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Abstract
Introduction: Oral pre-exposure prophylaxis (PrEP) has been scaled up; however, data from real-world settings are limited.
We studied oral PrEP preference, uptake, adherence and continuation among adolescent girls and young women (AGYW)
vulnerable to HIV in sub-Saharan Africa.
Methods: We conducted a prospective cohort study among 14- to 24-year-old AGYW without HIV who were followed for
12 months in Kampala, Uganda. Within at least 14 days of enrolment, they received two education sessions, including demon-
strations on five biomedical interventions that are; available (oral PrEP), will be available soon (long-acting injectable PrEP and
anti-retroviral vaginal ring) and in development (PrEP implant and HIV vaccine). Information included mode and frequency
of delivery, potential side effects and method availability. Volunteers ranked interventions, 1 = most preferred to 5 = least
preferred. Oral PrEP was “preferred” if ranked among the top two choices. All were offered oral PrEP, and determinants of
uptake assessed using Poisson regression with robust error variance. Adherence was assessed using plasma tenofovir levels
and self-reports.
Results: Between January and October 2019, 532 volunteers were screened; 285 enrolled of whom 265 received two edu-
cation sessions. Mean age was 20 years (SD±2.2), 92.8% reported paid sex, 20.4% reported ≥10 sexual partners in the past
3 months, 38.5% used hormonal contraceptives, 26.9% had chlamydia, gonorrhoea and/or active syphilis. Of 265 volunteers,
47.6% preferred oral PrEP. Willingness to take PrEP was 90.2%; however, uptake was 30.6% (n = 81). Following enrolment,
51.9% started PrEP on day 14 (same day PrEP offered), 20.9% within 30 days and 27.2% after 30 days. PrEP uptake was
associated with more sexual partners in the past 3 months: 2–9 partners (aRR = 2.36, 95% CI: 1.20–4.63) and ≥10 partners
(aRR 4.70, 95% CI 2.41–9.17); oral PrEP preference (aRR 1.53, 95% CI 1.08–2.19) and being separated (aRR 1.55, 95% CI
1.04–2.33). Of 100 samples from 49 volunteers during follow up, 19 had quantifiable tenofovir levels (>10 μg/L) of which
only three were protective (>40 μg/L).
Conclusions: Half of AGYW preferred oral PrEP, uptake and adherence were low, uptake was associated with sexual
behavioural risk and oral PrEP preference. Development of alternative biomedical products should be expedited to meet end-
user preferences and, community delivery promoted during restricted movement.

Keywords: adolescent girls and young women; sub-Saharan Africa; HIV prevention; pre-exposure prophylaxis; adherence;
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1 INTRODUCT ION

During the period 2010–2020, new HIV transmissions
reduced by 30% globally. Despite this, the 2020 global target
of fewer than 500,000 new HIV diagnoses annually was not

achieved, and sub-Saharan Africa (SSA) contributed 54.7%
to new infections in 2020 [1, 2]. No single HIV prevention
intervention has 100% uptake and adherence, therefore,
combination prevention that includes behavioural, biomedical
and structural approaches is key. In 2018, the World Health
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Organization developed specific guidelines recommending the
use of daily oral tenofovir-based pre-exposure prophylaxis
(PrEP) as part of combination prevention for adolescent
girls and young women (AGYW) behaviourally vulnerable to
HIV [3]. Mathematical models indicate that incidence will
reduce substantially if 25% of HIV investments go to effective
combination prevention [4].

Oral PrEP is one of the biomedical interventions available
to AGYW who account for 25% of new HIV diagnoses in
SSA [1]. AGYW are vulnerable biologically due to an imma-
ture cervix, genital mucosal disintegration due to sexually
transmitted infections (STIs), intravaginal practices and forced
sex [5–7]. Further vulnerabilities are posed by inadequate
schooling, food insecurity, discriminatory cultural norms, inti-
mate partner violence (IPV) and age-disparate and/or trans-
actional relationships [8]. Oral PrEP, therefore, provides a
user-controlled method, where condom negotiation is lim-
ited. PrEP implementation projects funded through the US
President’s Emergency Plan for AIDS Relief (PEPFAR) [8]
indicate that uptake has been low and slow [9]. Reports
from family planning clinics in Kenya and the Sustainable
East Africa Research for Community Health (SEARCH) study
showed low uptake among individuals <25 years [10, 11].
Conversely, the Prevention Options for Women Evaluation
Research (POWER) project among AGYW in Kenya and South
Africa reported high uptake (90%) associated with behavioural
risk, IPV, depression and STIs, but also early discontinuation
due to side effects, challenges with access and daily dosing
[12].

Product attributes are a concern among AGYW who
emphasize discrete packaging for end-user privacy [13].
Indeed, ending HIV hinges not only on providing prevention
interventions but also options that meet end-user needs and
preferences [4]. Data on real-world PrEP uptake, comple-
mented by tenofovir adherence assessments among AGYW in
SSA, are still limited. In this study of 14- to 24-year-old Ugan-
dan AGYW who frequently reported paid sex, we evaluated
preference, uptake, adherence and continuation on oral PrEP
in order to provide comprehensive data on these indicators
and suitability for this population.

2 METHODS

2.1 Study design

We conducted a prospective cohort study (January 2019–
December 2020) at the Good Health for Women Project
(GHWP) clinic, which offered daily oral PrEP to AGYW.

2.2 Setting

The GHWP clinic was established in Kampala, Uganda, in
2008 and until December 2020, provided HIV prevention and
treatment, and sexual reproductive health services to women
behaviourally vulnerable to HIV, and conducted HIV vaccine
preparedness studies.

2.3 Sampling, recruitment and study procedures

Field workers recruited peer leaders with whom they mobi-
lized volunteers from 22 communities in southern (10) and
northern (12) Kampala located within the site’s catchment
area. These were mainly urban slums characterized by enter-
tainment facilities, where sex work, alcohol and illicit drug
use were common. Volunteers were pre-screened to ascertain
that minors (14–17 years) were emancipated/mature minors,
who could legally consent to participate [14]. From January
to October 2019, we consecutively enrolled volunteers who
were sexually active in the 3 months before enrolment; aged
14–24; HIV negative; and willing to undergo study proce-
dures. All were PrEP naïve and each volunteer followed for
12 months. We screened for hepatitis B to avoid the risk
of worsening infection if the chronically infected started and
stopped PrEP. We hypothesized that PrEP uptake would be
high (up to 80%) among AGYW.

2.3.1 Screening

Trained research nurses gave volunteers study information,
answered their questions and administered an assessment of
understanding (AoU); those who answered 8 of 10 questions
with two attempts were consented and study screening done.
Assessment for being at substantial risk for HIV infection was
done using the national risk screening tool provided by the
Ministry of Health. The tool assessed for risk in the past
6 months: (1) being sexually active PLUS one of the follow-
ing: condomless vaginal or anal sexual intercourse with >1
partner, a sexual partner with ≥1 risk (injects drugs, has sex
with men, transgender, sex worker and has condomless sex
with multiple partners), STIs and use of post-exposure pro-
phylaxis; (2) sharing injections and (3) having an HIV-positive
sexual partner not on effective anti-retroviral (ARV) therapy.
PrEP eligibility was further ascertained by having ALL the fol-
lowing: HIV-negative test, responding (yes) to any of the sub-
stantial risk criteria described above, hepatitis B negative and
normal creatinine clearance.

Volunteers were assessed for the awareness of novel
biomedical HIV interventions, given basic oral PrEP educa-
tion, and assessed for willingness to take daily oral PrEP.
An appointment for possible enrolment was scheduled within
2 weeks.

2.3.2 Enrolment

Research nurses gave volunteers the first education session
on five biomedical HIV prevention interventions which are:
available (oral PrEP), will be available soon (long-acting (LA)
injectable PrEP and ARV vaginal ring) and in development
(PrEP implants and HIV vaccines). Nurses used a tool devel-
oped by the study team, translated into Luganda (the local
dialect) and approved by the Ethics Committee. Discussions
included mode and frequency of method delivery, potential
side effects, method availability, demonstration of available
samples (oral PrEP and ARV vaginal ring) and use of licensed
vaccines or contraceptive proxies for other methods. The next
visit was scheduled 14 days later; volunteers received a sim-
ilar second education session and gave their preference by
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ranking the five methods on a 1 to 5 scale (1 = “most
preferred,” 5 = “least preferred”). Willing volunteers received
1 month’s supply of tenofovir disoproxil fumarate/lamivudine
(TDF/3TC) and an adherence card with instructions to mark
immediately after a pill was taken, and leave the day’s slot
blank if a pill was not taken. Instructions on the card were
both in English and Luganda. The study staff went through
the card with the volunteer to ensure they understood how
to use it. This formed the basis for self-reported adherence,
which was complemented by pill counts, that is the number
of days marked on the card would be the same as num-
ber of pills taken per month. A sample adherence card is
included.

2.3.3 Follow up

From enrolment, visits were conducted after every 3 months.
Volunteers received HIV risk reduction counselling, pregnancy
and STI testing and contraceptive re-fills. Those on PrEP
had monthly visits for self-reported adherence and HIV risk
assessments, and quarterly blood draws for TDF assessments.
The field worker called volunteers whose scheduled visits
were due. They were reimbursed $5.6 per visit. Home visits
were done for volunteers who missed study visits.

2.4 Data collection

We collected data using interviewer administered question-
naires. Screening data included: HIV risk, willingness to take
PrEP and sample test results, that is HIV, syphilis, hepatitis
B, pregnancy and creatinine. Creatinine clearance (Cockcroft–
Gault) was used to determine the safety of PrEP uptake.
Enrolment data included product preference and STIs. Self-
reported adherence data were collected monthly, while TDF
samples were scheduled at quarterly study visits, and stored
at –80°C for batch testing.

Laboratory technologists tested serum for HIV: Determine
(screening), Statpak (confirmatory), SD Bioline (tiebreaker),
hepatitis B (Roche Cobas e 411 assay, Germany), cre-
atinine (Roche diagnostics Creatinine plus version 2.0
(CREP2)) and syphilis (Rapid Plasma Reagin/Treponema
Pallidum Particle Agglutination Assay). Plasma TDF was
quantified by Thermo Scientific LCQ Fleet ion trap liquid
chromatography–mass spectrometry (LC/MSn) model oper-
ated by Xcalibur™ software. Endo-cervical swabs were
tested (chlamydia/gonorrhoea) using GeneXpert (Cepheid AB,
Rontgenvagen 5, Soina Sweden).

2.5 Study variables

Primary outcome(s)

(i) Oral PrEP preference; volunteer ranked preference of
five interventions 1 = “most preferred” to 5 = “least pre-
ferred” and further categorized into a binary outcome
with oral PrEP “preferred” if scored 1 or 2.

(ii) Oral PrEP uptake; (Yes/No) defined as a volunteer
accepting the offer of oral PrEP and picking the first 1-
month supply.

Secondary outcomes

(iii) Retention on PrEP; measured in months from the date
of PrEP uptake to the date of completion of the last
PrEP supply.

(iv) Adherence was measured using:

∙ Plasma TDF levels at two concentration thresholds;
40 μg/L consistent with daily dosing and protective
[15], and 10 μg/L the lower limit of quantification,
consistent with less than daily dosing. Results were
categorized as: ≥40 μg/L (quantifiable, protective),
≥10 μg/L (quantifiable, not protective) and <10 μg/L
(unquantifiable).

∙ Self-reported adherence measured as the total num-
ber of pills taken since the last PrEP refill divided by
the number of days since the last PrEP refill. Adher-
ence was categorized into optimal (≥90%) and sub-
optimal (<90%).

Independent variables were assessed at (1) enrolment: cur-
rent age, marital status, highest education level, main job, will-
ingness to take oral PrEP, alcohol use (AUDIT [Alcohol Use
Disorder Identification Tool]) categorized by AUDIT score as
low risk (0–7); moderate risk (8–15) and high risk (16–40),
and (2) enrolment and follow up: number of sexual partners
in the past 3 months and knowledge of partner HIV sta-
tus. Binary (Yes/No) variables assessed for the past 3 months
were: condom use with sexual partners, having STIs and fre-
quent travel from home (away from home ≥3 days a week).

2.6 Data analysis

Data were double entered into Open Clinica, cleaned and
exported to STATA 15.0 (StataCorp, College Station, TX, USA)
for analysis. Using chi-squared tests, we compared differences
between volunteers who completed and those who did not
complete the study by looking at age, marital status, main job,
education level, number of sexual partners, condom use with
sexual partners, frequent travel from home, knowledge of
partner HIV status and alcohol use. We considered variables
from the literature and fitted a Poisson model with robust
error variance to assess determinants of uptake. Only age
(selected a priori) and factors for which the unadjusted
association attained statistical significance at the p≤0.15 level
using a likelihood ratio test (LRT) were considered for the
multivariable model. Furthermore, variables were retained
only if independently associated with PrEP uptake (p<0.15)
after adjusting for the other variables. This resulted in some
core variables being independently associated with PrEP
uptake. We further assessed the best model by using the
Akaike Information Criterion. Age was maintained in the
model regardless of its significance.

2.7 Ethical considerations

The study protocol included enrolment of emanci-
pated/mature minors as defined in the national guidelines
[14]. The Uganda National Council for Science and Technol-
ogy (HS 2435) and Uganda Virus Research Institute-Research
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Ethics Committee (GC/127/18/06/658) approved the study.
We obtained written informed consent from all volunteers.

3 RESULTS

3.1 Screening profile of study volunteers

We approached 561 volunteers; 29 were not screened due
to: language barrier (9), not emancipated/mature minor (7),
failed AoU twice (5) and other reasons (8). Therefore, 532
were screened, 154 screened out as follows: not sexually
active in the past 3 months (51); HIV positive (29); hepatitis B
infection (10); unwilling to undergo study procedures (8); and
other reasons (56). Ninety-three eligible volunteers were not
enrolled because the sample size was achieved. We enrolled
285 AGYW of whom 265 (93.0%) completed the two edu-
cation sessions on biomedical interventions and were offered
oral PrEP.

3.2 Baseline characteristics and awareness of
biomedical interventions

Volunteer mean age was 20 years (SD±2.2), 12.1% were aged
≤17 years, 55.1% had attained secondary education or higher
and 21.9% reported sex work as their main occupation. Vol-
unteers reported: ≥10 sexual partners (20.4%) and transac-
tional sex (92.8%) in the past 3 months. Hormonal contracep-
tives (mainly implants and injectable) were used by 38.5% and
STI prevalence (chlamydia, gonorrhoea and/or active syphilis)
was 26.9%. Baseline awareness of interventions was: oral
PrEP (24.5%), LA injectable PrEP (4.2%), ARV vaginal ring
(2.3%) and HIV vaccine (1.5%). None knew about the ARV
implant. After receiving brief information and pill demon-
stration, 90.2% expressed willingness to use daily oral PrEP
(Table 1).

3.3 Oral PrEP preference and uptake

Of 265 volunteers, 47.6% preferred oral PrEP; 30.6% (n =
81) started PrEP; and 184 gave their main reason for declin-
ing as: low HIV risk perception (33.7%), dislike for daily pills
(27.2%), not being ready (21.7%), preference for other meth-
ods (e.g. condoms [12.5%]), concern about side effects (2.7%)
and stigma (2.2%). A higher proportion of PrEP starters
reported ≥10 sexual partners versus <10 sexual partners
(61.1% vs. 22.8%); p<0.001. Volunteers reporting ≥10 sex-
ual partners reported 94.4% condom use versus 67.8% among
those reporting <10 sexual partners (p<0.001).

3.4 Factors associated with PrEP uptake

In adjusted analysis, PrEP uptake was higher among volun-
teers who: reported 2–9 partners (aRR 2.36, 95% CI 1.20–
4.63), reported ≥10 partners (aRR 4.70, 95% CI 2.41–9.17);
preferred oral PrEP to other biomedical methods (aRR 1.53,
95% CI 1.08–2.19); and were separated (aRR 1.55, 95% CI
1.04–2.33) (Table 2).

3.5 Retention of 265 AGYW who were offered
PrEP (2019–2020)

Median follow-up time on study was 5.51 months. Among
PrEP starters, 51.9% started 2 weeks after enrolment (same
day PrEP offered), 20.9% within 30 days and 27.2% after
30 days. The median (IQR) time on PrEP was 2.52 months.
Fifty-five volunteers discontinued PrEP as follows: lost to fol-
low up (17), side effects (12), no longer interested or lower
perceived HIV risk (9) and other reasons, for example pill
burden, stigma (17). Four of these re-started, therefore, 30
volunteers (37.0%) completed the study on PrEP. We were
unable to assess if 17 lost volunteers remained eligible for
PrEP; however, 34 of 38 who discontinued were still eligi-
ble. We observed (75.3%, n = 61) PrEP starters completed
the study versus (64.7%, n = 119) who declined (p = 0.088)
(Figure 1).

3.6 Effect of CoVID-19

The nationwide COVID-19 lockdown (25 March–31 May
2020) instituted 9 months before study end interrupted study
visits. Month 3 and month 6 visits were 100% and 88%
completed, respectively. During the lockdown, missed (not
attended) and late (outside schedule) visits contributed 79.8%
and 100% of month 9 and month 12 visits, respectively. We
gave PrEP refills at the clinic (6) and in the community (10);
three volunteers on PrEP could not be traced. After easing
of the lockdown, month 9 and month 12 visits attended on
schedule were 62.3% and 48.3%, respectively, but missed and
late visits continued. Details are given in File S1. We did
not find significant differences between volunteers who com-
pleted follow-up and those who did not (Table 3).

3.7 PrEP adherence among AGYW

After receiving the first PrEP supply, six volunteers did not
return to the clinic, 26 stopped PrEP during the quarter
(between study visits) and did not provide any samples at
return visits. Of 100 plasma samples available from 49 vol-
unteers providing at least one follow-up sample, 19.0% had
quantifiable TDF. Protective TDF levels were seen in the first
3 months on PrEP among 3/42 (7.1%) volunteers despite
33 having reported optimal adherence. Additional details are
given in File S2. Optimal adherence was commonly reported
across follow-up, but did not match assay data at any visit
(Table 4).

4 D ISCUSS ION

In this cohort that studied oral PrEP preference, uptake,
adherence and continuation, nearly half of AGYW preferred
oral PrEP to other biomedical prevention methods, but
uptake, adherence and PrEP continuation were low. Studies
among men who have sex with men (MSM) show that 25–
36% prefer oral PrEP to other options, including those in
development, that is condoms, LA injectable PrEP and PrEP
implants [16, 17]. A review of qualitative data from potential
PrEP users, including AGYW, highlights that individual “pref-
erence” to use oral PrEP depends on how conveniently it can
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Table 1. Baseline characteristics of AGYW who were offered oral PrEP, Kampala (2019–2020)

Variables Frequency (N = 265) Percent (%)

Age at enrolment (years)

14–19 (adolescents) 102 38.5

20–24 (young women) 163 61.5

Highest education level attained

< Secondary 119 44.9

≥ Secondary 146 55.1

Marital status

Single (never married) 152 57.3

Married 76 28.7

Separated/divorced 37 14.0

Weekly income (United States Dollar)

≤10 171 64.5

>10 94 35.5

Main job

No job 66 24.9

Entertainment/hospitality/other job 141 53.2

Sex work 58 21.9

Number of biological children

None 94 35.5

≥ One 171 64.5

Alcohol use

Low risk/abstinence 180 67.9

Moderate risk/hazardous 46 17.4

High risk (harmful and alcohol dependent) 39 14.7

Illicit drug use in the past month

Yes 43 16.2

Frequent travel from home in the past 3 months

Yes 110 41.5

Number of sexual partners in the past 3 months

1 82 30.9

2–9 129 48.7

≥10 54 20.4

Condom use with sexual partners in the past 3 months

Yes 194 73.2

Received payment for sex in the past 3 months

Yes 246 92.8

Forced to have sex in the past 3 months

Yes 62 23.5

Knowledge of partner HIV status

HIV positive 5 1.9

HIV negative 45 17.0

Do not know 215 81.1

Baseline knowledge of oral pre-exposure prophylaxis

Yes 64 24.5

Willingness to take daily oral pre-exposure prophylaxis

Yes 239 90.2

Use of hormonal contraception at enrolment

Yes 102 38.5

STIs (chlamydia/gonorrhoea/active syphilis) at enrolmenta

Yes 71 26.9

No 193 73.1

aOne volunteer not screened for sexually transmitted infections.
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Figure 1. Retention of 265 AGYW who were offered PrEP (2019–2020).
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Table 3. Comparison of volunteer characteristics between those who completed follow-up and those who did not

Characteristic

Study

completed

(n = 180)

n (col%)

Study not

completed

(n = 85)

n (col%)

Chi-square test

p-value

Age (years) 0.315

14–19 (adolescents) 73 (40.6) 29 (34.1)

20–24 (young women) 107 (59.4) 56 (65.9)

Highest education level 0.402

<Secondary 84 (46.7) 35 (41.2)

≥Secondary 96 (53.3) 50 (58.8)

Marital status 0.724

Married 49 (27.2) 27 (31.8)

Separated/divorced 25 (13.9) 12 (14.1)

Single (never married) 106 (58.9) 46 (54.1)

Main job 0.975

No job 45 (25.0) 21 (24.7)

Entertainment/hospitality/other 95 (52.8) 46 (54.1)

Sex work 40 (22.2) 18 (21.2)

Alcohol use

Low risk/abstinence 62 (72.9) 118 (65.6)

Moderate risk/hazardous 10 (11.8) 36 (20.0) 0.253

High risk (harmful and alcohol dependent) 13 (15.3) 26 (14.4)

Frequent travel from home in the past 3 months

No 102 (56.7) 53 (62.3) 0.381

Yes 78 (43.3) 32 (37.7)

Number of sexual partners in the past 3 months

<10 145 (80.6) 66 (77.6)

≥10 35 (19.4) 19 (22.4)

Condom use with sexual partners in the past 3 months 0.946

No 48 (26.7) 23 (27.1)

Yes 132 (73.3) 62 (72.9)

Knowledge of partner HIV status

HIV positive 3 (1.7) 2 (2.3)

HIV negative 32 (17.8) 13 (15.3) 0.828

Do not know 145 (80.6) 70 (82.4)

be incorporated into everyday life [18]. We show that AGYW
preference for oral PrEP over other options is similar to other
populations, and the low uptake, adherence and retention we
observed indicate the need for more choices to meet individ-
ual needs.

Almost one third of volunteers started oral PrEP, which
was lower than we expected among AGYW who expressed
high willingness to use daily PrEP. Other studies also report
low uptake among young people [10, 19], indicating that real-
world uptake has not reached clinical trial levels [20]. In a
qualitative study done in family planning and youth clinics in
Zimbabwe, where both oral PrEP and condoms were offered,
PrEP uptake was low due to preference for condoms over
PrEP [21]. Our assessment of oral PrEP preference was inde-
pendent of condoms, which were also available; this likely
affected PrEP uptake. Also, our volunteers were all <25 years,
an age group that has continually shown lower PrEP uptake

than older individuals [19, 22] likely due to their generally low
HIV risk perception [23, 24]. In South Africa, mobile health
clinics operating in locations frequented by AGYW are feasi-
ble, acceptable and improve PrEP uptake [25]. PrEP integra-
tion into sexual reproductive health services also facilitates
uptake among AGYW [26]. These interventions could improve
PrEP uptake among AGYW elsewhere in SSA.

Majority of volunteers started PrEP within 30 days of
enrolment; however, two thirds discontinued PrEP, similar
to the DREAMS implementation projects among AGYW in
Kisumu and Homa Bay in Kenya [27]. The reasons we report
for PrEP discontinuation have been reported among AGYW
elsewhere [11, 28, 29]. Our site received monthly PrEP sup-
plies from the regional PEPFAR Implementing Partner; we,
therefore, gave volunteers monthly re-fills, which was more
frequent than anticipated as we preferred all activities to fall
within the quarterly schedule. Frequent re-fills could have
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Table 4. Self-reported adherence versus tenofovir assay results of AGYW

Plasma tenofovir levels and self-reported adherence

Follow-up period of PrEP starters after study enrolment (months)

1–3 months 4–6 months 7–9 months 10–12 months

n (%) n (%) n (%) n (%)

Total persons on PrEP in the quarter 45 33 27 30

Total samples tested 42 24 18 16

Assay results

Below limit of quantification (<10 μg/L) 31 (73.8) 18 (75.0) 19 (94.4) 15 (93.8)

Quantifiable; not protective (≥10 μg/L to <40 μg/L) 8 (19.1) 6 (25.0) 1 (5.6) 1 (6.2)

Quantifiable; protective (≥40 μg/L) 3 (7.1) 0 (0) 0 (0) 0 (0)

Self-reported adherence

Sub-optimal adherence (<90% score) 9 (21.4) 3 (12.5) 3 (16.7) 4 (25.0)

Optimal adherence (≥90% score) 33 (78.6) 21 (87.5) 15 (83.3) 12 (75.0)

Abbreviation: PrEP, pre-exposure prophylaxis.

led to fatigue and early disengagement in our cohort. How-
ever, this may only explain a limited number of drop outs,
as a PEPFAR program implemented in fishing communities
and trading centres in South-Central Uganda gave less fre-
quent (3-monthly) re-fills but also reported high discontinu-
ation (median PrEP time, 45 days) [30]. Additionally, a trial
that delivered a cognitive behavioural intervention among
AGYW in Kampala reported that AGYW are highly mobile,
which impacts access and retention to health services and
research activities [31]. With emergence of Covid-19, move-
ment was restricted starting early 2020, public transport
and several businesses were closed, while entertainment facil-
ities that employed our volunteers remained closed until
study end. This affected retention as we were unable to
see volunteers and take samples. Adaptations to PrEP deliv-
ery were necessary. For example, the Sisters with a Voice
(Sisters) program among female sex workers (FSWs) in Zim-
babwe increased PrEP initiation rates by scaling up differ-
entiated service delivery, giving multi-month PrEP refills and
using phone calls and WhatsApp for appointment scheduling,
and post-PrEP initiation support [32]. Similarly, we forecasted
PrEP refills, received more stock and gave volunteers longer
re-fills through clinic and community visits.

Throughout the study, the proportion with detectable, pro-
tective blood TDF levels was very low and only in the first
3 months. In the HIV Prevention Trials Network (HPTN)
082 trial, only 20% of 16- to 25-year-old AGYW had high
adherence, and detectable TDF levels declined from 84%
(month 3) to 31% (month 12) [33]. Similar decreases in the
proportion with detectable and protective drug levels over
time have been observed among both young and adult MSM
taking PrEP [34, 35]. We also show that TDF levels were
lower than self-reported adherence; a discrepancy reported
in other studies [35, 36]. It may be difficult to achieve ade-
quate adherence with protracted daily dosing; although vol-
unteers reported high adherence, TDF assessments indicated
that they were unable to take pills as prescribed. These find-
ings support alternative oral products, such as LA pills, which
will increase the options for AGYW who prefer the pill but

not daily dosing [37]. Plasma TDF levels reflect recent dosing,
and the low levels we report indicate that volunteers did not
change their pill-taking behaviour towards the clinic visits as
reported in a study that assessed “white coat adherence” [38].
As PrEP rollout continues, assessment of samples for short-
term adherence, for example dry blood spots and urine, and
long-term adherence, for example hair samples, should take
into account different challenges [39, 40]. These may con-
tinue to be assessed alongside self-reported adherence, which
is already widely used in routine care. Self-reports can also be
improved through Audio Computer-Assisted Self-Interviews,
which allow volunteers to answer sensitive questions in pri-
vate [41].

Preference for oral PrEP over other biomedical options was
associated with 50% higher PrEP uptake. Gombe et al. have
also shown that PrEP uptake in the public sector in Zim-
babwe was driven by method preference [21]. Novel biomed-
ical products will have similar modes of delivery to avail-
able contraceptives; lessons from contraceptive uptake can,
therefore, be extended to HIV prevention. For example, low
contraceptive uptake among women in SSA is driven by the
absence of approved options of their preference [42, 43].
Development of HIV prevention products in consideration
of available contraceptives gives the opportunity for multi-
purpose prevention technologies for prevention of HIV and
pregnancy among AGYW.

PrEP uptake was higher among those with more sexual
partners. Individual behavioural risks have similarly predicted
PrEP uptake among AGYW and young black MSM [19, 44].
Furthermore, a higher proportion of volunteers with ≥10 sex-
ual partners reported condom use in the 3 months before
enrolment, indicating that they had high HIV risk percep-
tion, hence, readily started PrEP when it became available.
Other studies among AGYW also show higher PrEP uptake
with high self-perceived HIV risk [19, 45]; this could facili-
tate uptake among volunteers who were separated as almost
all reported paid sex. Messages should promote oral PrEP
as a lifestyle choice that individuals can make during periods
of risk.
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4.1 Limitations

We used non-random sampling, which is prone to selection
bias that affects the generalizability of findings. Categoriza-
tion of oral PrEP preference into a binary variable likely
contributed to lower uptake, as it also included those who
ranked it second. The Cockroft–Gault formula may overes-
timate glomerular filtration rate (GFR) among young peo-
ple [46], the CKD-EPI formula is, therefore, preferred. How-
ever, follow-up creatinine and GFR evaluation remained within
baseline ranges showing that PrEP use remained safe. Also,
emancipated and mature minors may not be representative
of all minors who are vulnerable to HIV, including those who
need parental consent for health interventions. Despite the
limitations, this study contributes to the growing literature on
oral PrEP and highlights the importance of: end-user pref-
erences in intervention uptake, objective adherence assess-
ments and community delivery during restricted movement.

5 CONCLUS IONS

Despite seemingly high levels of preference and acceptance,
PrEP uptake and adherence were low; uptake was associ-
ated with higher sexual behavioural risk and oral PrEP prefer-
ence. Development of alternative biomedical products should
be expedited to meet end-user preferences and community
delivery promoted during restricted movement.

AUTHORS ’ AFF I L IAT IONS

1Medical Research Council/Uganda Virus Research Institute and London School
of Hygiene and Tropical Medicine (MRC/UVRI & LSHTM), Uganda Research Unit,
Entebbe, Uganda; 2IAVI, Nairobi, Kenya; 3Infectious Diseases Institute, College of
Health Sciences, Makerere University, Kampala, Uganda; 4IAVI, New York, New
York, USA; 5Department of Epidemiology and Biostatistics, University of Califor-
nia San Francisco, San Francisco, California, USA

COMPET ING INTERESTS

The authors have no competing interests to declare.

AUTHORS ’ CONTR IBUT IONS

YM (lead author) contributed to study design, study coordination, data acqui-
sition, analysis and interpretation, obtained funding, wrote the initial draft and
revised versions of themanuscript. OK contributed to study design and carried out
data analysis. JFL coordinated the data management. VMK contributed to study
design. AB and DO performed tests for TDF levels in plasma. KC, MK and MAP
contributed to study design. PK directed study implementation. All authors con-
tributed to the interpretation of study results and critically commented on all ver-
sions of the manuscript. They approved the final version of the manuscript. All
authors attest they meet the ICMJE criteria for authorship.

ACKNOWLEDGEMENTS

We wish to acknowledge the support from the Infectious Diseases Institute in
Kampala, Uganda, which supplied oral PrEP to the study site and also provided lab-
oratory support for testing of TDF levels in plasma.

FUNDING

This work was funded by IAVI and made possible by the support of many donors,
including United States Agency for International Development (USAID) through
the IAVI/ADVANCE program, grant number AID-OAA-A-16-00032. The full list of
IAVI donors is available at http://www.iavi.org. IAVI also sponsored the study and

therefore contributed to the study design, monitored the study and, reviewed and
approved all versions of the manuscript.

DISCLA IMER

The contents of this manuscript are the responsibility of the authors and do not
necessarily reflect the views of USAID or the US Government.

DATA AVAILAB I L ITY STATEMENT

The datasets used and analysed during the current study are available from the
corresponding author on reasonable request.

REFERENCES

1. UNAIDS. Global AIDS update: seizing the moment, tackling entrenched
inequalities to end epidemics. 2020.
2. UNAIDS Fact Sheet. Global HIV Statistics. 2021.
3. World Health Organisation. WHO implementation tool for pre-exposure pro-
phylaxis (PrEP) of HIV infection: module 12: adolescents and young adults. 2018.
4. UNAIDS. Invest in HIV prevention. 2015.
5. Abbai NS, Wand H, Ramjee GNS, Wand H, Ramjee G. Biological factors that
place women at risk for HIV: evidence from a large-scale clinical trial in Durban.
BMCWomen’s Health. 2016;16(1):1–7.
6. Cherenack EM, Jennifer R, Dow DE, Sikkema KJ. Sexual risk behaviors
and menstrual and intravaginal practices among adolescent girls and young
women in Tanzania: a cross-sectional, school-based study. Int J Sexual Health.
2020;32(4):394–407.
7. Moise IK, de Joya E, Caplan B, Rodriguez VJ, Butts S, Chisembele M, et al. Ado-
lescent and young adult couples’ views of intravaginal practices: a qualitative anal-
ysis of a pilot study. Int J Womens Health. 2019;11:49–56.
8. USAID. DREAMS: partnership to reduce HIV/AIDS in adolescent girls and
young women. 2020.
9. Dunbar MS, Kripke K, Haberer J, Castor D, Dalal S, Mukoma W, et al. Under-
standing and measuring uptake and coverage of oral pre-exposure prophylaxis
delivery among adolescent girls and young women in sub-Saharan Africa. Sexual
Health. 2018;15(6):513–21.
10. Koss CA, Charlebois ED, Ayieko J, Kwarisiima D, Kabami J, Balzer LB, et al.
Uptake, engagement, and adherence to pre-exposure prophylaxis offered after
population HIV testing in rural Kenya and Uganda: 72-week interim analysis of
observational data from the SEARCH study. Lancet HIV. 2020;7(4):e249–61.
11. Mugwanya KK, Pintye J, Kinuthia J, Abuna F, Lagat H, Begnel ER, et al. Inte-
grating preexposure prophylaxis delivery in routine family planning clinics: a feasi-
bility programmatic evaluation in Kenya. PLoS Med. 2019;16(9):e1002885.
12. Rousseau-Jemwa E, Bekker LG, Bukusi E, Delany-Moretlwe S, Omollo V,
Travill D, et al. Early persistence of HIV pre-exposure prophylaxis (PrEP) in African
adolescent girls and young women (AGYW) from Kenya and South Africa. HIV
Research for Prevention Conference 2018. Barcelona, Spain. 2018.
13. Maseko B, Hill LM, Phanga T, Bhushan N, Vansia D, Kamtsendero L, et al. Per-
ceptions of and interest in HIV pre-exposure prophylaxis use among adolescent
girls and young women in Lilongwe, Malawi. PLoS One. 2020;15(1):e0226062.
14. Uganda National Council for Science and Technology. National guidelines for
research involving humans as research participants. 2016.
15. Donnell D, Baeten JM, Bumpus NN, Brantley J, Bangsberg DR, Haberer
JE, et al. HIV protective efficacy and correlates of tenofovir blood concentra-
tions in a clinical trial of PrEP for HIV prevention. J Acquir Immune Defic Syndr.
2014;66(3):340–8.
16. Greene GJ, Swann G, Fought AJ, Carballo-Diéguez A, Hope TJ, Kiser PE, et al.
Preferences for long-acting pre-exposure prophylaxis (PrEP), daily oral PrEP, or
condoms for HIV prevention among US men who have sex with men. AIDS Behav.
2017;21(5):1336–49.
17. Huang W, Wu D, Ong JJ, Smith MK, Yang F, Fu H, et al. Prepared for PrEP:
preferences for HIV pre-exposure prophylaxis among Chinese men who have sex
with men in an online national survey. BMC Infect Dis. 2019;19(1):1057.
18. Eakle R, Weatherburn P, Bourne A. Understanding user perspectives of
and preferences for oral PrEP for HIV prevention in the context of intervention
scale-up: a synthesis of evidence from sub-Saharan Africa. J Int AIDS Soc. 2019;
22:e25306.
19. Sila J, Larsen AM, Kinuthia J, Owiti G, Abuna F, Kohler PK, et al. High aware-
ness, yet low uptake, of pre-exposure prophylaxis among adolescent girls and
young women within family planning clinics in Kenya. AIDS Patient Care STDs.
2020;34(8):336–43.

10

 17582652, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jia2.25909 by K

am
pala International U

niversity, W
iley O

nline L
ibrary on [03/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25909/full
https://doi.org/10.1002/jia2.25909
http://www.iavi.org


Mayanja Y et al. Journal of the International AIDS Society 2022, 25:e25909
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25909/full | https://doi.org/10.1002/jia2.25909

20. Ndase P, Celum C, Campbell J, Bukusi E, Kiarie J, Katabira E, et al. Successful
discontinuation of the placebo arm and provision of an effective HIV prevention
product after a positive interim efficacy result: the partners PrEP study experience.
J Acquir Immune Defic Syndr. 2014;66(2):206–12.
21. Gombe MM, Cakouros BE, Ncube G, Zwangobani N, Mareke P, Mkwamba
A, et al. Key barriers and enablers associated with uptake and continuation of
oral pre-exposure prophylaxis (PrEP) in the public sector in Zimbabwe: qualita-
tive perspectives of general population clients at high risk for HIV. PLoS One.
2020;15(1):e0227632.
22. Koss CA, Ayieko J,Mwangwa F,Owaraganise A, KwarisiimaD, Balzer LB. Early
adopters of HIV preexposure prophylaxis in a population-based combination pre-
vention study in rural Kenya and Uganda. Clin Infect Dis. 2018;67:1853–60.
23. Celum C, Delany-Moretlwe S, Hosek S, Dye B, Bekker L, Mgodi N, et al.
Risk behavior, perception, and reasons for PrEP among young African women
in HPTN 082. Conference on Retroviruses and Opportunistic Infections (CROI)
2018. Boston, Masachussetts. 2018.
24. Price JT, Rosenberg NE, Vansia D, Phanga T, Bhushan NL, Maseko B, et al.
Predictors of HIV, HIV risk perception, and HIV worry among adolescent girls and
young women in Lilongwe, Malawi. J Acquir Immune Defic Syndr. 2018; 77(1):53.
25. Rousseau E, Bekker LG, Julies RF, Celum C, Morton J, Johnson R, et al. A
community-based mobile clinic model delivering PrEP for HIV prevention to ado-
lescent girls and young women in Cape Town, South Africa. BMC Health Serv Res.
2021;21(1):888.
26. Rousseau E, Katz AWK, O’Rourke S, Bekker LG, Delany-Moretlwe S, Bukusi E,
et al. Adolescent girls and young women’s PrEP-user journey during an implemen-
tation science study in South Africa andKenya. PLoSOne. 2021;16(10):e0258542.
27. de Dieu Tapsoba J, Zangeneh SZ, Appelmans E, Pasalar S, Mori K, Peng
L, et al. Persistence of oral pre-exposure prophylaxis (PrEP) among adolescent
girls and young women initiating PrEP for HIV prevention in Kenya. AIDS Care.
2021;33(6):712–20.
28. Camlin CS, Koss CA, Getahun M, Owino L, Itiakorit H, Akatukwasa C, et al.
Understanding demand for PrEP and early experiences of PrEP use among
young adults in rural Kenya and Uganda: a qualitative study. AIDS Behav.
2020;24(7):2149–62.
29. CelumCL, Delany-Moretlwe S, Baeten JM, van der Straten A, Hosek S, Bukusi
EA. HIV pre-exposure prophylaxis for adolescent girls and young women in Africa:
from efficacy trials to delivery. J Int AIDS Soc. 2019;22:e25298.
30. Kagaayi J, Batte J, Nakawooya H, Kigozi B, Nakigozi G, Strömdahl S. Uptake
and retention onHIV pre-exposure prophylaxis among key and priority populations
in South-Central Uganda. J Int AIDS Soc. 2020;23(8):e25588.
31. King R, Muhanguzi E, Nakitto M, Mirembe M, Kasujja FX, Bagiire D, et al.
Mobility study of young women who exchange sex for money or commodities
using Google Maps and qualitative methods in Kampala, Uganda. BMJ Open.
2021;11(5):e043078.
32. Matambanadzo P, Busza J, Mafaune H, Chinyanganya L, Machingura F, Ncube
G, et al. “It went through the roof”: an observation study exploring the rise in PrEP
uptake among Zimbabwean female sex workers in response to adaptations during
Covid-19. J Int AIDS Soc. 2021;24:e25813.
33. Celum C, Hosek S, Tsholwana M, Kassim S, Mukaka S, Dye BJ, et al. PrEP
uptake, persistence, adherence, and effect of retrospective drug level feedback on
PrEP adherence among young women in southern Africa: results from HPTN 082,
a randomized controlled trial. PLoSMed. 2021;18(6):e1003670.
34. Hosek SG, Landovitz RJ, Kapogiannis B, Siberry GK, Rudy B, Rutledge B. An
HIV pre-exposure prophylaxis demonstration project and safety study for young
MSM. J Acquir Immune Defic Syndr. 2017;74(1):21–9.
35. Wahome Wahome EW, Graham SM, Thiong’o AN, Mohamed K, Oduor T,
Gichuru E, et al. PrEP uptake and adherence in relation to HIV-1 incidence among
Kenyan men who have sex with men. EClinicalMedicine. 2020;26:100541.

36. Marrazzo JM, Ramjee G, Richardson BA, Gomez K, Mgodi N, Nair G, et al.
Tenofovir-based preexposure prophylaxis for HIV infection among African women.
N Engl J Med. 2015;372(6):509–18.
37. Hillier HS, Bekker LG, Faesen SB, Hendrix CW, Riddler SA, Rasmussen S,
et al. Trial design, enrollment status, demographics, and pharmacokinetics (PK) data
from a blinded interim analysis from a phase 2a trial of Islatravir once monthly
(QM) for HIV pre-exposure prophylaxis (PrEP). J Int AIDS Soc. 2021;24(S1):
13–4.
38. Podsadecki TJ, Vrijens BC, Tousset EP, Rode RA, Hanna GJ. “White coat com-
pliance” limits the reliability of therapeutic drug monitoring in HIV-1—infected
patients. HIV Clin Trials. 2008;9(4):238–46.
39. Brooks KM, Anderson PL. Pharmacologic-based methods of adher-
ence assessment in HIV prevention. Clin Pharmacol Ther. 2018;104(6):
1056–9.
40. Koss CA, Bacchetti P, Hillier SL, Livant E, Horng H, Mgodi N, et al. Differences
in cumulative exposure and adherence to tenofovir in the VOICE, iPrEx OLE, and
PrEP demo studies as determined via hair concentrations. AIDS Res Hum Retro-
viruses. 2017;33(8):778–83.
41. Falb K, Tanner S, Asghar K, Souidi S, Mierzwa S, Assazenew A, et al. Imple-
mentation of Audio-Computer Assisted Self-Interview (ACASI) among adolescent
girls in humanitarian settings: feasibility, acceptability, and lessons learned. Conflict
Health. 2016;10(1):1–8.
42. Ndayizigiye M, Fawzi MC, Lively CT, Ware NC. Understanding low uptake
of contraceptives in resource-limited settings: a mixed-methods study in rural
Burundi. BMCHealth Serv Res. 2017;17(1):209.
43. Rominski Rominski SD, Morhe ESK, Maya E, Manu A, Dalton VK. Comparing
women’s contraceptive preferences with their choices in 5 urban family planning
clinics in Ghana. Glob Health: Sci Pract. 2017;5(1):65–74.
44. Fields EL, Fennell C, Wagner J, Schumacher C, Chandran A, Price A, et al. HIV
risk factors associated with the pre-exposure prophylaxis cascade among young
and adult black men who have sex with men in Baltimore city. J Adolesc Health.
2019;64(2):S44.
45. Hill LM, Maseko B, Chagomerana M, Hosseinipour MC, Bekker LG, Pettifor
A, et al. HIV risk, risk perception, and PrEP interest among adolescent girls and
young women in Lilongwe, Malawi: operationalizing the PrEP cascade. J Int AIDS
Soc. 2020;23:e25502.
46. Bjork J, Nyman U, Larsson A, Delanaye P, Pottel H. Estimation of the glomeru-
lar filtration rate in children and young adults by means of the CKD-EPI equation
with age-adjusted creatinine values. Kidney Int. 2021;99(4):940–7.

SUPPORT ING INFORMAT ION

Additional information may be found under the Supporting
Information tab for this article:
Supplementary Table: Table Showing Proportion of visits and
Type of Visit during the Pre-COVID Period, Lockdown and
Post- Lockdown Periods.
Supplementary Figure: Comparison of Visits during the Pre-
COVID, COVID Lockdown and Post Lockdown Periods.
Supplementary Table: Monthly Self-Reported Adherence
Data of AGYW on PrEP.
Supplementary Figure: Bar graphs showing Quarterly Protec-
tive and Non-Protective Plasma Tenofovir Levels of AGYW on
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