determinant of circumcision, and this presents a
problem with analysis, because 80.8% of circumcised
men were Muslim, and 99.1% of Muslim men were
circumcised, whereas the prevalence of circumecision
was only 3.7% in non-Muslims. The age of circumci-
sion and reasons for circumcision also differed between
these two religious groups. Among the 730 circum-
cised Muslims, 87.5% reported circumcision at or
before 12 years of age, and all Muslims reported that
circumcision was performed for religious reasons. In
contrast, 49.7% of circumcised non-Muslims reported
prepubertal circumcision, and 75% of non-Muslim
men with post-pubertal circumcision indicated that the
procedure was performed for health reasons. There
are, therefore, fundamental differences between Mus-
lims and non-Muslims in the prevalence, age of, and
reasons for circumcision, which may confound associa-
tions with HIV risk in observational studies. We
assessed the role of religion by comparing circumcised
Muslim and non-Muslim men (Table 4). In general,
circumcised Muslim men had lower HIV incidence
than circumcised non-Muslims, and this was statisti-
cally significant for the age group 20—29 years. How-
ever, we could not identify specific characteristics or
behaviors that might account for the lower HIV
acquisition risk in Muslims. Therefore, we cannot
exclude the possibility that the apparent protective
effects of circumcision compared with the lack of
circumcision in the general population, actually reflects
subtle, unmeasured differences in risk behaviors be-
tween Muslim and non-Muslim men or their partners.
For example, married Muslim men are predominantly
polygamous, and polygamous unions may provide a
closed sexual network reducing the risk of HIV intro-
duction [16]. Also, Muslim men abstain from alcohol
consumption, and alcohol is associated with high-risk
behaviors. Key informant interviews suggest that penile
hygiene may be important. Under Islam, individuals
are considered unclean after intercourse, and Muslim
men and women are required to perform post-coital
ablutions. In addition, observant Muslims will often
wash before daily prayer. Hygienic practices associated
with religion may thus partly explain the protective
effects of circumcision among Muslims. Similar diffi-
culties of interpretation arise in other studies, such as
in Kenya, where circumcision is only practised in
selected ethnic groups that may have cultural practices
that affect HIV risk [1]. Observational epidemiological
methods may thus not be able to measure the relative
contributions of highly correlated exposure character-
istics [17], and it may be impossible to determine the
effects on reduced HIV incidence caused by Islamic
religion and culture, from the separate biological
effects of circumcision per se.
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