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Abstract

Observational analyses have suggested that women using the injectable contraceptive depot
medroxyprogesterone acetate (DMPA) may have heightened risk of acquiring HIV. However,
those analyses were potentially confounded by sexual behavior, with possible differential condom
use and reporting by women using DMPA versus no contraception. In a cross-sectional study, we
measured the presence of a biomarker of recent condomless sex (Y chromosomal [Yc] DNA) in
vaginal swabs from HIV-uninfected African women who had an HIV-infected partner and reported
100% condom use. Half of the samples tested were from women reporting DMPA and half were
from women using no contraception. Among 428 specimens tested (213 from DMPA users and
215 from women using no contraception), 32.0% had Yc¢ DNA detected, with a mean of 193
copies/10,000 human cells (range 0.1-8201). The frequency of detection did not differ by
contraceptive use: 34.2% of DMPA users versus 29.8% of women using no contraception, adjusted
odds ratio 1.3 (95% confidence interval 0.9-2.0). These results suggest that inaccurate reporting of
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condom use by DMPA users may not account for the heightened risk of HIV acquisition among
DMPA users in some observational studies.
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BACKGROUND

The greatest burden of the HIV epidemic is in sub-Saharan Africa, where heterosexual
transmission continues to be the primary driver of incidence (1). To understand risk factors
of heterosexual HIV transmission, studies must account for sex unprotected by male
condoms (as well as other confounding factors) in order to fully interpret results since male
condoms are an effective intervention for HIV prevention (2-5). Self-report is the most
common method used to capture information about condom use, but data captured this way
are often prone to inaccuracy due to difficulty recalling the frequency of condom use during
a given period of time, desires to report condom use that aligns with socially accepted
behavior, and misunderstood questions (6). Efforts to improve accuracy have used computer
or cell phone-based data capture with mixed results (7-9). More recently, biomarkers,
including the detection of prostate specific antigen (PSA) and Y chromosomal (Yc) DNA in
female genital tract samples, have been used as a measure of semen exposure when
condomless sex occurred within the past 7 days (9-11). PSA degrades in 24-48 hours
(10,12,13) while Yc DNA has been shown to be detectable for at least 7 days (14,15),
making Yc DNA testing potentially more sensitive to detecting condomless sex and a proxy
measure of recent condomless sex.

In epidemiologic analyses of heterosexual HIV risk, inaccurate data on sex unprotected by
male condoms have the potential to produce biased results depending on the magnitude of
inaccuracy and how condom use relates to the primary exposure and outcome. Inaccurate
condom use reporting has been a frequently discussed potential source of bias in studies
assessing the possibility of heightened HIV risk among women using injectable
contraception, particularly depot medroxyprogesterone acetate (DMPA) (4,5). Women who
choose to use contraception may make different choices about their condom use than women
who do not contracept (16,17). Since condom use is protective against HIV, observational
analyses of DMPA and HIV acquisition that compare users to women using no effective
contraception must account for sex unprotected by male condoms through statistical
adjustment (3). In these analyses, inaccuracies in self-reported male condom use may have
yielded results that are biased due to the presence of residual confounding. Most
importantly, this bias would be more consequential if the magnitude of inaccuracy differed
between women using DMPA and women using no effective contraception.

Most studies of DMPA and HIV have not incorporated data about sex unprotected by male
condoms based on laboratory measures of biomarkers of semen exposure. Using archived
specimens from a prospective study of HIV-uninfected women with an HIV-infected male
partner in Kenya and Uganda, we estimated the degree to which women using DMPA and no
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effective contraception differentially misreported sex unprotected by male condoms by
assessing the presence of Yc DNA in vaginal swab samples from women reporting 100%
condom use.

METHODS

Study Population

Data for this analysis were from HIV-uninfected women participating in the Partners PrEP
Study, a randomized, placebo controlled trial of daily oral pre-exposure prophylaxis for HIV
prevention among 4,747 HIV serodiscordant couples in Kenya and Uganda (18,19). Study
participants were recruited through study-initiated community outreach activities and
referrals from HIV-1 testing and care centres, antenatal clinics, and non-governmental
organizations. Study visits for the clinical trial took place between 2008 and 2012 and
included couples-based HIV prevention counseling with encouragement to use condoms and
free condom provision. HIV-uninfected partners were seen monthly for HIV testing and
study drug refills. At each visit, participants completed interviewer-administered
standardized questionnaires to assess demographic, medical, and sexual behavior
characteristics. Sexual behavior was assessed by asking each participant to report the
number of sex acts with their study partner and additional partners in the last month, the
number of times condoms were used with each type of partner, and the timing of their last
sex act. All women were offered contraception on-site but contraceptive use was not a study
requirement. In Kenya and Uganda, DMPA was the only type of injectable contraception
available during the study period. The study protocol was approved by the Human Subjects
Division at the University of Washington and all study sites. All participants provided
written informed consent, including consent for archived genital swab specimens to be used
for additional analyses related to HIV, HIV-related diseases, and sexually transmitted
infections (STI).

Study design

Data and specimens included in this study were from HIV-uninfected women who did not
seroconvert and were not pregnant during the study period. For the present study, vaginal
swab specimens were eligible for selection from visits when HIV-uninfected women
reported: 1) 100% of sex acts protected by male condoms during the last month with all
partners and 2) sex protected by a condom at the last vaginal sex act with their HIV-infected
male study partner and 3) that the last vaginal sex act with their HI\V-infected male study
partner was <7 days ago. 220 specimens were randomly selected from women reporting
DMPA use and an additional 220 from women reporting no use of any contraceptive method
except condoms. Only one sample was selected per participant to remove the need to control
for correlation between multiple samples from the same woman. This sample size provided
80% power to detect a 2-fold difference in Yc DNA detection if the background rate of
detection was 10% among women not using contraception. Our prior work found a 2-fold
increase in HIV risk with injectable contraception (20). Subsequent mathematical modeling
suggested that at least a 2-fold difference in misreporting between injectable users and non-
contracepting women would be necessary to create an injectable-HIV point estimate of this
magnitude when in fact there is no increased risk (21). An additional set of 40 samples were
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also selected from women who reported: 1) no condom use during the last month with all
partners and 2) that the last sex act was <7 days (n=20), 7 to 14 days (n=10), or >14 days
ago (n=10). These samples were used to better understand the sensitivity of the Yc DNA
assay in relation to time of sample collection following sex acts unprotected by a condom.

Sample collection

Archival vaginal swabs were collected from women by a study clinician during annual
follow up visits and at study exit using a Copan nylon flocked swab that was inserted 2
inches into the vagina and rolled along the lateral vaginal wall for 15 seconds. All archival
swabs were stored at —80°C and shipped to the University of Pittsburgh in 2014 on dry ice.

Laboratory testing

Total nucleic acid was isolated directly from vaginal swab samples by lysing the cells
directly on the vaginal swab using a NAO (Nucleic Acid Optimizer) basket (NOVA
Biostorage Plus), spinning the lysed material through the basket at 10,000xg for 5 minutes,
then precipitating the nucleic acid with isopropanol. Precipitated DNA was washed with
70% ethanol and dried for 10 min. Pellets were then re-suspended in 5 mM Tris at pH 8.0, 1
UM DTT, and 1,000 units/mL of recombinant RNasin and stored at —80°C prior to testing
(22).

A quantitative PCR assay (gPCR), Quantifiler Duo (Applied Biosystems), was used to detect
the presence and quantity of semen in vaginal samples by measuring Yc and total human
DNA as described previously (11). Samples were run in triplicate at 50 ng/ul total DNA
input and considered to have detectible Yc DNA if 2 out of 3 wells measured one or more
copies per reaction. Our prior study using this same technique observed no false positive
samples (11). Due to the variability of sample collection, Yc DNA was normalized to a
theoretical sample size of 10,000 cells based on the total copies of human DNA measured as
part of the multiplex qPCR assay. Laboratory staff were blinded to the type of contraception
women used and their report of sex unprotected by male condoms.

Statistical analysis

RESULTS

We used descriptive methods to summarize the frequency with which Yc DNA was detected
in specimens from women using DMPA and no effective contraception as well as the
quantity of Yc DNA recovered. Logistic regression models were used to calculate univariate
odds ratios to determine correlates of having detectable Yc DNA. A multivariate logistic
regression model estimated the association of using DMPA and having Yc DNA present
with the adjustment factors (age, number of children and sexual frequency) determined a
priori due to their known associations with contraceptive use and sexual behavior (16,23).
SAS 9.4 (SAS Institute, Cary, NC) was used for all analysis.

The median age of women randomly selected for this study was 34 years (interquartile range
[IQR] 29-39, Table I). Nearly all women were married (99%) and most had at least one
child (96.9%). Two-thirds of the women in the sample had been randomized to an active
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PrEP agent and 5% were treated for an STI (gonorrhea, chlamydia, trichomonas, genital
ulcer disease, bacterial vaginosis, or vaginal candidiasis) at the visit when their vaginal swab
sample was collected. Women reported a median of 3 sex acts with their study partner (IQR
2-5) and only one woman reported having a partner in addition to her study partner during
the month prior to swab collection. These characteristics were not different among women
using DMPA and women using no contraception and are representative of the entire
population of HIV-uninfected women in the Partners PrEP Study (18,19).

To better understand misreport of sex unprotected by male condoms and the potential bias in
women using DMPA versus no contraception, the swabs analyzed were from women who
reported using condoms with every sex act in the past month, including the most recent sex
act that was within the past 7 days. Overall, 32.0% of women had Yc¢ DNA detected in their
vaginal swab sample. Among women with detectable Yc DNA, the median quantity detected
was 193 copies/10,000 human cells (range 0.1-8201). 34.3% of DMPA users (73/213) and
29.8% (64/215) of women using no contraception had Yc DNA detected, a difference that
was not statistically significant (adjusted odds ratio [OR] = 1.3, 95% confidence interval
[CI] 0.9-2.0). One recent meta-analysis estimated that DMPA carried a 50% increase in HIV
risk (24); given 29.8% of non-contracepting women in our population had Yc DNA
detected, post hoc power calculations suggest we had 90% power to detect a 1.5-fold
difference with statistical significance. Among women with Yc DNA detected, the
distribution of Yc DNA quantities were also similar (Figure I). Women with fewer than 2
children were more likely to have Yc DNA detected than women with =2 children (adjusted
OR=4.2, 95% CI 1.3-13.5 for women with no children and adjusted OR=2.0, 95% CI 1.0-
4.2 for women with 1 child). No additional factors were significantly associated with Yc
DNA detection.

In the swabs tested from women reporting no condom use, the assay detected Yc DNA in
80% (16/20) of samples collected <7 days after the last sex act, 60% (6/10) from samples
collected 7-14 days after the last sex act, and 20% (2/10) when the sample was collected
more than 14 days after the last sex act. These data indicate that Yc DNA detection from
vaginal swabs is more reliable when the sample is collected within 7 days of the last sex act.

DISCUSSION

In this study of women self-reporting 100% condom use, DMPA users and women using no
contraception did not have a statistically significant difference in the frequency of Yc DNA
detection, a marker of sex unprotected by a male condom. Thus, for interpreting
observational analyses comparing women using DMPA with women using no contraception,
differential accuracy of self-reported sex unprotected by a male condom may not be a
significant factor. Approximately one-third of women in this study potentially over-reported
their condom use, a level consistent with prior studies that examined consistency of self-
reported condom use and PSA or Yc DNA detection as biomarkers of semen exposure
(9,11). Social desirability bias may account for much of this discrepancy, since study
participants were receiving frequent HIV prevention counseling that emphasized the
importance of condom use.
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Observational analyses of HIV risk comparing women using hormonal contraception
(DMPA, other injectable agents, or other formulations) versus no hormonal contraception
have great potential for biased results when self-reported data are used to control for
confounding by condom use. For women using no hormonal contraception, condoms offer
protection from unintended pregnancy as well as HIV and STIs. Some have postulated that
women using contraception, who do not need the pregnancy prevention benefit of condoms,
have less impetus to use condoms but may report use because of social desirability, making
self-reported condom use by these women potentially more inaccurate than reporting by
women not using contraception (25-27). Preliminary data from mathematical modeling
studies have suggested that such over-reporting by women using DMPA could produce
spurious evidence of elevated HIV risk even if no difference in risk actually existed (21).
However, one prior study of PSA levels found a non-significant trend for women using
hormonal contraceptives to over-report condom use less frequently than women using non-
hormonal contraceptives (28). Thus, our data add additional evidence that injectable
contraceptive users do not substantially over-report condom use more frequently than non-
contracepting women.

It is challenging to collect accurate data on sexual behavior, especially in the context of HIV
prevention trials when participants are counseled regularly to use condoms and may not feel
comfortable disclosing condomless sex (9). Male condom use is not the only important
potential confounder to consider in final models; others such as sexual frequency, partner
HIV status, and partner use of antiretrovirals are also important and may be subject to
different degrees of reporting accuracy depending on study design. Methods to improve self-
reported sexual behavior may include computer-assisted self-interview tools (CASI) but not
all studies have seen improved accuracy with this tool (29,30). Biomarkers are a useful
objective measure of sexual behavior and potential HIV exposure but they require invasive
study procedures to collect samples, sample storage and processing that ensures specimen
integrity, and time for testing which precludes immediate availability of results. Of the
current methods, Yc DNA is the most sensitive for detecting semen exposure, with detection
up to 15 days post-coitus under optimal conditions (14,15). In this study, semen exposure
was consistently detected when sexual activity took place up to 7 days prior to swab
collection (Table I1). PSA and rapid stain identification of human semen (RSID) are less
sensitive than quantitative PCR methods, with a detection threshold of up to 48 hours
(31,32), but both assays detect specific markers of semen while condom breakage,
condomless penile insertion without ejaculation, or potentially other exposures such as
digital insertion could contribute to the Yc DNA signal. As the field of HIV prevention
strives to understand factors that continue to drive the epidemic among women, including
the potential for elevated risk due to DMPA use, biomarkers of semen exposure are an
important measure of recent lack of consistent condom use to complement self-reported
data.

One limitation of this study is that DMPA use was not associated with a statistically
significant increase in HIV risk in the study population, potentially in part because of limited
power due to relatively few HIV-1 seroconversions in the study because of effective PrEP
use.(33,34) However, the study locations, recruitment approaches, and HIV prevention
counseling mirrored those of our earlier studies with HIV serodiscordant couples (34,35),
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which demonstrated a 2-fold increase in HIV-1 risk associated with DMPA use and
catalyzed recent global attention to the potential HIV risk of DMPA.

The World Health Organization has called for higher quality data to enable a definitive
conclusion about any potential risk for HIV acquisition incurred by DMPA use and a
randomized clinical trial of contraceptives has been launched (36,37). For analyses of
observational data, it is unlikely that reliance on self-reported sex unprotected by male
condoms can be avoided. Our study demonstrates that while there is likely to be some
inaccuracy these self-reported data, the degree of inaccuracy is potentially similar among
women using DMPA and women using no contraception. These results lend more credibility
to the observational studies of DMPA and HIV infection that have already been published,
particularly among populations similar to that studied in this analysis (20), and suggest that
differential inaccuracy in reporting of condom use may not wholly account for associations
observed between DMPA and HIV incidence. A definitive conclusion to the question about
DMPA use and HIV acquisition remains one of the most important questions for women
with high HIV risk. Novel prospective data collected to address this question would be
enhanced by quantifying Yc DNA in vaginal samples to gauge exposure to semen.
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Figure 1. Distribution of Y chromosomal DNA quantity (logyg) recovered from vaginal swabs of

women with Yc DNA detected, by contraceptive use status

Non log-transformed values for women using DMPA: Median 6, Mean 180, Range 0.1-
8200, Standard deviation 964. Non log-transformed values for women using no
contraception: Median 1, Mean 207, Range 0.1-6997, Standard deviation 966.
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Table Il

Detection of Yc DNA in women that report no condom use and relationship to time of sampling.

Sample Number of Days Yc DNA copies per
Collection SincelLast Sex Act Detectable Yc DNA 10,000 cells
Category Median (range) N N (%) Median (range)
<7 days 2 (0-5) 20 16 (80%) 4 (0-2147)
7-14 days 7(7-14) 10 6 (60%) 0.3 (0-134)
>14 days 21 (21-28) 10 2 (20%) 0 (0-480)
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