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Abstract
Introduction: Implants are a new dosage form in development for HIV pre-exposure prophylaxis (PrEP) with potential for high
adherence given that they are provider-administered and are intended for long-acting protection. Integrating end-user prefer-
ence into early stage product development may further overcome challenges with future product uptake and adherence.
Hence, we sought to optimize the design of a PrEP implant in early-stage development by gathering opinions about implant
attributes from potential end-users in South Africa.
Methods: We conducted 14 focus group discussions (FGDs) with young women and men aged 18 to 24 in Cape Town and
Soshanguve, South Africa, inviting participants into discussion as co-designers. FGDs were homogenous by gender and previ-
ous implant experience. During FGDs, we showed prototype devices and followed a semi-structured guide with questions on
history of contraceptive implant use, preferences for physical characteristics of an implant, implant biodegradability, insertion
process, participant-driven ideas for implant design, and social adoption considerations. FGDs were facilitated in English, isiX-
hosa, Tswana, isiZulu, or Tsonga, audio-recorded, transcribed into English, and qualitatively coded and analysed.
Results: In this qualitative sample of 105 youth (68 women and 37 men), 58 participants were from Soshanguve and 47 from
Cape Town, and 23% had previously used contraceptive implants. Participants expressed preferences for several implant
design features; specifically, longer duration (≥6 months) was more important to most participants than the size or number of
devices implanted. A majority preferred a flexible versus stiff implant to minimize palpability, thereby increasing discreetness
and comfort. Nearly all participants favoured a biodegradable implant to avoid removal and thus reduce clinic visits. Concerns
about the implant centred on its possible side effects and the “plastic” look of the prototype displayed for demonstration.
Conclusions: This study offers preliminary insights into an implant for HIV prevention that provides long-lasting protection
may be well received among young South Africans. Additionally, flexibility, discreetness, and biodegradability may increase
acceptability of the implant. Such end–user feedback is being incorporated into current implant designs in the hope of creating
an effective long-acting PrEP product that is likely to achieve high uptake and adherence in target populations.
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1 | INTRODUCTION

Pre-exposure prophylaxis (PrEP) has the potential to protect
millions of people from acquiring HIV, but recent clinical trials
and demonstration projects have shown that poor adherence
is a major barrier to actualizing this goal [1-5]. Trials of PrEP
administered in various formulations have identified several
challenges to adherence, including user dislike of product
attributes (e.g. leakiness of vaginal gels; size or taste of pills)
[6], lack of partner support or ability to use a product dis-
creetly if desired [7,8], and misinformation and distrust of
products and/or clinical research [9,10]. While acceptability

studies may provide insight into future user uptake of PrEP
products, many of these studies have been limited by social
desirability bias, resulting in a positive view of products that
may not reflect actual use patterns [11-14]. Consequently,
there is a recognized need to better understand the end-
users’ context and true preferences for new PrEP products
before they clinical trials are completed, and ideally, to include
the voices of the end-users earlier in product development
[15-20].
Subcutaneously inserted implants are a new PrEP dosage

form in preclinical development with potential for greater
adherence, given their long duration of protection and
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provider-administered application. From a drug delivery stand-
point, implants offer several advantages as a PrEP dosage
form: stable drug release rates over a period of months to
years, reversibility in the case of adverse events, and the
avoidance of lingering sub-therapeutic levels of drug in the
blood. Several groups are currently developing implants for
the delivery of antiretroviral drugs [21-25]. The work pre-
sented here focuses on the thin film polymer device (TFPD)
being developed by RTI International and colleagues, a
biodegradable reservoir implant [26,27]. Since the TFPD PrEP
implant is still in preclinical development and has several attri-
butes that can be modified (e.g. size, appearance, stiffness,
biodegradability), we aimed to elicit feedback from potential
female and male end-users in South Africa on their perspec-
tives and preferences for these modifiable attributes. Specifi-
cally, we focused on South African youth ages 18 to 24 as
potential end-users of a PrEP implant as they are at increased
risk for acquiring HIV [28,29].

2 | METHODS

2.1 | Setting

Data collection occurred at two sites in South Africa between
December 2016 and June 2017: Desmond Tutu HIV Research
Centre/Foundation (DTHC/F) in Cape Town and Setshaba
Research Centre (SRC) in Soshanguve. We selected these two
geographically distinct locations to explore variation in end-user
preferences based on different local cultural and community
dynamics. In both locations, participants were from densely pop-
ulated townships that were established during apartheid. Study
participants in both Cape Town and Soshanguve described the
community environments as characterized by high rates of HIV,
unemployment, violence, and poverty, consistent with nationally
reported statistics [30-34]. District-level HIV prevalence among
pregnant women at public antenatal clinics in 2015 was 21.6%
for Cape Town and 25.3% for Soshanguve [35]. Cape Town par-
ticipants were from areas predominantly inhabited by Xhosa
people originating from the Western or Eastern Cape [36].
Soshanguve is approximately 30 km north of Pretoria and has
high multilingual and ethnic diversity, with Setswana, Sesotho,
and Sepedi as primary languages [37].

2.2 | Study design

We conducted 14 focus group discussions (FGDs), designed
to be highly interactive and create an environment where par-
ticipants were encouraged to provide feedback directly into
product development as “co-designers”. To accentuate this co-
designer role, we began FGDs by offering participants labora-
tory coats to wear during the discussion, a technique that was
pretested before implementation. We explained that the
implant was still in the early stages of development, and that
the laboratory coats were intended to symbolize the impor-
tance of their input as fellow scientists and as representatives
of their community into product design.
The structured FGD guide addressed five themes: percep-

tions of or actual experience with contraceptive implants,
physical attributes of PrEP implants, implant insertion, a “de-
sign-your-own” implant activity, and social adoption considera-
tions. Themes were explored through group discussion and

follow-up probes. Participants were given examples to see and
touch during discussion, including multiple prototypes of TFPD
implants currently in development, Implanon NXT� contracep-
tive implants, and a model of how Implanon NXT� feels under
mock skin (Figure 1). Pictures of implant insertion and TFPD
biodegradation processes were also shown (Figures S1 and
S2). We obtained feedback on participants’ preferences for
various attributes through five voting exercises in which par-
ticipants placed a sticker along a continuum with two
extremes (e.g. flexible vs. stiff implant) and discussed their
choices.

2.3 | Participant selection

We used a recruitment approach maximizing variation by cate-
gorizing FGDs based on gender, contraceptive implant experi-
ence, PrEP injection experience, and geographic location
(Table 1). Eligibility criteria included being 18 to 24 years old,
sexually active (had sex at ≥3 times in the past three months),
and HIV negative based on self-report. Participants were
recruited from the community through word-of-mouth and
direct outreach activities. This study builds on the iPrevent and
TRIO studies [38,39]. Some Cape Town participants were
recruited through re-contacting former iPrevent study partici-
pants (N = 3) [38]. In Soshanguve, three FGDs were held with
PrEP injectable-experienced women who were former TRIO
study participants [39], providing unique insights into PrEP
dosage form comparisons.

2.4 | Data collection and analysis

Prior to finalization of the FGD guide, three mock FGDs were
held at each site to further refine questions and procedures.
Participants first completed informed consent followed by an
interviewer-administered demographics questionnaire. FGDs
in Cape Town were co-facilitated by a social scientist (SN) and
a bioengineer (EK) in English and/or isiXhosa and FGDs in
Soshanguve were facilitated by a social scientist (TM) in Eng-
lish, Tswana, Tsonga and/or isiZulu. FGDs were audio-recorded
and lasted approximately two hours each. Facilitators wrote
debriefing reports documenting key findings under each inter-
view topic for every FGD.
FGDs were transcribed and translated into English, and tran-

scripts were reviewed for accuracy.Transcripts were coded using
Dedoose software [40] by two researchers. The coding process
involved defining codes based on key themes, regularly dis-
cussing code applications to ensure consistency among the cod-
ing team, and iteratively refining code definitions. Qualitative
analysis was done through content analysis of debriefing reports
of FGDs using matrices to facilitate comparison of distilled find-
ings of themes across FGD subgroups, and through summary
memos on code reports of key codes.Voting activity results were
analysed quantitatively as described in Figure 2.

2.5 | Ethical approval

This study was approved by the Institutional Review Boards
at all participating institutions. All participants provided writ-
ten informed consent and were reimbursed ZAR 100 (approx-
imately 7 USD) for their time and transportation.
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3 | RESULTS

This study included 105 participants across 14 FGDs, with 6
FGDs (n = 47 participants) in Cape Town and 8 FGDs (n = 58
participants) in Soshanguve. Demographic characteristics across
both sites were relatively similar, with the exception of ethnic
group (Table 2). Our sample was comprised of 65% females and
35% males, with 23 implant-experienced females, 44 implant-
na€ıve females and 37 implant-na€ıve males. The most salient
attributes of implants that emerged from the FGDs are themati-
cally presented below, with illustrative quotes in text or Table 3.

3.1 | Implant duration versus dimensions

When asked to compare trade-offs between implant duration,
dimensions, number of rods inserted at a time and dosage

form, longer duration of protection emerged as the strongest
driver of product preference. Participants wanted to reduce
inefficient and time-consuming clinic visits and avoid needing
to remember to take a product frequently:

First of all I’m tired of pills. Secondly, I do not want to go
every 6 months. I want it to last for longer. [. . .] That is
why I chose the 12 months one because it’s actually going
to stay in my body and do its job slowly but surely. (Ugly
Rapper, Male, Cape Town)

A majority of participants voted for a longer duration PrEP
implant when presented with choices between a) three-month
small implant and six-month large implant, and b) six-month
single rod versus two rods that would last 12 months (Fig-
ure 2). Additionally, when presented a choice between a

(a)

(d) (e)

(b) (c)

Figure 1. Physical prototypes shown during FGDs.
(a) TFPD implant in development, a reservoir device with a biodegradable polycaprolactone (PCL) membrane fabricated using a solvent casting
technique. (b) Multiple sizes of TFPD implants in development. (c) Another type of TFPD implant in development, made using an extruded tube
fabrication technique. The extruded tube prototype was only shown in 7/8 FGDs in Soshanguve; not available for Cape Town FGDs. (d) Implanon
NXT� contraceptive implant. (e) Model of Implanon NXT� palpability under mock skin. Note that all TFPD prototypes shown during FGDs con-
tained cellulose powder as placebo in place of active drug. Actual TFPD prototypes include a liquid excipient, resulting in a drug slurry paste
within the implant instead of a white powder.
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three-month PrEP injection (four times/years) versus a
12-month PrEP implant, most participants preferred an implant
due to its longer duration.
When probed further on desired dosing frequency, partici-

pants suggested an ideal duration of one to three years, but
felt that an implant lasting three to six months would still be
acceptable. A minority of participants preferred a device with
a shorter duration, as it would have the benefit of encouraging
more frequent testing for HIV/STIs and access to clinic ser-
vices. Notably, others specifically suggested the option of
shorter duration devices (three to six months) because they
wanted “to see first how it is when it is in my body” before com-
mitting to a longer duration device.

3.2 | Concerns about PrEP implants

Participants were encouraged to ask questions throughout the
FGDs, and the most common concerns were related to
expected side effects and efficacy. Some participants were
concerned that having two rods (vs. one rod) could result in
more side effects or drug overdose. Others wondered how
daily activities like weight lifting, dancing, or chores would
influence drug release and efficacy. Some shared concerns
around the time required for drug to travel from the location
of insertion to target tissues for HIV prevention (e.g. arm to
vagina), as well as where the physical components of the
device go in the body as it biodegrades.
When discussing perceptions of contraceptive implants, par-

ticipants shared stories circulating in the community. In
Soshanguve, the most common stories related to side effects
experienced by women using the contraceptive implant (e.g.
menstrual bleeding changes, weight changes, headaches, sore

arm), lack of efficacy and implant migration within the body.
Similar stories were also discussed in Cape Town. Further, in
five of the six FGDs in Cape Town, the dominant story was
that implants were being robbed and physically cut out from
women’s arms by drug users who smoke them to get high.
Considerable concern was raised about the appearance of

the thin film membrane of the device that for many looked
like “plastic”. Some thought the prototype device appeared like
street drugs in a plastic bag, exacerbating the worries related
to implant robbery in Cape Town. Others questioned the
safety of “plastic” for insertion in the body and how “plastic”
would dissolve. One implant-experienced woman from Soshan-
guve suggested giving the thin film “plastic” portion of the
device a specific name to reduce concern, “because once you
think of plastic, you think of death”.
Anticipated pain during implant insertion was initially con-

cerning among implant-na€ıve women and men, but not
among implant-experienced women. However, after hearing
an explanation of the numbing medication used during inser-
tion, most implant-na€ıve participants were no longer con-
cerned about pain. One FGD in Soshanguve had five
participants who had all previously used a contraceptive
implant, as well as placebo PrEP injections. When asked to
compare actual pain experienced between a PrEP injection
and contraceptive implant, all five agreed that the implant
was less painful and indicated preference for an implant
over an injection for future PrEP.

3.3 | Flexible versus stiff implants

After having the opportunity to feel an Implanon NXT� under
imitation skin in a model arm, most participants preferred a
softer, more flexible implant that would be less likely to be pal-
pable by others, making it more discreet and more “invisible”
compared to a stiff device. This invisibility was characterized by
three aspects: (1) not visible in appearance from the outside,
(2) not able to be felt under the skin (palpated) by others, and
(3) forgetable/not distracting to themselves. Others preferred a
soft device because they perceived it to be more “comfortable”
both mentally (forget its presence; not worry about others feel-
ing it) and physically (perceived as less irritating inside body).
Although many participants would disclose PrEP implant use to
friends, family and/or partners so that they could also be pro-
tected, most men and women preferred an implant that could
be used discreetly if desired, as described here:

I chose the soft one because I don’t want to feel it. [. . .] I don’t
want to be reminded each and every time that it’s there, you
see. And also I want it to be my own private thing. And only
the person I have told that I have it should know, not for every-
one to see. (Babalwa, Implant-na€ıve female, Soshanguve)

A minority preferred a stiffer device so they could self-moni-
tor device movement, influenced by a community misconception
that the implant can migrate in the body to the lungs, neck, or
other distant location. Participants in Soshanguve voiced these
concerns more strongly than those in Cape Town, and thus a
higher proportion from Soshanguve expressed a preference for
a stiffer implant. In contrast, Cape Town participants discussed
a preference for a flexible implant because it was perceived to
be less visible and/or palpable to robbers.

Table 1. FGD categories by study site (n = 105 total partici-

pants)

Participant group

Study site

Cape Town, SA Soshanguve, SA

Women (age 18 to 24)

Implant-naive (and PrEP

injectable-naivea)

N = 2 FGDs

(n = 8; n = 10)

N = 2 FGDs

(n = 8; n = 5)

Women (age 18 to 24)

Implant-na€ıve (and PrEP

injectable-experienceda)

n/a N = 2 FGDs

(n = 7; n = 6)

Women (age 18 to 24)

Implant-experiencedb
N = 2 FGDs

(n = 8; n = 4)

N = 2 FGDs

(n = 5; n = 7)

Men (age 18 to 24)

Implant-naive

N = 2 FGDs

(n = 7; n = 10)

N = 2 FGDs

(n = 12; n = 8)

N, number of FGDs; n, number of participants per FGD; PrEP, pre-
exposure prophylaxis; FGDs, focus group discussion.
aPrEP-injectable experienced versus PrEP-injectable na€ıve was only a
stratifying FGD group criteria in Soshanguve, not in Cape Town. PrEP
injectable-experienced women had previously received two shots
(92 mL) of saline (placebo), one in each gluteal muscle, as part of the
TRIO study [39].
bImplant-experienced women had previously used either the Implanon
NXT� (publically available in South Africa) or the Jadelle contraceptive
implant (available as part of clinical trials in South Africa).
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3.4 | Dissolving versus non-dissolving implants

TFPD implants are fabricated with a biodegradable polycapro-
lactone membrane and may remain intact through the thera-
peutic window before biodegrading in the body [26]. After
explaining the concept of biodegradability using several analo-
gies, participants expressed a clear preference for a

biodegradable implant that does not require removal. The
rationale for preferring biodegradability echoed that for pre-
ferring a longer duration product: participants wanted to
reduce the number of visits and time at the clinic, and avoid
the removal process that was perceived as painful and often
described as “being cut”.

I think the dissolving one is perfect. Because I won’t have to
be cut again to remove it. As I said before I don’t get along
with pain. (O.S., Male, Cape Town)

Concerns were also raised at both sites regarding an existing
lack of trained providers to remove contraceptive implants, and,
therefore, a lack of expertise to offer removal services for a
future PrEP implant. While most participants, after explanation,
seemed to understand the concept of biodegradability and were
excited by it, some participants raised concerns that the com-
munity may have a hard time understanding or accepting a
device that dissolves in the body. Participants emphasized that
education and counselling alongside biodegradable PrEP
implant rollout would be necessary.

3.5 | Participant-driven recommendations for
design of PrEP implants

Overall, participants responded enthusiastically to the opportu-
nity to be involved in design of new technology for HIV preven-
tion as part of these FGDs, with one participant summarizing:
“We should take initiative of our own health, and we should take
forefront to come up with solutions for our own health.” Many par-
ticipants were visibly excited by the opportunity to wear lab
coats during the FGDs (none were observed to react nega-
tively) and several emphasized that their feedback be shared
with researchers developing the implant.
When asked to design their own implant as co-designers

after interacting with prototypes, participants gave several
suggestions consistent with the themes presented above (Fig-
ure 3). This included extending the duration of protection to
over one year, making the device thinner and more flexible to
be more hidden, and reducing the “plastic”-like appearance. In
Cape Town in particular, several participants suggested chang-
ing the design to be more discreet to robbers, such as chang-
ing the physical appearance of the white powder drug
because “they are going to think it’s cocaine” (see note in Fig-
ure 1), or placing it in another location besides the arm, such
as the thigh, buttocks, or side. Additionally, several participants
emphasized a modular approach, offering choice between dif-
ferent types of implants. They recommended that people be
able to choose their preferred size and duration (e.g. large vs.
small; three months vs. six months) as well as their preferred
indication (e.g. HIV prevention, dual HIV prevention and con-
traception, or prevention of other STIs).

4 | DISCUSSION

In this qualitative study conducted with youth aged 18 to 24
at two South African sites, we elicited end-users’ perspectives
to better understand what modifiable attributes are most
important in an HIV PrEP implant that is still in pre-clinical
development. Overall, most participants preferred an implant

Figure 2. PrEP implant attribute preferences from FGD voting
statement activity, stratified by FGD group category (N = 105 total
participants).
Reflects individual voting responses from all participants when asked
to indicate their preferences for product attributes by placing a
sticker along a continuum with two extremes representing differing
attribute levels. Although participants were allowed to place stickers
anywhere along a continuum for the voting statement activity, we
used a quantitative approach to analyze results by assigning votes to
one of three categories: (1) preferred attribute on the left end of con-
tinuum, (2) preferred attribute on the right end of continuum, or (3)
“middle” if participant placed the sticker in between the two extremes,
indicating either that the participant preferred a compromise or mid-
dle level of given attributes, was undecided, or preferred none of the
options given. Numbers on bars indicate n = number of participants
who gave that response.
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Table 2. Background characteristics of FGD participants, stratified by site

Soshanguve Cape Town Total

Basic demographics

Total participants – n 58 47 105

Age (years) – mean 21.1 21.1 21.1

FGD group – n (%)

Male 20 (35) 17 (36) 37 (35)

Female – implant-naivea 26 (45) 18 (38) 44 (42)

Female—implant-experienced 12 (21) 12 (26) 24 (23)

Ethnic group – n (%)

Zulu 17 (29) 1 (2) 18 (17)

Xhosa 0 (0) 42 (89) 42 (40)

Sotho 21 (36) 1 (2) 22 (21)

Tswana, Tsonga or Pedi 16 (28) 0 (0) 14 (13)

Currently receive own source of income – n (%) 14 (24) 16 (34) 30 (29)

Highest level of education – n (%)

Primary school, complete 1 (2) 0 (0) 1 (1)

Secondary school, not complete 18 (31) 13 (28) 31 (30)

Secondary school, complete 24 (41) 13 (28) 37 (35)

Attended college or university, not complete 14 (24) 16 (34) 30 (29)

Attended college or university, complete 1 (2) 5 (11) 6 (6)

Has ever had children – n (%) 21 (36) 15 (32) 36 (34)

Current relationship status – n (%)

Married 1 (2) 1 (2) 2 (2)

In a partnership (not married) 40 (69) 40 (85) 80 (76)

Single 17 (29) 6 (13) 23 (22)

Co-habiting with main partner 8 (14) 8 (14) 16 (15)

Sexual risk factors

Number of sexual partners – mean (range)

In lifetime 6 (1 to 18) 4.6 (1 to 11) 5.4 (1 to 18)

In past 30 days 1.1 (0 to 4) 1.4 (0 to 5) 1.2 (0 to 5)

Currently has main sexual partner – n (%) 44 (76) 44 (94) 88 (84)

Currently has casual sexual partner(s) – n (%) 22 (38) 15 (32) 37 (35)

Thinks partner has other partners – n (%)

Yes, I know 2 (5) 5 (11) 7 (8)

Yes, I suspect 9 (21) 13 (30) 22 (25)

Do not know 17 (40) 13 (30) 30 (34)

No 16 (36) 13 (30) 29 (33)

Condom usage at last sex act – n (%) 37 (69) 25 (60) 62 (65)

Previous product experience

Ever used for HIV or pregnancy prevention – n (%)c

Pills 11 (19) 16 (34) 27 (26)

Injectable 28 (48) 23 (49) 51 (49)

Implants 14 (24) 14 (30) 28 (27)

Gel/spermicide 1 (2) 2 (4) 3 (3)

Ever had contraceptive implant removed – n (%)c 2 (17) 4 (33) 6 (25)

Months current contraceptive implant in – mean (range)c 22.9 (15 to 30) 14.4 (1 to 36) 19.1 (1 to 36)

FGD, focus group discussion.
aOne participant in an implant-naive female FGD in Cape Town revealed partway through the FGD that she had previously used a contraceptive
implant.
bMore than one response allowed; includes dosage forms their partner(s) have used
cOnly contraceptive implant-experienced participants responded to these questions; percentages reflective of total number of contraceptive
implant-experienced participants only.
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that is long-acting (>3 to 6 months at minimum, but >1 year
ideally), can be used discreetly (e.g. invisible by appearance
and by palpation), and minimizes interaction with the health
care system (e.g. biodegrades at end of duration to avoid
removal). This consensus in preference across multiple user

groups is especially noteworthy given that we selected a
recruitment approach to maximize variation. These results
suggest that a long-acting, flexible, biodegradable implant may
serve as an acceptable dosage form for PrEP with potential to
maximize young users’ uptake and adherence.

Table 3. Participant quotes on key themes of PrEP implant prototype attributes

Theme Quotea

Implant duration “I chose 3 months. I want to see first how it is when it is in my body. So that I don’t take 6 months which is long

when I don’t know how it’s going to be in my body [. . .] I have to see first and then if it does me bad or well, that’s

when I would take this one [longer duration].”

Lulu, Implant-experienced female, Cape Town

Concerns about implants “This plastic [thin film portion of PrEP implant prototype] [. . .] I think it’s the one thing that is going to confuse them

[community], just like it confused me. I think many are going to start with that issue that ‘Exactly how does it

dissolves in the underneath the skin?’ Like even if you can explain it, they would still want to experience it first. ‘Let

me see, did it really dissolve, but are you sure that it has dissolved?’ Such things.”

Nomfundo, Implant-experienced female, Soshanguve

“In 2016 there was the habit of junkies smoking this thing [contraceptive implant]. You would be stabbed on where

the implant is located and they would take it out [. . .] Yes I was once grabbed by a person and, ‘Why are you

holding me?’ And he said, he was saying, ‘Did you not have those things [contraceptive implant] inserted?’ And I said,

‘No I’m still young, I’m scared of them, why?’ He then said, ‘By the way we use these things and we smoke them.’”

Lira, Implant-experienced female, Cape Town

“That medicinal drug that is within that [contraceptive] implant is the one [. . .] that gives it more of a kick, that makes

their addicts go sky high.”

Jeffrey, Male, Cape Town

Implant flexibility “The reason why I feel excited is because it will be invisible when I have inserted it [PrEP implant]. Nobody is going

to see that it is there, unlike the one for pregnancy prevention”

Hlumelo, Implant-na€ıve female, Soshanguve

“I would go with the flexible one because like for instance, have you ever had stitches in? Like we are human beings –

for instance like when that one if I can feel it, I’ll forever be busy touching it, pushing it around. So if I can’t feel it,

I won’t, I won’t even know that it’s there.”

Mpho, Male, Soshanguve

“I would say I’m not sure whether I like it stiff. If I choose stiff my worry is to be robbed because it can be felt from

outside that there is an implant just like now. They [robbers] feel and rob contraceptive implants. They know that it

has drugs. If I choose the flexible one my worry is that I won’t be able to feel its whereabouts maybe it has moved

to the neck maybe or where.”

Lunitha, Implant-experienced female, Cape Town

Implant biodegradability “Many people are complaining about the [contraceptive] implant. I even saw it on Checkpoint [reality TV program].

They are talking that they are having periods for a long time and when they go to the clinic to ask them remove

the implant, the nurses tell them that ‘we don’t – we can’t remove it because we are not trained to remove it, we

are only trained to insert it.”

Asive, Implant-naive female, Soshanguve

“Are the nurses going to be trained about it on how to place it [PrEP implant] and how to remove it? Because on the

pregnancy [contraceptive] implant nurses didn’t know how to remove the implant when people wanted it to be

removed. So that becomes a problem to us when you go to them and say, ‘Okay now I want to it to be removed’.

They don’t know how to remove it. So we need them to be extremely trained.”

Ugly Rapper, Male, Cape Town

“I still feel that the community is still going to criticize that device; they are some people who are going to say

negative things about it that ‘no, this thing is not working’ or maybe ‘you are going to get sick in future’ or

whatever [. . .] They will talk, they will say negative things about it. They are going to say that ‘it [biodegradability]

is not good, how they can insert it and not remove it, it stays inside?’ They are going to ask ‘what’s going to

happen to it once inside?’”

Asive, Implant-naive female, Soshanguve

aNames used in this table are pseudonyms, not actual participant names.
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Surprisingly, the physical appearance of the implant
emerged as an attribute that mattered to many participants,
even though an implant is inserted subcutaneously and is not
typically externally visible. The negative connotation of the
plastic-like appearance of the implant prototype came up
strongly and consistently across both sites. In response to par-
ticipant preferences and suggestions on changing the “plastic”
appearance in this study and other technical considerations
such as manufacturability, TFPD developers are currently
changing the design of the TFPD to be more rod-shaped and
streamlined to reduce the “plastic” overhang present in earlier
prototypes. Identifying such modifiable attributes early on in
product development and re-centring design around user
preferences is critical to product developers to consider and
to maximize future user acceptability [15-17].
Though helpful to understand what an ideal PrEP implant

would look like from the user perspective, end-user prefer-
ences must also be grounded in practical design constraints
from an engineering perspective. Hence, through voting activi-
ties, we assessed the relative weight that participants placed
on a range of product attributes to prioritize key features in
design. When presented with trade-offs, long-lasting duration

emerged as most salient over other attributes such as rod
dimensions, number, or dosage form (injection vs. implant).
Other studies have similarly reported longer duration being a
strong driver in HIV prevention and/or contraception dosage
form preference [39,41-43], including follow-up studies with
women who have previously used vaginal rings [44], oral PrEP,
or vaginal gels [45]. Since duration weighed so heavily relative
to other attributes for FGD participants, developers are priori-
tizing achieving longer duration for the next iterations of TFPD
implants, which may require insertion of two rods instead of
one rod.
An understanding of the context of the user experience helps

to provide an explanation for the product preferences that
emerged in this research. Many participants described barriers
associated with the South African health care system, including
long queues, transportation costs, privacy concerns and the lack
of trained providers to remove implants. This is consistent with
previous reports on barriers in the South African health care
system among adolescents [46,47] and inadequate training on
contraceptive implant removal [48,49]. Such barriers motivated
overall participants’ preference for a long-acting, biodegradable
implant that would reduce clinic interactions.

Figure 3. Participant-driven “co-designer” recommendations for PrEP implant design.
Summary of participant suggestions for how to change the device when asked, “If you were the scientist, how would you design the PrEP implant?”.
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We found that preferences for various implant attributes
were remarkably similar across user groups defined by gender,
product experience and geographic location within South Africa.
Despite different community stories about contraceptive
implants (implant robbery stories only emerged in Cape Town,
whereas concerns about implant migration were more dominant
in Soshanguve), overall preferences for device attributes were
consistent across location. However, myths and misconceptions
about products have an important influence on uptake and
adherence [8,50], and engineering can only go so far in address-
ing end-user concerns, particularly those that emerge after key
decisions in design have been finalized. As several participants
themselves suggested, this draws focus to the importance of
identifying and addressing community-specific concerns and
misunderstandings throughout all stages of product develop-
ment. Understanding the community perceptions of new tech-
nology highlights the value in conducting multisite research,
even for exploratory qualitative studies, to understand the local
context for product introduction and to be able to proactively
respond to misinformation.
This study was innovative in both the early timing in the pro-

duct development lifecycle during which end-users were
involved (preclinical) and the FGD activities used to engage par-
ticipants as “co-designers”. To our knowledge, this was the first
study where potential end-users from South Africa provided
feedback on prototypes of implants for HIV prevention, and
demonstrates the importance of conducting such research with
users from the context of intended product use. However, it is
important to recognize that what participants say about hypo-
thetical product use in a focus group setting may not reflect
actual real-world use. Focus groups may also be limited by one per-
son dominating the discussion and some participants being reluctant
to express a divergent opinion during voting activities. In this study,
we attempted to overcome limitations of hypothetical end-users by
grouping FGD participants based on contraceptive implant experi-
ence and gender, and found that overall, preferences were relatively
similar across groups. Further, we included prototype interaction
activities, detailed explanations, pictures, and analogies to give partici-
pants adequate baseline knowledge and exposure to the PrEP
implants in development. Future end-user studies will be necessary
as this and other HIV PrEP implants advance along the developmen-
tal pipeline to confirm these findings, as well as to explore similarities
and differences across other sites and populations.

5 | CONCLUSIONS

We present early evidence that a diverse South African youth
population may prefer a PrEP implant that is long-lasting, flexi-
ble, biodegradable and not visible. The timing of this study dur-
ing the preclinical stage of development and “co-designer”
methodology provides a framework for others interested in
seeking methods to engage end-users in product development
for applications like HIV prevention, contraception and multi-
purpose prevention technologies.

AUTHORS ’ AFF I L IAT IONS

1Desmond Tutu HIV Centre, University of Cape Town, Cape Town, South
Africa; 2RTI International, Women’s Global Health Imperative, San Francisco,
California, USA; 3RTI International, Women’s Global Health Imperative, Los

Angeles, California, USA; 4Setshaba Research Centre, Soshanguve, South Africa;
5Center for AIDS Prevention Studies, University of California – San Francisco,
San Francisco, California, USA

COMPET ING INTERESTS

The authors report no conflicts of interest.

AUTHORS ’ CONTR IBUT IONS

E.K., M.A., E.M., A.M, L.-G.B. and A.v.d.S. designed the research study. E.K., S.N.
and T.M. conducted the research. E.K., T.M., K.M., S.N., and M.K.S.-Q. coordi-
nated and managed data collection during the study. E.K. and M.K.S.-Q. analysed
the data. E.K., M.A., E.M., A.M. and A.v.d.S. wrote the manuscript. All authors
have read and approved the final manuscript.

ACKNOWLEDGEMENTS

The authors thank all the participants who took part in this study, as well as the
research staff at the Desmond Tutu HIV Foundation and Setshaba Research
Centre who assisted with implementation of this work. The authors are also
grateful for assistance with note-taking and transcription of FGDs by Lydia
Chauke, Lebogang Mpete, Nangamso Ngcwayi, Noluthando Ntlapo, Siyaxolisa
Sindelo, Flora Thobela and Thando Wouxie. The authors acknowledge Erica
Browne, Jaclyn Shea, Ellen Luecke and Natalie Girouard for help with manu-
script preparation. The authors appreciate site management provided by Dr.
Khatija Ahmed and Dr. Mookho Malahleha.

FUNDING

Funding for this research was provided by the U.S. Agency for International Develop-
ment (USAID), through the U.S. President’s Emergency Plan for AIDS Relief (PEPFAR)
under terms of Cooperative Agreement AID-OAA-A-14-00012. Research reported in
this publication was also supported by the National Institutes of Mental Health under
award number R01MH105262. The content is solely the responsibility of the authors
and does not necessarily represent the official views of USAID or of the National Insti-
tutes of Health. EK was partially supported by a postdoctoral Whitaker Fellowship from
the Institute for International Education.

REFERENCES

1. Grant RM, Lama JR, Anderson PL, McMahan V, Liu AY, Vargas L, et al. Pre-
exposure chemoprophylaxis for HIV prevention in men who have sex with men.
N Engl J Med 2010;363(27):2587–99.
2. Van Damme L, Corneli A, Ahmed K, Agot K, Lombaard J, Kapiga S, et al. Preexposure
prophylaxis forHIV infection among Africanwomen. N Engl JMed2012;367(5):411–22.
3. Marrazzo J, Ramjee G, Nair G, Palanee T, Mkhize B, Nakabiito C. Pre-expo-
sure prophylaxis for HIV in women: daily oral tenofovir, oral tenofovir/emtric-
itabine, or vaginal tenofovir gel in the VOICE Study (MTN 003). 20th
Conference on Retroviruses and Opportunistic infections; 2013 Mar.
4. Baeten JM, Palanee-Phillips T, Brown ER, Schwartz K, Soto-Torres LE,
Govender V, et al. Use of a vaginal ring containing dapivirine for HIV-1 preven-
tion in women. N Engl J Med 2016;375(22):2121–32.
5. Eakle R, Gomez GB, Naicker N, Bothma R, Mbogua J, Cabrera Escobar MA,
et al. HIV pre-exposure prophylaxis and early antiretroviral treatment among
female sex workers in South Africa: results from a prospective observational
demonstration project. PLOS Med. 2017;11:e1002444.
6. Corneli AL, Deese J, Wang M, Taylor D, Ahmed K, Agot K, et al. FEM-PrEP:
adherence patterns and factors associated with adherence to a daily oral study
product for pre-exposure prophylaxis. JAIDS J Acquir Immune Defic Syndr.
2014;66(3):324–31.
7. Lanham M, Wilcher R, Montgomery ET, Pool R, Schuler S, Lenzi R, et al.
Engaging male partners in women’s microbicide use: evidence from clinical trials
and implications for future research and microbicide introduction. J Int AIDS
Soc [Internet]. 2014 Sep 8 [cited 2017 Dec 21];17 3 Suppl 2. Available from:
https://doi.org/doi.wiley.com/10.7448/ias.17.3.19159
8. van der Straten A, Stadler J, Montgomery E, Hartmann M, Magazi B, Mathebula F,
et al.Women’s experiences with oral and vaginal pre-exposure prophylaxis: the VOICE-
CQualitative Study in Johannesburg, South Africa. PLoSOne. 2014;2:e89118.
9. Stadler J, Scorgie F, van der Straten A, Saethre E. Adherence and the lie in a
HIV prevention clinical trial. Med Anthropol. 2016;35(6):503–16.
10. Montgomery ET, Mensch B, Musara P, Hartmann M, Woeber K, Etima J,
et al. Misreporting of product adherence in the MTN-003/VOICE trial for HIV

Krogstad EA et al. Journal of the International AIDS Society 2018, 21:e25170
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25170/full | https://doi.org/10.1002/jia2.25170

9

https://doi.org/doi.wiley.com/10.7448/ias.17.3.19159
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25170/full
https://doi.org/10.1002/jia2.25170


prevention in Africa: participants’ explanations for dishonesty. AIDS Behav.
2017;21(2):481–91.
11. Mensch BS, van der Straten A, Katzen LL. Acceptability in microbicide and
PrEP trials: current status and a reconceptualization. Curr Opin HIV AIDS.
2012;7(6):534–41.
12. Montgomery ET, van der Straten A, Cheng H, Wegner L, Masenga G, von
Mollendorf C, et al. Vaginal ring adherence in Sub-Saharan Africa: expulsion,
removal, and perfect use. AIDS Behav. 2012;16(7):1787–98.
13. van der Straten A, Montgomery ET, Cheng H, Wegner L, Masenga G, von
Mollendorf C, et al. High acceptability of a vaginal ring intended as a microbi-
cide delivery method for HIV prevention in African women. AIDS Behav.
2012;16(7):1775–86.
14. Gallo MF, Kilbourne-Brook M, Coffey PS. A review of the effectiveness and
acceptability of the female condom for dual protection. Sex Health. 2013;9(1):18.
15. Romano J, Van Damme L, Hillier S. The future of multipurpose prevention
technology product strategies: understanding the market in parallel with pro-
duct development. BJOG Int J Obstet Gynaecol. 2014;121:15–8.
16. Brady M, Tolley E. Aligning product development and user perspectives:
social-behavioural dimensions of multipurpose prevention technologies. BJOG
Int J Obstet Gynaecol. 2014;121:70–8.
17. Celum CL, Delany-Moretlwe S, McConnell M, van Rooyen H, Bekker L-G,
Kurth A, et al. Rethinking HIV prevention to prepare for oral PrEP implementa-
tion for young African women. J Int AIDS Soc [Internet]. 2015 Jul 20 [cited
2017 Dec 22];18 4 Suppl 3. Available from: https://doi.org/doi.wiley.com/10.
7448/ias.18.4.20227
18. Lin AH, Breger TL, Barnhart M, Kim A, Vangsgaard C, Harris E. Learning
from the private sector: towards a keener understanding of the end-user for
microbicide introduction planning. J Int AIDS Soc [Internet]. 2014 Sep 8 [cited
2017 Aug 29];17 3 Suppl 2. Available from: http://www.ncbi.nlm.nih.gov/pmc/arti
cles/PMC4163992/
19. Rausch DM, Grossman CI, Erbelding EJ. Integrating behavioral and biomed-
ical research in HIV interventions: challenges and opportunities. JAIDS J Acquir
Immune Defic Syndr. 2013;63:S6–11.
20. Woodsong C, Holt JDS. Acceptability and preferences for vaginal dosage
forms intended for prevention of HIV or HIV and pregnancy. Adv Drug Deliv
Rev. 2015;92:146–54.
21. Gunawardana M, Remedios-Chan M, Miller CS, Fanter R, Yang F, Marzinke MA,
et al. Pharmacokinetics of long-acting tenofovir alafenamide (GS-7340) subdermal
implant for HIV prophylaxis. Antimicrob Agents Chemother. 2015;59(7):3913–9.
22. Clark MR. Long-acting intrauterine system delivers integrase inhibitor
throughout the reproductive tract of rabbits and macaques. Poster P07.40 pre-
sented at: HIV Research for Prevention (HIVR4P) Conference; 2016; Chicago, IL.
23. Lykins WR, Luecke E, Johengen D, van der Straten A, Desai TA. Long acting
systemic HIV pre-exposure prophylaxis: an examination of the field. Drug Deliv
Transl Res. 2017;7(6):805–16.
24. Kiser P. Kiser Laboratory Website, Northwestern University [Internet].
Long-acting antiretroviral implants for prevention and treatment of HIV infec-
tion [cited 2017 Dec 28]. Available from: http://www.kiserlab.org/research.html
25. Intarcia Therapeutics, Inc. Company Website [Internet]. Revolutionizing HIV
prevention: converging medicine and technology [cited 2018 Jan 6]. Available
from: http://www.intarcia.com/pipeline-technology/hiv-prevention.html
26. Schlesinger E, Johengen D, Luecke E, Rothrock G, McGowan I, van der
Straten A, et al. A tunable, biodegradable, thin-film polymer device as a long-
acting implant delivering tenofovir alafenamide fumarate for HIV pre-exposure
prophylaxis. Pharm Res 2016;33(7):1649–56.
27. Durham PG, Gatto G, Johnson L, Marzinke MA, Swarner S, Rothrock G,
et al. In vitro and in vivo evaluation of biodegradable implant containing TAF for
HIV PrEP. 420 presented at: Conference on Retroviruses and Opportunistic
Infections; 2017 Feb 13; Seattle, WA.
28. UNAIDS. Prevention gap report [Internet]. 2016; [cited 2017 Dec 22].
Available from: http://www.unaids.org/sites/default/files/media_asset/2016-preve
ntion-gap-report_en.pdf
29. UNAIDS. Country fact sheet: South Africa [Internet]. UNAIDS; 2016; [cited
2018 Jan 16]. Available from: http://www.unaids.org/en/regionscountries/coun
tries/southafrica
30. Statistics South Africa. Mid-year population estimates [Internet]. Pretoria,
South Africa; 2017 [cited 2018 Feb 26]. Report No.: Statistical Release P0302.
Available from: http://www.statssa.gov.za/publications/P0302/P03022017.pdf
31. Statistics South Africa. Quarterly labour force survey – QLFS Q3:2017 [Internet].
2017 [cited 2018 Feb 22]. Available from: http://www.statssa.gov.za/?p = 10658
32. Chipatiso LM, NyamboV, Machisa M, Chiramba K.The gender based violence indi-
cators study:Western Cape Province of South Africa [Internet]. Gender Links; 2014 Jan
[cited 2018 Feb 22]. Available from: http://genderlinks.org.za/wp-content/uploads/
imported/articles/attachments/19460_gbv_wc_cover_-_pg18lr.pdf

33. Machisa M. War at home: gender based violence indicators study : GAU-
TENG research report. 2011.
34. Statistics South Africa. Poverty trends in South Africa [Internet]. 2015
[cited 2018 Feb 22]. Available from: http://www.statssa.gov.za/?p=10334
35. South African National Department of Health. The 2015 National Antenatal
Sentinel HIV & Syphilis Survey Report, Pretoria, South Africa; 2015.
36. Kinnes I. Gangs, drugs and policing the Cape Flats. Acta Crim. 2014;2:
14–26.
37. �Alvarez-Mosquera P, Coetzee F. “It makes it legit”: local semiotic percep-
tions of the linguistic landscape in a market in Soshanguve, South Africa. Soc
Semiot. 2017;30:1–18.
38. Montgomery E, Atujuna M, Ndwayana S, Krogstad E, Hartmann M, Weinrib
R, et al. The invisible product: preferences for long-acting injectable and implan-
table PrEP among South African youth [Internet]. Poster presented at: Interna-
tional Aids Society (IAS) Conference; 2017 Jul; Paris, France. Available from:
http://programme.ias2017.org/Abstract/Abstract/5118
39. Weinrib R, Minnis A, Agot K, Ahmed K, Owino F, Manenzhe K, et al. End-
users’ product preference across three multipurpose prevention technology
delivery forms: baseline results from young women in Kenya and South Africa.
AIDS Behav [Internet]. 2017 Oct 20 [cited 2017 Dec 21]; Available from:
http://link.springer.com/10.1007/s10461-017-1911-6
40. Dedoose Version 7.6.24, web application for managing, analyzing, and pre-
senting qualitative and mixed method research data. [Internet]. 2017 [cited
2017 Nov 01] Los Angeles, CA: SocioCultural Research Consultants, LLC; Avail-
able from: www.dedoose.com
41. Terris-Prestholt F, Hanson K, MacPhail C, Vickerman P, Rees H, Watts C.
How much demand for new HIV prevention technologies can we really expect?
Results from a discrete choice experiment in south Africa. PLoS One 2013;12:
e83193.
42. Quaife M, Eakle R, Cabrera M, Vickerman P, Tsepe M, Cianci F, et al. Prefer-
ences for ARV-based HIV prevention methods among men and women, adolescent
girls and female sex workers in Gauteng Province, South Africa: a protocol for a
discrete choice experiment. BMJ Open. 2016;6(6):e010682.
43. Quaife M, Eakle R, Cabrera Escobar MA, Vickerman P, Kilbourne-Brook M,
Mvundura M, et al. Divergent preferences for HIV prevention: a discrete choice
experiment for multipurpose HIV prevention products in South Africa. Med
Decis Making. 2017;38(1):120–33.
44. van der Straten A, Shapley-Quinn MK, Reddy K, Cheng H, Etima J, Woeber
K, et al. Favoring “Peace of Mind”: a qualitative study of African women’s HIV
prevention product formulation preferences from the MTN-020/ASPIRE Trial.
AIDS Patient Care STDs. 2017;31(7):305–14.
45. Luecke EH, Cheng H, Woeber K, Nakyanzi T, Mudekunye-Mahaka IC, van
der Straten A, et al. Stated product formulation preferences for HIV pre-expo-
sure prophylaxis among women in the VOICE-D (MTN-003D) study. J Int AIDS
Soc. 2016;19(1):20875.
46. Alli F, Maharaj P, Vawda MY. Interpersonal relations between health care
workers and young clients: barriers to accessing sexual and reproductive health
care. J Community Health. 2013;38(1):150–5.
47. Geary RS, G�omez-Oliv�e FX, Kahn K, Tollman S, Norris SA. Barriers to and
facilitators of the provision of a youth-friendly health services programme in
rural South Africa. BMC Health Serv Res [Internet]. 2014 Dec [cited 2017 Dec
22];14(1). Available from: http://bmchealthservres.biomedcentral.com/articles/
10.1186/1472-6963-14-259
48. Adeagbo OA, Mullick S, Pillay D, Chersich MF, Morroni C, Naidoo N, et al.
Uptake and early removals of Implanon NXT in South Africa: perceptions and
attitudes of healthcare workers. S Afr Med J. 2017;10:822.
49. Pillay D, Chersich MF, Morroni C, Pleaner M, Adeagbo OA, Naidoo N, et al.
User perspectives on Implanon NXT in South Africa: a survey of 12 public-sec-
tor facilities. S Afr Med J. 2017;10:815.
50. Gueye A, Speizer IS, Corroon M, Okigbo CC. Belief in family planning
myths at the individual and community levels and modern contraceptive use in
urban Africa. Int Perspect Sex Reprod Health. 2015;41(04):191–9.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:
Figure S1. PrEP implant biodegradability pictorial tool and
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Figure S2. PrEP implant insertion pictorial tool.
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