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Background and objectives: Sexual behavior following voluntary HIV counseling and
testing (VCT) is described in 963 cohabiting heterosexual couples with one HIV
positive and one HIV negative partner (‘discordant couples’). Biological markers were
used to assess the validity of self-report.

Methods: Couples were recruited from a same-day VCT center in Lusaka, Zambia.
Sexual exposures with and without condoms were recorded at 3-monthly intervals.
Sperm detected on vaginal smears, pregnancy, and sexually transmitted diseases (STD)
including HIV, gonorrhea, syphilis, and Trichomonas vaginalis were assessed.

Results: Less than 3% of couples reported current condom use prior to VCT. In the
year after VCT, . 80% of reported acts of intercourse in discordant couples included
condom use. Reporting 100% condom use was associated with 39–70% reductions
in biological markers; however most intervals with reported unprotected sex were
negative for all biological markers. Under-reporting was common: 50% of sperm and
32% of pregnancies and HIV transmissions were detected when couples had reported
always using condoms. Positive laboratory tests for STD and reported extramarital sex
were relatively infrequent. DNA sequencing confirmed that 87% of new HIV infec-
tions were acquired from the spouse.

Conclusions: Joint VCT prompted sustained but imperfect condom use in HIV
discordant couples. Biological markers were insensitive but provided evidence for a
significant under-reporting of unprotected sex. Strategies that encourage truthful
reporting of sexual behavior and sensitive biological markers of exposure are urgently
needed. The impact of prevention programs should be assessed with both behavioral
and biological measures. & 2003 Lippincott Williams & Wilkins
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Introduction

Over 80% of adults living with HIV reside in sub-

Saharan Africa, where the epidemic continues to spread
and resources are limited [1]. In Zambia, a southern
African country with a population of 9 million, 45% of
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childbearing women live in cities where one in four
adults have HIV infection [2–4]. By the age of 25
years, over 90% of women have had a child and more
than 85% of pregnant women are married [4,5]. In the
capital city of Lusaka, approximately one in five
cohabiting couples have one HIV positive and one
HIV negative partner (‘discordant couples’) [6].
Although all couples may benefit from voluntary HIV
counseling and testing (VCT) [7,8], studies have
reported the greatest impact in discordant couples [9–
12].

Couples in Africa face many obstacles to condom use
and it is not clear how accurate self-report measures are
or how long behavior change is maintained. Validation
studies in individuals have yielded mixed results [13],
with some finding good correlation between reported
exposures and sexually transmitted disease (STD) [14]
and others not [15]. Several studies have assessed
reliability of self-report in couples [16–19], but none
have attempted to validate these measures with bio-
logical markers.

Estimates of HIV transmission rates in African discor-
dant couples who do not know their HIV results range
from 20 to 25% per year [12,20]; this fits well with a per
heterosexual exposure transmission risk of 1/500 to 1/
1000 multiplied by a frequency of sex of two or three
times per week [21,22]. In comparison, reported ser-
oconversion rates in counseled discordant couples range
from 3 to 8% per year [12,23–26]. Discordant couples
should be highly motivated to use condoms, but the
desire to have children [27–29] and the lack of
alternative barrier methods may diminish the impact of
VCT.

Ethics preclude clinical trials that randomize discordant
couples to a group that is not informed of their
serostatus. Quantification of the impact of VCT on risk
reduction must therefore be based on before–after
comparisons with validation of self-report measures.
This study presents long-term follow-up of the largest
single-site study of heterosexual discordant couples.
Condom use before and after VCT is described,
patterns and correlates of self-reported condom use
after VCT are assessed, and validity of self-report is
determined with several biological markers.

Methods

Screening through a VCT center
Study participants were discordant cohabiting couples
(one spouse is HIV seropositive while the other is
seronegative) and a comparison group of concordant
HIV-negative couples who were identified during
confidential HIV VCT at the Zambia-UAB HIV

Research Project (ZUHRP). The same-day couples’
VCT services has been described previously [6] and
included free treatment for syphilis, condom skills
training, and free condoms.

Enrollment of couples in prospective follow-up
Eligibility criteria for inclusion in the analysis of
couples included: (i) cohabitation in a sexual relation-
ship for at least 6 months and residence in Lusaka,
Zambia at the time of enrollment; (ii) age < 48 years
for women and < 65 years for men; and (iii) at least
one follow-up appointment beyond the enrollment
visit. HIV status was established with two rapid anti-
body tests and ELISA confirmation [6]. Both partners
signed a joint informed consent and were assigned a
study number to ensure confidentiality. Each couple
was provided with a sexual diary and shown how to
record sexual intercourse with and without condoms.

Data collection
At enrollment, demographic information, prior sexual
history, and frequency of alcohol use was documented.
Questionnaires were administered separately to men
and women by same-sex interviewers who maintained
a neutral attitude to minimize under-reporting.

At 3-monthly intervals thereafter, the number of
encounters with and without a condom, both with the
spouse and with other partners, was recorded. Sexual
exposures within the couple were quantified using the
sexual diary. Each member of the couple was inter-
viewed separately to allow reporting of outside contacts
(which were not recorded in the diary), and to indicate
privately whether there had been problems with con-
dom use with the spouse. Discrepancies between
husbands’ and wives’ reports (noted at , 15% of visits)
were resolved with a repeat interview of both partners,
separately and then together, to achieve consensus.
Additional counseling was provided on request and
when unprotected contacts were reported.

Sperm and T. vaginalis were identified by microscopic
examination of a vaginal swab wet preparation. Gonor-
rhea was detected by Gram stain and culture of an
endocervical swab. The Rapid Plasma Reagin (RPR)
test, with confirmation by Treponema pallidum hemag-
glutination (TPHA), was used to detect syphilis. All
STD screening tests except the gonorrhea culture were
carried out while the couple was on the premises, and
free treatment was provided to both partners. Women
with positive gonorrhea cultures were contacted and
advised to come for treatment with their spouse.

Follow-up samples from the HIV negative partner were
tested with a rapid HIV antibody test and seroconver-
sion was confirmed with a second rapid test and two
ELISA tests. When an initially HIV seronegative person
became seropositive, DNA was processed from both
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partners in the couple and epidemiologic linkage was
confirmed by HIV sequencing [30]. There were 107
seroconversions during the study period, 94 had ade-
quate available DNA for sequencing. 82 out of 94
(87%) of those were linked and the remaining 12 had
acquired HIV outside the marriage. Given the high
proportion of linkage, the 13 couples with missing
sequence data were considered linked for the purposes
of analysis.

Data analysis
Our objectives were to: (i) describe self-reported sexual
behavior in cohabiting discordant couples before and
after VCT; (ii) assess the validity of self-reported sexual
behavior through comparison with biological markers;
and (iii) compare discordant couples (at high risk of
HIV transmission) and concordant HIV negative cou-
ples (low risk) with respect to unprotected sexual
intercourse.

Discordant couples who attended study appointments
at 3, 6, 9, and 12 months (‘regular attenders’), those
who missed one or more appointments between
enrollment and the 12-month visit (‘irregular atten-
ders’), and those who dropped out before the 12-
month visit were compared to assess potential retention
biases. Regular attenders were analyzed with respect to
the number of intervals in which intercourse with and
without a condom were reported and the number of
vaginal smears in which sperm was detected. Reported
sexual contacts outside the marriage in the year after
enrollment were also evaluated in this group.

Validation analyses compared self-report and biological
measures, using follow-up intervals from all enrolled
couples. Sperm on vaginal smear, pregnancy, and
linked HIV transmission were used to validate reported
unprotected sex within the couple.

Gonorrhea, syphilis, and T. vaginalis were used to
validate self-report of extra-marital sexual contact by
either partner. For ethical reasons, participants with
positive RPR with undiluted serum (low titer) were
treated. However, only newly positive RPR titers of
> 1 : 2 in a previously RPR negative individual, con-
firmed by the TPHA test, were considered incident
syphilis in the analysis. Early treatment may have pre-
empted the definition of some incident syphilis cases
that did not reach a titer of > 1 : 2.

In the validation analyses, pre-existing pregnancy,
syphilis, or HIV were removed from the respective ‘at
risk’ couple-interval denominators. Three-month inter-
vals were used for sperm, pregnancy, and T. vaginalis.
Six-month intervals were used for incident HIV,
gonorrhea, and syphilis to allow for incubation periods
between exposure and detectable disease.

Data entry, management and analysis were performed
with the SAS statistical package (version 8; Statistical
Analysis Software, North Carolina, USA). Chi-square
tests of significance were used for comparison of
proportions, t tests for comparison of means, and non-
parametric tests for comparison of medians as indicated.

Ethics
Study procedures were approved by the University of
Alabama at Birmingham Institutional Review Board,
the University of Zambia (UNZA) Research Ethics
Committee in Lusaka, and the Office of Protection
from Research Risks of the National Institutes of
Health, USA. Couples signed joint written informed
consent at the time of HIV counseling and testing and
again at the time of enrollment into the prospective
studies. Free condoms and outpatient care at the study
clinic were offered throughout. An insurance policy
was also purchased for study members, which covered
hospitalization and evaluation at specialty clinics at
UTH. Neither UTH nor the study clinic pharmacy
provided antiretroviral therapy.

Results

Demographic and risk factor profiles
Between August 1994 and November 1998, 963 HIV
discordant couples were enrolled with a median 12
months of follow-up (range, 3–42 months; mean, 14
months). Of these, 818 entered the study at least 1 year
before the end of the follow-up period. To evaluate
possible biases in retention and missing data, ‘regular
attenders’, ‘irregular attenders’, and the couples who
were lost to follow-up before the 12-month visit are
compared in Table 1.

There were no substantial differences between discor-
dant couples who were regular attenders, irregular
attenders, and those lost to follow-up with respect to
number of years cohabiting (range, 5.0–7.2 years),
number of children (range, 1.7–2.1), and proportion of
common law or traditional unions (range, 90–93%; the
remainder was legal marriages). Men were on average 7
years older than women and reported a later age at first
intercourse and more lifetime and last-year partners
than women (Table 1). The average income for men
was four to six times higher than the corresponding
average for women. Gender-matched comparisons
showed no differences between the three groups for
any of these measures. Women in couples who
attended regularly had higher literacy than women in
the other two groups. Men in couples who attended
regularly reported more frequent alcohol use than their
counterparts with irregular attendance and couples who
were lost to follow-up (Table 1).
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Concordant HIV negative couples were similar to
discordant couples with respect to age, marital status,
income, and literacy. They had a longer average dura-
tion of union (10 years) and more children (mean, 3)
than discordant couples. The men reported fewer
sexual partners in the last year (mean, 1.4) and were
less likely to report a history of STD in the last 5 years
(27%) compared with men in discordant couples.

Self-report of sexual intercourse with the spouse
Prior to receiving their HIV test results, , 3% of
discordant couples reported current condom use with
each other. The frequency of sex with the spouse did
not change after VCT, but the proportion of reported
contacts with a condom increased to . 80% and
remained stable through > 12 months of follow-up. In
contrast, among 66 concordant negative couples fol-
lowed for a median of 12 months, condom use was
reported in only 28% of sexual exposures.

Couples with regular appointments through 12 months
reported more frequent intercourse with condoms than
couples with missing appointments or those lost to
follow-up, regardless of which partner was HIV posi-
tive and whether means or medians were compared
(Table 2). Regular attendance was also associated with
fewer unprotected contacts, particularly in couples with
HIV negative men. Discordant couples with HIV
negative men had more frequent sex with their spouses
than couples with HIV positive men, both with
condoms (mean 17.8 versus 15.3 per interval; P ,
0.01) and without (mean 2.9 versus 2.0 per interval;
P , 0.01). Some comparisons were limited by the low
frequency of reported unprotected exposures and the

small number of intervals available for analysis in the
group that was lost to follow-up.

Among regular attenders, 23% could be characterized
as ‘perfect compliers’ (no reported unprotected sex in
any of four 3-month intervals), while 10% were
‘chronic non-compliers’ (unprotected sex in all four
intervals). The majority of regular attenders reported
regular condom use with occasional lapses: 26% re-
ported unprotected sex in only one interval, 24% in
two, and 17% in three of four intervals. Abstinence was
uncommon; more than 99% of couples reported having
sex with a condom at least once during the year and
56% did so during all four intervals.

Validation of self-reported sexual contacts with
the cohabiting partner using sperm, pregnancy,
and linked HIV transmission
Overall 19% of vaginal smears in discordant couples
showed sperm, compared with 36% (115/318) of
vaginal smears from 66 concordant HIV negative
couples (P ¼ 0.001). This represents a 47% reduction
of sperm detection in discordant couples compared
with concordant negative couples. Among discordant
couples who were regular attenders, 60% of women
had no sperm at any of the quarterly visits, 30% had
sperm on one of four vaginal exams, and the remaining
10% had sperm on two or more exams. Among regular
attenders who reported 100% condom use during the
first 12 months, 83% had no sperm detected at any of
the quarterly visits.

Biological markers detected in discordant couples in
intervals with and without reported unprotected sex

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 1. Characteristics of 818 Zambian heterosexual discordant couples enrolled > 12 months before
the end of follow-up.

Enrolled> 12 months
Enrolled

, 12months

Regular attenders Irregular attenders Lost to follow-upa

332 couples 252 couples 234 couples
Demographic information and

HIV risk factors Men Women Men Women Men Women

Means
Age (years) 35 29 35 29 33 27
Age at first sex (years) 18 17 19 16 18 16
Sex partners last year 1.9 1.1 1.9 1.1 1.8 1.2
Lifetime sex partners 10.7 3.1 10.0 2.9 10.0 3.4
Income (kwacha/month)b 49 321 10 375 59221 11 482 50 521 12436

Proportions
Self-report of STD in last 5 years 41% 20% 39% 17% 37% 21%
Alcohol use more than once per month 57% 5% 50% 11% 47% 7%
High literacy 67% 35% 64% 28% 64% 28%
Pregnancy – 17% – 17% – 13%
Breastfeeding – 35% – 31% – 31%

aOf those lost to follow-up, 59 (7% of the 818) relocated, 42 (5%) separated, 37 (5%) suffered the death of
a partner, and 96 (12%) withdrew. Reasons given for withdrawing were generally related to lack of time
and logistical obstacles. bThe value of the kwacha ranged from 700–2500/$ during this study.
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are presented in Table 3. Sperm was present in 24.7%
of vaginal smears taken in intervals with reported
unprotected sex, compared with 15.1% of smears taken
when no unprotected sex had been reported. While

reporting 100% condom use was thus associated with a
39% reduction in detection of sperm, the presence of
sperm in 15% of ‘protected’ intervals with no unpro-
tected sex confirmed substantial under-reporting. Con-
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Table 2. Reported sexual intercourse per 3-month interval between spouses in discordant
couples after Voluntary HIV counseling and testing (VCT).

Enrolled
Enrolled> 12 months , 12months

Regular attenders Irregular attenders Lost to follow-up

HIV+ men/HIV� women 171 couples; 1321
intervals

133 couples; 748
intervals

121 couples; 171
intervals

With condoms
Mean (SD)a 16.8 (15.0) 13.1 (14.0) 10.1 (13.4)
Median (IQR)b 13 (4–26) 9 (1–21) 5 (0–15)

Without condoms
Mean (SD)c 1.9 (5.0) 2.6 (7.2) 2.4 (7.0)
Median (IQR)d 0 (0–2) 0 (0–2) 0 (0–2)

HIV� men/HIV+ women 161 couples; 1163
intervals

119 couples; 663
intervals

113 couples; 142
intervals

With condoms
Mean (SD)e 19.4 (18.4) 15.9 (18.5) 13.7 (16.5)
Median (IQR)f 15 (4–30) 9 (1–24) 8 (1–18)

Without condoms
Mean (SD)g 2.3 (5.8) 3.6 (8.4) 3.4 (7.7)
Median (IQR)h 0 (0–2) 0 (0–3) 0 (0–3)

at tests for significant differences in means: 16.8 versus 13.1, P, 0.001; 16.8 versus
10.1, P , 0.001; 13.1 versus 10.1, P ¼ 0.01. bNon-parametric tests of significance in medians:
13 versus 9, P , 0.0001; 13 versus 5, P, 0.0001; 9 versus 5, P ¼ 0.0022. ct tests for significant
differences in means: 1.9 versus 2.6, P ¼ 0.03; 1.9 versus 2.4, P ¼ 0.38 (not significant); 2.6
versus 2.4, P ¼ 0.80 (not significant). dNon-parametric tests of significance in medians: none of
the two way comparisons are significant. et tests for significant differences in means: 19.4 versus
15.9, P, 0.001; 19.4 versus 13.7, P , 0.001; 15.9 versus 13.7, P ¼ 0.19 (not significant).
fNon-parametric tests of significance in medians: 15 versus 9, P , 0.0001; 15 versus 8,
P, 0.0001; 9 versus 8, P ¼ 0.37 (not significant ). gt tests for significant differences in means:
2.3 versus 3.6, P , 0.001; 2.3 versus 3.4, P ¼ 0.10 (not significant); 3.6 versus 3.4, P ¼ 0.85
(not significant). hNon-parametric tests of significance in medians: only the comparison of
regular attenders with irregular attenders was significant P ¼ 0.0004. SD, Standard deviation;
IQR, interquartile range.

Table 3. Correlation between biological markers and reported sexual intercourse between
spouses.

Biological markers

Intervals with
reported

unprotected sex

Intervals with
no reported

unprotected sex P

Reduction of
biological markers in
intervals with no

reported unprotected
sex (%)

Sperm on vaginal smeara

Positive 252 (24.7%) 246 (15.1%) 39%
Negative 770 (75.3%) 1380 (84.9%) , 0.001

Pregnancyb

Positive 117 (7.4%) 55 (2.2%) 70%
Negative 1459 (92.6%) 2492 (97.8%) , 0.001

Linked HIV transmissionc

Positive 64 (5.4%) 30 (2.6%) 52%
Negative 1128 (94.6%) 1109 (97.4%) , 0.001

aPresence or absence of sperm was noted on routine vaginal smears at 3-monthly intervals as of
1996. Vaginal exams were not performed 6 weeks antepartum to 6 weeks post-partum. bIntervals
with pre-existing pregnancy were excluded from the denominator. cSerologic testing was performed
for HIV negative partners at 3-month intervals; 6-month intervals were used to allow for the
‘seroconversion window’ between reported exposure and detectable antibodies. Intervals with pre-
existing HIV were excluded from the denominator.
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sistent condom use was associated with a 70% reduc-
tion in pregnancy and a 52% reduction in linked HIV
transmission, but these were comparatively rare out-
comes, each occurring in , 5% intervals.

Self-report of sexual contact with other partners
At baseline, 21% of HIV positive men and 15% of HIV
negative men in discordant couples reported at least
one sexual encounter outside the marriage in the last 3
months. These contacts represented 7% of all acts of
intercourse in the 3 months preceding the study, de-
creasing to 3% during the first year of follow-up.
Among regular attenders, 23% of men reported at least
one outside contact in the year after enrollment, with
12% reporting it in only one interval and 11% in more
than one.

Women reported much less contact outside the mar-
riage than men. Only 0.3% of all acts of intercourse
reported by women prior to study entry and 0.2%
thereafter occurred with another partner.

Validation of reported sex with other partners
using STD
Gonorrhea, syphilis, and T. vaginalis after enrollment
were assumed to reflect sexual contact outside the
couple by at least one partner. Genital ulcers noted on
exams were not included because recurrent herpes
simplex virus was common and unrelated to recent
outside sexual partners. The incidence of gonorrhea
was low but correlated well with reported outside
contacts (6.1% cases of intervals with reported outside
contacts were positive for gonorrhea versus 2.3% of
intervals without reported outside contacts, P , 0.001).
Similarly, syphilis was uncommon but was associated
with outside partners (3.5% of intervals with reported
outside contact versus 1.7% of intervals without were
associated with incident syphilis; P ¼ 0.01). T. vaginalis
was the most common STD but had the poorest
correlation with self-report (10.7% of intervals with
outside contacts versus 7.3% of those without;
P ¼ 0.017). Cure for gonorrhea and syphilis required
one injection and adherence was not an issue. In
contrast, the treatment for T. vaginalis was a 7-day oral
regimen of metronidazole, which is known for unplea-
sant side effects. Of 91 women positive for T. vaginalis
on at least one of four consecutive vaginal exams, 20
had repeat cases. This suggests that incomplete treat-
ment and re-infection within the couple, rather than
recent outside contacts, may have been the source of
many infections.

Sequencing confirmed that 13% (n ¼ 12) of incident
HIV infections were acquired from an outside partner.
Only two of six men and one of six women thus
infected reported outside partners in the 6 months prior
to the first positive serology.

Discussion

Most new HIV infections in Africa now occur in
cohabiting couples [2,6,31,32], many of whom do not
realize that only one may be HIV infected [5]. In this
study, Zambian discordant couples reported a marked
increase in condom use after joint VCT, and main-
tained this risk reduction for at least a year. The
presence of sperm on vaginal smears was noted half as
frequently in discordant couples compared with con-
cordant negative couples, which corroborated differ-
ences in reported condom use. Sperm and other
biological markers also indicated, however, that at least
half of unprotected contacts in discordant couples were
not reported. It is critical to acknowledge the problem
with under-reporting in studies of sexual behavior,
particularly if per-contact risks of HIV transmission are
to be estimated with accuracy [22]. The HIV serocon-
version rate after VCT in this cohort of discordant
couples was 8/100 person-years [23], and the spouse
was the index case in the majority of new infections
[30]. Sex with outside partners was relatively uncom-
mon and use of STD as a proxy for HIV risk was
therefore of limited use.

As in other discordant couples studies, adoption of
condom use followed receipt of HIV test results
[33,34]. In this study, couples with HIV negative men
had more frequent sex both with and without a
condom compared to couples with HIV positive men.
This may reflect a decreased libido in HIV positive
men, resulting either from physical or psychological
factors [35–37]. Though couples with HIV positive
men had less frequent intercourse, they were more
likely to report 100% condom use. This confirms that
in areas where women often have difficulty negotiating
condom use, many men who know they have HIV
willingly use condoms to protect their uninfected
spouses.

Discordant couples complied fairly well with condom
use, with almost one-quarter reporting perfect com-
pliance during 1 year of follow-up. Most couples
reported occasional lapses, but only 10% reported
unprotected sex at each follow-up visit. Couples who
regularly attended study appointments were more likely
to report 100% condom use. This does not necessarily
imply a causal relationship; co-operative couples may
be more likely to adhere with both scheduled appoint-
ments and condom use.

Sexual diaries can reduce recall bias and have been
shown to yield different results than contemporaneous
questionnaires [38,39], with discrepancies greatest in
behaviors judged to be ‘good’ or ‘bad’. As with any
behavior, a longer recall period is associated with
greater measurement error [40]. Weinhardt et al. re-
ported good reliability using diaries to enhance recall of
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sexual behavior in the preceding 3 months [41]. The
combination of 3-monthly visits and joint sexual diaries
was practical and acceptable to our participants. Coun-
selors also found diaries a useful tool to prompt
additional counseling.

Our results confirm that validation of sexual self-report
with objective measures is critical. Examination of
vaginal wet preparation for sperm provided a simple
and inexpensive biological marker of unprotected
intercourse. Detection of sperm correlated with self-
report but confirmed that although discordant couples
are having much less sex without condoms than
concordant negative couples, they are still underreport-
ing many high-risk exposures. Pregnancy and HIV
transmission were also associated with self-reported
exposures but were comparatively infrequent out-
comes.

STD were rare in this cohort; they were detected
significantly more often when outside contacts were
reported, but even so, most cases occurred when
both spouses denied having other partners. This
under-reporting was not surprising, as sexual contact
outside the marriage is not socially acceptable in
Zambia. The technical aspects of STD diagnosis must
also be borne in mind in future studies; positive
laboratory results do not necessarily reflect recent
contact with another partner. Incubation period, test
sensitivity, persistent antibody responses, and relapse
after incomplete treatment all complicate interpreta-
tion of test results.

Biological markers confirmed that sex without con-
doms was under-reported, both between spouses and
with outside partners. However, even the most
common objective measure, sperm, was detected in
only one-quarter of intervals with reported unpro-
tected sex, presumably because sperm can only be
detected for a few days after unprotected intercourse.
Self-reported behavior is thus far more sensitive than
biological markers and remains a critical measure of
the impact of interventions. Ideally, both self-report
and biological markers should be used: self-report
measures maximize sensitivity while biological mar-
kers provide an estimate of the degree of under-
reporting [42,43].

HIV discordant couples have historically been consid-
ered an ideal group for research [19,39,44,45], but until
recently the high proportion of new infections that
could be prevented in this group was not appreciated
[46–48]. Without specific educational programs, few
couples understand the importance of being tested
together for HIV [5]. Thus, active promotion of
couples’ VCT should be among the top priorities of
prevention programs in high prevalence areas [49,50].
In order to measure accurately the impact of risk

reduction strategies like VCT, better techniques are
needed to improve both the validity of self-report and
the sensitivity of biological markers.

Acknowledgements

The authors thank the staff and study participants of
the Zambia-UAB HIV Research Project for their hard
work and cooperation; B. Hahn for the sequencing
used to establish epidemiologic linkage in HIV sero-
convertors and their partners; to E. Hunter and M. C.
Kempf for their careful critiques; and the ZUHRP
Project Management Group for their support and
guidance.

Sponsorship: Supported by the National Institutes of
Allergy and Infectious diseases grant # RO1 AI 40951.

References

1. UNAIDS/WHO. Report on the Global HIV/AIDS epidemic. June
1998. www.sho.int/emc-hiv/global_report/index.html.

2. Fylkesnes K, Musonda RM, Kasumba K, Ndhlovu Z, Mluanda F,
Kaetano L, et al. The HIV epidemic in Zambia: socio-demo-
graphic prevalence patterns and indications of trends among
childbearing women. AIDS 1997, 11:339–345.

3. Fylkesnes K, Ndhlovu Z, Kasumba K, Mubanga Musonda R,
Sichone M. Studying dynamics of the HIV epidemic: population-
based data compared with sentinel surveillance in Zambia. AIDS
1998, 12:1227–1234.

4. Central Statistical Office, Ministry of Health, Lusaka, Zambia.
Demographic and Health Survey. Calverton, MD: Macro Interna-
tional Inc.; 1996.

5. Bakari JP, McKenna S, Myrick A, Mwinga K, Bhat GJ, Allen S.
Rapid voluntary testing and counseling for HIV: acceptability
and feasibility in Zambian antenatal clinics. Ann N Y Acad Sci
2000, 918:64–76.

6. McKenna SL, Muyinda GK, Roth D, Mwali M, N’gandu N,
Myrick A, et al. Rapid HIV testing and counseling for voluntary
testing centers in Africa. AIDS 1997, 11 (suppl 1):S103–S110.

7. Allen S, Serufilira A, Bogaerts J, van de Perre P, Nsengumuremyi
F, Lindan C, et al. Confidential HIV testing and condom
promotion in Africa: impact on HIV and gonorrhea rates. JAMA
1992, 268:3338–3343.

8. The Voluntary HIV-1 Counseling and Testing Efficacy Study
Group. Efficacy of voluntary HIV-1 counselling and testing in
individuals and couples in Kenya, Tanzania, and Trinidad: a
randomised trial. Lancet 2000, 356:103–112.

9. Higgins DL, Galavotti C, O’Reilly KR, Schnell DJ, Moore M, Rugg
DL, et al. Evidence for the effects of HIV antibody counseling
and testing on risk behaviors. JAMA 1991, 266:2419–2429.

10. Padian NS, O’Brien TR, Chang Y, Glass S, Francis DP. Prevention
of heterosexual transmission of human immunodeficiency virus
through couple counseling. J Acquir Immune Defic Syndr 1993,
6:1043–1048.

11. Serwadda D, Gray RH, Wawer MJ, Stallings R, Sewankambo N,
Konde-Lule J, et al. The social dynamics of HIV transmission as
reflected through discordant couples in rural Uganda. AIDS
1995, 9:745–750.

12. Allen S, Tice J, Van de Perre P, Serufilira A, Hudes E, Nsengumur-
emyi F, et al. Effect of serotesting with counselling on condom
use and seroconversion among HIV discordant couples in
Africa. BMJ 1992, 304:1605–1609.

13. Weinhardt LS, Forsyth AD, Carey MP, Jaworski BC, Durant LE.
Reliability and validity of self-report measures of HIV-related

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Sexual behavior in discordant couples Allen et al. 739



sexual behavior: progress since 1990 and recommendations for
research and practice. Arch Sex Behav 1998, 27:155–180.

14. Orr D, Fortenberry J, Blythe M. Validity of self-reported sexual
behaviors in adolescent women using biomarker outcomes. Sex
Transm Dis 1997, 24:261–266.

15. Zenilman J, Weisman C, Rompalo A, Ellish N, Upchurch DM,
Hook EW, et al. Condom use to prevent incident STDs: the
validity of self-reported condom use. Sex Transm Dis. 1995,
22:15–21.

16. Padian NS, Aral S, Vranizan K, Bolan G. Reliability of sexual
histories in heterosexual couples. Sex Transm Dis 1995, 22:
169–172.

17. Lagarde E, Enel C, Pison G. Reliability of reports of sexual
behavior: a study of married couples in rural West Africa. Am J
Epidemiol 1995, 141:1194–1200.

18. Carballo-Dieguiz A, Remien R, Dolezal C, Wagner G. Reliability
of sexual behavior self-reports in male couples of discordant
status. J Sex Res 1999, 36:152–158.

19. de Boer MA, Celentano DD, Tovanabutra S, Rugpao S, Nelson
KE, Suriyanon V. Reliability of self-reported sexual behavior in
human immunodeficiency virus (HIV) concordant and discor-
dant heterosexual couples in northern Thailand. Am J Epidemiol
1998, 147:1153–1161.

20. Hira SK, Nkowane BM, Kamanga J, Wadhawan D, Kavindele D,
Macuacua R, et al. Epidemiology of human immunodeficiency
virus in families in Lusaka, Zambia. J Acquir Immune Defic Syndr
1990, 3:83–86.

21. Hearst N, Hulley SB. Preventing the heterosexual spread of
AIDS. Are we giving our patients the best advice? JAMA 1988,
259:2428–2432.

22. Gray RH, Wawer MJ, Brookmeyer R, Sewankambo NK, Serwadda
D, Wabwire-Mangen F, et al. Probability of HIV-1 transmission
per coital act in monogamous, heterosexual, HIV-1-discordant
couples in Rakai, Uganda. Lancet 2001, 357:1149–1153.

23. Fideli US, Allen SA, Musonda R, Trask S, Hahn BH, Weiss H,
et al. Virologic and immunologic determinants of heterosexual
transmission of human immunodeficiency virus type 1 in Africa.
AIDS Res Hum Retroviruses 2001, 17:901–910.

24. Kamenga M, Ryder RW, Jingu M, Mbuyi N, Behets F, Brown C,
et al. Evidence of marked sexual behavior change associated
with low HIV-1 seroconversion in 149 married couples with
discordant HIV-1 serostatus: experience at an HIV counselling
center in Zaire. AIDS 1991, 5:61–67.

25. Deschamps MM, Pape JW, Hafner A, Johnson WD, Jr. Hetero-
sexual transmission of HIV in Haiti. Ann Intern Med 1996,
125:324–330.

26. de Vincenzi I. A longitudinal study of human immunodeficiency
virus transmission by heterosexual partners. European Study
Group on Heterosexual Transmission of HIV. N Engl J Med
1994, 331:341–346.

27. Keogh P, Allen S, Almedal C, Temahagili B. The social impact of
HIV infection on women in Kigali, Rwanda: a prospective study.
Soc Sci Med 1994, 38:1047–1053.

28. King R, Estey J, Allen S, Kegeles S, Wolf W, Valentine C et al. A
family planning intervention to reduce vertical transmission of
HIV in Rwanda. AIDS 1995, 9 (suppl 1):S45–S51.

29. Allen S, Serufilira A, Gruber V, Kegeles S, Van de Perre P, Carael
M, et al. Pregnancy and contraception use among urban
Rwandan women after HIV testing and counseling. Am J Public
Health 1993, 83:705–710.

30. Trask SA, Derdeyn CA, Fideli U, Chen Y, Meleth S, Kasolo F,
et al. Molecular Epidemiology of Human Immunodeficiency
Virus Type 1 Transmission in a Heterosexual Cohort of Discor-
dant Couples in Zambia. J Virol 2001, 76:397–405.

31. Allen S, Lindan C, Serufilira A, Van de Perre P, Chen-Rundle A,
Nsengumuremyi F, et al. Human immunodeficiency virus infec-
tion in urban Rwanda. Demographic and behavioral correlates
in a representative sample of childbearing women. JAMA 1991,
266:1657–1663.

32. Nationwide community-based serological survey of HIV-1 and
other human retrovirus infections in a central African country.

Rwandan HIV Seroprevalence Study Group. Lancet 1989, 1:
941–943.

33. Padian NS, Shiboski SC, Glass SO, Vittinghoff E. Heterosexual
transmission of human immunodeficiency virus (HIV) in north-
ern California: results from a ten-year study. Am J Epidemiol
1997, 146:350–357.

34. Buchacz K, van der Straten A, Saul J, Shiboski SC, Gomez CA,
Padian N. Sociodemographic, behavioral, and clinical correlates
of inconsistent condom use in HIV-serodiscordant heterosexual
couples. J Acquir Immune Defic Syndr 2001, 28:289–297.

35. van der Straten A, King R, Grinstead O, Serufilira A, Allen S.
Couple communication, sexual coercion and HIV risk reduction
in Kigali, Rwanda AIDS 1995, 9:935–944. [published erratum
appears in AIDS 1995 Nov, 9(11):following 1298].

36. van der Straten A, Vernon KA, Knight KR, Gomez CA, Padian NS.
Managing HIV among serodiscordant heterosexual couples:
serostatus, stigma and sex. AIDS Care 1998, 10:533–548.

37. Weinhardt LS, Carey MP, Johnson BT, Bickham NL. Effects of
HIV counseling and testing on sexual risk behavior: a meta-
analytic review of published research, 1985-1997. Am J Public
Health 1999, 89:1397–1405.

38. Coxon AP. Parallel accounts? Discrepancies between self-report
(diary) and recall (questionnaire) measures of the same sexual
behaviour. AIDS Care 1999, 11:221–234.

39. N’Gbichi JM, De Cock KM, Batter V, Yeboue K, Ackah A, Zadi F,
et al. HIV status of female sex partners of men reactive to HIV-
1, HIV-2 or both viruses in Abidjan, Cote d’Ivoire. AIDS 1995,
9:951–954.

40. Ramjee G, Weber AE, Morar NS. Recording sexual behavior:
comparison of recall questionnaires with a coital diary. Sex
Transm Dis 1999, 26:374–380.

41. Weinhardt LS, Carey MP, Maisto SA, Carey KB, Cohen MM,
Wickramasinghe SM. Reliability of the timeline follow-back
sexual behavior interview. Ann Behav Med 1998, 20:25–30.

42. Fishbein M, Pequegnat W. Evaluating AIDS prevention interven-
tions using behavioral and biological outcome measures. Sex
Transm Dis 2000, 27:101–110.

43. Pequegnat W, Fishbein M, Celentano D, Ehrhardt A, Garnett G,
Holtgrave D, et al. NIMH/APPC workgroup on behavioral and
biological outcomes in HIV/STD prevention studies: a position
statement. Sex Transm Dis 2000, 27:127–132.

44. Carpenter LM, Kamali A, Ruberantwari A, Malamba SS, Whit-
worth JA. Rates of HIV-1 transmission within marriage in rural
Uganda in relation to the HIV sero-status of the partners. AIDS
1999, 13:1083–1089.

45. Skurnick JH, Kennedy CA, Perez G, Abrams J, Vermund SH,
Denny T, et al. Behavioral and demographic risk factors for
transmission of human immunodeficiency virus type 1 in hetero-
sexual couples: report from the Heterosexual HIV Transmission
Study. Clin Infect Dis 1998, 26:855–864.

46. Gangakhedkar RR, Bentley ME, Divekar AD, Gadkari DA,
Mehendale SM, Shepherd ME, et al. Spread of HIV infection
in married monogamous women in India. JAMA 1997, 278:
2090–2092.

47. Siriwasin W, Shaffer N, Roongpisuthipong A, Bhiraleus P, China-
yon P, Wasi C, et al. HIV prevalence, risk, and partner
serodiscordance among pregnant women in Bangkok. Bangkok
Collaborative Perinatal HIV Transmission Study Group. JAMA
1998, 280:49–54.

48. Quinn TC, Wawer MJ, Sewankambo N, Serwadda D, Li C,
Wabwire-Mangen F, et al. Viral load and heterosexual transmis-
sion of human immunodeficiency virus type 1. Rakai Project
Study Group. N Engl J Med 2000, 342:921–929.

49. Allen S, Karita E, N’gandu N, Tichacek A. The Evolution of
Voluntary Testing and Counseling as an HIV Prevention Strategy.
In Preventing HIV in Developing Countries: Biomedical and
Behavioral Approaches. Edited by Gibney L, DiClemente R and
Vermund S. New York: Plenum Press; 1999 pp. 87–108.

50. Painter TM. Voluntary counseling and testing for couples: a high-
leverage intervention for HIV/AIDS prevention in sub-Saharan
Africa. Soc Sci Med 2001, 53:1397–1411.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

AIDS 2003, Vol 17 No 5740


