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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 vears (pv} and adjusted rate ratios (RR} and 95% confidence intervals (Cl)
were estimated by Poisson regression. HIV-1 serum viral load was determined for the
serapositive 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, Cl 0.33-0.87), but not among non-
Muslim men. Prepubertal circumcision significantly reduced HIV acquisition (RR
0.49, C1 0.26-0.82), 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'm| (P = 0.02).

Interpretation: Prepubertal circumcision mav 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 infecuon in uncircumcised compared with cir-
cumcised men in selected high-risk populations. sucl: as
clients of commercial sex workers. men attending
sexually transmitted disease (STD) clinies and Kenvan
transport emplovess [1-0]. Also. In a study of discor-
dant couples. we tound lower levels of HIV acquisitdon
in circumcised HIV-negaoive men [7]. However. no
prospective studies have been conducted in representa-
rve 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 edects of circumeision are most marked if
the procedure is pertonned 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
[5,9]. To assess the role of male circumcision in HIV
prevention. we examined the effects of circumcision
on HIV acquisiton 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 Rakat STD Conuol for AIDS Preventon Study
was a communitv-randomized trial conducted in a rural
area of southwestern Uganda. The methods and resules
have been reported previeusly [11,12]. All consenting
adults aged 15-39 vears 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 73%. The 10
clusters were randomly allocated five to an intervention
and five to a control arm. The hve intervention arm
clusters received antibiotic treaunent tfor STID control
using a mass treatment strategy (Le. treaunent of all
consenung svmpromanc and asymprontatic subjects),
and the five control arm clusters received mass treat-
ment with anthehmineh and vicamim supplements. Sub-
jects were nterviewed m o the home to determine
soctodemographte,  behavioral  and  health-relared
characteristics. Men were asked whether chey had been

circumcised and. if so, at what age the procedure was
performed. A venous blood sample was obtatned tor
HIV testing using two enzyime mununoassays (ETA;

Vironostika HIV. Organon Teknika, Charlote, NC,

USA and Cambrdee Biotech. Worcester, MAL USA
with Western blot confirmadoen ot discordant ELA st
(HIV WB: Bio-Mereux-Vitek. St Louts, MO, USA L
Among HIV-posiave subjecss i discordant relation-
ships with a HIV-negative parmer. HIV-1 RNA 1
sera was quangified by reverse transenptase polyiierase
chain reaction assav using the Amplicor HIV-1 Moni-
tor 1.3 Assav (Roche Molecular Svstems. Branchourge
NI USAYL The minimal derectable range of HIV-:
RINA was 400 copiessml. Urine was also cested ror
HIV using EIA (Calvpte HIV Urine EIA: Cabvpre
Biomiedical. Alameda. CA. USA} with Western blor
confirmaton, for 1U% of subjects who dechned to
provide a blood sample. Svphilis serology used rhe
non-treponemal  toluidine red unheated serum  tes
(New Horzons. Columbia, MD, USA) with confirmu-
tion by Trepenenta pallidum hemagglutnation test {Sero-
Tek, Fujirebio, Tokvo. Japan). Gonorrhea and chlamyv-
dia infecrions were determined in a subsample or 244
men using ligase chaln reacdon on firsst-carch urine
samples (LCx Probe Abbotr  Laboratories.
Abbot Park, IL, USA).

Svstem:

The association between circumcision and HIV 1inci-
dence was examined in 3307 inidally HIV-negative
men, observed for 100231 person vears {pyv) in the
whole cohort population. Individuals whe were mar-
ricd or in stable relationships were asked ro idenar
their partners. In the cohort of 3307 HIV-negartive
men, 3010 reported that thev were currently marmed
or in a consensual union. and linked data on the temale
partner’s HIV swtus was available for 2732 couples
(900.8%). of whom 2333 were concordant HIV-nega-
tve couples. There were 410 HIV discordant {HIV -
HIV =) couples in which the male parmer’s circumel-
slon status was known, We assessed HIV acquisioen
associated with male circumcision in 87 HIV-negauve
men in discordant reladonships wich an HIV-posinve
temale parter. and we examined HIV wansmission by
225 HIV-positive men in discordant relaconships with
HIV-uegatve female parters. All couples were tdenu-
fied retrospectively in 19990 and linked dara on the
serostatus of partners were not available during che
conduct of the mal (1994—1998).

All subjects were strongly encouraged to receive their
HIV resules and post-test counseling was provided at
no cost by matned project counselors in contidence and
privacy. Incensive cfforts were made to provide HIV
results to all parnicipants without stgmarization. and
approximately oo of subjects requested and received
their HIV test results and counseling during the course
of the mal, Ugandan Musory ot Health policy en-
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courages voluntary HIV  testings counseling and  the
sharing of resuits berween sexual partmers, but does not
allow mvoluntary provision -of HIV test results w
parters within HIV-discordant relationships. All sub-
received  health  educanon and  condom
promoton. and condoms were provided free of charge
by the project. The study was approved by Institutional
Boards m Uganda, Columbin and Johns
Hopkins universites. and the Natonal Insdrutes of
Health.

Jects also

Leview

The characteristics of circumcised and uncircumcised
men were compared. and  differences assessed by -
tosts. Incidence rtates of HIV seroconversion were
estmated per 00U pyv. and 93% confidence 1ntervals
(Ch were estniated from the standard errors of these
rates. Tests of statistical signiticance for differences in
HIV incidence associated with circumcision were based
on comparison ot the Cl of the incidence rates, and on
esumation of the rate ratio (RR) and 95% Cl1 of HIV
acquisition rates in circumcised men compared with
the incidence in uncircumcised men. Stratfied analvses
were conducted to assess possible confounding or inter-
action. Circumcision is highly correlated with Islamic
religion in this populadon. so to determine whether
rehgious affiliadon affected the risk of HIV, we
examined HIV acquisiion associated with religion
(Muslim non-Muslim) in separate stratified analvses
restricted to circumcised men. Also, we previously
found that age ar circumcision was associated with
prevalent HIV infection [10]. so analyses were stratified
by circumcision at or before 12 years of age icthe
approximate age of onset of male puberty in this
population). versus procedures performed ar oider ages.
Muldvariate adjusted risks of HIV acquisition associated
with circumcision were esttmated using Poisson regres-
sion models [13]. incorporating covariates for age (15—
19, 20-29. 30-36, 40+ vears), marital status {(never
married. monogamous. polygamous, previously mar-
ried). number of reported extramarital sex partners in
the past vear (none, 1—) and STD diagnosis. Adjust-
ment was also made for trial randomizatdon arm.
Because almost universal among
Muslim men, a variable for rehgion could not be
included in the main regression models. However
separate soratified models were fitted for non-Mushim
men among whnom the HIV risks associated with
circumcision and age at circumcision could be deter-
mincd. without confounding by religious affiliarion.

circumcision was

The analvses of the discordant couples were as tollows.
HIV acquisidon per 100 py was determined m 157
HIV-neganve men with HIV-infecred female parmers,
and rransmission rates per 100 py o were estimated

223 couples with HIV-positdve men 1n discordant

refanonships wirn HIV-negative female partners. Ac-
quisition and transmission rates were also estmated 1
reladon o the HIV wviral ijoad of the HIV-positive

parmer, stratfied mto viral loads ot less chan 10 000,
10 000=49 000 and 50000 plus copres/ml. Multivarnate
adjusted risks of HIV acquiminon or transmission asso-
ciated with circumeision were esumated by Polsson
regression. after adjusument tor viral load ot the HIV-
positive mdex partner and the other covariates listed
above.

Results

In the cohort of 53507 HIV-ncganve men. 908 men
reported  crcumceision  (provalence  16.53"4). Reasons
given for cireumcision  were  radiconal- religious
(8709, healeh (11.0%), or other reasons (2.0%). Table
1 compares the charactenstics, sexual behaviors. STD
svmptoms and diagnoses m circumcised and uncircum-
cised men in the cohort. Compared with the uncir-
cumeised  men, the  circumcised  men  were
predominantly Muslim, significantdy older. less fre-
guently single and more often polvgamously married.
There were no differences between circumcised and
uncircumcised men with respect to educational atrain-
ment, the number of cxtramarital sexual partners
eported in the previous year or current condom use,
bur alcohol consumption within the past month was
significantly less common in the circumcised than in
the uncircumcised men, consistent with the predomi-
nance of Mushms among the circumcised. There was
ako a higher frequency of dyvsuria reported by circum-
cised men, but no significant differences were observed
in other STD sympromatology, condom use or STD
dizgnoses. The proportions of men who were circum-
cised in the intervention arm were lower than in the
control arm, because, bv chance, the latter randomiza-

non group contained more Islamic  communities
[11.12].

Table 2 shows the imcidence of HIV per 100 pv among
circumncised and uncircumcised men. HIV incidence
was lower in the circumcised (1.1 per 100 pv), com-
pared with the uncircumcised men (1.8 per 100 py),
and this difference was stadstically significant (unad-
Justed RR = 0.61, CI 0.37-0.97). Among men who
reported circumcision at or before the age of 12 vears,
the incidence of HIV was 0.9 per 100 pv: the incidence
ot HIV was 1.5 per 100 py in men reporting circumci-
sion at 13 vears or older, and incidence was 1.8 per
W py in the uncircumcised (77 for wend 4.97,
P=10.03)., The HIV incadence in men with pre-
pubertal circumcision was significantly lower than the
HIV incdence of 1.8 per 100 pv in the uncircumcised
men (unadjusted RIR =054, CI 0.40-0.71). but for
men circumcised at 13 vears or older, HIV incidence
was not significantly different from the incidence in the
uncircumcised men (unadjusted RR = .83, CI (.35
2.03).
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Table 1. Population cohort of 5507 HIV-negative men: characteristics, hehaviors, sexuaily
transmitted disease symptoms and diagnoses in circumcised and uncircumcised men,

Circumcised N

Characteristics, behaviors, STD

=908} Uncircumcised 'N = 1599

svmiptoms and STD diagnases No. Y NO 9
Age earss
15-19 195 215 12352 272
20-29 37 349 1733 37.7
30-39 210 231 748 16.3
1049 108 11.9 434 9.9
50— 78 8.6 410 8.0
Marital status
Never married 281 31.0 1900 41.3
Married menogamous 419 46.2 2090 454
Married polvgamous 165 18.2 336 7.3
Divorced/separatediwvidowed 43 1.7 270 5.97%F
Religion
Muslim 730 80.4 7 0.277
Other religions 178 19.6 4392 99.87*~
Education
No education 57 6.3 299 6.5
Primarv education 583 54.3 3012 63.5
Secondary or higher education 267 294 1287 28.0
Sexual behaviors
No extramarital partners in past vear 591 65.1 3048 66.3
1 — Extramarital partners in past vear 309 34.0 1550 339
Current condom use 97 10.7 332 11.6
Aicohol use in past month 150 16.3 2982 64.877
STD
Cenital ulcer in past year 63 7.2 297 6.3
Cenital discharge in past vear 33 3.6 156 3.4
Dysuria in past year 92 10.1 351 76"
Positive syphilis serology 93 10.2 482 10.5
Gonorrhea? 3 0.7 25 1.1
Chlamvdia“ 17 3.9 71 3.2
Randomization arm
Intervention 421 46.4 2507 54.53%*
Control 487 53.4 2103 45 7

77 test: T P << 0.05; M P << 0.01; TR P < 0.001; ¥ P < 0.0001.
“Subsample based on 438 circumcised and 2202 uncircumeised men with urinary ligase chain

reaction results.
STD. Sexually transmitted diseases.

HIV incidence was similar 1n circumeaised and uncir-
cumcised adolescent males aged 15-19 years. How-
in men over the age of 20 vears, HIV
seroconversion rates were lower in the circumcised
than the uncircumcised. although the differences were
not statistically significant within age strata. A towl of
5335 men over the age of 20 vears reported prepubertal
circumcision, and HIV incidence was 1.0 per 100 py
(1071042 py), in 172 who reported circumcsion at or
above 13 vears the HIV incidence was 1.5 per 100 py
(5/325 py), and among 3331 uncircumcised men the
incidence was 2.1 per 100 py (13476314 pv). This
trend in HIV inadence by the age of circumcision or
lack of circumcision was statstucally  significant
(x> = 6.2, P=0.01). Circumcision was not associated
with a reduced sk of HIV acquusiion 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).

ever,

and this ditference was statistically significant (Table 2}
Only seven Muslim men reported that thev were
uncircumcised, and none seroconverted. HIV
dence was similar in circumeised and uncircumeised
non-Muslim men (1.6 and 1.3 per 100 py. respectively,
Table 2). However, HIV acquisition was significantly
fower in circumeised compared with uncircumcised
men reportng no extramaral sexual partners (unad-
Justed RIX = 0.50, CI 0.24-0.95) and those reporung
no aleohol consumpuon within the previous month
(unadjusted R =047, CI 0.26=0.91). There were
no significant protective effects of circumecsion on
HIV acquisition m men reporting extramantal sexual
partners, the use of condoms. alcohol consumpton. a
hitory of ST svmptoms. diagnosed ST or by
randomization arm.

mncl-

Table 3 shows the multvariate Polsson regression used
to estimate the adjusted rate rario of HIV acquisition
associated with circunmietsion. In the whole population,
the adjusted rare ravo of HIV acquisition associated
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Table 2. HiI\' incidence rates by circumcision status and selected snciodemographic/hehavioral and health characteristics.

Circumcised HIV-negative men

Uncircumcised Hi-negative men

Incident HIV HIV incidence/ Incident HIV HIV incidence/
No. cases/pv 100 py No. cases’py 100 py

All 908 161683 1.1 4608 1346548 1.8%*
Age at circumcision (vears)

=12 726 131348 0.9 na

13- 178 5335 1.5 na
Age ivears!

15-19 185 3/313 1.0 1252 202120 0.9

20-29 317 8/583 1.4 1735 693156 22

30-39 210 5423 1.2 748 331439 2.3

H0— 186 27372 0.5 864 321792 1.8
Marizal status

Never married 281 7452 1.6 1900 443248 1.4

Ever married 627 1171239 0.9 2696 1105274 2.1%
Religion

Musiim 730 31373 .0 7 06 0

Other religion 178 5318 6 4592 15478512 1.8
Sexual behaviors

No extramarital pariners 591 91132 0.8 3048 945763 1.67

1— extramarital partners 240 6434 1.4 1558 411704 2.4

Current condom use 97 1175 0.6 450 16798 2.0

NO current condom use 810 1771514 1.1 4145 1387721 1.8

Alcohot past month 150 67268 2.2 2982 104/567°8 1.8

No alcohol use past month 752 121412 0.8 1628 302872 1.7*
STD

GU'D 65 2113 1.8 297 11/575 1.9

Dvsuria 92 3174 1.7 351 11/695 1.6

Discharge 33 059 0 156 87315 25

Syphilis 93 5183 27 482 30/968 31

Gonorrhea 3 07 0 25 2/45 4.5

Chlamydia 17 229 6.8 71 57139 3.6
Randomization arm

Intervention 415 7778 6.9 2507 92/4696 2.0

Control 7 11902 1.2 2103 623854 1.6

¥” 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
Poisson regression,

Adjusted rate ratio 95% confidence

Covariates of HIV incidence intervals
Any circumcision 0.53 0.33-0.6"
Circumcision at <12 vears 0.49 0.26-0.862
Circumcision at age 13— 0.70 0.25-1.55
Age vears)

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
Mariia. status

Never married 1.0

Married maonogamous 0.89 0.58-1.38

Married poivgamous 1.34 0.72-2.48

Separated divorced widowed 1.10 0.52-2.31
50X paniners ir past vear

One 1.0

Tuwr, 1.28 0.84- 104

Three or mgre 1.75 1.10-2.70
Sex for mones of gifts 1.05 0.76-1.47
“ondom use 1.15 0.76-1.77
Svphil ¢ 1.64 1.04-250

with circumcision was 053 (CI 0.33-0.87). For
circumcision performed at 12 vears or vounger, the rate
ratio was (.49 (Cl 0.26—(.82), and for circumcision
performed at 13 year or above, the rate ratio was 0.70
(CI 0.25-1.35). Other covariates significantly asso-
ciated with HIV risk were age (20-29 and 30-39
vears), more than three sex partners in the previous
vear 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 vears
was associated with an adjusted rate ratio of HIV
acquisition of (.71 (CI 0.18-2 83}, and for circumci-
sion at or after 13 vears, the rate ratio was (1.89 (CI
(.28-2.82).

Effects of religion on HIV acquisition among
circumcised men

Religion was highly  correlated  with  circumcision

status. In Muslim men, 99.1% were circumcised (730/
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737), and among the 730 circumcised Muslims. 87.3%
reported circumcision at or before 12 vears of age. All
Muslims reported that circumcision was pertormed tor
religious reasons. However, In men of non-Muslim
religious affiliations, the prevalence of circumcision was
3.7% (178/4770); 48.0% of those circumcised reported
prepubertal circumecision and 32.0% were circumcised
after 12 vyears of age. Moreover, 753% of the non-
Muslim men with post-pubertal circumeision mdicated
that the procedure was performed tor health reasons.
The associations between circumecision and HIV acqui-
sition shown in Table 2 may thus reflect behavioral
differences berween Muslim and non-Muslin men,
rather than an effect of circumcision per se.

The potential effects of religion on HIV incidence
cannot be assessed among the uncircumcised men,
because there were too tew uncircumcised Mushm
men for meaningful analvses. Therefore, we compared
HIV incidence in circumcised Muslim and non-Mus-
lim men to assess the effects of religion, after conirol-
ling for circumcision status (Table 4). HIV incidence
was 1.0 per 100 pv in Muslim men and 1.6 per 100 py
in circumcised non-Muslims, but this was not stacisti-
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 stacdstically significant. There were
no significant differences in HIV acquisition berween
Muslims and non-Muslims in the youngest and oldest
age groups, but among men aged 20-29 years, HIV
incidence was significandy lower in the Mushm 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 vears was
observed both in men reporting prepuberral circumei-
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 pv and non-Mushms 4.7 per
100 py). However. these ditferences were not statisti-
cally significant (Mantel-Haenzel weighted RR =
0.29, CI 0.07-1.19). There were no significant ditfer-
ences in HIV incidence between the two religious
groups after stratificadon tor marital starus, sexual
behaviors, and the age of circumcision. although in afl
such strata the non-Muslims had higher HIV incidence
rates. One noteworthy excepton was a higher HIV
incidence in Muslinis who reported the use of alcohol
(4.7 per 100 pv). which suggests arvpical behavior
given Islamic proscriptions against alcohol consump-
tion.

We also examined the distribution ot HIV risk factors
in circumcised Muslim and non-Muslim men. The
Muslim men were significantdy vounger than circum-
cised non-Mushms (age 15-19 years; Muslims 24.3%

(t77/729)  wversus  non-Mushms, 10.4% (15 173).
P < 0.0001). Also. the Muslim men were circumcised
at younger ages; 87.7% {639/729) of Mushims reported
circumeision before puberty. compared with 3.0
{83/173) of non-Muslims (P << 0.000M ;. A zigher
proportion of Muslim men had never marrted 3357
245/726), compared with non-Muslims {2027 35

173, P <<0.00001). Muslims and non-Muslims re-
ported similar frequencies of extramarital partmers
(33.3% and 37.8%, respectively, P = 0.33). and current
condom use (lU.8% and 10.4%, respecuvelv. P =
0.98). However, Muslim men reported sigmticantly less
alcohol wse (3.7%, 27/729), compared with non-
Muslims (71.1%, 1237173, P < 0.0001).

In summary, as shown in Table 4. the incidence or
HIV varied with these sociodemographic and behavior-
al characteristics, and the diseribution of such character-
istics differed bv the religious affiliation of these
circumcised men. We therefore used Poisson regression
to estimate adjusted rate ratdos of HIV acquision
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 circumeised non-Mushim
men was 0.59 (CI 0.21-1.66). Among men circum-
cised at or before 12 years, the rate rado of HIV
acquisition was 0.69 (CI 0.15-3.16), and in men
circumcised at 13 vears or older, the rate rato was 043
(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 pv in uncircumcised men. Approximartely half the
protective effects of prepubertal circumcision mav thus
be attributable to circumcision per se (1.8—1.4 = 0.4
100 py), and approximately half to characrerstcs ot
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 .77 (CI
0.19-3.08) for non-Muslims. This analysis contined to
circumcised men, suggests that Mushims may generally
be ar lower risk of HIV acquisition than non-Muslims,
particularly in the age group 20-29 vyears. Although
Muslims have a generally lower rsk profile than
circumcised non-Muslims, 1t is unclear what specific
behaviors, other than abstinence trom alcohol. mighe
reduce the nisk among Muslim men. However. kev
informant interviews suggest that the Islamic practice ot
post-coital cleansing before praver mayv be an imporane
factor explining the lower incidence of HIV in
ctreumceised Muslim men.

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

Linked spousal intormation was available tor 2729
couples in which the male parmer was imnally HIV-
negative. There were 5300 HIV-neganve cireumcised




2377

=
g
>
o
]
c
e
]
2
E
7]
c
&
=
-
c . - -
1 siead uosiad ‘Ad Jeasour oauopguony
c e I N . e .
..M 67-20) 2970 'l /1 a5 80 geel/1l 0L [eoae oN
@ (£°6-8°0) 24T i sy £l LY 874 44 puotu gsed poqoay
M_._ O 1=£0) ££0 Gl SLLY 461 (N1 0ETL/eL 059 ISNLOIPUOY ON
o eu o' 6/ 91 0 Or1/0 62 asN WAPLOD JUILIN )
~Va BZ-¢0 p6'0 A SLIE 59 9’ 418794 vre stouped jepeenxy
[~ (r-zmero 971 6 l/e 01 90 0¥6/9 +8¥ stouped [eiuewenxs oN
I SINIARLAG [LNXIS
-M eu 0 L/ a 0 61/ ¥ pasopivypopeedaspo noag
© (- EmsSeo (B ey/C LT Sl €LY 9¢1 u.::::.,u..,_:L
m - o [ vLIT 6 S50 12813 | X4 snoLueBouOR
@& (LT E80 4l 94/1 133 a1 S6E/9 ) 44 Pt JsaoN
g sneIS [ejuepy
m (8= 0967 50 £gl/1 96 0l 095/9 574 108
& go- ¢ty <t L0/7 65 01 BoY/Y [T 67-0¢
‘o el 0 600 8l 11 e/t ¥4 6l-4lL
@ (54004) 0By
] =20 890 g1 S91/E 06 <l 1744 06 1<
2 O - 090 ¥l v l/C 3] 60 ZOLLL 689 =
(54C0A) UOSLWNIL L oy
£T-T0r 90 9°1 60¢/S £ 0l 1ZE1/€1 (Y4 v
U7 %S6) &d oo Adsased AL} WP ON Ad o1 Adsasen Ay wapwy 0N
BINTENEY FIGPLIU AN JOUIPLIL AL |
QA DANETFIU-A| | W SIA-LOU PASIDLLNDILY U DANCTOU-AF L U[STIVAY POSIALUNDIL )
o T - o “usLL E_._m:‘?‘.:c.: t:f:__.u:_\,._ ‘c‘_wﬂ,‘ﬁ::m_‘_ h.‘_.3‘_~mm.?_%>__,_..:u_. ::M.W._.u._._.?.g.n All *, ‘t a‘_‘:ﬁ




AIDS 2000, Vol 14 No 15

I

mien. and 49 of their wives were HIV posinve (9.2%).
Among 2199 HIV-negative uncircumcised men. 127
wives (3.8%) were HIV intected.

There were 2333 couples in which both parmers were
concordanty HIV negative. In 481 concordant HIV-
negative couples the male parmer was circumcised and
nine seroconversions occurred over Y67.5 pv, giving an
HIV incidence ot 0.9/100 py. In 2072 concordant sero-
negative couples the male parmer was uncircumcised,
and there were 62 seroconversions aver 4276 pyv.with an
incidence ot .5/ 100 py. This difference was nor statisti-
cally significant (adjusted RR = 0.64, CI 0.39-1.05).
There were 374 men with prepubertal circumcision
married to HIV-negatve wives, and seven seroconverted
over 737.5 py. with an incidence of 1.9/100 pv, which
was not significantly lower than the rate in uncircum-
cised men {(adjusted RR = 0.64, C1 0.37-1.10). Among
concordant HIV-negative couples, circumcision did not
signiticantly reduce the risk of male HIV acquisition,
although the trend towards a protecuive effecr 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% (30/187). This suggests that
circumcision may be associated with a reduced risk of
prevalent HIV infection in men (RR = 0.63. CI 0.46~
0.83), 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 starus.

To address male acquisiion risk we examined [87
couples in which the woman was the HIV-posituve

index partner (Table 3). Among these couples. there
were no serconversions in 30 HIV-negauve crcum-
cised men. whereas in 137 uncircumcised men. there
were 40 seroconversions, with an HIV acquisicion rate
of 167 per Wipy (CL 119=214 per 1ipy
P = 0.0004). Sevenry-two per cent (360,500 ot circum:-
cised  HIV-negative male parmers swere Musdime,
Among the 14 non-Mushm crcumcised men. no
seroconversions were observed over 26.2 pyv.and rhis i
significantly  lower than the incidence of 167 per
100 pyv in uncircumeised non-Muslim men. The lower
HIV incidence in circumcised men was stadstcally
significant at all viral loads. In unctreumcised men,
there was a significant wend of increased HIV inci-
dence with a higher viral load in che temale HIV-
positive parmer (%" trend 11.3. P=0.0007: This
suggests a protecrive effect of circumcision on the nsk
of male HIV acquisition even under circumstances or
high HIV exposure.

The 223 couples in which the man was the HIV-
positive index partner were examined to assess HIV
ransmission (Table 3), The HIV transmission rate was
5.2 per 100 pv 1f 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
30 000 copies/ml, no transmissions were observed in
22 crcumcised men, compared with a transniission rare
of 9.6 per 10U py (Cl A.1-13.1 per 10Upy) in 143
uncircumcised nien, and this difference was statsucally
significant (P = 0.02). At viral loads greater than
50 000 copies/m, the transmission rares were similar in
circumeised and  uncircumcised HIV-infected men
(25.0 and 25.6 per 100 pv, respectively). The muln-
variate  adjusted rate rado of HIV rtransmission in
circumcised versus uncircumcised HIV-posiuve 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 discardant couples.

Couples with circumcised men

Couples with uncircumcised men

Incident HIV HIV incidence/100 pv incident HIV HIV incidence/100 pv
No. cases/py 195% Ch No. cases/pv 939 Ch
Male acquisition Male acquisition
Male HIV - Female HIV— 50 0,106 0 137 30/239 16.7112.0-21.4.577
Viral load
<10 000 24 0/51 0 T 11/134 8.2:3.6-12.9F
10 000-49 999 18 0/37 0 AD 20472 7G0T A38.077
50 000+ 8 /18 0 20 9733 27324430777
Female acquisition Female acquisition
Male HIV+ Female HIV— 29 3/58 5.2:0-10.69 195 46/349 13.219.0-16.5:
Viral load
< 10000 12 0/24 0 i 107144 0. 28-11.07
10 000-49 999 10 0/23 0 0 16/127 12.6516.83-18.4.°%7
50 000+ 7 312 25.010005-49.5 12 20070 25.6:15.4-35.8"

¥¥% P < 0.007 based on confidence intervals of incidence rates.
Cl, contidence interval; py, person years.
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Muslims constituted 75% of circumcised HIV-positive
male partners (21/28). In 21 circumaised, HIV-positive
Muslim men, the transnussion rate was 4.6 per 100 py
(2744 pv) and in seven circumcised non-Muslinis, 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 rehgion and circumei-
sion status did not differ significantly from one another,
partly as a result of small numbers.

Discussion

The rindings from this representative community co-
hort suggest that circumcision may protect men from
acquiring HIV infections (adjusted RR =053, ClI
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 sk of HIV is supported
by our finding that circumcised HIV-negative men in
discordant relationships with HIV-posiuve women
experienced no seroconversions (Table 3) [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 amiong
HIV-discordant couples [7]. A protective effect of
circumcision on the risk of HIV acquisition 1s biologi-
cally plausible because the foreskin contains HIV target
cells. the epithellum of the glans 15 thinner i uncir-
cumcised men, and the prepuce mav 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 addinon, circumcision may
reduce the nsk of genital ulcer disease and STD [1.7.8].
which could act as co-factors for HIV infecuon {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 circumecision were not found n subegroups such
a8 non-Musltim men, adolescents and  never-married
men. or among men with ST symproms or diagnoses
Table 2). and muldvarnate analvses of such subgroups,
although constrained by small numbers. did not

demonstrate anv protection after adjustment (Table 3).
Circumcision 1s not normative in these societies, and
confounding by reason for circumcision is difticult to
resolve, In the present study. religious athliation is a
major determinant of circumcision. and this presents a
problem with analvsis, because 80.8% of circumcised
men were Muslim, and 99.1% of Muslim men were
circumcised. whereas the prevalence of circumcision
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, 87.3% reported circumcision at or
before 12 years of age. and all Muslims reporred that
circumcision was performed for religious reasons. In
contrast, 49.7% of circumcised non-Mushims 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-
dons 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 Muslm 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 populaton, 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 polvgamous unions may provide a
closed sexual network reducing the nsk of HIV intro-
duction [16]. Also, Muslim men abstain from alcohol
consumption, and alcohol is assoctated with high-risk
behaviors. Key informant interviews suggest that penile
hvgiene 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 dailv praver. Hygienic pracrices associared
with religion may thus partly explain the protective
etfects of circumcision among Muslims. Similar diffi-
culties of interpretation arise in other studies, such as
in Kenya, where circumcision 1s only practised 1in
selected ethnic groups that mav have cultural practices
that atfect HIV nisk [1]. Observational epidemiological
methods may thus not be able to measure the reladve
contributions of highly correlated exposure character-
wsties {17], and it may be impossible 1o determine the
effects on reduced HIV incidence caused by Islamuc
religion and culure, from the separate biological
effects of circumecision per se.
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Conversely, the effects of postpubertal circumcision
may be underestimated, as a result of contounding by
the indications for circumcision. In Rakai. 73% of

postpubertal procedures were performed for health

reasons, and men who have postpubertal circumcision
for medical indications may have pre-exisnng pathol-
ogy such as balanitis or phimoisis, secondary to STD or
other genital infections. These previous infections are
likely to be markers for high-risk behaviors that are in
the causal pathway that places men at increased risk of
HIV acquisition. Our estimates of the non-significant
etfects of postpubertal circumcision may thus be biased
towards the null. Bias could also arise from the
misclassification of reported circumcision starus. We
could not directly validate reported circumecision status
by medical examination, but other African studies have
shown a high level of agreement between reported and
medically confirmed circumcision status [1.18].

The effects of circumcision on HIV rdsk in non-
Muslims is also unclear. In the general population
cohort, we observed no significant differences in HIV
acquisition rates associated with circumcision status in
non-Muslim men, irrespective of whether circumeision
was performed before or after puberty (Table 2 and
Table 4). However, among the couples with circum-
cised HIV-negative male partners in discordant rela-
tionships with HIV-infected women, there were 14
non-Mushim men who experienced no seroconver-
sions, which suggests a protective effect independent or
religion, albeit based on small numbers.

The overall effects of circumcision on HIV transmis-
sion from infected men to their HIV-negative parmers
was modest and not statistically significant (Table 3).
However, it 1s noteworthy that there was no transmis-
sion if the circumcised HIV-positive men had viral
loads of less than 30 000 copies/ml. whereas in un-
circumecised HIV-positive men with viral loads of less
than 50 000 copies/ml. the transmission rate was 9.6
per 100 py. Circumcision afforded no protection from
HIV transmission at viral loads greater than 38 000
copies/ml {Table 3). Therefore. male circumcision may
protect women trom HIV transmission at lower, but
not at higher, viral loads.

It has been suggested thar circumcision might provide
an appropriate intervention tor HIV prevention [8.9],
and some authors have advocated the promotion of
widespread voluntary male circumcision [9]. However,
at this juncture. we feel that such a policy may be
premature. As noted above. observational epidemio-
logical studies may not be adequate to measure the
impact of circumceision on HIV nsk. Our tindings
suggest that the protective effects of circumcision may
be lower or negligible among certain subgroups such as
non-Muslim men. adolescents and never-married men,
and among men with postpubertal circumcision (Table

2). Moreover, the protective etfects of circumcision on
HIV acquisition appear to be less marked amony men
in the general population who have a lower intensics
of HIV exposure. compared with the effects among
highly exposed men in relattonships with HIV-nositv:
temale partners (Table 2 and Table 3. Randomized
clinical trials are needed to determine the unim of
circumcision as an HIV preventative measure in
variety ot settings. However. such trals present major
ditficulties m design and execution. For example. 3 triai
of prepubertal procedures would entail the randomized
circumcision of minors. which poses ethical 1ssues,
particularly with respect to parental consent and the
provision of safe surgical procedures tor large ropula-
tions of young bovs in these rural areas. In addition. i
circumcision was pertormed before puberrv, it would
take many years of tollow-up to observe an effect on
male HIV acquisition, because male HIV incidence 1is
relatively low untl the mid-twenties in east African
rural populations [19-21]. These considerations make
the design of a clinical trial of prepubertal circumcision
problematical. A trial of adult circumcision of men in
discordant relationships mayv be more feasible, and the
HIV incident endpoint could be determined within a
reasonable time frame. bur such a tal would present
major ethical obstacles.

[n summary, male circumcision may protect HIV-
negative men from acquinng HIV infection to varving
degrees. The effects were more modest in the general
population, in which HIV exposure and incidence are
relatively low. Also, the apparent protective effects of
circumcision were not consistently observed in all
subgroups and were largely associated with Muslim
religiovs affiliadon, which could be a marker for
unmeasured differences in cultural practices or sexual
behaviors. However, circumcision appears to be highly
protective among HIV-negarive men in a discordant
relationship with an HIV-positive female partner, and
circumcision may reduce HIV transmission from HIV-
positive men with viral loads of less than 30 000
copies/ml. We believe that these observational data are
not sufficient to justify the promotion of voluntary
circumcision tor HIV prevention in the general popu-
lation or in high-risk groups, and that clinical trals are
needed before policies on circumcision tor HIV pre-
vention can be established. In addition. studies of
personal hveiene, particularly post-coital washing are
warranted. because it may be simpler to clean the
foreskin than to remove it.
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