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Abstract
Objective-To determine whether HIV testing
and counselling increased condom use and decreased
heterosexual transmission of HIV in discordant
couples.
Design-Prospective study.
Setting-Kigali, the capital of Rwanda.
Subjects-Cohabiting couples with discordant
HIV serology results.
Main outcome measures-Condom use in the
couple and HIV seroconversion in the negative
partners.
Results-60 HIV discordant couples were identified, of whom 53 were followed for an average of 2-2
years. The proportion of discordant couples using
condoms increased from 4% to 57% after one year of
follow up. During follow up two of the 23 HIV
negative men and six of the 30 HIV negative women
seroconverted (seroconversion rates of 4 and 9 per
100 person years). The rate among women was less
than half that estimated for similar women in discordant couples whose partners had not been serotested. Condom use was less common among those
who seroconverted (100% v 5%, p=0-01 in men;
67% v 25%, p=0-14 in women).
Conclusions-Roughly one in seven cohabiting
couples in Kigali have discordant HIV serological
results. Confidential HIV serotesting with counselling caused a large increase in condom use and was
associated with a lower rate of new HIV infections.
HIV testing is a promising intervention for preventing the spread of HIV in African cities.

Introduction
The major route of HIV transmission in Africa is
heterosexual intercourse.`'3 Genital ulcerations, use of
hormonal contraceptives, lack of male circumcision,
and the clinical status of the index case have been
implicated as risk factors in transmission of HIV.2 4-8 As
with gonorrhoea, gender is also thought to have a role,
20 JUNE 1992

with male to female transmission being more efficient
than female to male transmission.9 However, the
importance of these factors in explaining the high
prevalence of infection in Africa and their utility
in designing effective prevention programmes are
unknown.
Cohort studies of HIV discordant couples (one
partner HIV positive, the other HIV negative) that
monitor the risk factors, sexual behaviour, and HIV
status of both partners over time provide data for
examining the determinants of heterosexual transmission. Studies of discordant couples in the United
States have found a wide variation in reported rates of
infection among the heterosexual partners of people
infected with HIV6 10; the lack of a detectable association between the number of acts of sexual intercourse
and the risk of infection911"13 suggests the presence
of other factors affecting HIV infectivity and susceptibility.
The aim of this study is to evaluate the effectiveness
of a prevention programme linking confidential HIV
serotesting with a programme for counselling and
providing condoms to urban couples. We report here
the factors associated with risk reduction (particularly,
the use of latex condoms) and seroconversion among 53
HIV discordant couples followed prospectively for two
years in the capital of Rwanda in Africa.

Subjects and methods
SUBJECTS

In 1986 the Projet San Francisco was established in
Kigali, Rwanda, by the University of California in San
Francisco in collaboration with the National AIDS
Program of Rwanda. During 1986 and 1987 a consecutive, population based sample of 3702 women aged
18-35 was screened for HIV at the prenatal and
paediatric outpatient clinics of the Centre Hospitalier
de Kigali.14 Stratified random samples of 460 HIV
positive and 998 HIV negative women were recruited
in 1988'5 for longitudinal studies of the predictors of
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deficiency were treated with growth hormone, at a
lower individual dosage, and for a shorter time. With
the more widespread use of growth hormone, and
particularly with its current use in immunosuppressed
patients, review of its safety is essential. Children
treated with cranial irradiation account for the largest
group of children with growth hormone deficiency due
to an organic lesion, and growth hormone has proved
benefits in this group. It is encouraging that there is no
increased risk of tumour recurrence in our children in
whom growth hormone therapy has been used. Caution
must still exist, however, and continuing surveillance
is crucial.

INTERVENTION

After providing informed consent, each couple saw
an educational video about AIDS presented in the
national language (Kinyarwanda) and participated in a
discussion group led by a Rwandan social worker. In
addition to general information about AIDS and HIV
prevention, the educational video discussed the role of
condoms and spermicide containing nonoxynol 9 in
AIDS prevention and explained the limitations of our
knowledge about their efficacy. Condoms, presented
as the most effective AIDS prevention method, and
spermicidal suppositories were offered free of charge to
all study subjects. A project counsellor distributed
HIV test results individually, in sealed envelopes, to
preserve confidentiality. The project suggested that
couples receive their results together and discuss the
implications of their HIV status with the counsellor.
DATA COLLECTION

Before the intervention Rwandan social workers
administered a questionnaire concerning demographic
characteristics, risk factors for HIV infection, sexual
history, and signs and symptoms associated with HIV.
Rwandan nurses performed a physical examination
and took specimens for laboratory tests including HIV
serology, packed cell volume, total white blood
cell count with differential, sedimentation rate, gonorrhoea culture, rapid plasma reagent for syhilis, and two
stool examinations. Serum samples from both partners
were frozen for later studies.
FOLLOW UP

Seronegative partners were asked to return for
repeat blood sampling at two week intervals for three
months to rule out immediate seroconversion. Both
partners subsequently returned to the clinic at three
month intervals. During these visits a questionnaire
pertaining to sexual activity (number of episodes of
intercourse with and without correct use of condoms or
spermicides) was administered. Data were verified
using sexual activity calendars filled out by each
couple. Blood was also drawn for repeat blood tests.
The medical history was repeated every six months and
the physical examination was repeated yearly. Health
care for both partners was provided free of charge at a
clinic run by the project so that changes in health status
could be monitored more closely. Data from the
medical records of these visits were included in the
semiannual medical history. A health team was sent to
the homes of couples who missed scheduled visits to
encourage continued participation by the couple and to
update follow up information.
SEROLOGICAL TESTING

Sera were initially tested for HIV- 1 by a commercial
enzyme linked immunosorbent assay (ELISA) (Wellcome Diagnostics, Dartford, England) at the Rwandan
National AIDS Control Program laboratory in Kigali.
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Positive ELISA tests were confirmed by commercial
western blot (DuPont, Wilmington, Delaware). The
laboratory also confirmed with western blotting the
results initially obtained from negative partners in
discordant pairs. In cases of seroconversion, the
laboratory tested previous samples with western
blotting (a more sensitive test in the early stages of
infection) to pinpoint accurately the time of infection.
The presence of at least one band reactive to a core
protein and one band reactive to an envelope protein
of HIV- 1 defined a positive response. Samples reactive
to a single core protein were considered to be indeterminate and counted as negative for the purposes
of analysis.
DATA ANALYSIS

Analyses for this paper were limited to the 1258
women who reported having a cohabiting sexual
partner. To assess the generalisability of our findings,
the demographic characteristics and sexual histories of
the 420 women whose partners volunteered for HIV
testing were compared with those of the women whose
partners were not tested. The proportion of discordant
couples who used condoms after HIV testing and
counselling was compared with that in women whose
partners' HIV status was unknown. Among couples
with HIV positive men, those in which the woman
seroconverted were compared with non-seroconverting couples with respect to condom use, literacy,
marital status, and whether the male partner had other
partners or used alcohol. Comments regarding male
seroconverters are descriptive as their small number
prohibited comparative analyses of variables.
Descriptive data are presented as means, raw
percentages, or rates. Bivariate associations were
analysed with the X2 test for categorical variables.
Fisher's exact test was used for two dichotomous
variables with small numbers. Comparison of means
was performed using the two sample t test (for
normally distributed variables) or the Wilcoxon rank
sum test (for non-normally distributed variables) by
means of the SAS statistical package. Statistical significance in differences over time between seroconversion
in men and women were evaluated using a KaplanMeier survival analysis with a Wilcoxon test for
censored observations. A two sided a level of 0 05 was
used as the criterion of statistical significance throughout. Confidence intervals for rates were computed
using the square root transformation for Poisson
counts.'6 When the observed count was 0 a one sided
95% confidence interval was computed based on
the exact relation between the Poisson and X2 distri-

butions.'7

Results
CHARACTERISTICS OF SUBJECTS

Table I compares the general characteristics of the
420 women whose regular sexual partners came in for
HIV testing with those of the remaining 838 women
who also reported a cohabiting partner. The subjects
were young women with few lifetime sexual partners
supporting a median of three living children. There
were no significant differences in HIV status, religion,
marital status, or measures of sexual activity such as
mean number of lifetime sexual partners and history of
sexually transmitted diseases between the two groups.
However, only 75% of the women whose partners were
tested were literate while 86% (p<0 001) of the
remaining women were literate. The partners who did
not come in for testing were also more likely to speak
French (60% v 48%, p<0 001).
Fourteen per cent (57/420) of the couples with HIV
test results for both partners were discordant for HIV;
the woman was positive for HIV in 25 couples and the
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behaviour change and seroconversion in the HIV
negative cohort and of progression to HIV disease in
the HIV positive cohort.
The study provided free HIV testing and counselling to women study subjects (routinely as part of
enrolment procedures) and their male sexual partners
(on a volunteer basis). Of the 1458 women, 1258
were in cohabiting unions; 420 (33%) of their husbands
requested testing. Fifty seven couples discordant for
HIV were identified and all were invited to enrol in this
prospective study; 51 couples agreed to participate.
Two of three additional discordant couples were
enrolled when women in concordant negative couples
seroconverted during follow up of the larger cohort
study, bringing the total number of enrolled discordant couples to 53.

positive.
Fifteen of the 25 HIV positive women in discordant
couples (60%) reported only one lifetime sexual
partner. Only two of these women reported ever
having received a blood transfusion and neither of
these women's transfusions occurred before 1986,
when HIV screening of the blood supply was implemented in Rwanda.
Fifty one of the 57 discordant couples were enrolled
in the study for follow up; those not enrolled included
two couples who separated on hearing their HIV test
results, three couples who declined to participate, and
one in which the HIV positive partner died before the
couple could be enrolled. Nine of the remaining
couples dropped out of the study during follow up
(four separated, in three one partner died, two are still
together). Three women who were initially in concordant negative couples seroconverted during the first
TABLE i-Baseline characteristics of women living with a steady sexual partner. Values are numbers
(percentages) unless otherwise indicated
Partner tested
for HIV
(n=420)

Partner not tested
for HIV
(n= 838)

p Value

127 (30)

230 (27)

0-30

29 (4)
35 (7)

29 (4)
36 (7)

0-75
0-46

317 (75)
381 (91)

721 (86)
763 (91)

301 (72)
78 (18)

38(9)
3 (1)
223 (53)
172 (41)
8 (4)

586 (70)
153 (18)
92(11)
7 (1)
418 (50)
319 (38)
8 (4)

0-28
0-32
0-94

100 (24)
3 (1)
79 (19)

218 (26)
13 (2)
153 (18)

0-40
0-21
0-81

25 (6)
82 (20)

50 (6)
140 (17)

0-99
0-22

HIV antibody positive
Mean (SD) age (years):
Woman
Man
Literate (Kinyarwanda):
Woman
Man

Religion:
Catholic
Other Christian
Muslim
None
Legally married
Faithful couple*
Mean (SD) length of union (years)
Woman's sexual partners:
More than one in life
More than one in past year
Man sees prostitutes
History of sexually transmitted disease:
Woman (past 1 year)
Man (past 2 years)

<0-01
0-84
0-75

*The woman reported that neither partner had other sexual partners.

TABLE II -Seroconversion rates in discordant couples
Woman negative,
man positive
(n =30)

Woman positive,
man negative

769 (338)
6
9-5

841 (304)
2

3-8

0 31*

6-4

3-8

0.71*

Mean (SD) length of follow up (days)
No of seroconverters
Seroconversion rate per 100 person years
Seroconversion rate per 100 person years,
excluding two women who were probably
already infected at baseline

p Value

(n=23)

*Calculated with survival analysis; Kaplan-Meier analysis, Wilcoxon's test for censored observations.

TABLE iii-Condom use among discordant couples after HIV testing and counselling. Values are numbers

(percentages) of couples
Man HIV negative

Woman HIV negative
Non-

Nonconverters Converters

(n =24)

(n=6)
2 (33)

18 (75)

Using condomst
Every time
Sometimes
Neverusing condoms

0

4 (17)

14(58)

2(33)
6(25)

*Calculated using two tailed Fisher's exact test.
tAlone or in conjunction with spermincidal suppositories.
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4(67)

converters

pValue*
0-14
0-56
0-38
0-14

(n=21)

Converters
(n=2)

pValue*

0

0-01

20 (95)

5 (24)

15(71)

1-00

0
0

1(5)

0-11

2(100)

0-01

year of follow up; two of the couples were enrolled in
the prospective study and the third couple separated.
RISK REDUCTION BEHAVIOURS

Although only two (3%) of the women and four (7%)
of the men in the 60 discordant couples had used
condoms before the beginning of the study, at the one
year follow up 57% (34) of the discordant couples were
usingcondoms comparedwith 16% (131/838, p<0-001)
of the remainder of the larger cohort of cohabiting
couples. The proportion of discordant couples using
spermicides (12%) was similar in the rest of the cohort
(10%, p=068).
Among discordant couples in which the man was
HIV positive, the median number of unprotected
episodes of sex per month was one (range 0-23)
compared with a median of zero (0-14) episodes per
month among couples with an HIV positive woman
(p=0-05, Wilcoxon's rank sum test). In particular,
87% of discordant couples with an HIV negative man
used condoms at some time during the follow up period
compared with 70% condom use in discordant couples
with an HIV negative woman (p=0 12). All but nine
couples reported at least one episode of unprotected
intercourse during the follow up period.
SEROCONVERSION RATES IN MEN

Two men in discordant couples seroconverted
during the follow up period for an observed rate of
3-8/100 person years (table II). One man seroconverted
during the first three months of follow up, though
western blotting at baseline did not show any bands
suggestive of early seroconversion. The other man
seroconverted within the first year of follow up. Both
male seroconverters said they never used condoms but
only one of the 21 non-converting men reported never
using condoms (p=0-01, table III). The mean frequency of unprotected sexual intercourse did not
differ significantly between seroconverters and nonconverters. The range of total number of unprotected
exposures for HIV negative men was 0-132; of
the seroconverters, one reported four unprotected
exposures and the other reported 40. The 23 couples
reported a total of 572 episodes of unprotected intercourse during follow up. Thus, the number of transmissions for each reported unprotected contact was
286.
Both of the men who seroconverted had occasionally
had other sexual partners. Both couples in which the
man seroconverted had lived together for only three
years (the other couples had been together a mean of
seven years (p<0-001). Both couples had had sexual
intercourse when the man had been drinking.
SEROCONVERSION RATES IN WOMEN

Six women seroconverted during the follow up
period, an observed seroconversion rate of 9-5/100
person years (table II). Two of the women seroconverted within seven weeks of enrolment of their
sexual partner, and their western blots at baseline
showed prominent bands at p24. Although an isolated
indeterminate result of this type is not diagnostic of
early infection, it is likely in light of seroconversion
several weeks later that these two subjects had been
infected with HIV at enrolment.'8 If they are excluded
from the analysis the seroconversion rate is 6A4/100
person years.
Seroconverters were less likely to be condom users,
and none reported having used condoms every time
(table III). The range of the total number of unprotected episodes of sex for HIV negative women was
0-700, and for seroconverting women it was 4-60. The
30 couples reported a total of 2099 episodes of
unprotected intercourse during the follow up period.
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man in 32. Twenty five per cent (103/420) of the
couples were concordant positive and 62% (260/420)
were concordant negative. Eighty per cent (103/128) of
the male partners of HIV positive women were positive
for HIV while only 11% (32/292) of the partners of
HIV negative women were HIV positive (p<0-001).
Similarly, 76% (103/135) of the female partners of HIV
positive men were positive for HIV while 9% (25/285)
of the partners of HIV negative men were HIV

Thus the number of transmissions for each unprotected contact was 350.
Table IV compares seroconversion rates in HIV
negative women in selected strata. In contrast to the
high literacy rates in the overall sample (table I), all six
seroconverters were illiterate or had difficulty reading.

Seroconversion
rate/I00 person
No at
risk

Literacy in native language
(Kinyarwanda):
Woman illiterate or reads
with difficulty
Woman literate
Marital status:
Common law union
Legally married
Type of partnership:
Man has other partnerst
Mutually monogamous
Partner's alcohol intake:
Drinks a lot
Drinks moderately
Does not drink

years
No
(95% confidence
seroconverted
interval)*

13
17

6
0

25-7 (9-2 to 50 3)
0 (0 to 7-5)

17
13

5
1

15-0(47 to 31-1)

22
8

6

0

13 2 (4-8 to 25-9)
0 (0-1 to 16-8)

16
14
6

6
0
0

18 6 (6-7 to 36-6)
0 (0 to 9-6)
0 (0 to 23-6)

3-3(0-1 to 13 1)

*Confidence intervals computed using the square root transformation for
Poisson counts.
tNone of the women reported other sexual partners during the period of the

studv.

All of the seroconverters were partners of heavy
drinkers, and five reported having sex when the man

had been drinking (the sixth did not answer the
question). None of the 30 HIV negative women
reported having sexual partners other than the
HIV positive cohabiting partner identified during the
period of the study. None of the female seroconverters
had faithful male partners and only one was in a legal
marriage; in comparison, half of non-converters had
faithful partners and half were legally married. Seroconversion rates were not significantly different in
couples reporting intercurrent venereal disease, sex
during menses, lack of circumcision of the male, use of
hormonal contraceptives, or symptoms associated with
HIV in the infected partner.
ESTIMATES OF SEROCONVERSION RATES IN WOMEN IN
UNIDENTIFIED DISCORDANT COUPLES

The seroconversion rate for HIV negative women
who do not know that their steady partners are HIV
positive was estimated as follows: during 1160 person
years of follow up we observed 34 seroconversions
among the cohort of 608 HIV negative women with
cohabiting male partners who had not been tested for
HIV. We assumed that the proportion of these 608
women who had HIV negative partners was the same as
that among the 292 HIV negative women whose
partners had been tested (89%) because demographic
data, sexual behaviour, and HIV prevalence among the
women did not differ significantly between the couples
tested and those not tested (table I). Then we assumed
that the rate of seroconversion in these 541 (89% of
608) women was the same as that among the 260 HIV
negative women whose partners were known to be
HIV negative (0-60/100 person years) because seroconversion in that case would depend on the woman's
outside sexual contacts and not on whether her steady
partner had received HIV testing and counselling. It
follows that six of the 34 observed seroconversions
occurred in the 541 HIV negative women whose
partners were also HIV negative and the remaining 28
seroconversions occurred among the 67 HIV negative
women whose partners were HIV positive, a seroconversion rate of 22/100 person years.
A sensitivity analysis was done by varying the two
assumptions of the estimate to the limits of their 95%
1608

Discussion
In the absence of a vaccine or a cure for AIDS,
changing risk behaviour is the only means available to
reduce the sexual transmission of HIV infection.
Consistent use of condoms reduces the risk of infection
by blocking exchange of the virus and may reduce the
efficacy of transmission by lowering the prevalence of a
cofactor for HIV transmission, sexually transmitted
diseases.9`2' This study documents a large increase in
the reported use of condoms in 53 HIV discordant
couples. The combination of HIV testing and counselling was effective in motivating behaviour change and
seems to have reduced the seroconversion rate.
Women whose cohabiting partners voluntarily came
for HIV testing resembled the cohabiting women in the
rest of the cohort in their seroprevalence and reported
risk factors, differing only in their lower literacy rate.
Thus, the sample is reasonably representative of
childbearing couples in the city.'5 This indicates that
in Kigali, a city with a prevalence of HIV infection
of over 30% among adults,'4 roughly one in seven
cohabiting couples is HIV discordant.
HIV testing had a strong positive effect on the safe
sex behaviour of discordant couples. One year after the
couples were enrolled in the study, use of condoms
during vaginal intercourse was three times higher
among discordant couples informed of their serostatus
than among the 838 cohabiting couples in whom only
the woman had been tested for HIV. High rates of
condom use among couples who have been tested and
found discordant have also been observed in other
countries.20 22-24 The finding that HIV testing and
knowledge of discordance decreased the reported rate
of unsafe sex in Rwanda suggests that HIV testing
should be promoted in other African countries.
Condoms were used more consistently by discordant
couples when the man was the HIV negative partner.
Kamenga et al also found that use of condoms was more
sustained in discordant couples when the man was
HIV negative.25 The effectiveness of any programme
promoting condom use depends on its acceptance by
the male partner.26 Some men interpret the request to
use a condom as insulting, mistrustful, and a barrier to
sexual fulfilment.2" An unsolved problem is how to
encourage HIV positive men to use condoms consistently to protect their partners.
In all eight of the discordant couples in which
the HIV negative partner seroconverted, the man
was reported to drink alcohol regularly. The use of
alcohol and other drugs has often been linked with
sexual disinhibition and a failure to follow safe sex
guidelines.283' Alcohol may have affected both the
motivation and ability of discordant couples to use
condoms effectively, resulting in increased risk of HIV

infection.
All six of the seroconverting women were illiterate,
compared with only 29% of the non-converters.
Though the educational programme was presented
orally, these women may have had greater difficulty
understanding the intervention and learning the skills
needed for effective use of condoms and spermicides.
Special counselling may be needed for couples with
limited language skills.
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TABLE IV-Seroconversion rates among HIV negative women in
discordant couples

confidence intervals (85% to 92% for the proportion of
HIV negative women with HIV negative partners, and
0-11 to 1-45/100 person years for the seroconversion
rates of women in concordant HIV negative couples).
Regardless of the values of the assumptions, the
estimated seroconversion rate in unidentified discordant couples (between 12 and 35 per 100 person
years) remained higher than the 9/100 person years
observed in couples who had received the intervention.

cities.
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Correction
Management of elderly patients with sustained
hypertension
An authors' error occurred in this paper by Keith Beard and

colleagues (15 February, p 412-6). In the table the age range for
the SHEP trial should have been 60-¢80.
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There is evidence that some of the women in
our study are underreporting their premarital sexual
activity. Fifteen of the 25 positive women in discordant
couples reported only one lifetime sexual partner and
denied any blood transfusions during the period before
the blood supply was screened for HIV. In cultures
that value chastity in women this factor must be
considered when interpreting self reported data.
The proportion of seropositive partners of seropositive women, 80% (103 of 128), while lower than the
90% found by Carael et al in Kigali in 19865 is much
higher than that observed in other partner studies. In
the United Kingdom 5% of 18 male partners of
seropositive women and 19% of 78 female partners of
seropositive men were found to be seropositive."0
Similar figures from the United States range from 8%
to 50%.9243234 In Africa only 15% of the partners of
seropositive workers in Kinshasa, Zaire, were seropositive.' We observed a much higher proportion of
concordant seropositive couples in Rwanda-80% of
the partners of HIV positive women and 76% of the
partners of HIV positive men were themselves seropositive. This may be due to a higher prevalence of
cofactors (particularly sexually transmitted diseases) in
the Rwandan population. Alternatively, the mean
length of union was long in this sample- 8 years - and
may indicate a relatively longer duration of exposure to
the HIV positive index case.
The rate of transmission of the virus per unprotected
sexual contact with an infected individual was very low
(1/286 in HIV negative men, 1/350 in HIV negative
women), and the true rates could be even lower if our
subjects underreported the number of unprotected
episodes. This finding suggests that the risk of infection from one episode of penile-vaginal intercourse in
Rwanda is similar to that in Western countries, on the
order of 0002.35
The seroconversion rate of 9/100 person years (6/100
person years if women infected before the intervention
are excluded) observed among HIV negative women in
discordant couples is much lower than the 26% seroconversion rate observed in women in discordant
couples during one year of follow up in Zambia.36 It is
also less than half the 22/100 person years estimated
for the seronegative women in unidentified, uncounselled discordant couples in our larger cohort.
Adults in cohabiting couples now comprise a large
group at risk of HIV in the capital of Rwanda.
Our study shows that many of these couples have
discordant HIV serological results and will not be
protected by staying mutually monogamous. Before
learning of their test results, most discordant couples
did not use condoms. HIV testing and counselling
resulted in a noticeable increase in condom use and a
lower rate of seroconversion in this group. Confidential
HIV testing should be promoted in other African

