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Abstract

Background

Pre-exposure prophylaxis (PrEP) is highly effective and an important prevention tool for Afri-
can adolescent girls and young women (AGYW), but adherence and persistence are chal-
lenging. PrEP adherence support strategies for African AGYW were studied in an
implementation study.

Methods and findings

HIV Prevention Trials Network (HPTN) 082 was conducted in Cape Town, Johannesburg
(South Africa) and Harare (Zimbabwe) from October 2016 to October 2018 to evaluate
PrEP uptake, persistence, and the effect of drug level feedback on adherence. Sexually
active HIV—negative women ages 1625 were offered PrEP and followed for 12 months;
women who accepted PrEP were randomized to standard adherence support (counseling,
2-way SMS, and adherence clubs) or enhanced adherence support with adherence feed-
back from intracellular tenofovir-diphosphate (TFV-DP) levels in dried blood spots (DBS).
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PrEP uptake, persistence through 12 months (no PrEP hold or missed visits), and adher-
ence were assessed. The primary outcome was high adherence (TFV-DP >700 fmol/
punch) at 6 months, compared by study arm. Of 451 women enrolled, median age was 21
years, and 39% had curable sexually transmitted infections (STls). Most (95%) started
PrEP, of whom 55% had uninterrupted PrEP refills through 12 months. Of those with DBS,
84% had detectable TFV-DP levels at month 3, 57% at month 6, and 31% at month 12. At 6
months, 36/179 (21%) of AGYW in the enhanced arm had high adherence and 40/184
(22%) in the standard adherence support arm (adjusted odds ratio [OR] of 0.92; 95% confi-
dence interval [Cl] 0.55, 1.34; p=0.76). Four women acquired HIV (incidence 1.0/100 per-
son-years), with low or undetectable TFV-DP levels at or prior to seroconversion, and none
of whom had tenofovir or emtricitabine resistance mutations. The study had limited power to
detect a modest effect of drug level feedback on adherence, and there was limited aware-
ness of PrEP at the time the study was conducted.

Conclusions

In this study, PrEP initiation was high, over half of study participants persisted with PrEP
through month 12, and the majority of young African women had detectable TFV-DP levels
through month 6 with one-fifth having high adherence. Drug level feedback in the first 3
months of PrEP use did not increase the proportion with high adherence at month 6. HIV
incidence was 1% in this cohort with 39% prevalence of curable STIs and moderate PrEP
adherence. Strategies to support PrEP use and less adherence-dependent formulations are
needed for this population.

Trial registration
ClinicalTrials.gov NCT02732730.

Author summary

Why was this study done?

« HIV incidence remains high (4%) in young African women. Pre-exposure prophylaxis
(PrEP) has over 90% efficacy in preventing HIV infection when used consistently and
could reduce HIV incidence in young African women.

+ Adherence was low in placebo-controlled efficacy trials of oral PrEP among young Afri-
can women. Qualitative research among a subset of women at unblinding of the efficacy
trials indicated that women thought drug level feedback would support their adherence
and foster open discussions with counselors about adherence.

« Drug level feedback should be evaluated as a strategy to increase PrEP adherence among
young African women.
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What did the researchers do and find?

o A cohort of 451 young women in South Africa and Zimbabwe who were at risk for HIV
were recruited and offered PrEP, among whom 95% initiated PrEP.

« Half were randomized to receive drug level feedback at months 2 and 3 plus the stan-
dard adherence support package (2-way SMS, brief counseling, and optional PrEP
adherence clubs), and half received the standard adherence support package without
drug level feedback.

o The majority had detectable intracellular drug levels through the first 6 months, and
21% had high adherence at month 6, defined as intracellular tenofovir-diphosphate
(TFV-DP) >700 fmol/punch. PrEP adherence did not differ based on whether they
were randomized to receive drug level feedback at months 2 and 3 or to standard of care
(SOC) PrEP adherence support without drug level feedback.

What do these findings mean?

o Drug level feedback was not associated with improved PrEP adherence among young
African women.

o Additional strategies need to be evaluated for their effectiveness in increasing adherence
with oral PrEP for young African women.

« Longer-acting and less user-dependent PrEP formulations may also overcome adher-
ence challenges with daily oral PrEP.

Introduction

Adolescent girls and young women (AGYW) in sub-Saharan Africa account for approximately
25% of new HIV infections globally, and, in recent HIV prevention trials, have high HIV inci-
dence despite monthly counseling and comprehensive prevention services [1-3]. The most
efficacious biomedical HIV prevention intervention currently available is oral HIV pre-expo-
sure prophylaxis (PrEP) with tenofovir/emtricitabine (TDF/FTC), which has high protection
among those who use PrEP consistently, for both women and men [4].

Divergent results in the PrEP efficacy trials among African women were related to adher-
ence; a meta-analysis of all PrEP trial results in women estimated 61% PrEP efficacy among
women with >75% adherence based on plasma tenofovir levels [5]. In the VOICE and FEM--
PrEP trials that did not demonstrate efficacy, retrospective drug level testing indicated that
<25% of young African women randomized to TDF/FTC were adherent to their PrEP pills
[6,7]. Qualitative research in VOICE and FEM-PrEP indicated reasons for low PrEP use
included receiving a placebo or an investigational drug of unknown efficacy, fear of side
effects, low research literacy, the need for social support, and fear of their partner’s reactions
about product use [8-10]. Given the ongoing high HIV incidence among African AGYW, it is
important to understand how to facilitate uptake and adherence to oral PrEP while in parallel
developing and evaluating longer-acting and less adherence-dependent PrEP formulations.
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Objective measures of adherence, such as drug levels, may assist counselors with providing
individualized messages and directed feedback. After completion of the VOICE trial, a subset
of women on the active arms received retrospective feedback about their drug levels during the
trial, which they reported to be useful and suggested that real-time drug level monitoring and
feedback would promote honest discussions about PrEP use [11]. A recent systematic review
and meta-analysis of randomized controlled trials reported that feedback, based on subjective
or objective measures of adherence, increased adherence by 10% [12]. Plasma tenofovir moni-
toring among men who have sex with men (MSM) in a United States demonstration project
was used to trigger more intensive counseling support among those who had undetectable
plasma tenofovir levels, reflecting no PrEP use in the prior week, and was associated with sus-
tained improved PrEP adherence in 50% [13]. The effect of drug level feedback for African
AGYW taking PrEP on subsequent adherence has not been evaluated. However, adherence
counseling for persons living with HIV in South Africa using an objective marker (viral load)
with same day feedback using a point-of-care viral load assay was associated with 14% higher
rates of viral suppression [14].

HIV Prevention Trials Network (HPTN) 082 was designed as an open-label PrEP demon-
stration study among African AGYW with the following goals: (1) to understand PrEP use
through evaluation of uptake, adherence, and persistence to PrEP over 12 months; and (2) to
determine whether drug level feedback improved PrEP adherence in the initial 6 months after
PrEP initiation. All women received an adherence support package with 2-way SMS, peer
adherence support clubs, and brief counseling (standard adherence support). To assess impact
of drug level feedback among women who initiated PrEP, we included a nested randomization
to assess the impact of retrospective drug level feedback (enhanced adherence support) added
to standard adherence support.

Methods
Study population

Between October 2016 and October 2018, HIV-negative women were recruited from Cape
Town and Johannesburg, South Africa, and Harare, Zimbabwe (ClinicalTrials.gov
NCT02732730). Women were eligible if they were literate, female at birth, ages 16 to 25 years,
had vaginal or anal sex in the month prior to screening, and reported interest in taking PrEP
in the 36-item HIV Prevention Readiness Measure about risk behaviors, medical care utiliza-
tion, and PrEP beliefs (adapted from the HIV Treatment Readiness Measure) [15]. To screen
out lower risk women, we required a VOICE rick score >5, which was associated with >6%
HIV incidence in prior cohorts [16]. In addition, women needed to have regular access to a
mobile phone with SMS capacity, be hepatitis B seronegative, and willing to accept hepatitis B
virus (HBV) vaccine (if previous immunity was not confirmed), have normal renal function
(creatinine clearance >60 ml/min), and not be pregnant. Study visits were at months 1, 2, 3, 6,
9, and 12 with HIV and pregnancy testing at every visit (S1 Text).

Provision of PrEP and adherence support

Women were eligible to enroll regardless of their decision to initiate PrEP, and those who did
not initiate PrEP at enrollment could initiate PrEP until month 9. A 1-month supply of PrEP
was provided for the first 3 months, changing to a 3-month supply at month 3. Women could
discontinue PrEP any time during the 12-month follow-up.

PrEP was held when women became pregnant or if creatinine clearance decreased by
>10% from baseline or was <60 ml/min; women could restart PrEP after pregnancy and if
their creatinine clearance returned to baseline. Women who had positive/reactive HIV tests
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had PrEP holds until confirmatory RNA tests were negative. Women who seroconverted to
HIV were discontinued from PrEP, terminated from study follow-up, and referred for HIV
care.

Adherence support with nested randomized assessment of drug level
feedback

When women initiated PrEP, at enrollment or a subsequent visit, women were randomized
1:1 to the standard or enhanced adherence support arm. Site-stratified randomization with
block sizes of 2 and 4 was created by the study biostatistician, with web-based communication
of arm allocation accessed by the site at the time of randomization. Participants and providers
were not blinded to their intervention arm. Standard adherence support for PrEP was pro-
vided to both arms and included adherence counseling at each study visit (S2 Text), weekly
2-way text messages for the first 3 months, and voluntary participation in monthly adherence
clubs.

Women in the enhanced adherence support received adherence feedback based on intracel-
lular tenofovir-diphosphate (TFV-DP) levels in dried blood spots (DBS) twice during their
first 3 months on PrEP, at month 2 (based on samples collected at month 1), and again at
month 3 (based on samples collected at month 2). Drug level feedback was provided using a
semiquantitative image of a wireless signal for high adherence (above the threshold for 4 or
more doses per week on average, i.e., >500 fmol/punch at 4 weeks (pre-steady state) and >700
fmol/punch at 8 weeks (steady state) [17], medium (detectable but below the high adherence
threshold; indicative of approximately 1 to 3 doses per week on average), and below the limit
of quantitation (Fig 1). Counseling messages focused on encouraging medium to high adher-
ence and problem-solving for those with undetectable levels.

Laboratory methods

For drug level feedback, intracellular TFV-DP levels measured in DBS were performed at the
University of Cape Town, which validated the DBS testing in collaboration with the University
of Colorado, the developer of the TEV-DP DBS assay [18]. TFV-DP levels in DBS for endpoint
analyses were performed at the University of Colorado. Intracellular TFV-DP in red blood
cells has a 17-day half-life and 25-fold drug accumulation, which provides a cumulative mea-
sure of dosing and average adherence to PrEP in the prior 6 weeks [18]. Studies of directly

Sample Month | Results Month Threshold Counseling Message
4 or more doses perweek (>500 fmol/punch at wk 4 and

Month 1 Month 2 >500 A >700 fmol/punch at wk 8)

fmol/punch "

A Key message: You are doing great! Keep up the good work
“ and remember that taking one PrEP pill every day is needed

Month 2 Month 3 >700 - for strong protection against HIV.

Fmollpunch

~1-3 doses perweek (between 499

Month 1 Month 2 16.6—499 at wk 4 and detectable to 699 fmol/punch at wk 8)

fmol/ h
mol/punc Key message: It looks like you are trying to take the PrEP

medication, but are having some difficulties. Rememberthat
Month 2 Month 3 16.6—699 takir}g one pill every day is needed for strong protection
against HIV. How can we help you do even better?

fmol/punch

Fig 1. Drug level feedback based on semiquantitative measures of intracellular TFV-DP concentrations. BLQ,
below the limit of quantification; PrEP, pre-exposure prophylaxis; TEFV-DP, tenofovir-diphosphate.

https://doi.org/10.1371/journal.pmed.1003670.9001
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observed PrEP dosing were used to define thresholds for DBS TFV-DP levels for categories of
average weekly dosages taken of PrEP [17,19-21]. HIV status was determined by point-of-care
rapid HIV tests at the site followed by an instrumented fourth generation antigen/antibody
immunoassay (either GS IV Combo Ag/Ab EIA, Bio-Rad Laboratories, Hercules, California,
USA or Architect HIV Ag/Ab Combo, Abbott Diagnostics, Wiesbaden, Germany) and RNA
testing (Abbott RealTime HIV-1 Viral Load Assay, Abbott Molecular, Abbott Park, Illinois,
USA) for acute infection for samples with positive rapid test or antigen/antibody immunoas-
says. HIV resistance testing on samples from seroconverters was performed using the ViroSeq
HIV-1 Genotyping System v2.0 (Abbott Molecular, Des Plaines, Illinois, USA).

Creatinine clearance was estimated based on serum creatinine measurements using the
Schwartz equation [19]. Neisseria gonorrhoeae and Chlamydia trachomatis were assessed by
nucleic acid amplification (Cepheid GeneXpert, Sunnyvale, California, USA), and Trichomo-
nas vaginalis by rapid test (OSOM Trichomonas Test, Sekisui Diagnostics, Burlington, Massa-
chusetts, USA). Syphilis was assessed by rapid plasma reagin (Macro-Vue RPR Test, Becton
Dickinson, Sparks, Maryland, USA) followed by a treponemal-specific confirmatory assay
(Serodia-TPPA, Fujirebio, Tokyo, Japan or Randox-SYP-TPHA, Crumlin, County Antrim,
United Kingdom).

Ethical review

The study protocol was approved by the ethics review committees at each study site: University
of Cape Town Faculty of Health Sciences (reference number: 129/2016), University of Witwa-
tersrand, Human Research Ethics Committee (reference number: 160304), and University of
Zimbabwe Joint Research Ethics Committee (reference Number: 27/16). All participants pro-
vided written informed consent in English or their local language. Following local regulations,
participants below the legal age for consent provided assent, and parent or guardian informed
consent was obtained.

Endpoints

PrEP uptake was defined as the proportion of women enrolled who initiated PrEP by month 9.
PrEP persistence was defined as time to first PrEP discontinuation, based on a PrEP clinical
hold, elective PrEP stop, or missed visit (assuming all study pills were used by the date of first
missed scheduled study visit). The primary endpoint for the enhanced adherence intervention
was high adherence, defined as TEV-DP >700 fmol/punch, at month 6, with a secondary end-
point of high adherence at month 12.

Sample size and design

The study planned to enroll 400 women who initiated PrEP, which had at least 80% power to
detect a difference of 15% in the primary endpoint between the enhanced and standard adher-
ence support arms at month 6, assuming 50% high adherence in the standard of care (SOC)
arm and 10% loss to follow-up.

Statistical analysis

The study is reported according to the CONsolidated Standards of Reporting Trials (CON-
SORT) guidelines (S3 Text). The primary intention-to-treat analysis compared the proportion
with high adherence (TFV-DP >700 fmol/punch) at month 6 in those randomized to standard
versus enhanced adherence support using logistic regression, adjusted for site. A secondary
analysis was linear regression evaluating high adherence (TFV-DP >700 fmol/punch) at 6
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646 screened eligibility

129 were not eligible, including

* 50unable to enroll within 45 days of screening
29 HIV positive at screening
21 pregnant or planning pregnancy
10 with VOICE score <5

451 enrolled * 2 without mobile phone

4’| 24 declined PrEP

A\

v

A4

427 accepted PrEP and randomized

l
l |

212 were assigned to receive standard
adherence support

215 were assigned to receive enhanced
adherence support

| l

Retention Retention
Month 1 204 (95%) Month 1 191 (90%)
Month2 191 (89%) Month 2 180 (85%)
Month 3 191 (89%) Month 3 190 (90%)
Month 6 183 (85%) Month 6 188 (89%)
Month 9 173 (81%) Month 9 180 (85%)
Month 12 184 (86%) Month 12 181 (85%)
—>»| Month6: 4 missing DBS | Month 6: 4 missing DBS
v A4
179 included in the ITT analysis at month 6 184 included in the ITT analysis at month 6

6 on clinical drug hold
14 not on PrEP >
56 did not receive enhanced intervention

6 on clinical drug hold
4 noton Prep

v

112 included in per-protocol analysis at month 6 | | 178 included in per-protocol analysis at month 6

Fig 2. Participant flowchart diagram for HPTN 082. DBS, dried blood spots; HPTN, HIV Prevention Trials
Network; ITT, intention-to-treat; PrEP, pre-exposure prophylaxis.

https://doi.org/10.1371/journal.pmed.1003670.9002

months in those randomized to standard versus enhanced adherence support, adjusted for
site. A per-protocol analysis excluded data after women discontinued PrEP due to a clinical or
laboratory hold and excluded women in the enhanced arm who did not fully receive the adher-
ence feedback (either because DBS results were not returned before their next visit or because
drug-level counseling did not correspond to the DBS drug levels from the laboratory). The par-
ticipant flowchart summarizes the intention-to-treat and per-protocol cohorts (Fig 2, S3 Text).
A Kaplan-Meier plot was used to assess differences in PrEP persistence, using a log-rank test.
Complete case analysis was used, assuming outcome data were missing completely at random.
Analyses were done using Linux SAS version 9.4 (SAS/STAT 14.2, Cary, North Carolina,
USA) and R version 3.6.2 (R Core Team, Vienna, Austria) with survival version 3.1.8 and surv-
miner version 0.4.6 packages.
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Results
Participant characteristics at enrollment

Of 646 women screened, 451 were eligible and enrolled, of whom 148 were enrolled from
Harare, 141 from Cape Town, and 162 from Johannesburg. Of the 451 women enrolled, 427
(95%) initiated PrEP (412 at enrollment and 15 during follow-up); 212 were randomized to
the standard adherence arm and 215 to the enhanced adherence arm (Fig 2). Retention at
month 12 was 86% and did not differ by arm. The median age of women who started PrEP
was 21 years (interquartile range [IQR] 19, 22), of whom 87% had completed some or all of
secondary school, and most (90%) had a regular place to stay and store possessions (Table 1).
The median number of sex partners in the past 3 months was 1 (IQR 1, 2), and 84% reported a
primary sex partner, almost half of whom reported a primary partner who was 5 years older or
more. Most (80%) thought their primary partner had other sex partners or were not sure. One
quarter reported transactional sex in the month prior to enrollment. Women reported a
median of 4 vaginal sex acts in the prior month, and 22% reported >1 anal sex acts in the past
month. A minority (20%) reported always using condoms with vaginal sex and anal sex, one-
third reported never or rarely using condoms with vaginal sex, and one quarter reported never
using condoms with anal sex. Intimate partner violence in the prior year was reported by 50%,
and two-thirds reported symptoms of trauma. Mild to moderate depression symptoms were
reported by 61% of women, based on a Center for Epidemiologic Studies-Depression (CES-D)
score >10 [20,21]. Long-acting contraceptives (i.e., injectables, implants, or intrauterine
devices) were used by 68%. Curable sexually transmitted infection (STI) prevalence was high:
29% C. trachomatis, 8% N. gonorrhoeae, 7% T. vaginalis, and <1% syphilis seropositivity. The
median VOICE risk score was 7, and 16% reported a moderate or high chance of acquiring
HIV in the next year. Women reported positive attitudes about PrEP and low anticipated
PrEP stigma, and 82% planned to disclose their PrEP use.

PrEP persistence

At 12 months, 55% of women had not had a PrEP discontinuation, which did not differ by
arm (Fig 3; p = 0.27).

A total of 114 holds occurred among 110 women, of which 40 were temporary, and 74 were
permanent. Of these 74 permanent PrEP discontinuations, 22 discontinued on or before
month 3, 23 on or before month 6, and 29 after month 6. The majority of temporary PrEP
holds were for protocol-specified clinical reasons, including 24 participants with a >10%
decrease in creatinine clearance from baseline, none of which declined below 60 ml/min. Clin-
ical reasons for permanent discontinuation included pregnancy (N = 13), evaluation of possi-
ble HIV seroconversion (N = 8), side effects (N = 6), and decreased creatinine clearance
(N = 3). Participants’ reasons to permanently discontinue PrEP were participant preference
(N = 20), reporting they were no longer sexually active (N = 5), difficulty taking the pill
(N =5), social impact (N = 2), and other reasons (N = 10).

Standard of care adherence intervention uptake

The SOC interventions were well accepted by participants in both arms. For the first 3 months
of weekly 2-way SMS messages, 32% to 41% of outgoing messages were responded to by partic-
ipants (the range representing differences by site), of whom 31% to 41% reported a problem
(often due to scheduling appointments or questions), and only 1% requested help. Excluding
participants with missing data about participation in the adherence clubs (37 overall, 17 in the
standard, and 20 in the enhanced adherence arm), 50% attended 3 or more clubs in the first 6
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Table 1. Baseline demographic and behavioral characteristics of women who initiated PrEP in HPTN 082.

Baseline characteristic Standard adherence support (N = 212) | Enhanced adherence support (N = 215) | Total (N = 427)
Age (years)

Median (IQR) 21 (19, 23) 21 (19, 22) 21(19,22)
Education

Primary school 4 (2%) 5(2%) 9 (2%)

Secondary school 184 (87%) 187 (87%) 371 (87%)

College or university 24 (11%) 23(11%) 47 (11%)

Ever dropped out of school 67 (32%) 58 (27%) 125 (29%)
Number of sex partners in past 3 months (N = 372)

Median (IQR) 1(1,2) 1(1,2) 1(1,2)
Primary sex partner in the past 3 months (N = 356) 174 (83%) 182 (85%) 356 (84%)
Age difference with primary partner (N = 329)

Partner is same age or younger 6 (4%) 20 (12%) 26 (8%)

Partner is 1-5 years older 85 (52%) 74 (45%) 159 (48%)

Partner is >5 years older 72 (44%) 72 (43%) 144 (44%)
HIV status of primary partner (N = 284)

HIV negative 112 (79%) 97 (68%) 209 (74%)

HIV positive 1 (1%) 2 (1%) 3 (1%)

Does not know 27 (19%) 42 (30%) 69 (25%)
Thinks partner has other partners (N = 356)

Yes 54 (31%) 62 (34%) 116 (33%)

No 44 (25%) 25 (14%) 69 (19%)

Does not know 74 (43%) 94 (52%) 168 (47%)
Vaginal sex acts, past month (N = 338)

Median (IQR) 4(2,8) 4(2,8) 4(2,8)
Condom use with vaginal sex, past month (N = 331)

Always 40 (24%) 28 (17%) 68 (21%)

Often 20 (12%) 18 (11%) 38 (11%)

Sometimes 49 (30%) 57 (34%) 106 (32%)

Rarely 28 (17%) 24 (14%) 52 (16%)

Never 26 (16%) 39 (23%) 65 (20%)
Anal sex acts, past month (N = 296)

None 117 (79%) 115 (78%) 232 (78%)

1-2 10 (7%) 7 (5%) 17 (6%)

>2 22 (15%) 25 (17%) 47 (16%)
Any transactional sex in the past month’ 51 (24%) 46 (21%) 97 (23%)
VOICE risk score  Median (IQR) 7 (6, 8) 7 (6, 8) 7 (6, 8)
CES-D depression score >10 (N = 418) 126 (59%) 133 (62%) 259 (61%)
Any intimate partner violence, past year (N = 425) 100 (48%) 116 (54%) 216 (51%)

Physical 40 (19%) 48 (22%) 88 (20%)

Emotional 74 (35%) 89 (41%) 163 (38%)

Forced sexual contact 19 (9%) 21 (10%) 40 (9%)

Felt unsafe or in danger 38 (18%) 48 (22%) 86 (20%)
Trauma symptomsﬁ (N =425) 137 (65%) 152 (71%) 289 (68%)
Contraceptive use

Intrauterine device 3 (1%) 1(1%) 4(1%)

Injectable 92 (43%) 92 (43%) 184 (43%)

Implant 55 (26%) 46 (21%) 101 (24%)

(Continued)
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Table 1. (Continued)

Baseline characteristic

Standard adherence support (N = 212) | Enhanced adherence support (N = 215) | Total (N = 427)

Oral 24 (11%) 29 (13%) 53 (12%)

Condoms only 28 (13%) 36 (17%) 64 (15%)

Sterilization 1(<1%) 0 (0%) 1(<1%)

None 9 (4%) 9 (4%) 18 (4%)
Perceived risk of pregnancy, next year (N = 425)

Moderate or high 38 (19%) 42 (19%) 80 (18%)
Perceived risk of HIV, next year (N = 425)

Moderate or high 36 (18%) 33 (15%) 69 (16%)
Curable STI 79 (37%) 84 (39%) 163 (38%)
Gonorrhea, chlamydia, trichomonas, and/or syphilis
PrEP stigma (agree or strongly agree) (N = 425)

Ashamed of using PrEP 10 (4%) 10 (5%) 20 (5%)

Embarrassed about using PrEP 13 (6%) 8 (3%) 21 (5%)

People will give her a hard time if they know she is on PrEP 34 (16%) 26 (12%) 60 (14%)

I am not following the rules of my community if I take PrEP 16 (8%) 19 (9%) 35 (8%)

I am at greater risk for physical violence if I take PrEP 25 (12%) 15 (7%) 40 (9%)
Plan to disclose PrEP use (N = 425) 348 (82%) 174 (83%) 174 (81%)

*Transactional sex is defined as having sex with a man because he provided her with or she expected he would provide her with food, clothes, cosmetics, items for

children, transportation, cash, school fees, mobile phone air time, and other items.

""Maximum score of 10 on VOICE risk score (age <25, married or living with partner, partner provides her with financial and/or material support, primary partner has

other partners, and alcohol use in the past 3 months). A minimum of 5 on the VOICE risk score was required for study eligibility.

" CES-D scale, maximum score of 30; CES-D >10 associated with mild depression. Missing values were imputed.

****Post-traumatic symptom scale including reports nightmares, intrusive thoughts, on guard or easily startled, or detached from activities or surroundings.

CES-D, Center for Epidemiologic Studies-Depression; HPTN, HIV Prevention Trials Network; IQR, interquartile range; PrEP, pre-exposure prophylaxis; STI, sexually

transmitted infection.

https://doi.org/10.1371/journal.pmed.1003670.t001

months, 15% attended 2 clubs, 11% attended one, and 24% attended none, with similar pro-
portions by arm.

PrEP adherence and the effect of drug level feedback on adherence

Most (84%) of the 371 women with DBS samples from month 3 had detectable levels of
TFV-DP, which decreased to 57% at month 6 and 31% at month 12 (Table 2). The median
TFV-DP levels at months 3, 6, and 12 were 331 fmol/punch (IQR 80, 696), 66 fmol/punch
(IQR 8, 614), and 8 fmol/punch (IQR 8, 83). Across both arms, 25% had high adherence at
month 3, 21% at month 6, and 9% at month 12. Significant site differences were observed; at
month 6, 28% had high adherence in the Johannesburg site, 25% in the Harare site, and 11%
in the Cape Town site. High adherence tended to be persistent for an individual: Three quar-
ters of those with high adherence at month 3 also had high adherence at month 6.

At month 6, 36 (20.1%) of 179 participants in the enhanced adherence support arm had
high adherence, compared to 40 (21.7%) of 184 in the standard adherence support arm, for an
adjusted odds ratio (OR) of 0.92 (95% confidence interval [CI] 0.55, 1.34, p = 0.76, Table 3).
The proportion with high adherence was 1.3% lower in the enhanced adherence support arm
(95% CI —9.5%, 6.9%). At months 2 and 3, 56 of women in the enhanced adherence support
arm did not receive drug level counseling at a visit due to the results not being available at
their visit or receiving incorrect counseling due to site transcription errors and were removed
from the per-protocol analysis (Fig 2). The per-protocol analysis of the month 6 outcome

PLOS Medicine | https://doi.org/10.1371/journal.pmed. 1003670 June 18, 2021 10/18


https://doi.org/10.1371/journal.pmed.1003670.t001
https://doi.org/10.1371/journal.pmed.1003670

PLOS MEDICINE

PrEP uptake, persistence and adherence among young women in Africa

0.51
5 Arm
§ == Enhanced
.g 0.4 == Standard
=
(@]
(&)
@2
T
i 0.3
a
S
P
3 0.2
]
Ho)
o
o
(0]
2 0.14
©
= |
IS
8 p=0.27

0.01

0 3 6 9 12 15
Time (months)
Number at risk
£ Enhanced{ 215 162 142 114 30 0
=L Standardq 212 162 147 130 20 0
0 3 6 9 12 15

Time (months)

Fig 3. The Kaplan-Meier curve depicts time to first PrEP discontinuation due to (1) clinician- and participant-
initiated PrEP discontinuations >30 days; or (2) a missed scheduled visit (assuming that all pills were used by the date
of first missed scheduled study visit). Participants were censored at the time of HIV seroconversion or at the date of the
last study visit. PrEP, pre-exposure prophylaxis.

https://doi.org/10.1371/journal.pmed.1003670.9003

Table 2. PrEP adherence over 12 months by arm and overall, based on TFV-DP concentrations in DBS at months 3, 6, and 12 months, by intervention arm.

TFV-DP in DBS

Detectable TFV-DP
(>16.6 fmol/punch)

>700 fmol/punch,
among those with
detectable TFV-DP
Median TFV-DP
fmol/punch (IQR),
among all
participants®

Standard
(N =186)
152 (82%)

44 (24%)

331 (80,
696)

3 months

Enhanced
(N=185)

158 (85%)

48 (26%)

330 (55,
661)

Overall
(N=371)
310 (84%)

92 (25%)

332(93,
703)

6

Detectable TFV-DP
(>16.6 fmol/punch)

>700 fmol/punch,
among those with
detectable TFV-DP
Median TFV-DP
fmol/punch (IQR),
among all
participants

months

Standard
(N =186)
152 (82%)

44 (24%)

331 (80,
696)

Enhanced
(N =185)

158 (85%)

48 (26%)

330 (55,
661)

Overall
(N=371)
310 (84%)

92 (25%)

332(93,
703)

12 months

Standard

(N =186)
Detectable TFV-DP | 152 (82%)
(>16.6 fmol/punch)

>700 fmol/punch,
among those with
detectable TFV-DP

44 (24%)

Median TFV-DP 331 (80,
fmol/punch (IQR), 696)
among all
participants

*The median TFV DP levels for participants with detectable TFV-DP were 485 fmol/punch at month 3, 539 fmol/punch at 6 month 6, and 305 fmol/punch at month 12,

with no significant difference by arm.

DBS, dried blood spots; IQR, interquartile range; PrEP, pre-exposure prophylaxis; TEV-DP, tenofovir-diphosphate.

https://doi.org/10.1371/journal.pmed.1003670.t002
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Table 3. Analysis of DBS TFV-DP concentration (>700 vs. <700 fmol/punch) at month 6 among PrEP initiators by adherence support arm.

Comparison Standard adherence support arm Enhanced adherence support arm Adjusted OR (95% CI) P value
Intention-to-treat analysis
TFV-DP >700 fmol/punch 40/184 (21.7%) 36/179 (20.1%) 0.92 (0.55, 1.34) 0.76
Per-protocol analysis’
TFV-DP >700 fmol/punch 40/178 (22.4%) 17/112 (15.2%) 0.64 (0.34, 1.21) 0.17

*“The per-protocol analysis excluded women after they discontinued PrEP due to a clinical or laboratory hold and visits in the enhanced arm where women did not fully
receive the adherence feedback (either because DBS results were not returned before their next visit or because drug level counseling did not correspond to the DBS
drug levels from the laboratory).

CI, confidence interval; DBS, dried blood spots; OR, odds ratio; PrEP, pre-exposure prophylaxis; TEV-DP, tenofovir-diphosphate.

https://doi.org/10.1371/journal.pmed.1003670.t003

(Table 3) included 290 participants; high adherence was observed in 17 (15.2%) of 112 in the
enhanced arm and 40 (22.5%) of 178 in the standard arm, for an adjusted OR of 0.64 (95% CI
0.34, 1.21, p = 0.17). The proportion with high adherence was 6.5% lower in the enhanced
adherence support arm (95% CI —15.8, 2.8%). A total of 56 women were missing DBS data at
month 6 because they were lost to follow-up (32 in enhanced and 24 in standard arm); in a
sensitivity analysis, if all were considered to have undetectable TFV-DP because they no longer
had access to PrEP, the between arm findings on adherence remain similar.

HIV incidence, PrEP adherence, and viral resistance in seroconverters

Four women became infected over 386.8 person-years of follow-up for an HIV incidence of
1.0/100 person-years (95% CI 0.3, 2.6). All 4 seroconverters were in the standard adherence
arm. For the seroconverter at month 3, her TFV-DP level was 0 fmol/punch at month 3; for
the seroconverter at month 6, her TFV-DP levels were 559 fmol/punch at month 3 and 243
fmol/punch at month 6; and for the 2 seroconverters at month 12, the closest DBS before sero-
conversion was at month 6 with TFV-DP values of 74 and 0 fmol/punch. Three seroconverters
had no resistance mutations; 1 had D67N (an NRTI mutation) and 4 NNRTI mutations
(K101E, K103N, E138A, and G109A), which are unrelated to tenofovir or emtricitabine.

Discussion

This open-label study of PrEP uptake, adherence, and persistence enrolled young South Afri-
can and Zimbabwean women with multiple risks for which PrEP was indicated, including
older partners, uncertainty about their partner’s HIV status and whether their partner had
other sexual partners, high rates of intimate partner violence and depression symptoms, low
rates of consistent condom use, and high prevalence of bacterial STIs. Encouragingly, interest
in PrEP was high, and over half had uninterrupted PrEP refills through 12 months. The major-
ity were using PrEP in the first 6 months based on detectable drug levels, although only one-
fifth achieved high levels of adherence over the first 6 months. Drug level feedback did not
improve adherence at month 6 compared to the SOC adherence support package.

The drug level feedback used a threshold of 500 fmol/punch at week 4 as DBS TFV-DP lev-
els do not reach steady state until between weeks 4 and 6, and 700 fmol/punch at week 8 for
the high adherence category, based on the DBS threshold reflecting an average of 4 pills per
week which was associated with 100% effectiveness of PrEP among MSM [22]. A similar
threshold of pill taking for 100% effectiveness among women has not been established, and
there is some evidence that a threshold of 700 fmol/punch may underestimate PrEP adherence
in African populations compared to pill taking based on electronic pill openings [23]. In the
enhanced adherence support arm, drug level feedback about women’s PrEP use, based on
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categories of good, intermediate, or no use, was designed to be motivational (“more is better”
for HIV protection) and to foster open communication and problem-solving about PrEP
adherence challenges. The logistics of drug levels involved quick turnaround of shipping and
testing in order to provide drug level counseling at the next monthly visit and was operation-
ally challenging; for a substantial minority of drug-level counseling visits, either the results
were not available or incorrect counseling was given due to transcription errors. Two different
thresholds used to define the high adherence category at month 1 (>500 fmol/punch) and
month 2 (>700 fmol/punch) could have contributed to errors in transcribing absolute values
from the laboratory report into counseling categories at months 2 and 3. However, in the per-
protocol analysis which excluded women with PrEP holds and errors in drug feedback
counseling, there was no significant difference by arm in adherence levels at month 6.

Drug level feedback may not have improved adherence in this study because it was lagged
by over a month, reflecting adherence in the 4 to 6 weeks prior to the visit when the DBS sam-
ple was obtained with counseling provided a month later. It may have been difficult for
women to remember their pill-taking behavior and adherence barriers from approximately 2
months ago. In contrast, drug level feedback support among MSM in a US demonstration
project found an improvement in adherence in 50% of the MSM who had undetectable plasma
tenofovir levels, which indicates no PrEP use in the prior week [13]. The different impact of
drug level feedback in these studies may be due to the shorter recall period about adherence
behavior with the plasma tenofovir assay. Using intracellular TFV-DP based on DBS in this
study, women may have doubted the drug levels if their memory about their PrEP use 2
months ago was not consistent with the category of counseling they received, or they may have
been demotivated to use PrEP if they perceived that they were “failing” PrEP if they were told
their adherence was less than a green category. Point-of-care urine tenofovir assays in develop-
ment will be simpler to implement and should be evaluated to determine whether real-time
adherence assessment facilitates adherence counseling and problem-solving and improves
subsequent adherence [24,25].

The uptake of 2-way SMS, brief counseling, and the peer support adherence clubs may have
been high enough that we could not detect an additional benefit of retrospective drug level
feedback. Further analyses will evaluate the level of adherence at 6 months relative to the
amount of exposure to the SOC adherence support interventions of weekly 2-way SMS, brief
cognitive behavioral counseling, and the voluntary adherence peer support clubs.

At month 6, the majority of women had used PrEP, although only 21% had high adherence,
and PrEP use steadily declined over the next 6 months of follow-up. Some of this was due to
permanent or temporary discontinuations of PrEP due to conservative renal monitoring crite-
ria, pregnancy, and participant choice. The protocol required holding PrEP for a 10% decline
from baseline, even if the estimated creatine clearance was in the normal range with a median
creatinine clearance of 102 ml/min. It is important that renal monitoring is not a barrier to
PrEP implementation due to repeat visits for PrEP users or causing concerns about PrEP
safety. Similarly, PrEP discontinuation for pregnancy was required in this protocol because
guidelines about PrEP in pregnancy were under development at the time of this study. Experts
[26] and WHO currently recommend PrEP during pregnancy, when women are at increased
risk of HIV acquisition [27,28].

Declining PrEP use could be a result of increasing intervals between visits, from monthly
visits to quarterly visits. This was also observed in other PrEP demonstration projects among
young African women that used a similar visit schedule HPTN 067/ADAPT [29], Plus Pills
[30], and young US MSM in the Adolescent Trials Network (ATN) 110/113 studies [31]. In an
ongoing PrEP demonstration project among Kenyan and South African women, approxi-
mately 20% of women who discontinued PrEP in the first 3 months restarted PrEP within 6
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months [32,33]. Strategies to maintain engagement and motivation for young people taking
PrEP could include more frequent clinic visits, adherence clubs, or social media platforms
such as WhatsApp chat groups. The monthly adherence clubs and WhatsApp chat groups
were highly acceptable in this study and should be rigorously evaluated as PrEP support strate-
gies for young African women.

Notably, in this cohort of young women with 39% prevalence of curable STTs, multiple risk
factors for HIV, and moderate PrEP adherence, HIV incidence was only 1%. Other recent
HIV prevention trials in South African women found HIV incidence of approximately 4% [1-
3]. These other trials enrolled participants from the same sites, and, during the same time, and
reported similar sexual behavior and STT prevalence, indicating that the HPTN 082 cohort is
representative of AGYW in these communities at risk of HIV and that our findings are gener-
alizable. All 4 of the breakthrough HIV infections in this study were among women with low
or no use of PrEP prior to HIV seroconversion, similar to studies in MSM. To understand to
what extent this low HIV incidence can be attributed to PrEP, additional research is needed to
determine whether PrEP use and adherence was aligned with periods of higher risk resulting
in “prevention-effective adherence” [34]. The low observed HIV incidence suggests that
women benefited from the prevention services delivered in this study, which, in addition to
PrEP, included youth-friendly clinics, STI diagnosis and treatment, contraceptive counseling
and services, peer support through adherence clubs, staff contact through 2-way text messages,
and counseling.

Limitations of this study include that recruitment occurred before there were national
guidelines for PrEP in South Africa and Zimbabwe. There was very little community aware-
ness about PrEP at the time of this study, which may have impacted adherence and persistence
as women faced challenges with partner and family misperceptions that they were HIV
infected because they were taking a pill associated with HIV treatment. We did not have the
power to detect a modest effect of retrospective drug level feedback on subsequent PrEP adher-
ence. There was not a placebo control due to ethical concerns about withholding an effective
intervention, so the contribution of PrEP to the low HIV incidence cannot be determined.

In summary, oral PrEP is a novel first-generation biomedical HIV prevention product, and
demonstration projects provide important lessons about PrEP delivery, uptake, adherence,
and persistence, which are informative for scale-up and implementation. In this cohort of
young South African and Zimbabwean women who had multiple risks for HIV, PrEP initia-
tion rates were high, one quarter achieved high adherence at 3 months, a majority persisted
with PrEP for 6 months, and HIV incidence was low. Thus, oral PrEP was used well enough
for most young women to obtain some benefit in spite of adherence and persistence chal-
lenges. To increase the proportion who benefit and achieve more durable HIV protection
from PrEP, effective and scalable strategies are needed to increase adherence and persistence
to daily PrEP among young African women as well as additional options, particularly longer-
acting PrEP formulations, for young women for whom consistent pill taking is not feasible.
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