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Oral preexposure prophylaxis uptake, adherence, and
persistence during periconception periods among
women in South Africa

Lynn T. Matthews®, Manjeetha Jaggernath®, Yolandie Kriel®,
Patricia M. Smith?, Jessica E. Haberer¢, Jared M. Baeten®®,
Craig W. Hendrix!, Norma C. Ware®", Pravi Moodleyi,
Melendhran Pillayi, Kara Bennett®, John Bassler!, Christina Psaros™
Kathleen E. Hurwitz®, David R. Bangsberg" and Jennifer A. Smit"

Objective: We developed the Healthy Families-PrEP intervention to support HIV-
prevention during periconception and pregnancy. We evaluated preexposure prophy-
laxis (PrEP) use with three objective measures.

Design: This single-arm intervention study enrolled women in KwaZulu-Natal,
South Africa, who were HIV-uninfected, not pregnant, in a relationship with a partner
with HIV or unknown-serostatus, and with pregnancy plans. PrEP was offered as part of
a comprehensive HIV prevention intervention. Participants were followed for
12 months.

Methods: We evaluated periconception PrEP uptake and adherence using quar-
terly plasma tenofovir concentrations. We modeled factors associated with PrEP
uptake and high plasma tenofovir (past day dosing). Patterns of use were
analyzed using electronic pillcap data. Dried blood spots to measure intracel-
lular tenofovir product (past 2months dosing) were analyzed for a subset of
women.

Results: Three hundred thirty women with median age 24 (IQR: 22-27) years enrolled.
Partner HIV-serostatus was unknown by 96% (N =316); 60% (195) initiated PrEP. High
plasma tenofovir concentrations were seen in 35, 25, 22, and 20% of samples at 3, 6, 9,
and 12 months, respectively. Similar adherence was measured by pillcap and dried
blood spots. In adjusted models, lower income, alcohol use, and higher HIV stigma
were associated with high plasma tenofovir. Eleven HIV-seroconversions were
observed (incidence rate: 4.04/100 person-years [95% confidence interval: 2.24—
7.301). None had detectable plasma tenofovir.
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Conclusion: The Healthy Families-PrEP intervention supported women in PrEP use.
We observed high interest in periconception PrEP and over one-third adhered to PrEP
in the first quarter; one-fifth were adherent over a year. High HIV incidence
highlights the importance of strategies to reduce HIV incidence among periconception

women.
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Introduction

South Africa is home to nearly 7.5 million people with
HIV (PWH); in 2021, an estimated 130 000 women and
10000 children acquired HIV [1]. In HIV-endemic
settings, many women conceive a baby with a partner
with HIV or whose serostatus is unknown [2]. For women
who cannot rely on partners to test, engage in care, and
suppress HIV-RNA through antiretroviral treatment,
condomless sex leaves them vulnerable to HIV and thus
increases perinatal transmission risks.

Daily, oral tenofovir disoproxil fumarate/emtricitabine
(TDE/FTCQC) for preexposure prophylaxis (PrEP) reduces
HIV-acquisition risk, is well tolerated for use among
pregnant and breastfeeding people, and is recommended
by the WHO, U.S. Centers for Disease Control and
Prevention, and South Africa Department of Health for
pregnant and breastfeeding people vulnerable to HIV
infection [3-5]. However, many South Africans,
including pregnant and breastfeeding people, struggle
with adherence [6,7].

Goals to have a healthy baby and remain HIV-free may
motivate HIV prevention during periconception and
pregnancy [8]. Informed by these observations and our
formative work, we developed and tested the Healthy
Families-PrEP (HF-PrEP) intervention to support PrEP
use during periconception and pregnancy periods [9]. This
manuscript describes PrEP use among women planning for
pregnancy in South Africa and participating in the
intervention. We aimed to discover whether women could
be supported to effectively use oral PrEP as a component
of comprehensive HIV-prevention for women intending
to conceive a child while potentially exposed to HIV.

Materials and methods

Study design and population

We conducted a single-arm longitudinal study among
women without HIV in Durban, South Africa.
Participants were planning for pregnancy within the
next year with a partner with HIV or of unknown

serostatus. Data collection occurred from 13 November
2017 to 21 July 2021. Additional eligibility criteria
included female sex; age 18—35 years; not on long-acting
contraception; and likely to be fertile [10]. Women with
pregnancy or HIV at screening were not eligible.
Fieldwork teams recruited women from local healthcare
clinics, gathering spots near the research site, and through
word-of-mouth promotion. Enrolled participants were
offered HIV prevention counseling including TDE/FTC
PrEP with quarterly adherence support and followed for
12 months. Objective adherence data were collected from
plasma, whole blood, and electronic pillcaps [9]. This
manuscript is restricted to periconception (the period
from enrollment until study exit or incident pregnancy);
pregnant women were censored for this analysis at the
date of the first positive pregnancy test.

Study activities
HIV prevention counselling (Healthy Families-PrEP)

We developed a counselling intervention, ‘“Healthy
Families-PrEP” (HF-PrEP), to support women in
achieving reproductive goals while minimizing HIV
acquisition, based on South African guidelines and our
formative work [11]. Those initiating PrEP participated
in quarterly adherence support sessions, adapted from
Lifesteps for PrEP [12,13] (Table 1).

Preexposure prophylaxis provision and
monitoring

Dispensing

Women could initiate or discontinue PrEP at any time.
Participants initiating PrEP were provided with a 30-day
supply of PrEP at initiation and a 90-day supply at
subsequent visits.

Clinical laboratory monitoring

Women initiating PrEP completed blood testing to
evaluate renal function and hepatitis B status. Women
with abnormal renal function [serum creatinine >
89 wmol/l and estimated glomerular filtration rate
(eGFR) < 60ml/min] or active hepatitis B infection
(hepatitis B surface antigen positive) were instructed to
stop PrEP per WHO guidelines at that time [14].
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Table 1. Healthy Families-PrEP support intervention.

Session® Activities

1 Rapport building and introduction
Safer conception education *
Motivational strategies to prepare for behavior change
Develop individualized safer conception plan
2 Review prior session content
Safer conception plan review °
Revise plan as needed
Support to implement plan ®
3 Review prior session content
Safer conception plan review ®
Revise plan as needed
Support to implement plan ®

“Guidelines at the time recommend that HIV-uninfected women who
want to conceive a child with a partner with HIV should encourage
partner testing and serostatus disclosure within the partnership, encour-
age partnertoinitiate ART, delay sex without condoms until he achieves
HIV RNA suppression or is on ART for six months, consider contracep-
tion to delay pregnancy until safer conception strategies are imple-
mented, limit condomless sex to peak fertility, and/or consider sperm
washing, donor sperm, and adoption as alternatives. We also coun-
selled on the availability and benefits of PrEP for HIV prevention.
PMethods employed to support clients to implement plan: education,
problem solving, motivational strategies, communication skills.
“Quarterly adherence support sessions throughout PrEP use. Com-
prehensive counselling was performed by trained study counsellors in
a group format, with the option of one-on-one counseling sessions
based on participant preference and study site logistics.

Participants completed beta-HCG urine testing, indi-
vidual HIV counseling and testing (HCT), and syndromic
screening for sexually transmitted infections (STIs) at
each study visit. Those with pregnancy were eligible to
remain in the study and referred for antenatal care. Those
with STI symptoms were provided with treatment.
Participants who seroconverted were exited from the
study and followed to promote linkage to care. HIV-
RNA samples were sent for genotyping.

Electronic pillcaps

Women accessing PrEP were provided a pill bottle with
an electronic cap (Medication Electronic Monitoring
System (MEMS) [AARDEX, Switzerland]) that recorded
when the device was opened as a proxy for pill ingestion.
Pillcap data were downloaded at each visit and reviewed
with participants.

Adherence-related laboratory evaluation

Women who initiated PrEP provided blood samples at
quarterly visits for whole blood and plasma. Concentrations
of tenofovir metabolites were assayed in all plasma and a
subset of DBS samples using methods described elsewhere
[15]. The subset of DBS included all HIV seroconversion
samples and a random subset of other samples such that
101 participants (52%) of ever PrEP users were included.

Questionnaires

At enrollment, a questionnaire was administered via face-
to-face interview with a research assistant fluent in
English and the dominant local language to assess
constructs within our conceptual framework for

periconception HIV prevention behavior [16]. Con-
structs were measured using instruments validated in this
setting, described in detail elsewhere [9].

COVID-19 protocol adaptations

The South African government implemented a nation-
wide lockdown from March 27, 2020, through May 1,
2020. The research protocol was temporarily modified to
optimize safety for participants and study staff. In-person
visits were limited to essential visits with telephonic data
collection for other study activities. Once restrictions
were loosened, onsite clinical activities resumed per
original protocol specifications.

Outcomes

The primary outcomes included PrEP uptake defined as
the proportion of participants who ever collected a 30 day
PrEP supply at least once within 12 months of enrollment
and PrEP adherence as measured by plasma TFV at the
first quarterly follow-up visit following initiation. Plasma
TFV concentrations at least 40 ng/ml indicate dosing in
the last 24 h (categorized as “high” adherence), between
10 and 40ng/ml indicate dosing in the prior 3days
(“moderate” adherence), and less than 10 ng/ml indicate
no dosing in the prior 7 days (“low” adherence) [17].

We also evaluated adherence using the proportion of days
with a record of pill bottle opening and intraerythrocytic
TFV-DP concentrations, reflecting use over the prior two
months. Pillcap adherence was assessed during active PrEP
follow-up (PrEP initiation through to the earlier of reported
PrEP discontinuation or study exit) and capped at one
opening per day. We estimated mean monthly adherence
over time and the proportion of PrEP initiators with mean
monthly adherence at least 80% (“high” adherence) [18].
Intraerythrocyte concentrations of TFV-DP were a
secondary adherence measure for a subset of women. On
the basis of limited data for pregnant or postpartum African
women [19-21], we categorized intraerythrocytic con-
centrations of more than 600 fmol/punch, approximately at
least 4 doses per week (“high” adherence), 450—600 fmol/
punch as about three doses per week (“moderate”
adherence), and between 16.6 and less than 450 as less
than three doses per week (“low” adherence) [19,22]. We
selected a slightly lower cut-oft for the category of “high”
based on the available data while accounting for our inability
to adjust for anemia, thrombocytopenia, and BMI [23].

Pillcap data were used to evaluate at least 14-day breaks in
PrEP use followed by resumption of daily use (i.e.
continuation after an interruption) versus 14-day breaks
in PrEP use without resumption (i.e. discontinuation).
We chose 14days to prioritize interruptions beyond
common-but-transient gaps in pillcap use including
pocket doses (i.e., multiple pills removed for later dosing),
weekend breaks, reduced access to PrEP due to COVID-
19 restrictions, and travel [24].
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Drug concentration and pillcap data were censored at the
last study visit date after the last pillcap opening. If a client
stopped using PrEP in January 2020 and reported this at a
follow-up wisit in March 2020, they contributed
adherence data through March and were subsequently
classified as having discontinued PrEP and did not
contribute ongoing adherence data.

Additional outcomes

We assessed HIV incidence (overall and by PrEP initiation
status) measured as the time to first HIV-positive test from
enrollment. Follow-up for incident cases was censored at
the midpoint of the first positive and last negative HIV test
result for infected women. Data for women who did not
acquire HIV was censored at the time of the last available
negative test.

For all participants who seroconverted, Sanger Sequenc-
ing-based HIV resistance genotyping was completed as
described by Manasa et al. [25]. The Stanford University
HIV drug resistance database (version 9.0) was used to
assess the presence of HIV drug resistance mutations and
antiretroviral susceptibilities [26,27]. We defined drug
resistance as having any major drug resistance mutation
(DRM) to nucleoside reverse transcriptase inhibitor
(NRTTI), nonnucleoside reverse transcriptase inhibitor
(NNRTT), or protease inhibitors.

Study clinicians monitored adverse events using NIH
DHHS guidelines [28] at all scheduled study wvisits;
adverse events were reviewed by the DSMB at annual
meetings.

Sample size

We proposed to enroll 350 women [9]. Due to the
COVID-19 pandemic, enrollment was capped at 330 in
March 2020; the last participant enrolled on January
31, 2020.

Statistical analysis

We describe adherence longitudinally with electronic
pillcaps, TFV plasma, and TFV-DP in dried blood spots.
However, our models to predict adherence were
conducted at 3 months given high rates of exit due to
seroconversion, pregnancy, losses to follow-up, and less
stable and less representative numbers at 6, 9, and
12months. We used modified Poisson regression with
generalized estimating equations to assess predictors of
PrEP initiation and high adherence (defined as TFV
>40ng/ml) at the first quarterly visit following PrEP
initiation. Baseline predictors identified based on our
periconception HIV risk conceptual framework [35]
included age, education, household income, number of
prior pregnancies, number of sexual partners, condom
use, tobacco and alcohol use, HIV stigma [16], perceived
HIV risk [29], sexual relationship power [30], dyadic trust
[31], social support [32], and depression [33]. Multivari-
able-adjusted risk ratios were constructed using a change-

in-estimate approach [34] in which relative to a fully
adjusted model (i.e., all known or hypothesized
confounding factors identified by subject matter knowl-
edge of the underlying causal structure included), we
removed, one by one, each factor and recorded the
estimated coefticient for the predictor-outcome associa-
tion. If the removal of the factor changed the coefficient
by at least 10%, it was retained. Missing data are
considered missing at random and complete case analyses
are reported.

All statistical analyses were conducted using SAS software
version 9.4 (SAS Institute, Cary, North Carolina, USA)
and R Statistical Software (v4.1.2; R Core Team 2021).

Ethics and dissemination

The protocol was approved by the Human Research
Ethics Committee at the University of the Witwatersrand
(Pretoria, South Africa), the Institutional R eview Boards
of Partners Healthcare (Boston, Massachusetts, USA), and
University of Alabama at Birmingham. The protocol is
registered with the South African Health Products
Regulatory Agency, MCC#20170131) and Clinical-
Trials.gov (NCT03194308). Consent was obtained from
all participants.

Role of the funding source

Study funders did not have a role in study design, data
collection, analysis, interpretation of data, or writing of
this report.

Results

Screening and enrollment

We approached 673 women for screening, of whom 621
completed the screening questionnaire, and 330 met
eligibility criteria and enrolled. Figure 1 summarizes
reasons for ineligibility. Among 330 enrolled women,
four (1%) did not complete safer conception counseling.
Thus, this manuscript reports on data collected from 326
fully enrolled participants. At enrollment, median (25,
75" percentile) age was 24 (22, 27) years with 279 (86%)
reporting a high school education or beyond and 145
(45%) reporting no prior pregnancies. Most women
(n=1287; 88%) reported one sexual partner, and most
(n=313; 97%) did not know the HIV-serostatus of their
desired pregnancy partner. Most (n = 205, 70%) reported
that at least one of their sexual partners probably had other
partners (Table 2).

Overall, 189 (58%) women completed all planned follow-
up visits (Fig. 1). The most common reasons for
discontinuing periconception follow-up were pregnancy
(n=156), loss to follow-up (n = 46), relocation outside the
catchment area (n=24), and withdrawal of consent
(n=16). Figure 2 illustrates that 312 women (96%)
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Women approached (N=673)

— Not interested (N=52)

Women interested in study (N=621)

Ineligible Based on Clinical Questionnaire* (N=223)
* Ineligible age (N=9)
* Co-enrolled (N=4)
* Did not want a baby (N=11)

* Not in a relationship (N=6)

* On long-acting contraceptive (N=30)

*  Other (N=50) (active illness, time off work, unreachable, no ID, studying,
transportation money issues)

» Partner HIV-uninfected (N=82)
* Relationship <6 months (N=3)
* Relocating (N=3)

« Likely infertile, as determined by screening questions (N=24)
* No longer interested, did not consent to questionnaire (N=1)

Ineligible Based on Testing (N=44)
* Currently pregnant (N=8)
» Currently pregnant and HIV-positive (N=1)
* HIV-positive (N=35)

Eligible But Did Not Enroll (N=24)
* Gave consent for questioning, but no longer
—»| interested (N=18)
* Screening in process when enrollment to
study was closed (N=6)

A

Eligible & Enrolled (N=330)

LTFU prior to SCC (N=4) ‘

¥

‘ Completed Safer Conception Counseling (N=326) [PrEP=195, NoPrEP=131]

BN

v

LTFU (N=4)

‘ Follow-up through 1-month (N=322) [PrEP=194, NoPrEP=128]

‘ Follow-up through 3-month (N=312) [PrEP=187, NoPrEP=125]

| LTFU (N=18), pregnant (N=17)

v

|
|
|
—  LTFU (N=5), pregnant (N=5) |
|
|
|

‘ Follow-up through 6-month (N=277) [PrEP=160, NoPrEP=117]

LTFU (N=11), seroconversion
(N=2), pregnant (N=19)

v

‘ Follow-up through 9-month (N=245) [PrEP=138, NoPrEP=107] |

LTFU (N=32), seroconversion
(N=9), pregnant (N=15)

v

| Follow-up through 12-month (N=189) [PrEP=107, NoPrEP=82] |

LTFU: Lost to Follow-Up
SCC: Safer Conception Counseling

* Some women were excluded for multiple reasons

Fig. 1. Consort diagram. Flow of participants during screening, enrollment, and follow-up.

completed the 3-month follow-up visit and, therefore, all
three primary Healthy Families-PrEP counseling sessions
(Table 1). Eleven women acquired HIV during follow-up.

Preexposure prophylaxis initiation

A total of 195 (60%) women initiated PrEP with most
(n=162; 83%) starting within 2months of enrollment;
97% initiated within 6 months of enrollment. In multivar-
iable-adjusted models, participants with higher income,

greater educational attainment, and higher HIV risk
perception were less likely to initiate PrEP during follow-
up (Table 3) (Supplemental File 2 provides unadjusted
associations, http://links.Iww.com/QAD/D217).

Preexposure prophylaxis adherence and persistence
Figure 2 highlights summary use at 3, 6, and 9 months with
all three adherence measures. We found that 86—92% took
at least some PrEP by pillcap, 23—36% by plasma TFV,


http://links.lww.com/QAD/D217

Preexposure prophylaxis uptake Matthews et al.

Table 2. Baseline characteristics, overall and by ever-initiated PrEP.

Overall Did not initiate PrEP Initiated PrEP
(N=326) (N=131) (N=195)
Individual characteristics
Age, years
Median (IQR) 24 (22, 27) 24 (22, 26) 24 (22, 27)
Education

Grade 7 (Standard 5) - Grade 11 (Standard 9)
Grade 12 (Standard 10) and postgrade 12
Income, monthly ($USD)
< $116
$116-$232
> $232
Missing
Total pregnancies
Oorl
2+
Currently using tobacco products
Yes
No
Missing
Frequency of alcohol use in the past year
Never
Any Amount
Missing
Partnership characteristics
Partner HIV Status
Primary partner’s HIV status is known by participant
Primary partner’s HIV status is unknown by participant
Missing
Sexual partners, past 3 months
Oorl
24
Missing
Pregnancy partner (main or other) has other partners
Definitely/Probably does not
Definitely/Probably does
Missing
Depression Score *
<1.75
> 1.75
Missing
Parenthood motivation: Social control ®
Median (IQR)
Missing
HIV Stigma Score ©
Median (IQR)
Missing
Perceived HIV Risk ¢
Median (IQR)
Missing
Sexual Relationship Power Scale ©
Median (IQR)
Missing
Dyadic Trust Score *
Median (IQR)
Missing
Social support &
Median (IQR)
Missing
PrEP Optimism "
Median (IQR)
Missing

47 (14.4%)
279 (85.6%)

75 (31.6%)

81 (34.2%)

81 (34.2%)
89

266 (81.6%)
60 (18.4%)

28 (8.6%)
296 (91.4%)
2

154 (47.7%)
169 (52.3%)
3

11 (3.4%)
313 (96.6%)
2

288 (88.6%)
37 (11.4%)
1

90 (30.5%)
205 (69.5%)
31

303 (94.1%)
19 (5.9%)
4

7 (6, 8)
8

2 (0, 6)
15

20 (18, 22)
17

3(2,3)
43

14 (10.7%)
117 (89.3%)

22 (23.4%)

39 (41.5%)

33 (35.1%)
37

112 (85.5%)
19 (14.5%)

12 (9.2%)
119 (90.8%)
0

61 (47.3%)
68 (52.7%)
2

3 (2.3%)
127 (97.7%)
1

119 (90.8%)
12 (9.2%)
0

41 (33.3%)
82 (66.7%)
8

120 (92.3%)
10 (7.7%)

33 (16.9%)
162 (83.1%)

53 (37.1%)

42 (29.4%)

48 (33.6%)
52

154 (79.0%)
41 (21.0%)

16 (8.3%)
177 (91.7%)
2

93 (47.9%)
101 (52.1%)
1

8 (4.1%)
186 (95.9%)
1

169 (87.1%)
25 (12.9%)
1

49 (28.5%)
123 (71.5%)
23

183 (95.3%)
9 (4.7%)

Depression: Depression was measured using 10 items questions from the Hopkins Symptoms Checklist [33]. Items were scored on a 4-point Likert
scale [ranging from (1) “Not at all”” through (0) ““Extremely”’]. An average score of 1.75 and above was classified as having depression.
Social Control: (a) ““My environment (others, family) expect it of me”’; (b) Others around me have children”; (c) "l want to have a baby to avoid

being an outsider”.

“HIV stigma: HIV stigma (attributed stigma, perception how most people feel) was assessed using 17 items from the HIV Stigma Scale [65,66] with
the response profile (1) Agree or (0) Disagree. A score was obtained by summing over the 17 items with higher scores indicating higher attributed

stigma about HIV.

1347



1348

AIDS 2024, Vol 38 No 9

Table 2. Continued.

dperceived HIV risk: Perceived HIV risk was measured using the Perceived Risk of HIV scale developed by Napper et al. [29]. Participants
responded to the seven-item questions with Likert scale responses: (1) ““What is your gut feeling about how likely you are to get infected with HIV?”
[responses range from (1) Extremely unlikely to (4) Extremely likely], (2) “’I worry about getting infected with HIV"” [responses range from (1) Never
to (4) All the time], (3) ** Picturing myself getting HIV is something | find”’ [responses range from (1) very hard” to (4) ““Very easy to do”], (4) “Getting
HIV is something I am. . .."” [responses range from ‘Not concerned about’ to ‘Extremely concerned about’], (5) ““l am sure | will not get infected with
HIV.” [responses range from (1) “‘Strongly agree’ to (4) “‘Strongly disagree’’], (6) ‘I feel I am unlikely to get infected with HIV.” [responses range
from (0) ““Strongly agree’’ through (5) ““Strongly disagree’’], (7) ““I feel vulnerable to HIV infection.” [responses range from (5) ‘‘Strongly agree’”
through (0) ““Strongly disagree”’]. ltems were summed with higher scores indicating higher perceived HIV risk.

“Sexual relationship power: Sexual relationship power was measured using the Sexual relationship Power Scale [67], which includes 23 questions and
two subscales: relationship control [15 questions with response options ranging from (5) “/Strongly agree’” through (0) “‘Strongly disagree”’] and
decision-making dominance subscale [eight questions with response options ““Your partner,”” ““Both of you equally,” or ““You"']. Items were summed
and overall score was derived. A higher score indicate more power in relationship in the area of relationship control and decision-making dominance.
Dyadic trust: Dyadic trust was measured using the Dyadic Trust Scale [31], which includes eight-item questions with a 5-point Likert scale
response options [ranging from (4) Agree through (0) Disagree]. An average score was derived with a higher score indicating higher trust.
8Social support: Social support was measured using 10 items from the Duke-UNC Functional Social Support Questionnaire [32]. Items were scored
on a 4-point Likert scale [ranging from (1) As much as | would like through (4) Never]. An overall score was derived with higher scores indicating
higher social support.

PPrEP optimism: PrEP optimism was assessed based on three-item questions adapted from the Partners PrEP adherence sub-Study [68]: (1) “/PrEP
reduces risk of getting HIV,”” (2) “/PrEP makes it easier to relax about sex without condoms,”” and (3) “PrEP makes me worry less.”” Responses to each
item questions were given scores of O (for “’strongly disagree’’), 1 (for “’disagree”’), 2 (for “agree’’), 3 (for “/strongly agree’’), and summed with higher
scores indicating greater PrEP optimism.

and 49-67% by TFV-DP at 3, 6, 9, and 12months of
follow-up. In addition, 27—43% were highly adherent
taking at least 80% of doses by pillcap, 20—-35% with high
plasma tenofovir, and 18-25% with high TFV-DP.
Adherence waned over time by all measures.

Among 180 women who initiated PrEP and had pillcap
data, median duration of persistent PrEP use was 219 days
(range: 1-545). Serial short gaps in use were common;
the median proportion of time on PrEP for PrEP users
was 63% (IQR 43%, 83%). Seventy-eight (43%) women

100%
& 12% 14% 10%
90%
16% 33%
80% 20% g2 45% 27%
I 26% 51%
g 70% &5 67%
) 72%
a 60% 34% 77%
g
a
"6 50% 31%
i 42% 30% 36%
10,
g 40% : 22%
& 2%
S 30% o
7% - %
4 6% 3% 4% 3%
20% 3% o o
o 30% 27% ~
10% 18% 25% 20% 22% 20% 20% 2%
0%
Pillcap TFV DBS Pillcap TFV DBS Pillcap TFV DBS Pillcap TFV DBS
N=129 N=121 N=66 | N=116 N=97 N=65 | N=103 N=92 N=56 N=81 N=69 N=49
Month 3 Month 6 Month 9 Month 12
Levels Pillcap TFV DBS
(% of days opened) (ng/mL) (fmol/mm3)
Not detected <1% <10 <16.6
Low 1% to <40% 16.6 to <450
O to <40
Moderate 40% to <80% 450 to <600
High 280% 40 600

Fig. 2. Periconception PrEP use over 12 months by electronic pillcap (proportion of days pillcap opened summarized over prior

quarter), plasma TFV (past day use), intraerythrocytic TFV-DP (past 8 weeks use).
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Table 3. Multivariable-adjusted risk ratios and 95% confidence intervals for (a) initiation of PrEP during follow-up and (b) plasma TFV

(>40ng/ml) at 3 months following PrEP initiation.

Outcome: Ever initiated
PrEP during follow-up ®

Outcome: Plasma TFV>40

ng/ml at 3 months

Covariate aRR (95% ClI) P aRR (95% CI) P
Age (years) 1.01 (0.97-1.04) 0.74 1.03 (0.96-1.10) 0.46
Education

Grade 7 (Standard 5) - Grade 11 (Standard 9) REF - REF -

Grade 12 (Standard 10) and postgrade 12 0.74 (0.58-0.94) 0.02 1.77 (0.68-4.65) 0.24
Income, monthly ($USD) 0.01 ¢ 0.04 ©

< $116 REF REF

$116-$232 0.66 (0.50-0.86) 0.74 (0.37-1.46)

> $232 0.78 (0.62-0.99) 0.44 (0.20-0.98)
Total pregnancies

Oorl REF - REF -

2+ 1.18 (0.93-1.50) 0.18 0.91 (0.35-2.37) 0.85
Currently using tobacco products

No REF -

Yes 0.79 (0.49-1.28) 0.34
Frequency of alcohol use in the past year

Never REF - REF -

Any amount 0.97 (0.81-1.18) 0.78 2.18 (1.20-3.99) 0.01
Sexual partners, past 3 months

Oorl REF - REF -

2+ 1.24 (0.96-1.60) 0.10 0.59 (0.17-2.04) 0.40
Pregnancy partner (main or other) has other partners

Definitely/Probably is not REF - REF -

Definitely/Probably is 1.05 (0.84-1.32) 0.66 0.79 (0.39-1.60) 0.52
Depression Score

<1.75 REF -

> 1.75 0.71 (0.32-1.60) 0.41
Parenthood motivation: Social control 0.99 (0.92-1.07) 0.86 1.10 (0.92-1.31) 0.30
HIV Stigma Score 1.00 (0.97-1.02) 0.83 1.16 (1.07-1.26) <0.01
Perceived HIV Risk 0.97 (0.94-0.99) 0.046 1.06 (0.96-1.18) 0.23
Sexual Relationship Power Scale 1.04 (0.77-1.41) 0.79 0.87 (0.35-2.15) 0.76
Dyadic Trust Score 1.00 (0.98-1.02) 0.69 1.00 (0.93-1.07) 0.94
Social support 0.89 (0.53-1.48) 0.65 3.29 (0.45-24.18) 0.24
PrEP Optimism 1.00 (0.93-1.07) 0.97 1.12 (0.93-1.35) 0.23

See supplemental file 3, http:/links.lww.com/QAD/D218 for each minimally adjusted model of factors associated with initiating PrEP. See
supplemental file 4, http://links.lww.com/QAD/D219 for fully adjusted multivariable analysis of factors associated with ever-PrEP use and 3-month

plasma >40ng/ml.

“PrEP initiation analyses conducted among n=326 participants who completed all enrollment activities.

PPlasma TFV analyses conducted among n= 134 PrEP initiators who provided a sample at the 3-month follow-up visit.
“P-value computed based on a chi-square distribution with 2 degrees of freedom.

IMultivariable-adjusted analyses for tobacco use and depression score were not conducted due to insufficient sample size.

P-values < 0.05 are in bold.

had atleast one adherence interruption of 14 days or more
(Fig. 3); median time to first 14-day interruption was 77
(IQR 31-127) days with median time to restart was 22
(IQR 17-40) days. Median time to PrEP discontinuation
without restarting was 200 (IQR 85-326) days (Fig. 4).

In multivariable-adjusted models, women with lower income,
any alcohol use, and higher levels of attributed community
HIV stigma were more likely to have high plasma TFV
concentration (Table 3) (Supplemental File 2 provides
unadjusted associations, http://links.lww.com/QAD/D217).

HIV incidence

Eleven incident infections occurred among 315 partici-
pants with a repeat HIV test result, contributing 272 years
of follow-up. HIV incidence was 4.04 per 100 person-
year [95% confidence interval (95% CI) 2.24—-7.30]. Five

of these seroconversions occurred among 122 participants
who did not initiate PrEP with 108 years of follow-up for
an HIV incidence of 4.62 (95% CI: 1.92—-11.10). The
remaining six seroconversions occurred among 193
women who initiated PrEP with 164 years of follow-
up with an HIV incidence of 3.66 (95% CI: 1.64—8.15).
Four of the six had undetected plasma TFV at the visit
where they were diagnosed with HIV. The remaining two
had undetected plasma TFV at the visit prior to diagnosis
with HIV. Three women who had TEV-DP tested had
concentrations below limits of detection. Two additional
women had either undetected of a low concentration
(21.3 fmol/punch) at a visit prior to HIV-seroconversion.
Among the six women who initiated PrEP and
seroconverted, three had NINRTI resistance mutations
(V106 M, K103N, E138A), all unrelated to exposure
study product (TDF/FTC).


http://links.lww.com/QAD/D217
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(a) 100%

75% 1

50% -
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25% 1

1 2 3 4 5 6
Length of Gap, Days

7 8 9 10 11 12 13 =214

Note: Individual participants may have more than one instance of a gap in PrEP use.

Fig. 3. Proportion of N = 180 periconception participants who started PrEP and used the electronic pillcap who had adherence

gaps of 1 through >14 days.

Adverse events

We observed 60 adverse events (among 44 participants) of
which 23 events (among 20 participants) were considered
serious. None of the serious adverse events were deemed
to be related to study procedures, including PrEP use

(See Supplemental file 1 for all adverse events, http://
links.Iww.com/QAD/D216). No clients were advised to
stop PrEP due to renal dysfunction. One unvaccinated
person with HBV at baseline stopped PrEP shortly
after initiation.

(b) 100
90
80
70+
60
50 1

40

Participants on PrEP (%)

30

204

104

T T T
180 270 360
Time (Days)

Fig. 4. Time to PrEP discontinuation (black) and 95 % ClI (grey), where PrEP discontinuation is defined as the first 14-day interruption
in treatment without resumption (based on pillcap data) among N = 180 periconception participants who initiated PrEP.
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Discussion

We conducted a longitudinal study offering an HIV
prevention intervention, Healthy Families-PrEP, to
women planning for pregnancy in an urban South
African setting with one of the highest HIV prevalence
rates in the world. The majority of participants did not
know their partner’s status, suspected he had other
partners, and were engaging in condomless sex with goals
to have a child. The HF-PrEP intervention supported
high PrEP uptake (60%) and high adherence over
3 months for 20—-43% of participants (depending on the
adherence measure used). By pillcap, most women had
gaps in their PrEP use with a median time to
discontinuation of 199 days. We observed high HIV
incidence and the findings suggest the importance and
value of programming to promote HIV prevention for
women planning for pregnancy. PrEP interest is high, and
many women need additional adherence support and/or
alternative prevention strategies.

Our findings of high adherence compared to many other
demonstration projects among cisgender women suggest
the value of PrEP care for this population. In a recent
analysis of more than 6000 cisgender women accessing
TDEF/FTC PrEP in demonstration projects, including 78%
African women, only 17% were highly adherent to PrEP
by intracellular tenofovir concentrations [6]. Others also
observed goals to have a healthy baby and remain HIV-free
can motivate HIV prevention. In a U.S. study conducted
among women without HIV planning pregnancy with
men with HIV, 87% took atleast four PrEP doses per week,
by intracellular TFV-DP [35]. In Kenya, a periconception
HIV prevention study among HIV-serodifterent couples
observed that 81% of partners without HIV took more than
80% of PrEP doses [36]. We implemented an intervention
similar to that used in the current study in Uganda and
observed TFV-DP concentrations corresponding to atleast
four doses among 41% of women at 6-month follow-up
[37]. These data highlight the importance of integrating
HIV prevention counseling, including PrEP, into precon-
ception care to reduce HIV incidence among women and
infants. In addition, as more products are approved, choice
of delivery method (vaginal ring, injectable, oral) may
support uptake and adherence [38]. Novel longer-acting
PrEP drugs such as the dapivirine (DPV) vaginal ring and
injectable cabotegravir are efficacious [39—41], approved
for use in South Africa [42,43], and may serve as important
PrEP options for women who struggle with daily oral
medications. Indeed, emerging data suggest that PrEP
choice may promote use [44,45]. Understanding safety
profiles and securing approval for use in women planning
for and with pregnancy will be important [46—49].

The intervention supported about a third of women to use
daily oral PrEP well enough to be protected from HIV
based on pharmacokinetic estimates [18—21]. On the basis
of real-world PrEP use, more women had some protection

by taking more than two doses per week [6]. ALthough
HF-PrEP worked for many women, it did not help all
participants to successfully use PrEP. We observed an
association of poorer adherence associated with lower
perceived community HIV stigma. Women perceiving
higher community levels of stigma may have experienced
increased motivations to use PrEP and avoid HIV. We also
observed higher adherence with alcohol use and lower
income; generally, in the literature, women with competing
demands (e.g., lower income, alcohol use [50,51]) struggle
with adherence. Perhaps in this context, women faced
other challenges that encouraged them to engage in their
HIV prevention strategy; this positive association with
alcohol use was also observed among pregnant women
accessing PrEP in Cape Town [52] and men accessing PrEP
in rural KwaZulu-Natal [53], suggesting that alcohol use
should not be a contra-indication to PrEP care. In a nested
qualitative substudy, women in our cohort described
challenges getting to study visits (including for refills),
succeeded when they were able to disclose PrEP use to a
supporter, and made decisions about PrEP use based on
sexual activity [24]. Additional intervention content could
add PrEP modality choice, community delivery options,
leverage problem solving to support PrEP use disclosure,
and adapt to provide women with the counseling they need
when they need it [54].

Interpretation of our data varies by the adherence
measure used and degree to which a given adherence
threshold correlates with PrEP effectiveness. Differences
observed across the three PrEP adherence measures in this
cohort highlight the value of incorporating multiple
measures and expose gaps in our understandings of
tenofovir pharmacokinetics for cis-gender women. High
adherence by electronic device waned whereas the
proportion with high concentrations by plasma and
whole blood measures were relatively stable, suggesting
that motivations to use the pillcap due to social desirability
bias may have been present and waned over time [55].
However, our limited understandings of how to interpret
pharmacokinetics for cis-gender black women may also
underestimate adherence [56]. We rely on the pillcap data
to evaluate stops and starts, which are common and
important to understanding PrEP use. On the basis of our
paired pillcap and drug concentration data, the pillcaps
may be insensitive for capturing gaps.

Importantly, we observed high HIV incidence in this
population of women planning for pregnancy. HIV
acquisition during pregnancy and breastfeeding contrib-
utes to about one-third of childhood HIV incidence [57].
In this study, the first to our knowledge to measure
periconception HIV acquisition risk longitudinally in an
HIV-endemic setting, we observed an HIV incidence of
4.04 per 100 person-years (95% CI: 2.24-7.30),
highlighting the importance of developing effective
prevention programs for this population. This finding
highlights the importance of offering PrEP to women
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independent of whether their partner has been diagnosed
and disclosed serostatus. One-third of men with HIV
(MWH) in South Africa do not know their serostatus [58],
and less than half of women are aware of their partner’s
serostatus [59,60]. Interventions to promote knowledge of
partner serostatus remain important, but should not
undermine opportunities to provide PrEP to women who
may not know their partner’s serostatus but live in an HIV-
endemic area or otherwise feel vulnerable to HIV [48].
Educating men about HIV-prevention options for their
pregnancy partners may also support uptake [61].
Reassuringly, genotyping of the virus among those with
seroconversion revealed mutations that are not associated
with exposure to NRTIs (e.g., tenofovir, emtricitabine)
and thus are likely to represent transmitted resistance [62].

This project was conducted prior to approval of TDF/
FTC as PrEP for women planning for or with pregnancy
in South Africa, thus subject to regulations for
investigational drug. Accordingly, we collected detailed
information on adverse events. We observed a reassuring
safety profile consistent with many PrEP studies [63,64].

Strengths of this study include incorporation of multiple
adherence measures over time among a rarely studied
population of women vulnerable to acquiring HIV.
Limitations include that this was a research study, thus
adherence may have been higher than among the general
population. The project was conducted when TDE/FTC
was not recommended for people planning for pregnancy
in South Africa, which may have compromised use.

Conclusion

Our findings support the importance of HIV prevention
for women planning for pregnancy in HIV endemic
settings. Female-controlled prevention strategies are
critical, and oral PrEP is an important component of
safer conception care which women choose to use. Our
adapted intervention helped support about a quarter of
women to use PrEP well with closer to 50% using PrEP
well enough to secure some protection.
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