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Abstract

Introduction

The postpartum period can be challenging for women living with HIV. Understanding how
the postpartum period impacts ART adherence and condomless sex could inform the devel-
opment of comprehensive sexual and reproductive health and HIV services tailored to the
needs of women living with HIV during this critical interval.

Methods

In a longitudinal cohort study of HIV-seropositive Kenyan women, late ART refills and self-
reported condomless sex were compared between the woman’s pregnancy and the post-
partum period. Analyses were conducted using generalized estimating equations and
adjusted for alcohol use, depressive symptoms, intimate partner violence (IPV), and having
a recent regular partner. Effect modification was explored for selected variables.

Results and discussion

151 women contributed visits. Late ART refills occurred at 7% (32/439) of pregnancy visits
compared to 18% (178/1016) during the postpartum period (adjusted relative risk [aRR]
2.44, 95% confidence interval [CI] 1.62—3.67). This association differed by women'’s educa-
tion level. Women with >8 years of education had late ART refills more during the postpar-
tum period than pregnancy (aRR 3.00, 95%CI 1.95-4.62). In contrast, in women with <8
years of education, late ART refills occurred similarly during pregnancy and the postpartum
period (aRR 0.88, 95%CI 0.18—4.35). Women reported condomless sex at 10% (60/600) of
pregnancy visits compared to 7% (72/1081) of postpartum visits (aRR 0.76, 95%CI 0.45—
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1.27). This association differed by whether women had experienced recent IPV. Women
without recent IPV had a significant decline in condomless sex from pregnancy to postpar-
tum (aRR 0.53, 95%CI 0.30-0.95) while women with recent IPV had no significant change
in condomless sex from pregnancy to postpartum (aRR 1.76, 95%CI 0.87-3.55).

Conclusion

Improved support for ART adherence during the postpartum period and addressing IPV to
limit condomless sex could improve HIV treatment and prevention outcomes for HIV-sero-
positive women as well as their infants and sexual partners.

Introduction

Globally, women of childbearing age bear a disproportionate burden of human immunodefi-
ciency virus (HIV) infection [1-3]. Many women first receive a diagnosis of HIV infection
during antenatal testing [4, 5], and significant attention has focused on supporting antiretrovi-
ral therapy (ART) initiation during pregnancy to prevent mother to child transmission of HIV
[6-11]. The postpartum period brings continued challenges of adhering to ART while also car-
ing for a new baby [12-17]. Poor ART adherence places women at risk for HIV disease pro-
gression as well as transmission to their infants and sex partners [18-23]. Multiple studies have
found that consistent condom use during pregnancy is low, ranging from 4% to approximately
30% [24-27]. Resumption of sexual activity in the postpartum period typically takes place a
median of 6-12 months following delivery, and only about one-third of women use condoms
when they resume sexual activity [28, 29]. However, a study in Kenya found that resumption
of sex following delivery was much shorter with a median time of only 7 weeks [23].

Intimate partner violence (IPV) is common in Africa, with a lifetime prevalence cited as 36%
[30]. In Kenya, 39% of married women report having ever experienced IPV [31]. In addition,
IPV is common during pregnancy and the postpartum period [32, 33]. Intimate partner violence
has been associated with negative health consequences including more risky sexual behaviors
[34], depression [35], lower ART adherence, and lower rates of plasma HIV suppression [36].

Understanding how the postpartum period impacts ART adherence and condomless sex
could inform the development of comprehensive sexual and reproductive health and HIV ser-
vices tailored to the needs of women living with HIV during this critical interval. The objective
of this analysis was to test the hypotheses that in women living with HIV, compared to preg-
nancy, the postpartum period is characterized by lower ART adherence and higher rates of
self-reported condomless sex. Additional analyses explored potential contributing factors to
explain these findings.

Materials and methods

This analysis was nested within the Lifecourse Study, a prospective cohort study examining the
relationship between women’s reproductive life course events and HIV transmission risk in
three groups of women recruited in Nairobi and Mombasa, Kenya: females who engage in sex
work (FSW), women enrolled through prevention of mother-to-child transmission (PMTCT)
programs, and HIV-seropositive women in discordant couples. HIV-seropositive women were
eligible to enroll if they were 18 years or older or emancipated minors. General population
women were recruited through antenatal clinics, enrolled during pregnancy, and followed
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until 12 months postpartum. Women in the FSW cohort and discordant couples cohort were
also eligible for inclusion in this analysis if they were followed while pregnant and during the
postpartum period.

On enrollment, women completed a face-to-face interview in English or Kiswahili to collect
demographic, sexual, behavioral, and partner characteristics. A medical history including HIV
history was collected. Depressive symptoms were assessed using the standardized patient
health questionnaire-9 (PHQ-9) [37, 38], and alcohol use was evaluated using the Alcohol Use
Disorder Identification Test (AUDIT) [39]. Screening for intimate partner violence (IPV) and
partner controlling behaviors was conducted using an adaptation of the World Health Organi-
zation (WHO) Violence Against Women questionnaire [40, 41]. This questionnaire asks
about acts of physical violence, emotional violence, sexual violence, and controlling behaviors
(S1 File). A complete physical examination was performed including a pelvic examination
with sample collection for diagnosis of sexually transmitted infections (STIs) and prostate spe-
cific antigen (PSA) testing. This test is a biomarker for condomless sex and detects exposure to
semen in the prior 24-48 hours [42]. Vaginal examinations including genital secretion sam-
pling for PSA detection were not performed between 7 months gestation and 6 weeks postpar-
tum. Blood samples were collected for HIV viral load (VL) and CD4 count. Sexually
transmitted infections were treated at no cost. Women received ART at the study clinics
according to Kenyan National Guidelines. Participants received their routine antenatal care at
antenatal clinics which followed Kenyan National Guidelines for preventing-mother-to-child-
transmission of HIV and clinical VL monitoring during pregnancy.

Participants returned monthly for ART refills and assessment of adherence. Pelvic exami-
nations and genital sample collection were performed quarterly. Screening for depressive
symptoms was completed every 6 months, while screening for alcohol use, IPV, and partner
controlling behavior were conducted annually. Women were asked about contraceptive use
during the postpartum period.

Case report forms (CRFs) were reviewed daily to ensure that all fields were appropriately
completed. Data were entered into an SPSS database. At quarterly intervals, database entries
were printed and compared line-by-line to hard copy CRFs to identify and correct data entry
errors.

Women were reimbursed 250 Kenyan shillings (~$2.50) at each visit to compensate for
travel expenses. All women provided written informed consent to take part in this study. Ethi-
cal approval was obtained from the Kenyatta National Hospital-University of Nairobi Ethics
and Research Committee and the University of Washington Human Subjects Division.

Laboratory methods

Neisseria gonorrhoeae, Chlamydia trachomatis, and Trichomonas vaginalis were diagnosed
using nucleic acid amplification testing on vaginal swabs (Aptima; Hologic, San Diego, CA,
USA). Prostate specific antigen was detected in genital secretions using a rapid test for the p30
antigen (ABACard, West Hills, CA, USA). HIV ribonucleic acid quantification was performed
using the Hologic/Gen-Probe 2™ generation assay, with a lower limit of quantification of 30
copies/mL. Some 100 mL blood samples were diluted six-fold to 600 mLs prior to testing, so
viral suppression for this study was defined as <180 ¢/mL [43]. Assessment of CD4 counts was
performed using FACSCount (Becton-Dickinson, Forrest Lakes, NJ, USA).

Statistical analyses

Women enrolled between April 2013 and October 2017 were included in this analysis. The pri-
mary exposure was the postpartum period compared to pregnancy using within-woman
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comparisons. For women who became pregnant more than once during the study, only the
first pregnancy was included in this analysis. Late ART refill and self-reported condomless sex
were the primary outcomes, assessed monthly. Late ART refill was defined as a woman refilling
her ART >48 hours after she was expected to have run out of medications based on the date
and quantity of her last refill [43]. Condomless sex was a binary variable based on whether the
number of sex acts exceeded the number of sex acts with a condom during the past week [41].
Visits where women were abstinent in the past week were included with visits where women
used condoms with 100% of sex acts. Secondary outcomes included detectable plasma HIV VL
(every 6 months), PSA detection in genital secretions (quarterly), and HIV transmission
potential (every 6 months), defined as visits when late ART refill and self-reported condomless
sex were present at the same visit. Viral loads collected within 90 days of ART initiation date
were excluded [44]. Blood draws for VL measurements used in the research study were drawn
every 6 months, so if women initiated ART upon presentation to antenatal care, a second VL
during pregnancy may not have been available for this analysis.

Alcohol use was categorized using AUDIT as non-drinkers (score of 0), minimal (1-6),
moderate (7-15), and severe problem or possibly alcohol use disorder (score >16) [39].
Because this distribution was highly skewed with most women reporting no alcohol use, this
variable was dichotomized as any versus no use in the past year [43]. Intimate partner violence
was categorized as present if any of the 14 questionnaire items indicating emotional, sexual, or
physical violence were endorsed [43]. Controlling behavior by the partner was considered to
be present if any of 7 items were reported [43]. Intervals for collection of these variables were
based on established recall periods for the data collection instruments. Current engagement in
sex work was assessed annually. The presence of regular and casual partners in the past 3
months was assessed each quarter.

Variables that were collected annually, such as alcohol use and IPV, contributed data once
during pregnancy and once during the postpartum period. For variables that were collected
more frequently, the response closest to the delivery date was used.

Counts and proportions were calculated for baseline sociodemographic, behavioral, labora-
tory, and partner characteristics. Univariate analyses were performed to compare outcomes
during the postpartum period versus during pregnancy using generalized estimating equations
(GEE) with Poisson log link, robust standard errors, and independent correlation structure to
generate risk ratios and 95% confidence intervals (95% CI). In analyses where GEE with Pois-
son log link did not converge, risk differences were calculated using linear regression GEE
with robust standard errors, and independent correlation structure. Potential confounding
factors were considered for inclusion in multivariable models based on the scientific question
and well characterized associations from the literature. In addition, because women served as
their own controls for this analysis, the potential for variables to act as confounders was con-
sidered in relation to whether they could have varied between the pregnant and postpartum
periods. Variables considered for adjustment included engaging in sex work [45], alcohol use
[46], depressive symptoms [47], partners’ controlling behavior, IPV [41, 43], having a casual
partner in the past 3 months, and having a regular partner in the past 3 months. Because of the
relatively small sample size and the numerous potential confounders, a forward stepwise
model building approach was used, and variables were retained if they changed the risk ratio
for the primary exposure (postpartum status) by >10% [48]. Alcohol use, depression, IPV in
the past 12 months, and a regular partner in the past 3 months were included in final adjusted
models. To identify potential effect modifiers, variables were considered based on published
studies, detailed knowledge of this population, and effect modifiers identified in previous anal-
yses in the Lifecourse Study [41, 43]. Stratification by these variables was performed if interac-
tion term p-values were <0.05. Variables under consideration were age, education, marital
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status, engaging in sex work, alcohol use, depressive symptoms, partner’s controlling behavior,
and IPV. Education level was identified as an effect modifier in the late ART analysis, and IPV
was identified as an effect modifier in the condomless sex analysis. Analyses were conducted
using R software [49].

Results

Seventy-five percent (114/151) of women were recruited through PMTCT clinics, while 7.9%
(12/151) were from the sex worker cohort and 16.5% (25/151) were from the discordant cou-
ples cohort (Table 1). Their median age was 31 years (interquartile range [IQR] 28-34). The
majority of women had >8 years of education (n = 136, 90.1%) and were currently married
(n=115,76.2%). Few women reported sex work during pregnancy (n = 22, 14.7%) or the

Table 1. Sociodemographic, behavioral, partner, and clinical characteristics during of 151 women during pregnancy and the postpartum period included in this

analysis.

Pregnancy Median (IQR) / Count (%)

Postpartum Period Median (IQR) / Count (%)

Sociodemographic Characteristics'

Age (years)

31 (28-34)

Education (>8 years)

136 (90.1%)

Marital status

Currently married

115 (76.2%)

Never married

20 (13.2%)

Widowed/divorced

16 (10.6%)

Number of prior pregnancies

1(1-2)

Behavioral Characteristics

Engaging in sex work

22/150 (14.7%)>

13/135 (9.6%)

Alcohol use by AUDIT

None (0)

121/150 (80.7%)

124/135 (91.9%)

Minimal (1-6)

21/150 (14%)

6/135 (4.4%)

Moderate (7-15)

7/150 (4.7%)

5/135 (3.7%)

High (16+)

1/150 (0.7%)

0/135 (0%)

Depressive symptoms by PHQ-9

Minimal (0-4)

118/151 (78.1%)

136/147 (92.5%)

Mild (5-9)

27/151 (17.9%)

10/147 (6.8%)

Moderate/severe (10+)

6/151 (4%)

1/147 (0.7%)

Partner Characteristics

Regular partner in last 3 months

130/144 (90.3%)

101/148 (68.2%)

Casual partner in last 3 months

6/151 (4%)

1/148 (0.7%)

Controlling behaviors by index partner

47 (31.1%)

39/135 (28.9%)

Intimate partner violence in past 12 months

49 (32.5%)

29/135 (21.5%)

Clinical Characteristics

HIV viral load, copies/ml (Geometric mean (SD))

238.0 (12.2)

87.3 (8.9)

Absolute number of CD4+ cells/ul

468 (314-654)

640 (494-884)

Presence of Neisseria gonorrhoeae

1/142 (0.7%)

1/481 (0.2%)

Presence of Chlamydia trachomatis

1/142 (0.7%)

3/481 (0.6%)

Presence of Trichomonas vaginalis

2/142 (1.4%)

2/479 (0.4%)

! These variables were only collected at baseline during the pregnancy period.

2 1 woman (0.7%) declined to answer.

Abbreviations: IQR = interquartile range; AUDIT: alcohol use disorders identification test; HIV: human immunodeficiency virus.

https://doi.org/10.1371/journal.pone.0254767.t001
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postpartum period (n = 13, 9.6%). Alcohol use was reported by 19.3% (n = 29) of women dur-
ing pregnancy and 8.1% (n = 11) of women during the postpartum period. Approximately
one-third of women experienced controlling behavior by a partner during each time period
(pregnancy n = 47, 31.1%; postpartum n = 39, 28.9%). Intimate partner violence in the past 12
months was reported by 32.5% (n = 49) of women during pregnancy and 21.5% (n = 29) of
women during the postpartum period. Most women had a regular partner during pregnancy
(n =130/144, 90.3%), but this proportion decreased during the postpartum period (n = 101/
148, 68.2%). Sexually transmitted infections were rare during both the pregnant and postpar-
tum periods. In the postpartum period, 43.7% (66/151) of women initiated modern non-bar-
rier contraception a median of 114 days postpartum (IQR 77-164).

Association between pregnancy and the postpartum period and late ART
refills

In univariate analyses, late ART refills occurred at 7% (32/439) of visits during pregnancy com-
pared to 18% (178/1016) of visits in the postpartum period (relative risk [RR] 2.40, 95% confi-
dence interval [CI] 1.68-3.44) (Table 2). This association was similar when adjusted for
alcohol use, depressive symptoms, IPV in the last 12 months, and regular partner in the last 3
months (adjusted RR [aRR] 2.44, 95% CI 1.62-3.67). Late ART refills occurred at 21% (18/
113) of early postpartum visits (within 42 days) and at 17% (160/1213) of visits that occurred
later in the postpartum period (p = 0.4).

The increase in late ART refills during the postpartum period differed between women
with <8 and >8 years of education (p-value for interaction<0.05). Women with >8 years of
education experienced a dramatic increase in late ART refills between pregnancy and the post-
partum period, whereas women with <8 years of education had late refills similarly in both
pregnancy and the postpartum period. Specifically, women with >8 years of education had

Table 2. Association between the postpartum period and late ART refill, detectable HIV viral load, self-reported condomless sex, PSA detection, and HIV transmis-
sion potential.

Pregnancy Period n | Postpartum Periodn | Unadjusted Relative Risk | p-value | Adjusted Relative Risk' | p-value

(%) (%) (95% CI) (95% CI)

Late ART refill 32/439 (7) 178/1016 (18) 2.40 (1.68, 3.44) <0.001 2.44 (1.62, 3.67) <0.001
Education <8 yearsz 8/50 (16) 22/123 (18) 1.12 (0.56, 2.23) 0.8 0.88 (0.18, 4.35) 0.9
Education >8 years 24/389 (6) 156/893 (18) 2.83(1.92,4.17) <0.001 3.00 (1.95, 4.62) <0.001

Detectable HIV viral load 14/118 (12) 31/254 (12) 1.03 (0.62, 1.72) 0.9 1.34 (0.76, 2.36) 0.3
Education <8 years 2/13 (15) 2/24 (8) 0.54 (0.34, 0.87) 0.012 --2 --
Education >8 years 12/105 (11) 29/230 (13) 1.10 (0.63, 1.93) 0.7 1.46 (0.79, 2.70) 0.2

Self-reported condomless sex 60/600 (10) 72/1081 (7) 0.67 (0.40,1.10) 0.1 0.76 (0.45, 1.27) 0.3
IPV in the past 12 months’ 14/185 (8) 24/220 (11) 1.44 (0.67, 3.12) 0.4 1.76 (0.87, 3.55) 0.1
No IPV in the past 12 months 46/415 (11) 43/804 (5) 0.48 (0.26, 0.90) 0.023 0.53 (0.30, 0.95) 0.03

PSA Detection 16/144 (11) 57/475 (12) 1.08 (0.62, 1.87) 0.8 1.33(0.79, 2.25) 0.3

Transmission potentia.l4 5/439 (1) 9/1014 (1) 0.78 (0.27, 2.26) 0.6 0.95 (0.32, 2.82) 0.9

Abbreviations: CI = confidence interval; HIV = human immunodeficiency virus; ART = antiretroviral therapy; IPV = Intimate partner violence.
! Adjusted for alcohol use, depressive symptoms, IPV in the last 12 months, and regular partner in the last 3 months.

% Stratified by education, adjusted for alcohol use, depressive symptoms, IPV in the last 12 months and regular partner in the last 3 months.

? Stratified by IPV in the last 12 months, adjusted for alcohol use, depressive symptoms, and regular partner in the last 3 months.

* Defined as late ART refill and self-reported condomless sex.

* Model did not converge.

https://doi.org/10.1371/journal.pone.0254767.t1002
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late ART refills at only 6% (24/389) of visits during pregnancy compared to 18% (156/893) of
visits during the postpartum period (RR 2.83, 95% CI 1.92-4.17). This association was similar
after adjustment for alcohol use, depressive symptoms, IPV in the last 12 months, and regular
partner in the last 3 months (aRR 3.00, 95% CI 1.95-4.62). In contrast, women with <8 years
of education had late ART refills at 16% (8/50) of visits in pregnancy and similarly at 18% (22/
123) of visits during the postpartum period (RR 1.12, 95% CI 0.56-2.23). Again, the association
was similar in adjusted analyses (aRR 0.88, 95% CI 0.18-4.35).

Of the 372 HIV VLs collected >3 months after ART initiation, 32% (n = 118) were during
pregnancy and 68% (n = 254) were during the postpartum period. Detectable HIV VLs
occurred at 12% (14/118) of visits during pregnancy and 12% (31/254) during the postpartum
period (RR 1.03, 95% CI 0.62-1.72). Results were similar in adjusted analyses (aRR 1.34, 95%
CI 0.76-2.36). Women with >8 years of education had a similar prevalence of detectable HIV
VL during pregnancy (11% [12/105]) and the postpartum period (13% [29/230]) (RR 1.10,
95% CI 0.63-1.93; aRR 1.46, 95% CI 0.79-2.70). In contrast, women with <8 years of educa-
tion had a decline in prevalence of detectable VL from 15% (2/13) in pregnancy to 8% (2/24)
during the postpartum period (RR 0.54, 95% CI 0.34-0.87). This model did not converge
when potential confounders were included.

Association between pregnancy and the postpartum period and
condomless sex

Women reported condomless sex at 10% (60/600) of visits during pregnancy compared to
7% (72/1081) of visits during the postpartum period (RR 0.67, 95% CI 0.40-1.10). After
adjustment for alcohol use, depressive symptoms, and regular partner in the last 3 months,
this association was similar (aRR 0.76, 95% CI 0.45-1.27). The decrease in self-reported con-
domless sex in the postpartum period differed between women depending on whether they
had experienced IPV in the past 12 months (p-value for interaction<0.05). Specifically, self-
reported condomless sex declined from 11% (46/415) of visits during pregnancy to 5% (43/
804) of visits in the postpartum period in women without recent IPV (RR 0.48, 95% CI 0.26-
0.90). This association was similar after adjustment for alcohol use, depressive symptoms,
and regular partner in the last 3 months (aRR 0.53, 95% CI 0.30-0.95). In contrast, self-
reported condomless sex did not significantly change between pregnancy (8% [14/185]) and
the postpartum period (11% [24/220]) for women who had experienced recent IPV (RR 1.44,
95% CI 0.67-3.12). These results were similar in adjusted analyses (aRR 1.76, 95% CI 0.87-
3.55).

While data were sparse for the first 42 days postpartum, there was no self-reported con-
domless sex in the 113 visits in this early postpartum period. Condomless sex was reported at
7% (160/1213) of visits later in the postpartum period (43-365 days) (p<0.001 for risk differ-
ence using GEE with linear link).

Detection of PSA occurred at 11% (16/144) of visits during pregnancy compared to 12%
(57/475) of visits during the postpartum period (RR 1.08, 95% CI 0.62-1.87, aRR 1.33, 95% CI
0.79-2.25). When PSA was detected, women reported condomless sex in the past week at 35%
(25/72) of visits and denied condomless sex in the past week at the other 65% (47/72) of visits.
This observed underreporting of condomless sex did not differ between pregnancy (63%, 10/
16 visits) and the postpartum period (66%, 37/56 visits) (p = 0.3).

Episodes of late ART refills that occur concurrently with condomless sex represent
instances where there may be greater risk for transmission of HIV. These events occurred at
only 1% (5/439) of visits during pregnancy and 1% of visits (9/1014) in the postpartum period
(RR 0.78, 95% CI 0.27-2.26). This association was similar after adjustment for alcohol use,
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depressive symptoms, IPV in the last 12 months, and regular partner in the last 3 months (aRR
0.95, 95% CI 0.32-2.82).

Discussion

In this prospective cohort study of pregnant and postpartum women, the postpartum period
was associated with more than twice the risk of late ART refill compared to pregnancy. Lower
ART adherence during the postpartum period could impact the health of the mother, the
infant, and sex partners. Overall, the prevalence of self-reported condomless sex did not differ
between pregnancy and the postpartum period. However, women who had not experienced
recent IPV had significantly lower self-reported condomless sex during the postpartum period
compared to pregnancy, while those with recent IPV had no significant difference in self-
reported condomless sex during these periods. Only one percent of visits involved late refills
concurrently with condomless sex, suggesting that the combination of ART and safer sex prac-
tices may be effective in reducing the risk of sexual transmission in this population.

These results highlight that the postpartum period can be challenging for remaining adher-
ent to ART. This parallels the findings of other studies that have observed lower ART adher-
ence during the postpartum period [12-15]. Strategies to address this problem have included
strong psychosocial support, home visits, appointment reminders [50], and a multidisciplinary
team to provide seamless care from antenatal to postnatal clinics [51]. In women with higher
levels of education, late ART refills were much less common during pregnancy, but increased
substantially during the postpartum period. In contrast, in women with lower educational
attainment, late ART refills were common during both pregnancy and the postpartum period.
The literature provides conflicting data regarding the association between educational attain-
ment and ART adherence. Studies in South Africa, Brazil, and the US have documented higher
adherence in women with higher levels of education [52-56]. In contrast, one study in South
Africa found that a higher level of education was associated with missing HIV clinic visits [57].
Data from the present study of Kenyan women suggest that higher levels of education may be
associated with better adherence in pregnancy, but that the effect of higher education is no lon-
ger evident during the postpartum period, when the physical, emotional, and financial stresses
of having a newborn may be associated with lower adherence regardless of educational level
[12-15]. Further work is needed to address this question.

In previous studies, nondisclosure of HIV status [29, 58, 59], IPV [60], and alcohol use [61]
have been associated with condomless sex in the postpartum period. However, prior studies
have not characterized the change in prevalence of condomless sex as women transition from
pregnancy to the postpartum period. In this analysis, the overall risk of self-reported condom-
less sex was similar during pregnancy and the postpartum period. When comparing these peri-
ods, it is important to consider that choices about condom use may have been influenced by
contraceptive choices. Women may have elected not to use condoms if they were using other
non-barrier forms of contraception. While there were no differences in overall risk of self-
reported condomless sex between pregnancy and the postpartum period, there were distinctly
different patterns depending on whether women were experiencing IPV. In the absence of
IPV in the past year, the risk of self-reported condomless sex during the postpartum period
declined by approximately 50% compared to pregnancy. In contrast, when IPV was reported
in the postpartum period, there was no significant decrease in self-reported condomless sex.
This finding is consistent with earlier studies in which IPV was associated with condomless
sex in the postpartum period [58, 60]. Because these findings were adjusted for women having
aregular partner in the past 3 months, it is less likely that these findings are because of a
change in partners between pregnancy and the postpartum period. Research exploring the
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mechanisms through which IPV may influence sexual behavior have suggested that partner
controlling behaviors [60] and women’s engagement in sex work [41] may be important
contributors.

Similar to the overall risk for self-reported condomless sex during pregnancy and the post-
partum period, PSA detection in vaginal secretions did not differ between pregnancy and the
postpartum period. However, it is important to note that self-reported condomless sex was
assessed in the past week while PSA detection is a biological marker for condomless sex in the
past one to two days. When comparing the results of the analyses of self-reported condomless
sex with the results of PSA detection, there may be differences in the prevalence of condomless
sex depending on which measure was used. Future studies could consider self-collected swabs
to detect PSA that coincide with intervals for self-reported condomless sex.

There were a number of strengths of this study. Follow-up of individual women from preg-
nancy through the postpartum period allowed for within-participant analyses. This helped
eliminate some potential biases that would occur if different populations of pregnant and post-
partum women were compared. In addition, as this was a longitudinal cohort, important
covariates that could change over time were collected during pregnancy and during the post-
partum period, and were considered in the multivariable analyses. Finally, this study used vali-
dated and well-characterized tools including an adaptation of the WHO Violence Against
Women Questionnaire, AUDIT score, and the PHQ-9 to measure important potential con-
founders and effect modifiers.

There were also a number of limitations. First, the primary sexual behavioral outcome,
condomless sex in the past week, was collected by self-report, which is subject to recall and
social desirability bias. Because vaginal examinations were not performed between 7 months
gestation and 6 weeks postpartum, it was not possible to use PSA detection as the primary
outcome in these analyses spanning pregnancy and the postpartum period. Nonetheless, the
PSA results are helpful in contextualizing and interpreting the results of self-reported con-
domless sex, as they highlight substantial under-reporting of condomless sex. Second, rela-
tively few women had an HIV VL during pregnancy that was at least 90 days after ART
initiation. Many women present to antenatal care after the first trimester [62-64]. Women
receiving a new HIV diagnosis and initiating ART in this setting would have had a viral load
drawn at ART initiation [65]. This first viral load would have been excluded from this analy-
sis as it was pre-ART initiation. The next HIV viral load for the research study would have
been collected six months later which likely would have been during the postpartum period.
There would not have been a viral load during pregnancy to use in the analysis. As a result, it
did not make sense to compare viral suppression during pregnancy versus the postpartum
period. Because of this limitation, late ART refill was used as the primary outcome [66].
Third, alcohol use, IPV in the past 12 months, and depressive symptoms were measured at
intervals of 6 months to 1 year, so there is likely to be some misclassification when these mea-
sures are used to characterize the entire pregnancy or postpartum period. Fourth, the results
highlight a significant decrease in women having a regular partner from pregnancy to the
postpartum period. This is likely explained by women equating a regular partner with a regu-
lar sex partner. Women likely indicated they did not have a regular partner in the postpartum
period if they had not resumed sexual activity following delivery. However, this does high-
light a limitation in this analysis as data were not available for timing of resuming sex follow-
ing delivery. Fifth, women were recruited from urban and peri-urban settings and these
findings may not be generalizable to more rural populations. Finally, this was a relatively
small sample of pregnant and postpartum women and clinically important differences may
not have been detected for some variables.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254767  July 19, 2021 9/14


https://doi.org/10.1371/journal.pone.0254767

PLOS ONE

Late antiretroviral refills and condomless sex in HIV-seropositive pregnant and postpartum Kenyan women

Conclusion

In conclusion, this study adds to a growing literature suggesting that ART adherence declines
during the postpartum period. Improved support for ART adherence and continuing to sup-

port condom use by addressing IPV during this challenging period in a woman’ reproductive
life course could improve HIV treatment and prevention outcomes for HIV-positive women

as well as their infants and sex partners.

Supporting information

S1 File. Supporting documents. Adapted WHO violence against women questionnaire.
(DOCX)

Author Contributions

Conceptualization: McKenna C. Eastment, John Kinuthia, Lei Wang, George Wanje, Kather-
ine Wilson, Anne Kaggiah, Jane M. Simoni, Kishorchandra Mandaliya, Danielle N. Poole,
Barbra A. Richardson, Walter Jaoko, Grace John-Stewart, R. Scott McClelland.

Data curation: McKenna C. Eastment, Lei Wang, Barbra A. Richardson, R. Scott McClelland.
Formal analysis: McKenna C. Eastment, Lei Wang, Barbra A. Richardson.

Funding acquisition: R. Scott McClelland.

Investigation: R. Scott McClelland.

Methodology: McKenna C. Eastment, John Kinuthia, George Wanje, Katherine Wilson, Anne
Kaggiah, Jane M. Simoni, Kishorchandra Mandaliya, Danielle N. Poole, Barbra A. Richard-
son, Walter Jaoko, Grace John-Stewart, R. Scott McClelland.

Project administration: Danielle N. Poole.
Supervision: R. Scott McClelland.
Writing - original draft: McKenna C. Eastment, R. Scott McClelland.

Writing - review & editing: McKenna C. Eastment, John Kinuthia, Lei Wang, George Wanje,
Katherine Wilson, Anne Kaggiah, Jane M. Simoni, Kishorchandra Mandaliya, Danielle N.
Poole, Barbra A. Richardson, Walter Jaoko, Grace John-Stewart, R. Scott McClelland.

References
1.  UNAIDS. Global Report: UNAIDS Report on the Global AIDS Epidemic 2013. Geneva:; 2013.

2. Bloom DE. 7 billion and counting. Science. 2011; 333(6042):562-9. https://doi.org/10.1126/science.
1209290 PMID: 21798935

3. UNAIDS. UNAIDS DATA 2017.2017.

4. WHO WHO. Consolidated Guidelines on HIV Testing Services: 5Cs: Consent, Confidentiality, Counsel-
ling, Correct Results and Connection 2015. WHO Guidelines Approved by the Guidelines Review Com-
mittee. Geneva2015.

5. World Health Organization: HIV/AIDS Programme. Programmatic Update: Use of antiretroviral drugs
for treating pregnant women and preventing HIV infection in infants. Executive summary. World Health
Organization; 2012.

6. Vrazo AC, Firth J, Amzel A, Sedillo R, Ryan J, Phelps BR. Interventions to significantly improve service
uptake and retention of HIV-positive pregnant women and HIV-exposed infants along the prevention of
mother-to-child transmission continuum of care: systematic review. Trop Med Int Health. 2018; 23
(2):136—48. https://doi.org/10.1111/tmi.13014 PMID: 29164754

PLOS ONE | https://doi.org/10.1371/journal.pone.0254767  July 19, 2021 10/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254767.s001
https://doi.org/10.1126/science.1209290
https://doi.org/10.1126/science.1209290
http://www.ncbi.nlm.nih.gov/pubmed/21798935
https://doi.org/10.1111/tmi.13014
http://www.ncbi.nlm.nih.gov/pubmed/29164754
https://doi.org/10.1371/journal.pone.0254767

PLOS ONE

Late antiretroviral refills and condomless sex in HIV-seropositive pregnant and postpartum Kenyan women

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Weigel R, Hosseinipour MC, Feldacker C, Gareta D, Tweya H, Chiwoko J, et al. Ensuring HIV-infected
pregnant women start antiretroviral treatment: an operational cohort study from Lilongwe, Malawi. Trop
Med Int Health. 2012; 17(6):751-9. https://doi.org/10.1111/j.1365-3156.2012.02980.x PMID: 22487553

Herlihy JM, Hamomba L, Bonawitz R, Goggin CE, Sambambi K, Mwale J, et al. Implementation and
Operational Research: Integration of PMTCT and Antenatal Services Improves Combination Antiretro-
viral Therapy Uptake for HIV-Positive Pregnant Women in Southern Zambia: A Prototype for Option B+?
J Acquir Immune Defic Syndr. 2015; 70(4):e123-9. https://doi.org/10.1097/QAI.0000000000000760
PMID: 26181813

Turan JM, Onono M, Steinfeld RL, Shade SB, Owuor K, Washington S, et al. Implementation and
Operational Research: Effects of Antenatal Care and HIV Treatment Integration on Elements of the
PMTCT Cascade: Results From the SHAIP Cluster-Randomized Controlled Trial in Kenya. J Acquir
Immune Defic Syndr. 2015; 69(5):e172-81. https://doi.org/10.1097/QAI.0000000000000678 PMID:
25967269

Washington S, Owuor K, Turan JM, Steinfeld RL, Onono M, Shade SB, et al. Implementation and Oper-
ational Research: Effect of Integration of HIV Care and Treatment Into Antenatal Care Clinics on
Mother-to-Child HIV Transmission and Maternal Outcomes in Nyanza, Kenya: Results From the SHAIP
Cluster Randomized Controlled Trial. J Acquir Immune Defic Syndr. 2015; 69(5):e164—71. https://doi.
org/10.1097/QAI1.0000000000000656 PMID: 25886930

Dillabaugh LL, Lewis Kulzer J, Owuor K, Ndege V, Oyanga A, Ngugi E, et al. Towards Elimination of
Mother-to-Child Transmission of HIV: The Impact of a Rapid Results Initiative in Nyanza Province,
Kenya. AIDS Res Treat. 2012; 2012:602120. https://doi.org/10.1155/2012/602120 PMID: 22548155

Myer L, Phillips TK. Beyond “Option B+”: Understanding Antiretroviral Therapy (ART) Adherence,
Retention in Care and Engagement in ART Services Among Pregnant and Postpartum Women Initiat-
ing Therapy in Sub-Saharan Africa. J Acquir Inmune Defic Syndr. 2017; 75 Suppl 2:S115-S22.

Phillips T, Thebus E, Bekker LG, Mclntyre J, Abrams EJ, Myer L. Disengagement of HIV-positive preg-
nant and postpartum women from antiretroviral therapy services: a cohort study. J Int AIDS Soc. 2014;
17:19242. https://doi.org/10.7448/IAS.17.1.19242 PMID: 25301494

Henegar CE, Westreich DJ, Maskew M, Miller WC, Brookhart MA, Van Rie A. Effect of pregnancy and
the postpartum period on adherence to antiretroviral therapy among HIV-infected women established
on treatment. J Acquir Immune Defic Syndr. 2015; 68(4):477-80. https://doi.org/10.1097/QAI.
0000000000000501 PMID: 25559590

Nachega JB, Uthman OA, Anderson J, Peltzer K, Wampold S, Cotton MF, et al. Adherence to antiretro-
viral therapy during and after pregnancy in low-income, middle-income, and high-income countries: a
systematic review and meta-analysis. AIDS. 2012; 26(16):2039-52. https://doi.org/10.1097/QAD.
0b013e328359590f PMID: 22951634

Baeten JM, Palanee-Phillips T, Brown ER, Schwartz K, Soto-Torres LE, Govender V, et al. Use of a
Vaginal Ring Containing Dapivirine for HIV-1 Prevention in Women. N Engl J Med. 2016; 375
(22):2121-32. https://doi.org/10.1056/NEJMoa1506110 PMID: 26900902

Phillips TK, Clouse K, Zerbe A, Orrell C, Abrams EJ, Myer L. Linkage to care, mobility and retention of
HIV-positive postpartum women in antiretroviral therapy services in South Africa. J Int AIDS Soc. 2018;
21 Suppl 4:625114. https:/doi.org/10.1002/jia2.25114 PMID: 30027583

De Cock KM, Fowler MG, Mercier E, de Vincenzil, Saba J, Hoff E, et al. Prevention of mother-to-child
HIV transmission in resource-poor countries: translating research into policy and practice. JAMA. 2000;
283(9):1175-82. https://doi.org/10.1001/jama.283.9.1175 PMID: 10703780

Deeks SG, Overbaugh J, Phillips A, Buchbinder S. HIV infection. Nat Rev Dis Primers. 2015; 1:15035.
https://doi.org/10.1038/nrdp.2015.35 PMID: 27188527

Sturt AS, Dokubo EK, Sint TT. Antiretroviral therapy (ART) for treating HIV infection in ART-eligible
pregnant women. Cochrane Database Syst Rev. 2010(3):CD008440. https://doi.org/10.1002/
14651858.CD008440 PMID: 20238370

White AB, Mirjahangir JF, Horvath H, Anglemyer A, Read JS. Antiretroviral interventions for preventing
breast milk transmission of HIV. Cochrane Database Syst Rev. 2014(10):CD011323. https://doi.org/10.
1002/14651858.CD011323 PMID: 25280769

Cohen MS, Smith MK, Muessig KE, Hallett TB, Powers KA, Kashuba AD. Antiretroviral treatment of
HIV-1 prevents transmission of HIV-1: where do we go from here? Lancet. 2013; 382(9903):1515-24.
https://doi.org/10.1016/S0140-6736(13)61998-4 PMID: 24152938

Kinuthia J, Richardson BA, Drake AL, Matemo D, Unger JA, McClelland RS, et al. Sexual Behavior and
Vaginal Practices During Pregnancy and Postpartum: Implications for HIV Prevention Strategies. J
Acquir Immune Defic Syndr. 2017; 74(2):142-9. https://doi.org/10.1097/QA1.0000000000001225
PMID: 27828872

PLOS ONE | https://doi.org/10.1371/journal.pone.0254767  July 19, 2021 11/14


https://doi.org/10.1111/j.1365-3156.2012.02980.x
http://www.ncbi.nlm.nih.gov/pubmed/22487553
https://doi.org/10.1097/QAI.0000000000000760
http://www.ncbi.nlm.nih.gov/pubmed/26181813
https://doi.org/10.1097/QAI.0000000000000678
http://www.ncbi.nlm.nih.gov/pubmed/25967269
https://doi.org/10.1097/QAI.0000000000000656
https://doi.org/10.1097/QAI.0000000000000656
http://www.ncbi.nlm.nih.gov/pubmed/25886930
https://doi.org/10.1155/2012/602120
http://www.ncbi.nlm.nih.gov/pubmed/22548155
https://doi.org/10.7448/IAS.17.1.19242
http://www.ncbi.nlm.nih.gov/pubmed/25301494
https://doi.org/10.1097/QAI.0000000000000501
https://doi.org/10.1097/QAI.0000000000000501
http://www.ncbi.nlm.nih.gov/pubmed/25559590
https://doi.org/10.1097/QAD.0b013e328359590f
https://doi.org/10.1097/QAD.0b013e328359590f
http://www.ncbi.nlm.nih.gov/pubmed/22951634
https://doi.org/10.1056/NEJMoa1506110
http://www.ncbi.nlm.nih.gov/pubmed/26900902
https://doi.org/10.1002/jia2.25114
http://www.ncbi.nlm.nih.gov/pubmed/30027583
https://doi.org/10.1001/jama.283.9.1175
http://www.ncbi.nlm.nih.gov/pubmed/10703780
https://doi.org/10.1038/nrdp.2015.35
http://www.ncbi.nlm.nih.gov/pubmed/27188527
https://doi.org/10.1002/14651858.CD008440
https://doi.org/10.1002/14651858.CD008440
http://www.ncbi.nlm.nih.gov/pubmed/20238370
https://doi.org/10.1002/14651858.CD011323
https://doi.org/10.1002/14651858.CD011323
http://www.ncbi.nlm.nih.gov/pubmed/25280769
https://doi.org/10.1016/S0140-6736%2813%2961998-4
http://www.ncbi.nlm.nih.gov/pubmed/24152938
https://doi.org/10.1097/QAI.0000000000001225
http://www.ncbi.nlm.nih.gov/pubmed/27828872
https://doi.org/10.1371/journal.pone.0254767

PLOS ONE

Late antiretroviral refills and condomless sex in HIV-seropositive pregnant and postpartum Kenyan women

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Peltzer K, Mlambo G. Sexual HIV risk behaviour and associated factors among pregnant women in
Mpumalanga, South Africa. BMC Pregnancy Childbirth. 2013; 13:57. https://doi.org/10.1186/1471-
2393-13-57 PMID: 23510451

Vazquez L, Moll AP, Kacin A, Ndlovu NE, Shenoi SV. Perceptions of HIV Preexposure Prophylaxis
Among Young Pregnant Women from Rural KwaZulu-Natal, South Africa. AIDS Patient Care STDS.
2019; 33(5):214-9. https://doi.org/10.1089/apc.2018.0242 PMID: 31067125

Homsy J, King R, Bannink F, Namukwaya Z, Vittinghof E, Amone A, et al. Primary HIV prevention in
pregnant and lactating Ugandan women: A randomized trial. PLoS One. 2019; 14(2):e0212119. https://
doi.org/10.1371/journal.pone.0212119 PMID: 30802277

Keating MA, Hamela G, Miller WC, Moses A, Hoffman IF, Hosseinipour MC. High HIV incidence and
sexual behavior change among pregnant women in Lilongwe, Malawi: implications for the risk of HIV
acquisition. PLoS One. 2012; 7(6):€39109. https://doi.org/10.1371/journal.pone.0039109 PMID:
22768063

Desgrees-Du-Lou A, Msellati P, Viho |, Yao A, Yapi D, Kassi P, et al. Contraceptive use, protected sex-
ual intercourse and incidence of pregnancies among African HIV-infected women. DITRAME ANRS
049 Project, Abidjan 1995-2000. Int J STD AIDS. 2002; 13(7):462-8. https://doi.org/10.1258/
09564620260079617 PMID: 12171665

Irungu E, Chersich MF, Sanon C, Chege R, Gaillard P, Temmerman M, et al. Changes in sexual behav-
iour among HIV-infected women in west and east Africa in the first 24 months after delivery. AIDS.
2012; 26(8):997—-1007. https://doi.org/10.1097/QAD.0b013e3283524cal1 PMID: 22343965

Devries KM, Mak JY, Garcia-Moreno C, Petzold M, Child JC, Falder G, et al. Global health. The global
prevalence of intimate partner violence against women. Science. 2013; 340(6140):1527-8. https://doi.
org/10.1126/science.1240937 PMID: 23788730

Kenya National Bureau of Statistics, Ministry of Health/Kenya, National AIDS Control Council/Kenya,
Kenya Medical Research Institute, Population NCf, Development/Kenya. Kenya Demographic and
Health Survey 2014. Rockville, MD, USA; 2015.

Shamu S, Abrahams N, Temmerman M, Musekiwa A, Zarowsky C. A systematic review of African stud-
ies on intimate partner violence against pregnant women: prevalence and risk factors. PLoS One. 2011;
6(3):e17591. https://doi.org/10.1371/journal.pone.0017591 PMID: 21408120

Agrawal A, Ickovics J, Lewis JB, Magriples U, Kershaw TS. Postpartum intimate partner violence and
health risks among young mothers in the United States: a prospective study. Matern Child Health J.
2014; 18(8):1985-92. https://doi.org/10.1007/s10995-014-1444-9 PMID: 24562504

Kacanek D, Bostrom A, Montgomery ET, Ramjee G, de Bruyn G, Blanchard K, et al. Intimate partner
violence and condom and diaphragm nonadherence among women in an HIV prevention trial in south-
ern Africa. J Acquir Immune Defic Syndr. 2013; 64(4):400-8. https://doi.org/10.1097/QAl.
0b013e3182a6b0be PMID: 24165561

Ellsberg M, Jansen HA, Heise L, Watts CH, Garcia-Moreno C, Team WM-cSoWsHaDVaWS. Intimate
partner violence and women’s physical and mental health in the WHO multi-country study on women'’s
health and domestic violence: an observational study. Lancet. 2008; 371(9619):1165-72. https://doi.
org/10.1016/S0140-6736(08)60522-X PMID: 18395577

Hatcher AM, Smout EM, Turan JM, Christofides N, Stockl H. Intimate partner violence and engagement
in HIV care and treatment among women: a systematic review and meta-analysis. AIDS. 2015; 29
(16):2183-94. https://doi.org/10.1097/QAD.0000000000000842 PMID: 26353027

Omoro SA, Fann JR, Weymuller EA, Macharia IM, Yueh B. Swabhili translation and validation of the
Patient Health Questionnaire-9 depression scale in the Kenyan head and neck cancer patient popula-
tion. Int J Psychiatry Med. 2006; 36(3):367-81. https://doi.org/10.2190/8W7Y-0TPM-JVGV-QW6EM
PMID: 17236703

Monahan PO, Shacham E, Reece M, Kroenke K, Ong’or WO, Omollo O, et al. Validity/reliability of
PHQ-9 and PHQ-2 depression scales among adults living with HIV/AIDS in western Kenya. J Gen
Intern Med. 2009; 24(2):189-97. https://doi.org/10.1007/s11606-008-0846-z PMID: 19031037

Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the Alcohol Use Disor-
ders Identification Test (AUDIT): WHO Collaborative Project on Early Detection of Persons with Harmful
Alcohol Consumption—II. Addiction. 1993; 88(6):791-804. https://doi.org/10.1111/j.1360-0443.1993.
tb02093.x PMID: 8329970

Garcia-Moreno C, Jansen HA, Ellsberg M, Heise L, Watts CH, Health WHOM-cSoWs, et al. Prevalence
of intimate partner violence: findings from the WHO multi-country study on women’s health and domes-
tic violence. Lancet. 2006; 368(9543):1260-9. https://doi.org/10.1016/S0140-6736(06)69523-8 PMID:
17027732

Wilson KS, Deya R, Yuhas K, Simoni J, Vander Stoep A, Shafi J, et al. A Prospective Cohort Study of
Intimate Partner Violence and Unprotected Sex in HIV-Positive Female Sex Workers in Mombasa,

PLOS ONE | https://doi.org/10.1371/journal.pone.0254767  July 19, 2021 12/14


https://doi.org/10.1186/1471-2393-13-57
https://doi.org/10.1186/1471-2393-13-57
http://www.ncbi.nlm.nih.gov/pubmed/23510451
https://doi.org/10.1089/apc.2018.0242
http://www.ncbi.nlm.nih.gov/pubmed/31067125
https://doi.org/10.1371/journal.pone.0212119
https://doi.org/10.1371/journal.pone.0212119
http://www.ncbi.nlm.nih.gov/pubmed/30802277
https://doi.org/10.1371/journal.pone.0039109
http://www.ncbi.nlm.nih.gov/pubmed/22768063
https://doi.org/10.1258/09564620260079617
https://doi.org/10.1258/09564620260079617
http://www.ncbi.nlm.nih.gov/pubmed/12171665
https://doi.org/10.1097/QAD.0b013e3283524ca1
http://www.ncbi.nlm.nih.gov/pubmed/22343965
https://doi.org/10.1126/science.1240937
https://doi.org/10.1126/science.1240937
http://www.ncbi.nlm.nih.gov/pubmed/23788730
https://doi.org/10.1371/journal.pone.0017591
http://www.ncbi.nlm.nih.gov/pubmed/21408120
https://doi.org/10.1007/s10995-014-1444-9
http://www.ncbi.nlm.nih.gov/pubmed/24562504
https://doi.org/10.1097/QAI.0b013e3182a6b0be
https://doi.org/10.1097/QAI.0b013e3182a6b0be
http://www.ncbi.nlm.nih.gov/pubmed/24165561
https://doi.org/10.1016/S0140-6736%2808%2960522-X
https://doi.org/10.1016/S0140-6736%2808%2960522-X
http://www.ncbi.nlm.nih.gov/pubmed/18395577
https://doi.org/10.1097/QAD.0000000000000842
http://www.ncbi.nlm.nih.gov/pubmed/26353027
https://doi.org/10.2190/8W7Y-0TPM-JVGV-QW6M
http://www.ncbi.nlm.nih.gov/pubmed/17236703
https://doi.org/10.1007/s11606-008-0846-z
http://www.ncbi.nlm.nih.gov/pubmed/19031037
https://doi.org/10.1111/j.1360-0443.1993.tb02093.x
https://doi.org/10.1111/j.1360-0443.1993.tb02093.x
http://www.ncbi.nlm.nih.gov/pubmed/8329970
https://doi.org/10.1016/S0140-6736%2806%2969523-8
http://www.ncbi.nlm.nih.gov/pubmed/17027732
https://doi.org/10.1371/journal.pone.0254767

PLOS ONE

Late antiretroviral refills and condomless sex in HIV-seropositive pregnant and postpartum Kenyan women

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

Kenya. AIDS Behav. 2016; 20(9):2054-64. https://doi.org/10.1007/s10461-016-1399-5 PMID:
27094785

Hochmeister MN, Budowle B, Rudin O, Gehrig C, Borer U, Thali M, et al. Evaluation of prostate-specific
antigen (PSA) membrane test assays for the forensic identification of seminal fluid. J Forensic Sci.
1999; 44(5):1057-60. PMID: 10486959

Wilson KS, Wanje G, Yuhas K, Simoni JM, Masese L, Vander Stoep A, et al. A Prospective Study of Inti-
mate Partner Violence as a Risk Factor for Detectable Plasma Viral Load in HIV-Positive Women
Engaged in Transactional Sex in Mombasa, Kenya. AIDS Behav. 2016; 20(9):2065-77. https://doi.org/
10.1007/s10461-016-1420-z PMID: 27142058

Kassutto S, Maghsoudi K, Johnston MN, Robbins GK, Burgett NC, Sax PE, et al. Longitudinal analysis
of clinical markers following antiretroviral therapy initiated during acute or early HIV type 1 infection.
Clinical infectious diseases: an official publication of the Infectious Diseases Society of America. 2006;
42(7):1024-31. https://doi.org/10.1086/500410 PMID: 16511771

Shannon K, Crago AL, Baral SD, Bekker LG, Kerrigan D, Decker MR, et al. The global response and
unmet actions for HIV and sex workers. Lancet. 2018; 392(10148):698-710. https://doi.org/10.1016/
S0140-6736(18)31439-9 PMID: 30037733

White D, Wilson KS, Masese LN, Wanje G, Jaoko W, Mandaliya K, et al. Alcohol Use and Associations
With Biological Markers and Self-Reported Indicators of Unprotected Sex in Human Immunodeficiency
Virus-Positive Female Sex Workers in Mombasa, Kenya. Sex Transm Dis. 2016; 43(10):642—7. https://
doi.org/10.1097/0LQ.0000000000000502 PMID: 27631360

Nanni MG, Caruso R, Mitchell AJ, Meggiolaro E, Grassi L. Depression in HIV infected patients: a
review. Curr Psychiatry Rep. 2015; 17(1):530. https://doi.org/10.1007/s11920-014-0530-4 PMID:
25413636

Maldonado G, Greenland S. Simulation study of confounder-selection strategies. Am J Epidemiol.
1993; 138(11):923-36. https://doi.org/10.1093/oxfordjournals.aje.a116813 PMID: 8256780

R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing; 2017.

Buchberg MK, Fletcher FE, Vidrine DJ, Levison J, Peters MY, Hardwicke R, et al. A mixed-methods
approach to understanding barriers to postpartum retention in care among low-income, HIV-infected
women. AIDS Patient Care STDS. 2015; 29(3):126-32. https://doi.org/10.1089/apc.2014.0227 PMID:
25612217

UNAIDS. Global Plan Towards Elimination of New HIV Infections Among Children by 2015 and Keeping
Their Mothers Alive. Geneva, Switzerland: UNAIDS; 2011.

Eyassu MA, Mothiba TM, Mbambo-Kekana NP. Adherence to antiretroviral therapy among HIV and
AIDS patients at the Kwa-Thema clinic in Gauteng Province, South Africa. Afr J Prim Health Care Fam
Med. 2016; 8(2):e1-7.

El-Khatib Z, Ekstrom AM, Coovadia A, Abrams EJ, Petzold M, Katzenstein D, et al. Adherence and viro-
logic suppression during the first 24 weeks on antiretroviral therapy among women in Johannesburg,
South Africa—a prospective cohort study. BMC public health. 2011; 11:88. https://doi.org/10.1186/
1471-2458-11-88 PMID: 21303548

Silva JA, Dourado I, Brito AM, Silva CA. Factors associated with non-adherence to antiretroviral therapy
in adults with AIDS in the first six months of treatment in Salvador, Bahia State, Brazil. Cad Saude
Publica. 2015; 31(6):1188-98. https://doi.org/10.1590/0102-311X00106914 PMID: 26200367

Golin CE, Liu H, Hays RD, Miller LG, Beck CK, Ickovics J, et al. A prospective study of predictors of
adherence to combination antiretroviral medication. J Gen Intern Med. 2002; 17(10):756—65. https://doi.
org/10.1046/j.1525-1497.2002.11214.x PMID: 12390551

Wagner GJ, Remien RH, Carballo-Dieguez A, Dolezal C. Correlates of adherence to combination anti-
retroviral therapy among members of HIV-positive mixed status couples. AIDS Care. 2002; 14(1):105—
9. https://doi.org/10.1080/09540120220097973 PMID: 11798409

Barry A, Ford N, El-Khatib Z. Factors for incomplete adherence to antiretroviral therapy including drug
refill and clinic visits among older adults living with human immunodeficiency virus—cross-sectional
study in South Africa. Trop Med Int Health. 2018; 23(3):270-8. https://doi.org/10.1111/tmi.13026 PMID:
29243867

Peltzer K. Sexual behaviour among HIV-infected new mothers in South Africa 3—12 months after deliv-
ery. AIDS Care. 2014; 26(2):186—90. https://doi.org/10.1080/09540121.2013.803016 PMID: 23724951

Drake A, Roxby A, Kiarie J, Richardson B, Stewart G, Farquhar C. Prevalence and Correlates of Con-
traception, Method Type, and Condom Use among Hiv-1 Infected Postpartum Women. Contraception.
2012; 86(3):307-.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254767  July 19, 2021 13/14


https://doi.org/10.1007/s10461-016-1399-5
http://www.ncbi.nlm.nih.gov/pubmed/27094785
http://www.ncbi.nlm.nih.gov/pubmed/10486959
https://doi.org/10.1007/s10461-016-1420-z
https://doi.org/10.1007/s10461-016-1420-z
http://www.ncbi.nlm.nih.gov/pubmed/27142058
https://doi.org/10.1086/500410
http://www.ncbi.nlm.nih.gov/pubmed/16511771
https://doi.org/10.1016/S0140-6736%2818%2931439-9
https://doi.org/10.1016/S0140-6736%2818%2931439-9
http://www.ncbi.nlm.nih.gov/pubmed/30037733
https://doi.org/10.1097/OLQ.0000000000000502
https://doi.org/10.1097/OLQ.0000000000000502
http://www.ncbi.nlm.nih.gov/pubmed/27631360
https://doi.org/10.1007/s11920-014-0530-4
http://www.ncbi.nlm.nih.gov/pubmed/25413636
https://doi.org/10.1093/oxfordjournals.aje.a116813
http://www.ncbi.nlm.nih.gov/pubmed/8256780
https://doi.org/10.1089/apc.2014.0227
http://www.ncbi.nlm.nih.gov/pubmed/25612217
https://doi.org/10.1186/1471-2458-11-88
https://doi.org/10.1186/1471-2458-11-88
http://www.ncbi.nlm.nih.gov/pubmed/21303548
https://doi.org/10.1590/0102-311X00106914
http://www.ncbi.nlm.nih.gov/pubmed/26200367
https://doi.org/10.1046/j.1525-1497.2002.11214.x
https://doi.org/10.1046/j.1525-1497.2002.11214.x
http://www.ncbi.nlm.nih.gov/pubmed/12390551
https://doi.org/10.1080/09540120220097973
http://www.ncbi.nlm.nih.gov/pubmed/11798409
https://doi.org/10.1111/tmi.13026
http://www.ncbi.nlm.nih.gov/pubmed/29243867
https://doi.org/10.1080/09540121.2013.803016
http://www.ncbi.nlm.nih.gov/pubmed/23724951
https://doi.org/10.1371/journal.pone.0254767

PLOS ONE

Late antiretroviral refills and condomless sex in HIV-seropositive pregnant and postpartum Kenyan women

60.

61.

62.

63.

64.

65.

66.

Reyes HLM, Maman S, Groves AK, Moodley D, Chen MS. A longitudinal study of the relationship
between intimate partner violence and postpartum unsafe sex among newly diagnosed HIV-infected
South African women. AIDS Care. 2019; 31(6):707—13. https://doi.org/10.1080/09540121.2018.
1556380 PMID: 30522335

Wilson TE, Koenig L, Ickovics J, Walter E, Suss A, Fernandez MI, et al. Contraception use, family plan-
ning, and unprotected sex: few differences among HIV-infected and uninfected postpartum women in
four US states. J Acquir Immune Defic Syndr. 2003; 33(5):608-13. https://doi.org/10.1097/00126334-
200308150-00010 PMID: 12902806

J Chuma M T. Free Maternal Care and Removal of User Fees at Primary-Level Facilities in Kenya: Mon-
itoring the Implementation and Impact—Baseline Report. Washington, DC: Health Policy Project,
Futures Group; 2013.

Schnippel K, Mongwenyana C, Long LC, Larson BA. Delays, interruptions, and losses from prevention
of mother-to-child transmission of HIV services during antenatal care in Johannesburg, South Africa: a
cohort analysis. BMC Infect Dis. 2015; 15:46. https://doi.org/10.1186/s12879-015-0778-2 PMID:
25656597

Technau KG, Kalk E, Coovadia A, Black V, Pickerill S, Mellins CA, et al. Timing of maternal HIV testing
and uptake of prevention of mother-to-child transmission interventions among women and their infected
infants in Johannesburg, South Africa. J Acquir Immune Defic Syndr. 2014; 65(5):e170-8. https://doi.
org/10.1097/QA1.0000000000000068 PMID: 24759066

Health KMo. Guidelines on the use of antiretroviral drugs for treating and preventing HIV infection in
Kenya 2016.; 2016.

El-Khatib Z, Katzenstein D, Marrone G, Laher F, Mohapi L, Petzold M, et al. Adherence to drug-refill is a
useful early warning indicator of virologic and immunologic failure among HIV patients on first-line ART
in South Africa. PLoS One. 2011; 6(3):e17518. https://doi.org/10.1371/journal.pone.0017518 PMID:
21408071

PLOS ONE | https://doi.org/10.1371/journal.pone.0254767  July 19, 2021 14/14


https://doi.org/10.1080/09540121.2018.1556380
https://doi.org/10.1080/09540121.2018.1556380
http://www.ncbi.nlm.nih.gov/pubmed/30522335
https://doi.org/10.1097/00126334-200308150-00010
https://doi.org/10.1097/00126334-200308150-00010
http://www.ncbi.nlm.nih.gov/pubmed/12902806
https://doi.org/10.1186/s12879-015-0778-2
http://www.ncbi.nlm.nih.gov/pubmed/25656597
https://doi.org/10.1097/QAI.0000000000000068
https://doi.org/10.1097/QAI.0000000000000068
http://www.ncbi.nlm.nih.gov/pubmed/24759066
https://doi.org/10.1371/journal.pone.0017518
http://www.ncbi.nlm.nih.gov/pubmed/21408071
https://doi.org/10.1371/journal.pone.0254767

