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Abstract

Reporting of condom-use can limit researchers’ understanding of high-risk sexual behaviours. We compared self-reported
condom-use with the Yc-DNA biomarker data and investigated potential factors influencing participation in, and report-
ing of, sexual behaviours. Self-reported data were collected using Audio Computer Assisted Self Interviews (ACASI)
and samples for Yc-DNA biomarker were collected using self-administered and health worker-collected vaginal swabs
from 644 women (aged 15-24 years) who were not living with HIV. Yc-DNA results and interview data were compared
using McNemar-Bowker Analysis and Cohen’s Kappa. Test statistics for Yc-DNA biomarker were calculated. Log Bino-
mial models for Yc-DNA and self-reported results were conducted to assess for association. We found strong evidence
(p<0.001) for a difference between Yc-DNA and self-reported results. 13.7% of participants reported consistent condom-
use with all partners, regardless of HIV status. Self-reported condom-use was discordant in 50.0% (n=206) of cases, when
compared to Yc-DNA results. Positive Yc-DNA results were found to be associated with older age (RR 1.36; 95%CI 1.04,
1.76 p=0.023). Self-reported condom-use with partners with unknown HIV status was associated with higher education
(RR 0.76; 95%CI 0.58,0.99 p=0.043). Sensitivity analysis did not determine difference between methods for controlling
for missing data. We found significant under-reporting of condomless sex in the self-reported data when compared to
Yc-DNA results.
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Background

The accurate and reliable measurement of high-risk sexual
behaviour is essential for the synthesis of representative
sexual and reproductive health research, and consequent
implementation of context-specific interventions [1, 2].
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Methodological challenges regarding self-reported sexual
behaviour have resulted in interest in dependable bio-
markers to replace or support these data. Y-chromosomal
deoxyribonucleic acid (Yc-DNA) biomarkers have been
developed to detect DNA unique to the male genome from
male epithelial cells and sperm found in the vagina follow-
ing condomless penetrative sex [3, 4].

Previous studies evaluating Yc-DNA biomarkers have
shown that it can provide a reliable alternative to self-
reported data, however, these studies have been limited by
small sample sizes. Across studies, validity of Yc-DNA has
been reported to be between 87 and 100% when tested the
day after condomless sex and can be detected with sufficient
sensitivity for 14—-15 days following condomless sex [5].
Ghanem et al. [6] showed Yc-DNA to have a specificity of
92% in a study of 54 women in the United States. Brotman
et al. [7] determined the half-life of Yc-DNA to 3.8 days
and could be detected for 15 days in a study of 51 women in
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Baltimore, MD, USA. This was corroborated by Zenilman
et al. [3] who demonstrated Yc-DNA could be detected up
to 2 weeks following exposure in a study of 21 women. Yc-
DNA detection is influenced by the concentration of DNA
present on the swab, as well as personal hygiene practices
such as douching [7].

The lack of congruency between self-reported condom-
use and Yc-DNA results has been reported in a case-control
study conducted by Heffron, Parikh [8] which indicated a
third of 428 participants were over-reporting their condom
use. Furthermore, two studies conducted among female sex
workers (FSW), provided insights into the factors influenc-
ing self-reported data. One study conducted among 334
adult (mean age 33.4) FSW in Benin used prostate specific
antigen (PSA) and Yc-DNA biomarkers to verify self-
reported condom-use [9]. The study found that the under-
reporting of condomless sex was similar at two varying
timepoints, suggesting that recall bias was not the cause of
the difference between self-report and biomarker result. A
study with 267 female sex workers in Senegal [10] detected
Yc-DNA in 26% of swabs from participants reporting con-
sistent condom use.

Young women who sell sex (YWSS) experience complex
biological, socio-cultural, economic and political vulner-
abilities which impact their health and wellbeing including
their ability to negotiate condom-use [11]. Adolescent girls
and young women have a significantly high incidence of
HIV, and this risk is compounded when they are engaged
in selling sex. Estimates from Kenya indicate that FSW
have 10 times the odds of HIV infection compared to other
women, with between 20 and 45% of FSW living with HIV
[12]. Young women who sell sex in Uganda face several
barriers when negotiating condom-use, including power
differentials relating to their age and gender inequalities as
well as vulnerabilities associated with economic instability
and working in a criminalised setting [13].

Sexual behaviour presents a unique challenge to research
due to its highly intimate, and in some contexts, stigma-
tized nature. Both high-risk and risk-mediating sexual
behaviours are influenced by broad legal, moral, religious
and socio-cultural factors which inform socialised sexual
scripts and determine what behaviour is deemed accept-
able [14]. This psychosocial influence results in the over-
reporting of normative behaviour, and under-reporting of
behaviours considered to be stigmatized, illegal or deemed
“risky” in research [15]. The power imbalance created in the
researcher-researched dynamic may result in conscious or
subconscious bias [16, 17]. Further challenges arise when
participants are asked to recall events over periods of time
or are asked questions which do not reflect their context
[18].
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We compared self-reported condomless sex and Yc-DNA
results among YWSS in Kampala, Uganda to investigate
the factors impacting self-reported data in sexual behaviour
research.

Methods
Study Population

This analysis was conducted using data collected at base-
line of the “A Cognitive Behavioural and Structural HIV
Prevention Intervention for Young Ugandan Women engag-
ing in High-Risk Sexual Behaviour (ZETRA-Study for zero
transmission)” [19, 20]. The study consisted of two arms,
with the intervention arm receiving health literacy and tech-
nology skill building workshops, and the control arm engag-
ing in standard of care prevention counselling.

A sample of 644 women (aged 15-24 years) who were
at risk of HIV agreed to participate in the study and were
recruited from women attending the Good Health for
Women Project Clinic in Kampala, Uganda. The clinic was
open from 2008 to 2020. It was established by the Medi-
cal Research Council/ Uganda Virus Research Institute and
London School of Hygiene & Tropical Medicine (MRC/
UVRI & LSHTM) Uganda Research Unit to study the epi-
demiology of HIV, sexually transmitted infections (STI)
and to implement HIV and STI prevention among women
at high risk of HIV acquisition, including female sex work-
ers. The study setting and population are described in more
detail in Kasujja et al. [20] and Kamacooko et al. [19].

Women were recruited to the Good Health for Women
Project clinic by field workers. They conducted mobiliza-
tion activities with community peer sex worker-leaders
to identify sex workers from commercial-sex locations
and enrolled these women to receive care from the clinic
irrespective of HIV status. All enrolled women attended
quarterly follow-up visits including comprehensive HIV
prevention and treatment services described above, regard-
less of participation in the trial.

Inclusion criteria for the ZETRA trial included: HIV-
negative women aged 15-24 years, being sexually active
(defined as participants who stated that they had sex in the
last 3 months) and having engaged in any form of transac-
tional sex at least once in the last 3 months, agreeing to par-
ticipate in intervention sessions and to all study procedures
and interviews planned over 18 months of follow-up.

Data Collection

Data used in the analysis for this paper were collected at
baseline. Participants principally provided data using
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Android electronic tablets (hand-held computers) using
Computer Assisted Self Interviews (ACASI).

Demographic variables were collected at baseline using
ACASI. The socio-demographic variables: age of partici-
pant, level of education, and religion, were included in the
analysis. Furthermore, participants were asked the number
of times they engaged in condomless sex over the last month
for partners of unknown HIV status and HIV negative part-
ners. This was recorded in grouped data as never, less than
5, 5-10 or more than 10 times.

Yc-DNA Collection and Analysis

Vaginal Yc-DNA samples were collected as part of study
procedures for all participants. Yc-DNA collection was not
completed when a participant reported they were menstruat-
ing. Both self- and health worker- administered high vaginal
swabs were collected using dry Dacron® swabs. The vagi-
nal swabs were stored dry at —20 °C and transported in a
cooler box with ice packs to maintain the temperature. The
samples were tested by a team at UVRI-Abbott research lab-
oratory in Entebbe. The Promega DNA iQ extraction kit was
used. The swab head was placed in 0.25mL of lysis buffer
containing 15uL of 1 M dithiothreitol (DTT) solution and
incubated at 70 °C for 30 min. The sample was centrifuged
in a 1.5ml tube at 14,000 rpm for 1 min to remove excess
liquid. 7uL of resin was added to the supernatant, vortexed
for 2 s and then incubated for 5 min with interval mixing
every minute, then placed in a magnetic stand to separate
the resin-attracted DNA from the lysis solution. This was
followed by three washing steps with wash buffer coupled
with vortex-mixing between each step. The resin-DNA
complex was allowed to air dry for five minutes, then 40uL
of elution buffer was added and mixed gently by tapping the
bottom of the tube. This was followed by an incubation step
at 65 °C for five minutes. The mixture was placed in a mag-
netic stand while still hot and the elution buffer containing
the Yc-DNA was pipetted into a clean 1.5ml tube for storage
at -20 °C until it was used for PCR amplification.

To analyse presence of Yc-DNA, an in-house Multiplex
PCR assay was used on the stratagem PCR machine (Agi-
lent technologies, USA) to simultancously detect Testis-
Specific Protein, Y-Encoded (TSPY-1 — DYS14) as well as
GAPDH, a house keeping gene used as a nucleic acid refer-
ence maker. No false positive results were found.

Data Analysis

Data analysis was conducted using STATA 15.0 (Stata Corp,
College Station, TX, USA). Descriptive analysis of all
variables was conducted, and subsequently the self-report
condom-use data were compared with the Yc-DNA results.

Finally, additional analysis was conducted to investigate
factors associated with self-reported condomless sex as well
as positive Yc-DNA results.

Descriptive Analysis

Initial analysis consisted of exploration of socio-demo-
graphic variables, including distribution of variables in the
sample. Normality of distribution was assessed using histo-
grams, and extent of missing data were investigated using
tabulation. Distribution of Yc-DNA results was assessed
for all demographic and behavioural variables. Patterns for
missing data were evaluated. Distribution of variables were
tabulated and association with Yc-DNA was assessed using
the Chi-squared test.

Comparison Between Yc-DNA and Self-Reported
Condom-Use

Initial descriptive comparison was conducted using 2 X2
tables to examine the distribution of Yc-DNA results and
self-reported condom-use with both unknown HIV status
and negative HIV status. Additionally, these variables were
combined to determine condom-use with all partners in
the past month, and this was compared to Yc-DNA results.
McNemar Chi-squared test was used to assess the differ-
ence between the two forms of self-reported condom-use.
Comparative analysis was conducted using the McNemar-
Bowker test to compare Yc-DNA with self-reported con-
domless sex with partners of negative HIV status, as well as
partners with unknown HIV status. The McNemar-Bowker
test is an extension of McNemars test and can be used for
paired categorical data with more than 2 categories. It is an
omnibus statistical test, enabling it to test for significance of
several parameters in 1 model [21]. Furthermore, sensitiv-
ity, specificity, and positive predictive value were calculated
using diagnostic test analysis. Agreement between meth-
ods was assessed using Cohen’s Kappa as well as percent
agreement.

Log Binomial Models

Analysis of factors associated with positive Yc-DNA results,
as well as confounding, was conducted using log binomial
models. Log binomial models were also conducted to assess
for factors associated with self-reported condom-use with
both partners of negative HIV status as well as unknown
HIV status. The variables for Yc-DNA and condom-use
were recoded to be binary. Yc-DNA was recoded to be
0=Negative and 1=Positive. Both self-reported variables
were recoded to 0=Did use condom and 1=Did not use
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condom. All models were adjusted for age, considered to be
an a priori confounder.

Additionally, log binomial models were designed to
assess factors influencing self-reported condomless sex
in the past month, as well as Yc-DNA results, following
crude log binomial models for each variable. These models
included the a priori confounder age and distal socio-cultural

Table 1 Participant Characteristics and Distribution of Positive Yc-
DNA results (n=635)

Variable Overall N Positive Yc-DNA  y2

n(col%)  N(of491 Yc- P-value
DNA results %))

All Participants 635(100) 194 (39.5)

Age of the participant

15-18 202(31.8) 55(11.2) 0.155

19-21 241(38.0) 66(13.4)

22-24 192(30.2) 73(14.9)

Level of Education

No Education 258(40.6) 84(17.1) 0.504

Primary Level 249(39.2) 72(14.7)

Secondary or Tertiary 128(20.2) 38(7.73)

Religion

Born Again 82 (12.9) 27(5.50) 0.670

Catholic 240(37.9) 72(14.7)

Moslem 182(28.7) 46(9.37)

Protestant 116(18.3) 41(8.35)

Other Religion 10 (1.58)  6(1.22)

No Religion 4(0.63) 2(0.41)

Missing 1(0.2) 0(0.0)

Most Recent Sexual Partner

Casual 227(47.8) 83(16.9) 0.726

Steady 117(24.6) 49(9.98)

Spouse 131(27.6) 54(11.0)

Missing 22(3.5) 8(1.63)

Most Recent Sexual Partners HIV Status

HIV Positive 9(1.9) 1(0.20) 0.237

HIV Negative 210(44.2) 91(18.5)

Don’t Know 256(53.9) 94(19.1)

Missing 22(3.5) 8(1.62)

Condomless Sex with Partner who is HIV Negative in Past Month

Never 53(11.6)  17(3.46) 0.817

Between 1-5 148(32.2) 58(11.8)

Between 5-10 82(17.9)  32(6.51)

More than 10 49(10.7)  21(4.28)

Don’t Know 127(27.7) 48(9.78)

Missing 41(6.5) 18 (3.67)

Condomless Sex with Partner with Unknown HIV Status in Past
Month

Never 237(49.9)  96(19.6) 0.849
Between 1-5 12426.1)  51(10.4)
Between 5-10 37(7.8)  14(2.85)
More than 10 28(5.9)  10(2.04)
Don’t Know 49(10.3)  15(3.05)
Missing 22(3.5)  8(1.63)

*Chi-squared Test result for each characteristic and Yc-DNA result
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factors of level of education and religion. The three models
retained variables that indicated a strong (RR > 1.5) or sta-
tistically significant (p <0.05) effect. Multicollinearity and
sparse data were assessed. Wald test results were used to
assess variable contribution to the model. Furthermore, sta-
tistical interaction between variables was assessed.

Missing Data

Missing Yc-DNA results and missing results for self-
reported condomless sex with partners who are HIV nega-
tive were initially addressed by restricting the log binomial
models to only complete cases. Subsequently, multiple
imputations were conducted assuming data were missing
at random (MAR), and the analysis included all variables.
Stata’s “mi impute logit” command generated 10 imputa-
tions for each regression model. Subsequent estimates of the
odds ratios were obtained according to Rubin’s rules [22].
The robustness of conclusions was assessed using sensitiv-
ity analysis.

Ethics Approval and Consent

This analysis was given ethics approval by the Ethics Com-
mittee at the London School of Hygiene and Tropical Medi-
cine (LSHTM) (ref: 27,359). Data sharing for the purpose of
this analysis was approved by the Medical Research Coun-
cil/Uganda Virus Research Institute and London School
of Hygiene & Tropical Medicine Uganda Research Unit.
The intervention trial was approved locally by the Uganda
Virus Research Institute Research Ethics Committee and the
Uganda National Council for Science and Technology. All
participants provided written informed consent forms and
data have been anonymised to ensure participants confi-
dentiality. Participants were given transport refunds of Ugx
20,000 (~$5.19 based on 2022 conversion rates) for every
visit to the clinic, and medical treatments were offered to
participants if clinically indicated.

Results

The characteristics of participants who were enrolled in
this study (n=635) are shown in Table 1, as well as the
distribution of positive Yc-DNA results, missing data and
associated Chi-squared p-value for each characteristic. All
data were found to be normally distributed. At baseline, the
mean age of participants was 19.9 (SD=2.50), 40.6% of
participants had not completed formal education, including
primary and secondary education, and the majority (37.9%)
were Roman Catholic. Half (47.8%) of the participants’
most recent sexual encounter reported at the time of data
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Table 2 Comparison of Yc-DNA results with Self-Reported Condom-
use with All Partners in the Past Month

Condom Use W/ All Partners  Yc-DNA Result

in the Past Month Negative  Positive  Total
n(row%) n(row%)  n(col%)

Did Use Condom 25(65.8) 13(34.2) 38(9.22)

Did Not Use Condom Every  193(51.6)  181(48.4) 374(90.78

Encounter

Total n(row%) 218(52.91) 194(47.1) 412(100)

Table 3 Comparison of Yc-DNA results with Self-Reported Condom-
use with Partners whose HIV status was Unknown in the Past Month

Condom Use W/ Partners Yc-DNA Result

Whose HIV Status Were Negative Positive  Total
Unknown In The Past Month  n(row%) n(row%) n(col%)
Did Use Condom 108(52.9)  96(47.1) 204(56.98)
Did Not Use Condom Every 79(51.3)  75(48.7) 154(43.02)
Encounter

Total (row%) 187(52.2) 171(47.8) 358

Table 4 Comparison of Yc-DNA result with Self-Reported Condom-
use with Partners Who were HIV Negative In The Past Month

Condom Use W/ HIV Negative Yc-DNA Result

Partners in the Past Month Negative  Positive Total
n(row%) n(row%) n(col%)

Did Use Condom 28(62.2) 17(37.8) 45(16.4)

Did Not Use Condom Every 119(51.7) 111(48.3) 230(83.6)

Encounter

Total n(row%) 147(53.5) 128(46.5) 275

collection was with a casual sexual partner, and 53.9% of
participants did not know their most recent sexual partner’s
HIV status. No patterns of missing data were found.

Yc-DNA swabs were collected from 491 participants, and
194 (39.5%) participants had positive results. There were
79 (19.3%) invalid results and 218 (44.4%) participants had
negative results. There were 144 participants (22.7%) with
missing Yc-DNA results. Self-reported consistent condom-
use with all partners in the past month was 13.7%. When
compared to Yc-DNA results, 50.0% (n=206) of self-
reported results did not correspond with Yc-DNA results.
Self-reported condom-use with partners who were HIV
negative was 11.6% (n=>53), however most (32.2%) par-
ticipants reported having condomless sex 1-5 times in the
past month. There was a significant percentage (6.5%) of
missing results for self-reported condom-use with partners
who were HIV negative. Half (49.9%) of the participants
reported never having condomless sex with partners with
unknown HIV status, while 26.1% of participants reported
having had condomless sex 1-5 times. The Chi-squared test
conducted comparing each characteristic with Yc-DNA did
not highlight any evidence for an association of Yc-DNA
with any characteristic.

Table 5 Comparison of Self-Reported Condom-Use with Partners
Who were Negative in the Past Month and Self-Reported Condom-
Use with Partners whose HIV Status was Unknown in the Past Month
Condom Use with Partner
whose HIV Status is

Condom use with Partner who is HIV
Negative in past Month

Unknown in Past Month Did use Did notuse  Total
condom condom n(col%)
n(row%) n(row%)

Did use condom 56(23.2) 185(76.8) 241(58.9)

Did not use condom every  12(7.1) 156(92.9) 168(41.1)

encounter

Total (row%) 68(16.6) 341(83.4) 409

McNemar 2 151.92 MeNemar > P<0.001

p-value

Comparison Between Self-Reported Condom-Use
and Yc-DNA

Initially, comparison of self-reported condom-use and Yec-
DNA results was conducted using descriptive 2 X 2 tables to
show the distribution of Yc-DNA results compared to self-
reported condom-use with all partners in the past month
(Table 2). Furthermore, self-reported condom-use for both
unknown and negative HIV status were compared with Yc-
DNA results.

When comparing self-reported condom-use with all
partners in the past month, 6.07% of all participants who
reported consistent condom use had a negative Yc-DNA
result. Furthermore 34.2% of participants who reported
consistent condom-use with all partners in the past month
had a positive Yc-DNA result. There were 193 participants
who reported they did not use a condom every encounter
but had a negative Yc-DNA result. Of the participants who
reported inconsistent condom-use 48.4% had a positive Yc-
DNA result.

The comparison between self-reported condom-use
in the past month, with partners whose HIV status was
unknown, showed that although 204 participants reported
using a condom for every sexual encounter, 96 (47.1%) had
a positive Yc-DNA result. Although 154 participants indi-
cated they did not use a condom for every sexual encounter,
79 (51.30%) participants had a negative Yc-DNA result.

When comparing self-reported condom use with partners
who were HIV negative in the past month with Yc-DNA
results, 111 (48.3%) participants reported condomless sex
and received a positive Yc-DNA result. Of the 230 (83.6%)
participants who reported engaging in condomless sex in
the past month, 119 (51.7%) received a negative Yc-DNA
result. There were 17 (37.8%) participants who reported
using a condom for every sexual encounter yet received
a positive Yc-DNA result. The majority (62.2%) of par-
ticipants who reported using a condom for every sexual
encounter with partners who were HIV negative had a nega-
tive Yc-DNA result.
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The McNemar Chi-squared test comparing self-reported
condom-use with partners who were HIV negative and part-
ners whose HIV status was unknown resulted in strong evi-
dence (p <0.001) for a difference between the two measures.
The difference in distribution of self-reported measures can
be seen in Table 5. Only 13.7% (n=56) reported using a
condom for every sexual encounter in the past month with
partners who were both HIV negative and whose HIV status
was unknown. The majority (n= 185, 45.2%) of participants
reported not using a condom with partners who did not have
HIV, while they did use a condom with partners whose HIV
status was unknown. A significant number (n= 156, 38.1%)
did not use a condom for every sexual encounter, regardless
of HIV status.

Further paired significance testing was conducted to com-
pare self-reported condom use and Yc-DNA results. These
results, as well as sensitivity, specificity, and positive pre-
dictive value for both condom-use with partners who were
HIV negative and partners whose HIV status was unknown
are shown in Table 6.

The McNemar-Bowker test indicates strong evidence
for a difference between the results of Yc-DNA and self-
reported condom-use with both HIV negative partners
(p<0.001) and with partners whose HIV status was
unknown (p<0.001). The negative values of Cohen’s
Kappa indicates that there is disagreement between Yc-
DNA and self-reported condom-use with both partners who
were HIV negative (-0.0153) and partners whose HIV status
was unknown (-0.0067). This is reiterated in low percentage
agreement for self-reported condom-use with partners who
were HIV negative (20.7%), and partners whose status was
unknown (32.0%).

Table 6 Results For Analysis Comparing Yc-DNA With Self-Reported
Condom-Use With Both Partner Who Is HIV Negative And Partner
Whose HIV Status Is Unknown In The Past Month

HIV Negative =~ HIV Status
Unknown

McNemar-Bowker test P-value P<0.001 P<0.001
Cohen’s Kappa -0.0153 -0.0067
Agreement 20.70% 32.00%
Sensitivity (95%CI) 51.7 (95% CI 49.5 (95% CI

44.0, 59.3) 43.9,55.2)
Specificity (95%CI) 37.8 (95% CI 47.1 (95% CI

30.4,45.2) 41.5,52.7)
Positive Predictive Value(95%CI) 68.9 (95% CI 31.7 (95% CI

61.8, 76.0) 26.4,36.9)
Sample Size 275 358
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Log Binomial Model for Factors Associated with Yc-
DNA and Self-Report

Factors Associated with Yc-DNA Results

Initial bivariate log binomial testing of the association of
Yc-DNA with each characteristic indicated no evidence for
association for all variables. The multivariate log binomial
model for Yc-DNA results indicated evidence for an asso-
ciation with age, after adjusting for age and HIV status of
the most recent sexual partner. Those aged 2224 were more
likely to have a positive Yc-DNA test compared to those
aged 15-18 (RR:1.36 95%CI 1.04,1.76 p=0.023). There
was also evidence for an association of Yc-DNA results
with those of “Other Religion”. They had an increased risk
of 1.64 (95%1.06, 2.50 p=0.024). No evidence for other
statistically significant associations were found.

Self-Reported Condom-Use with Partners Whose
HIV Status Was Unknown

Initial descriptive log binomial models for self-reported con-
dom-use with partners whose HIV status is unknown high-
lighted some evidence (p=0.029) for an association with
the level of education. The relative risk of reporting con-
domless sex was 0.76 (95%CI 0.58, 0.99) for participants
who completed secondary or tertiary education compared
to those with no education, after adjusting for confounding.
No other evidence for an association with demographic fac-
tors was found.

Subsequently, a multivariate log binomial model con-
trolling for age, religion and level of educational attain-
ment was conducted to identify factors associated with
self-reported condomless sex with partners with unknown
HIV status. The relationship between self-reported condom-
use and level of education was retained after adjusting for
confounding (RR 0.76 95%0.58, 0.99 p=0.043). No other
statistically significant relationships were detected. No evi-
dence for statistical interaction or confounding was found.

Self-Reported Condom-Use with Partners Who Are
HIV Negative

Bivariate log binomial models for self-reported condom-use
with partners who were HIV negative found no association
with age or level of education. There was strong evidence
found for an association of self-reported condom-use and
being Roman Catholic (RR0.85 95%0.78, 0.93 p <0.000),
Moslem (RR 0.87, 95%Ci 0.79, 0.95 p=0.003) and Protes-
tant (RR 0.84 95%CI 0.75, 0.94 p=0.03) participants when
compared to Born-Again (Pentecostal) participants. Sub-
sequent multivariate log binomial model adjusting for age
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Table 7 Descriptive and Multivariate Log Binomial Model of Fac-
tors Associated With Positive Yc-DNA Results among Young Women
Aged 15-24 in Kampala, Uganda

Variable Relative Risk P-value Adjusted* RR  P-value
(95%CI) (95%CI)

Age of Participant

15-18

19-21 1.07(0.82,1.40) 0.599  1.16(0.88,1.53) 0.308

22-24 1.20(0.93,1.56) 0.153  1.36(1.04,1.76) 0.023**

Level of Education

No

Education

Primary 0.94(0.75,1.19) 0.630  0.93(0.73,1.17)  0.547

Level

Secondary  0.90(0.68,1.19) 0.462  0.88(0.66,1.18) 0.383

or Tertiary

Religion

Born Again

Roman 1.06(0.77,1.48) 0.714  1.08(0.77,1.50) 0.655

Catholic

Moslem 0.95(0.67,1.36) 0.764  1.00(0.70,1.43) 0.993

Protestant 1.24(0.87,1.75) 0.236  1.25(0.88,1.79) 0.220

Other 1.51(0.88,2.59) 0.138  1.64(1.06,2.50) 0.024**

Religion

No Religion 1.13(0.41,3.13) 0.815  0.91(0.18,4.56) 0.907

Most Recent Sexual Partner

Casual

Steady 1.17(0.61,1.51)  0.231  1.17(0.91,1.51) 0.231

Spouse 1.15(0.89,1.47) 0.284  1.09(0.83,1.42) 0.540

Most Recent Sexual Partners HIV Status

HIV

Positive

HIV 3.62(0.59,22.34) 0.166  3.77(0.60,23.84) 0.159

Negative

Don’t Know 3.06(0.50,18.91) 0.229  3.07(0.49,19.46) 0.233
Condomless Sex with Partner who is HIV Negative in Past Month

Never

Between 1.54(0.76,3.12)  0.227  1.19(0.76,1.78) 0.400
1-5

Between 1.55(0.72,3.36) 0.266  1.22(0.79,1.87) 0.363
5-10

More than 1.50(0.62,3.50) 0.344  1.24(0.78,2.00) 0.362
10

Don’t Know 1.34(0.66,2.73) 0.421 1.20(0.78,1.86)  0.400

Condomless Sex with Partner with Unknown HIV Status in Past
Month

Never

Between 1.07(0.84,1.37) 0.568  1.10(0.87,1.40) 0.410
1-5

Between 0.96(0.63,1.45) 0.846  1.09(0.73,1.63  0.657
5-10

More than ~ 0.97(0.60,1.56) 0.887  1.05(0.65,1.68) 0.847
10

Don’t Know 0.80(0.52,1.22) 0.296  0.87(0.57,1.32) 0.512

*Adjusted for Age and Most Recent Sexual Partners HIV Status

and religion resulted in failed convergence, indicating that
confounding factors contributed to the linear relationships
seen in the crude model. When adjusted for confounding
by religion, there was evidence for an association between
those aged 19-21 (p=0.014) and 22-24 (p=0.009) with
condomless sex with partners who are HIV negative. Par-
ticipants aged 19-21 had a reduced relative risk of report-
ing condomless sex (0.92 95%CI 0.85,0.99) compared to
15—18 year olds. Participants aged 22-24 were less likely to
report condomless sex with partners who were HIV nega-
tive (RR0.99 95%CI 0.99, 0.99). There was no evidence for
statistical interaction or confounding found. Furthermore,
evidence was found for an association with an association
with secondary or tertiary education level (p=0.028) after
adjusting for religion. Participants who attained second-
ary or tertiary level education had an 8% increased risk of
reporting condomless sex (95%CI 1.01,1.15). The evidence
for association of Roman Catholic, Moslem and Protestant
participants with condomless sex with HIV negative partici-
pants was retained after adjusting for confounding.

Missing data

Investigation of missingness highlighted complete cases
for all variables were observed in 43.2% of participants and
these participants would therefore be included if using tra-
ditional complete case restriction methodology. Yc-DNA
was found to be missing in 22.7% of participants. Yc-DNA
was missing from participants who reported menstruation
at the time of swab collection, or results from swab were
invalid due to insufficient DNA found. Missing data for
self-reported condomless sex with partners who were HIV
negative was 6.5%. The degree of missing data regarding
self-reported condom-use with partners who were HIV neg-
ative was not explained. Sensitivity analysis was conducted
by imputing data of participants with missing variables.
These results were similar to the results from complete case
restriction.

Discussion

This study reports on the agreement between the biomarker
Yc-DNA and self-reported condomless sex among YWSS
aged 15-24 in Kampala, Uganda. The findings indicate
strong evidence for a difference between self-reported con-
dom-use and Yc-DNA biomarker results. As validity of Yc-
DNA has been established through previous research [3],
our results suggest that there was significant discordance in
the reporting or detection of condomless sex in this study.
Although overall self-reported condom-use was low, the
majority of participants had a negative Yc-DNA test.
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Table 8 Multivariate Log Variable Did use Relative Risk P-value Adjusted* RR P-value
Binomial Models For Factors condom (95%CI) (95%CI)
associated Condomless Sex With (row%)
{’Jz;rltqullf(:)r‘ilr\those HIV Status are Age of Participant
15-18 90 (52.6)
19-21 117(54.4) 0.96(0.78,1.19) 0.726 0.98(0.79,1.22) 0.854
22-24 96 (58.9) 0.87(0.68,1.11) 0.251 0.90(0.70,1.15) 0.396
Level of Education
No Education 105(49.3)
Primary Level 125(57.1) 0.85(0.69,1.04) 0.106 0.84(0.68,1.02) 0.082
Secondary or Tertiary 73 (62.4) 0.74(0.57,0.97) 0.029** 0.76(0.58,0.99) 0.043**
Religion
Born Again 37 (52.1)
Roman Catholic 112(53.1) 0.98(0.74,1.30) 0.887 0.98(0.74,1.30) 0.900
Moslem 93(57.8) 0.88(0.65,1.19) 0.416 0.87(0.64,1.17) 0.353
*adjusted for age, religion and Protestant 54(57.5) 0.89(0.63,1.25) 0.493 0.90(0.64,1.13) 0.558
level of education Other Religion 7(70.0) 0.63(0.24,1.66) 0.348 0.62(0.23,1.65) 0.337
** strong evidence found No Religion 0(0.0) 1 ' 1 '
Table9 Binomial Regression Variable DidUse  Relative Risk P-value  Adjusted* RR P-value
Models for Factors Associated Condom (95%CI) (95%CI)
With Condomless Sex With Part- (row%)
ners Who are HIV Negative Age
15-18 20(14.7)
19-21 27(17.0) 0.97(0.88,1.07) 0.593 0.92(0.86,0.99) 0.017**
22-24 22(17.1) 0.97(0.88,1.08) 0.602 0.99(0.99,0.99) 0.009**
Level of Education
No Education 30(17.5)
Primary Level 25(14.8) 1.03(0.94,1.13) 0.491 1.02(0.94,1.10) 0.660
Secondary or Tertiary 14(16.7) 1.01(0.90,1.14) 0.860 1.08(1.01,1.15) 0.028**
Religiont
Born Again 2(3.4)
Roman Catholic 29(18.0) 0.85(0.78,0.93) 0.000%** 0.81(0.75,0.87) 0.000%*
*Adjusted for religion ** Statis- Moslem 19(16.4) 0.87(0.79,0.95) 0.003** 0.82(0.75,0.89) 0.000%*
tically significant Protestant 15(18.8) 0.84(0.75,0.94) 0.003** 0.81(0.73,0.90) 0.000**
+Results for religion was Other Religion 3(50.0) 0.52(0.23,1.15) 0.107 0.49(0.22,1.10) 0.084
adjusted for age No Religion 1 (100.0) 1 - 1 -

The results of this study indicated a significant difference
between self-reported condom-use and Yc-DNA, poten-
tially reflecting the influence of social-desirability bias. Our
results showed a significant proportion of participants who
reported they did use a condom with partners whose HIV
status was unknown had a positive Yc-DNA result. This
discordance of results could be reflective of social desir-
ability bias and has vital clinical and research implications.
Furthermore, this result is compounded by the degradation
of Yc-DNA over 14 days highlighting a difference between
reported and Yc-DNA results. It is this group of partici-
pants that may be at highest risk, and it is therefore vital
for researchers and clinicians to reduce the impact of social
desirability bias on reporting to improve clinical outcomes
and the support provided to these girls and women. The
decision to engage in a high-risk activity is not solely made

@ Springer

in the immediate interaction, but rather reflects several fac-
tors such as stigma, financial instability and gendered power
imbalances, which interact to facilitate or prevent harm.
Therefore, it is important that interventions targeting con-
dom-use reflect and address these broader determinants to
enable consistent condom-use.

Self-reported condomless sex with partners who were
HIV negative was greater than with partners whose HIV
status was not known. This suggests participants knew they
should be using condoms with partners whose HIV status
was unknown. This form of information bias is the conse-
quence of participants providing answers which are per-
ceived as socially acceptable [17, 23]. This is a complicated
bias to conceptualise as participants may be concerned
with how their image is observed by the researcher, as well
as their perception of self and their morality, resulting in
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a potential unconscious effect on their answers. Previous
studies (VOICE-D and FEM-PrEP) compared biomarker
results and self-report also show a lack of congruency [4,
24]. Although ACASI has been shown to reduce the influ-
ence of social desirability bias when compared to face-to-
face interviews, stigma and social desirability appears to
continue to influence self-report in this setting [25]. This
form of information bias is the consequence of participants
providing answers which are perceived as socially accept-
able [26].

Self-reported sexual behaviour may also be influenced
by purely methodological constraints, such as recall bias
[27]. This is particularly evident when considering sexual
behaviour over longer time periods, with research indicat-
ing shorter recall periods improving reliability of self-report
[18]. Furthermore, meta-analysis indicates that the ability to
recall information varies depending on the type of behav-
iour measured [28]. The difference between Yc-DNA results
and self-reported condom-use found in this study could be
explained by recall bias, as participants were asked to recall
the number of times they had condomless sex over the last
month. This is further complicated by the degradation of
Yc-DNA with time, causing validity to be limited to 14 days
after condomless sex. However research conducted among
FSW in Benin indicated that recall did not impact self-
reported condom-use and concluded that social desirability
bias played a significant role in the reporting of condomless
sex [9]. It may also be of note to recognise the impact of the
number of sexual partners on the ability to recall condom-
less sex, limiting the reliability of self-reported results.

The VOICE-D trial, investigating discordance of adher-
ence to oral and vaginal Tenofovir through in-depth inter-
views, highlighted the role of fear in self-reported product
use. The researchers observed that those taking part feared
being removed from the trial, thereby losing access to free
healthcare provided, as well as fear of repercussion and staff
disapproval [4]. The FEM-PrEP study also highlighted fear
of being terminated from the study as a factor motivating
over-reporting adherence [24]. This research demonstrates
the complex relationship developed between researchers
and participants, particularly when conducted in already
stigmatised and marginalised communities. It could be that
fear of removal from the clinic could have influenced self-
reported condom-use in this study.

Analysis of Yc-DNA results, and thereby condomless
sex, indicated an association with age and HIV status of the
most recent sexual partner. Similar results were found in a
study among older FSW in Vietnam [29], who perceived
themselves to be at lower risk due to their older clientele.
The authors suggested that the higher odds of condom-
less sex among older FSW in Vietnam may be due to their

perceived lack of “desirability”, constraining their ability to
negotiate condom-use [29].

When considering factors associated with self-reported
condom-use it may be seen that socio-cultural factors can
influence self-reported condom-use. In our study, having a
higher level of education was found to be associated with
higher self-reported condom-use with partners whose HIV
status was unknown. However, an association between Yc¢-
DNA results and education was not found in the log bino-
mial model for Yc-DNA, suggesting that participants who
had higher educational attainment answered in the socially
acceptable way. Although previous research has highlighted
reduced condom-use among sex workers with lower levels
of education [30], no association with discordance of bio-
marker and self-report with education level has been found
[31]. Level of education did not impact condom-use, as
demonstrated by Yc-DNA results, but did alter self-reported
data, highlighting the role of social desirability bias.

We found that self-reported condom-use with partners
who were HIV negative was associated with religion after
adjusting for potential confounding by age. A study con-
ducted in Ghana indicated that condom-use was linked with
external societal factors such as socio-economic status, eth-
nicity, and place of residence rather than religiosity [32].
Conversely, research conducted among groups at high risk
of HIV in Uganda [33] and Nigeria [34] has indicated that
religion was associated with unsafe sexual behaviours, and
previous research indicated that Roman Catholic, Moslem
and Protestant participants were more likely to engage in
condom-use when compared to those who identify as Born
Again.

It is important to acknowledge that although the valid-
ity of Yc-DNA has been shown in previous clinical trials
mostly conducted in the global north among women in
monogamous relationships, the validity may be constrained
in a more pragmatic setting such as this study. Given the
very time-specific validity of the Yc-DNA test, it limits the
applicability of the test to a narrow time window of mea-
surement. In this study examining concordance between
Yc-DNA and self-reported data, the Yc-DNA results did
not reflect self-reported consistent condom-use, as negative
Yc-DNA results were greater than the number of partici-
pants reporting consistent condom-use. Yc-DNA results are
shown to only reflect condomless sex in the past 14 days,
as DNA degrades with time. This could result in chrono-
logical bias leading to underestimation of condomless sex,
as self-reported measures recorded condomless sex over
the past month. Additionally, Yc-DNA may also be found
subsequent to other contact with a man such as condom
breakage or slippage, digital stimulation, the removal of a
condom without consent or partial condom use. This draws
into question the applicability of Yc-DNA biomarkers in a
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complex setting among women whose sexual encounters
are more difficult to report than those of the heterosexual
monogamous women included in previous studies. The self-
collected vaginal swabs are dependent on intrasubject and
sampling variability. The PCR Test detected both DYsl14,
(a Testis-specific Y-encoded protein 1) and GAPDH gene.
GAPDH gene was positive for all positive and negative
samples. The GAPDH Gene helped us ascertain the integ-
rity of the sample as it demonstrates that the sample was
well collected and had sufficient human nucleic acids on the
swab to conduct PCR analysis. This prevented the inclusion
of inappropriately collected samples.

There are some limitations to our analysis. First, although
this study has the largest sample size compared to previ-
ous studies on Yc-DNA, there was a significant number
of missing and invalid Yc-DNA results. This could result
in a non-differential bias and limits the strength of results.
The significant number of invalid results were considered
to be the result of lack of DNA detected on the swab, due
to sample collection or processing. Missing results was
attributed to self-reported menstruation. The comparison
between Yc-DNA and self-reported condom-use is limited
by the difference in time period, leading to an underesti-
mation of condomless sex. Additionally, self-reported data
collected were disaggregated for partners HIV status, which
could lead to overlap of results when compared to Yc-DNA
results, leading to non-differential misclassification. This
may have caused an underestimation of condomless sex.
This was addressed by aggregating data in the analysis.
Finally, additional behavioural factors such as type of sex
and vaginal douching previously hypothesized to impact the
validity of Yc-DNA were not included in this analysis, lead-
ing to an under-estimation of condomless sex detected by
Yc-DNA.

Conclusion

We compared the vaginal swab Yc-DNA biomarker with
self-reported condom-use among young women who sell
sex in Kampala, a particularly vulnerable and epidemiologi-
cally important population. Our findings provide a novel
perspective on sexual behaviour research among popula-
tions at high risk of HIV infection from a compassionate
and nuanced perspective, acknowledging that individual
decision-making is influenced by institutional harm produc-
tion. This paper highlights the discordance of self-reported
condomless sex with Yc-DNA results and explores poten-
tial explanations for this difference. Condomless sex was
reported more frequently by participants when partners
were known to be HIV negative. Self-reported condomless
sex was low, and most participants did not have a positive
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Yc-DNA result. Future research should prioritise reduc-
ing the influence of social desirability on sexual behaviour
reporting.

Acknowledgements We are grateful to all the participants of "ZETRA-
Study for zero transmission’ (ClinicalTrials.gov NCT03203200) from
which the data for this paper was drawn. We thank the staff of the Good
Health for Women Project clinic for their support during the conduct of
the ZETRA study. We are grateful to Dr Andrew Abaasa for statistical
support for this paper.

Author Contributions Conception and design: RK, JS, PB. Investiga-
tion: PB, JB, RK Ceritical revision of article: PB, JS, RK, JB and OK.
Data curation: OK, JB, PB, RK. Statistical expertise: OK, PB. Obtain-
ing funding: RK, JS. Writing the original draft: PB Administrative,
technical or logistic support: RK, JS.

Funding The ZETRA study was funded by NIMH ROIMH109337.
This study was also supported by funding through the UK Medical
Research Council (MRC) and the UK Foreign, Commonwealth and
Development Office (FCDO) under the MRC/FCDO Concordat agree-
ment and is also part of the EDCTP2 programme supported by the
European Union.

Data Availability Data supporting the conclusions of this article can
be retrieved following the data sharing policy at the MRC/UVRI and
LSHTM Uganda Research Unit. The policy can be accessed through
the MRC/UVRI and LSHTM Uganda Research Unit Head of Data
Management (Ayoub Kakande — ayoub.kakande@mrcuganda.org).

Declarations
Conflict of Interest The authors declare no conflict of interest.

Ethical Approval The Research Ethics Committee at the Uganda Vi-
rus Research Institute (GC/127/16/08/527) and the Uganda National
Council for Science and Technology (HS1886) approved the ZETRA
study protocol and informed consent forms prior to enrolment in the
trial. This analysis was given ethics approval by the Ethics Committee
at the London School of Hygiene and Tropical Medicine (LSHTM)
(ref: 27,359).

Consent to Participate Study procedures for the ZETRA study were
only conducted after obtaining written informed consent from partici-
pants.

Consent for Publication All participants consented to publication of
their data and were informed that the data would not be linked to their
personal information.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright



AIDS and Behavior

holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

Fenton KA, Johnson AM, McManus S, Erens B. Measuring sex-
ual behaviour: methodological challenges in survey research. Sex
Transm Infect. 2001;77(2):84-92.

Michaels S. Sexual Behavior and Practices: data and measure-
ment. In: Baumle AK, editor. International Handbook on the
demography of sexuality. Dordrecht: Springer Netherlands; 2013.
pp. 11-20.

Zenilman JM, Yuenger J, Galai N, Turner CF, Rogers SM. Poly-
merase chain reaction detection of Y chromosome sequences in
Vaginal Fluid: preliminary studies of a potential biomarker for
sexual behavior. Sex Transm Dis. 2005;32(2):90—4.
Montgomery ET, Mensch B, Musara P, Hartmann M, Woeber K,
Etima J, et al. Misreporting of product adherence in the MTN-
003/VOICE Trial for HIV Prevention in Africa: participants’
explanations for dishonesty. AIDS Behav. 2017;21(2):481-91.
Malagén T, Burchell A, El-Zein M, Guénoun J, Tellier PP, Cout-
lée F, et al. Y chromosome DNA in Women'’s vaginal samples as
a biomarker of recent vaginal sex and Condom Use with Male
Partners in the HPV infection and transmission among couples
through heterosexual activity Cohort Study. Sex Transm Dis.
2018;45(1):28-34.

Ghanem KG, Melendez JH, McNeil-Solis C, Giles JA, Yuenger J,
Smith TD, et al. Condom use and vaginal Y-Chromosome detec-
tion: the specificity of a potential biomarker. Sex Transm Dis.
2007;34(8):620-3.

Brotman RM, Melendez JH, Smith TD, Galai N, Zenilman JM.
Effect of Menses on Clearance of Y-Chromosome in Vaginal
Fluid: implications for a biomarker of recent sexual activity. Sex
Transm Dis. 2010;37(1):1-4.

Heffron R, Parikh UM, Penrose KJ, Mugo N, Donnell D, Celum
C, et al. Objective measurement of inaccurate condom use report-
ing among women using Depot Medroxyprogesterone acetate for
Contraception. AIDS Behav. 2017;21(7):2173-9.

Giguere K, Béhanzin L, Guédou FA, Leblond FA, Goma-Mat-
sétsé E, Zannou DM et al. Biological Validation of Self-Reported
unprotected sex and comparison of Underreporting over two dif-
ferent Recall Periods among Female Sex Workers in Benin. Open
Forum Infectious Diseases. 2019;6(2).

Roberts DA, Hawes SE, Bousso Bao MD, Ndiaye AJ, Gueye D,
Raugi DN, et al. Trends in reported sexual behavior and Y-Chro-
mosomal DNA detection among female sex workers in the Sene-
gal Preexposure Prophylaxis Demonstration Project. Sex Transm
Dis. 2020;47(5):314-20.

Chiyaka T, Mushati P, Hensen B, Chabata S, Hargreaves JR,
Floyd S, et al. Reaching young women who sell sex: methods and
results of social mapping to describe and identify young women
for DREAMS impact evaluation in Zimbabwe. PLoS ONE.
2018;13(3):0194301.

Parcesepe AM, L’Engle KL, Martin SL, Green S, Suchin-
dran C, Mwarogo P. Early sex work initiation and violence
against female sex workers in Mombasa, Kenya. J Urb Health.
2016;93(6):1010-26.

King R, Muhanguzi E, Nakitto M, Mirembe M, Kasujja FX, Bagi-
ire D, et al. Mobility study of young women who exchange sex
for money or commodities using Google Maps and qualitative
methods in Kampala, Uganda. BMJ Open. 2021;11(5):¢043078.
Corno L, de Paula A. Risky sexual behaviours: biological mark-
ers and self-reported data. Economica. 2019;86(342):229-61.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Brenner PS, DeLamater J, Lies. Damned lies, and Survey Self-
Reports? Identity as a cause of Measurement Bias. Social Psychol
Q. 2016;79(4):333-54.

Raheim M, Magnussen LH, Sekse RJT, Lunde A, Jacobsen T,
Blystad A. Researcher-researched relationship in qualitative
research: shifts in positions and researcher vulnerability. Int J
Qualitative Stud Health Well-being. 2016;11(1):30996.

. King BM. The influence of Social Desirability on sexual behavior

surveys: a review. Arch Sex Behav. 2022;51(3):1495-501.
Graham CA, Catania JA, Brand R, Duong T, Canchola JA.
Recalling sexual behavior: a methodological analysis of memory
recall bias via interview using the diary as the gold standard. J
Sex Res. 2003;40(4):325-32.

Kamacooko O, Bagiire D, Kasujja FX, Mirembe M, Seeley J,
King R. Prevalence of probable depression and factors associated
with mean Hopkins Symptom Checklist (HSCL) depression score
among young women at high risk aged 15-24 years in Kampala,
Uganda. PLoS ONE. 2022;17(6):0270544.

Kasujja FX, Mutabazi H, Muhanguzi E, Seeley J, King R. Infor-
mation and communications technology use among young female
sex workers participating in a randomised human immunodefi-
ciency virus prevention trial in Kampala, Uganda. Int Health.
2021;13(6):650-2.

Krampe A, Kuhnt S. Bowker’s test for symmetry and modifica-
tions within the algebraic framework. Comput Stat Data Anal.
2007;51(9):4124-42.

Rubin IS, Rubin HJ. Economic Development Incentives: the poor
(cities) pay more. Urban Affairs Quarterly. 1987;23(1):37-62.
Nnko S, Boerma JT, Urassa M, Mwaluko G, Zaba B. Secretive
females or swaggering males? An assessment of the quality of
sexual partnership reporting in rural Tanzania. Soc Sci Med.
2004;59(2):299-310.

Corneli AL, McKenna K, Perry B, Ahmed K, Agot K, Mala-
matsho F, et al. The Science of being a study participant: FEM-
PrEP participants’ explanations for Overreporting Adherence to
the study pills and for the whereabouts of unused pills. JAIDS J
Acquir Immune Defic Syndr. 2015;68(5):578—-84.

Beauclair R, Meng F, Deprez N, Temmerman M, Welte A, Hens
N, et al. Evaluating audio computer assisted self-interviews in
urban south african communities: evidence for good suitability
and reduced social desirability bias of a cross-sectional survey on
sexual behaviour. BMC Med Res Methodol. 2013;13(1):11.
Kelly CA, Soler-Hampejsek E, Mensch BS, Hewett PC. Social
desirability bias in sexual behavior reporting: evidence from an
interview mode experiment in rural Malawi. Int Perspect Sex
Reproductive Health. 2013;39(1):14-21.

Shafer LA, Nsubuga RN, Seeley J, Levin J, Grosskurth H. Exam-
ining the components of population-level sexual behavior trends
from 1993 to 2007 in an open ugandan cohort. Sex Transm Dis.
2011;38(8):697-704.

Napper LE, Fisher DG, Reynolds GL, Johnson ME. HIV Risk
Behavior Self-Report reliability at different Recall Periods. AIDS
Behav. 2010;14(1):152—-61.

Tran TN, Detels R, Lan HP. Condom use and its correlates
among female sex workers in Hanoi, Vietnam. AIDS Behav.
2006;10(2):159-67.

Magalhides RLB, Sousa LRM, Gir E, Galvdo MTG, Oliveira
VMCd, Reis RK. Factors associated to inconsistent condom use
among sex workers. Rev Latinoam Enferm. 2019;27:¢3226.

Aho J, Koushik A, Diakité SL, Loua KM, Nguyen V-K, Rashed S.
Biological Validation of Self-Reported Condom Use among Sex
Workers in Guinea. AIDS Behav. 2010;14(6):1287-93.

Badasu D, Kwankye S, Sanuade O, El-Adas A, Atuahene K. Reli-
giosity and condom use with casual sex partners in Ghana. Popul
Rev 2016;55(2).

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

AIDS and Behavior

33. Nakazibwe HG, Muturi-Kioi V, Abaasa A, Kibengo F, Hughes P,
Price M. Factors associated with consistent condom use in ugan-
dan fishing communities’ cohort. PAMJ-One Health. 2022;7.

34. Essien EJ, Mgbere O, Monjok E, Ekong E, Abughosh S, Holstad
MM. Predictors of frequency of condom use and attitudes among

@ Springer

sexually active female military personnel in Nigeria. HIV AIDS.
2010;2:77-88.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.



	﻿A Comparison of Self-reported Condomless Sex and Yc-DNA Biomarker Data from Young Women Engaged in High Risk Sexual Activity in Kampala, Uganda
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study Population
	﻿Data Collection
	﻿Yc-DNA Collection and Analysis
	﻿Data Analysis
	﻿Descriptive Analysis
	﻿Comparison Between Yc-DNA and Self-Reported Condom-Use
	﻿Log Binomial Models
	﻿Missing Data
	﻿Ethics Approval and Consent

	﻿Results
	﻿Comparison Between Self-Reported Condom-Use and Yc-DNA
	﻿Log Binomial Model for Factors Associated with Yc-DNA and Self-Report
	﻿Factors Associated with Yc-DNA Results


	﻿Self-Reported Condom-Use with Partners Whose HIV Status Was Unknown
	﻿Self-Reported Condom-Use with Partners Who Are HIV Negative
	﻿Missing data
	﻿Discussion
	﻿Conclusion
	﻿References


