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Abstract

In South Africa, less than half of children receiving antiretroviral therapy are virally suppressed. Adherence
challenges include poor palatability of drugs and high pill burden. Subcutaneous implants offer a long-acting
alternative to daily oral dosing regimens, which may improve outcomes in children living with HIV (CLWH).
Qualitative in-depth interviews were conducted with 24 health care providers (HCPs) in Johannesburg, South
Africa. Interviews were audio-recorded and transcribed. Data were coded and analyzed using NVivo 12 soft-
ware and a Grounded Theory approach. Most HCPs welcomed an implant option for CLWH. Perceived benefits
included fewer clinic visits, improved adherence, and ‘‘normalization’’ of the lives of CLWH. Concerns
included painful insertion and removal, the potential for stigmatization, and caregivers’ likely rejection of
biodegradable implants. A single, small, non-transparent rod with some flexibility was preferred by most
participants. HCP training and early outreach to mitigate potential misinformation about implants and care-
givers’ fears about biodegradable implants were emphasized. Further engagement with caregivers of CLWH is
required and ongoing.

Keywords: HIV treatment, pediatric populations, qualitative end-user research, implants, health care providers

Introduction

Globally, just over 1 million children aged 0–9 were
living with HIV in 2020, with around 90% of them in

Sub-Saharan Africa.1 In South Africa, of the 47% of children
living with HIV (CLWH) aged 0–14 who are receiving an-
tiretroviral therapy (ART),2 around 45% are virally sup-
pressed.3 Studies on pediatric adherence have identified a
number of social barriers to successful pediatric HIV treat-
ment, including HIV stigma, non-disclosure of the child’s
HIV status, low socio-economic status of households, lack of

food, and poor supervision from caregivers, all of which are
relevant in this setting.4–7 Many CLWH are also dependent
on a caregiver who is likely dealing with their own complex
health challenges, which may impact children’s ART ad-
herence and retention in care.

Across both high- and low-resource settings, the lack of
pediatric-friendly formulations creates a further barrier to
adherence.8 Challenges with existing HIV treatment formu-
lations for children are multifaceted and include high pill
burden, complex regimens, difficulties with measuring ac-
curate doses, and poor palatability of drugs.4,8 The ART
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syrups, for example, are generally complicated to administer:
they are bitter, require weight-banded dosing, and there are
often large volumes of liquid to dispense and suspensions that
require refrigeration (a particular problem in low-resource
environments).9

Newer ART drug delivery platforms, such as powders,
granules, pellets, and chewable or dispersible tablets, are
increasingly child-friendly but still dependent on daily dos-
ing.10 In many low-resource settings, including South Africa,
some of these newer formulations are not yet available in the
public sector, owing to lack of registration and/or prohibitive
cost.11

To improve treatment success for young children facing a
lifetime of ART, simplified dosing regimens and delivery
platforms are critically needed. One solution may be long-
acting, subcutaneous implants, which provide a longer ther-
apeutic duration than current formulations, with highly con-
trolled, sustained drug release and reversibility of treatment if
needed. However, such an implant must be acceptable to end-
users involved in the treatment of CLWH.

The perspectives of health care providers (HCPs) on im-
plants for children would illuminate the social and clinical
contexts into which this mode of treatment delivery will be
introduced. Although implant acceptability among South
African HCPs has been examined in relation to contraceptive
implants12,13 and implants for pre-exposure prophylaxis
(PrEP) for HIV,14 their perspectives on implants for pediatric
use remain under-researched.

With this in mind, we assessed the acceptability and pre-
ferred characteristics of a new long-acting, potentially bio-
degradable implant among HCPs while it is still in the early
and modifiable stages of the product development pipeline.
Allowing end-users to state their preferred product charac-
teristics remains an under-utilized approach that creates
synergy between product development and socio-behavioral
science.15,16 We present their perspectives here, with the aim
of informing development of a pediatric implant that is ulti-
mately acceptable for communities in South Africa.

Methods

In this qualitative, cross-sectional study, in-depth inter-
views (IDIs) were held with HCPs in Johannesburg, as part of
a larger project, ‘‘Delivery of Antiretrovirals via Implantable
System for Young children’’ (DAISY). The DAISY study
protocol was approved by the Human Research Ethics
Committee (Medical) of the University of the Witwatersrand,
as well as Salus, an independent institutional review board
servicing RTI International, located in the United States. The
study was overseen by the regulatory infrastructure of the
Division of AIDS (DAIDS).

Sampling and recruitment

Using a quota sampling frame, we purposively recruited a
range of HCPs from selected public sector children’s clinics
and research centers in Johannesburg, South Africa. Only
HCPs who had worked with CLWH or had experience ad-
ministering contraceptive implants were eligible for partici-
pation. Facility heads helped to identify eligible participants,
and a recruitment pamphlet with information about study
participation was distributed in study facilities, inviting in-
terested HCPs to contact the study team.

Data collection

Trained social scientists held IDIs with participants in-
person and virtually (due to Covid-19 restrictions). All inter-
views were in English, audio-recorded with participants’
consent, and transcribed verbatim. A semi-structured topic
guide was used, covering topics such as: experiences with
current HIV treatment options, preferred implant characteris-
tics, and delivery considerations for children 2–5 years (the age
group targeted by product developers in the DAISY project).

During in-person interviews, participants were invited to
handle implant prototypes of varying lengths, flexibility, and
colors, as they considered preferred attributes of implants
(Fig. 1). Interviewers also displayed visual cue cards to
clarify implant insertion and removal procedures (Fig. 2).
After each interview, interviewers wrote detailed debriefing
notes on a structured form, summarizing key points raised by
the participant.

Data analysis

Data for analysis consisted of interviewers’ debriefing
notes and transcripts of audio-recorded interviews.

FIG. 1. Implant prototypes given to participants to handle
during interviews. Top to bottom: Flexible implant; small
implant; colored implant; matchstick-size standard implant.
Photo credit: Elizabeth T. Montgomery.

FIG. 2. Examples of visual cue cards used in interviews to
explain aspects of pediatric implant administration.
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Deductive themes in the debriefing notes were extracted and
summarized in memos using Dedoose analysis software v.9.
Alongside this analysis, four trained social scientists (two
of whom had done the interviews) coded and analyzed
interview transcripts in NVivo v.12, using a Grounded
Theory approach encompassing open and axial coding17

and the constant comparative method.18 Text for the ar-
ticle was developed following a review of axial coding
outcomes, which identified key themes and linkages be-
tween them.

Results

A total of 24 HCPs were interviewed, 18 in-person and 6
virtually. Table 1 summarizes the demographic characteris-
tics of the sample. In terms of professional cadres, there was a
roughly even split of medical doctors (n = 8), nurses (n = 7),
and counselors (n = 7) and a smaller number of pharmacy
staff. Some participants worked, in addition, as research staff
in their institutions. Participants had spent a median of 11
years in their professions, and 8 years working with people
living with HIV.

In the sections that follow, we describe HCPs’ appraisal of
pediatric implants in terms of benefits, drawbacks, and health
system implications of delivery and implementation.

‘‘It allows them to be kids’’: perceived benefits
of pediatric ART implants

In general, all HCPs welcomed the idea of using implants
to deliver ART to children. The syrups, pellets, and tablets
that are currently the only ART modalities available for
young children in the South African public sector were de-
scribed as problematic, mainly in terms of cold chain main-
tenance, palatability, and the dispensing of large volumes at a
time. Daily dosing and unpalatable syrups or tablets too large

for children to swallow comprise an often emotionally
draining and stressful experience for caregivers. As one
participant put it, ‘‘having to force a child to drink medication
each and every day, it is such a trauma’’ (Nurse with 10 years
in the profession and implant experience).

The HCPs felt that the implant’s long-acting character-
istic would yield at least three concrete benefits in local
pediatric treatment contexts. Firstly, follow-up clinic visits
for viral load assessments or medication collection would be
dramatically reduced. This would especially help fami-
lies in remote rural areas or from low socio-economic
backgrounds, for whom the cost of transport to clinics was
often prohibitive. Second, this would also free up time for
parents—who are often HIV positive themselves—to attend
clinic appointments and take care of their own treatment
needs.

Third, not only was reduced exposure to health facilities
preferrable in a Covid-19 pandemic, but it was also thought to
help ‘‘normalize’’ life for CLWH. One nurse said, ‘‘it allows
them to be kids and enjoy their youth without thinking about
taking medication’’ (Nurse with 10 years in the profession
and implant experience). Several participants spoke about the
importance of children being able to play, something that
daily medication routines tended to interrupt.

Children like to play or play games or watch TV, so when their
time to take treatment comes, the child starts to have moods.
(Counsellor with 11 years in profession and no implant
experience).

It was for this reason that most HCPs recommended a
flexible rather than stiff implant, to avoid it inhibiting
movement or poking out of the child’s skin when playing.

Compared with existing ART delivery methods, an im-
plant for children was considered potentially more ‘‘reliable’’
in the long run, leading to better monitoring of viral loads and
improved clinical outcomes. When leaving their children
with other family members or neighbors while at work, pri-
mary caregivers would not have to worry about whether their
children were receiving their ART medication. Implants
would also deliver precise dosages, circumventing the
problem of skipped doses when daily medication runs out or
is spat out by children.

Finally, HCPs touched on the persistence of HIV stigma
in this social environment, and how taking chronic medi-
cation can reveal one’s HIV status to others. Compared with
tablets and syrups, most HCPs felt that the implant was more
discreet and could even buy time for caregivers who were
not ready to disclose to others. Overall, they saw the implant
as a treatment method that would help to prevent stigmati-
zation of the child.

‘‘The minute they see needles they jump’’: drawbacks
to pediatric implants

Notwithstanding HCPs’ strong support for implants, some
concerns were expressed about this mode of delivering ART to
children. The dominant concern was that insertion and removal
would be painful for young children (even with an injection of
lignocaine), and that HCPs would struggle to immobilize and
comfort children sufficiently for the device to be properly ad-
ministered. For many, it was a given that implant insertion in
children would be more complex than in adults.

Table 1. Socio-Demographic Characteristics

of the Sample (n = 24)

Variable n (%)

Age, years, median (IQR) 38 (30–44)
Gender

Female 18 (75)
Male 6 (25)

Ethnicity
Black 14 (58.3)
Indian/Asian 1 (4.2)
White 8 (33.3)
Other 1 (4.2)

Profession
Doctor 8 (33.3)
Nurse 7 (29.2)
Counselor 7 (29.2)
Pharmacist/pharmacy assistant 2 (8.3)

Highest level of education
Secondary school complete 2 (8.3)
Skills training certificate 1 (4.2)
College or university complete 21 (87.5)

Has some experience administering implants 10 (42)

IQR, interquartile range.
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The health care workers are going to be nervous, I think. The
surface area you are working with is smaller, it’s often very
traumatic for everyone because the children scream whether it
is painful or not (Medical doctor with 9 years in profession
and implant experience).

While older children could be ‘‘reasoned with,’’ HCPs
pointed out that younger children would probably need to be
physically restrained. Some worried that frightened children
might even react violently to insertion and removal procedures
and require additional people to restrain them. One nurse said,

You know, we fear children.they can kick you like nothing.
Who’s going to deal with these children? .You really need
manpower because they have got that power to fight.So, you
need someone to hold their legs, the other one holding the
body, the other one the face (Nurse with 20 years in profession
and implant experience)

She suggested restraining them by wrapping the child’s
body with a sheet, ‘‘as if you are bandaging the child’’ so that
‘‘that child will not have power.’’

Many participants pointed out, in addition, that pain-free
implant removal required technical expertise and dexterity on
the part of HCPs. Those with personal experience of ad-
ministering the contraceptive implant recalled instances
where they had struggled with removing the Implanon NXT
implant rod, which has a smooth surface that makes it slip-
pery and difficult to grip with forceps, especially when wet.
Some mentioned that the implant usually attached to fibrous
tissue or embedded in fat (if the patient had gained weight
since insertion), making removal potentially ‘‘more tricky.’’
For these reasons, most HCPs stated that non-transparent
implants that are not too small or flexible would be less
challenging to insert and remove.

Most HCPs recommended an implant duration of 6 months
or longer, that would allow replacement of implants to be
paired with biannual or annual clinic visits for viral load
checks. Anything <6 months was deemed pointless and un-
necessarily traumatic for the child, because ‘‘you are in-
flicting pain on this poor child [and] you can’t be inflicting
pain on a child 3-monthly’’ (Nurse with 12 years in profes-
sion and implant experience).

The HCPs considered a topical anesthetic essential and
recommended a child-friendly trocar for insertion to mini-
mize children’s fear. Some advised that trocars be developed
with a hidden needle, and be brightly colored, printed with
images of comic-book heroes, or shaped like a toy gun, to not
look ‘‘too medical or frightening’’ (Medical doctor with 14
years in profession and implant experience).

A second cluster of concerns about pediatric implants re-
lated to the potential for scarring and commensurate HIV
status disclosure. Above, we described how HCPs saw the
implant’s elimination of daily dosing of ART medication as
potentially preventing inadvertent HIV disclosure. Some felt
this benefit would be undone, however, if implants led to
visible scarring of the body. A doctor commented:

If we were to cut [into skin for] an implant every year, a few
months, for five years, we could risk creating a scar which could
identify the child as having had serial implants (Medical doctor
with 11 years in profession and no implant experience).

Aside from scarring, HCPs concerned about stigma also
worried about the visibility of implants themselves under the

skin. They recommended that children’s implants be smaller
than contraceptive implants, and formulated as a single, thin
rod (e.g., rather than a disc shape) that is skin-toned to mini-
mize visibility through the skin. This set up a tension of sorts
between the preference for implant visibility to facilitate re-
moval, as described earlier, and their wish for invisibility of the
implant under the skin, to avoid stigma.

These concerns also influenced preferences around ap-
propriate locations on the body for insertion of the implant.
Most HCPs preferred parts of the body that are seldom un-
clothed in public, such as the child’s back or buttocks. In-
serting the implant in a hard-to-reach location such as the
back was also seen as deterring children from fiddling with it.
Indeed, more than three-quarters of the sample preferred the
back or the buttocks for these reasons. Just over half felt that
the upper arm was a more suitable location, however, largely
because this is where contraceptive implants are placed, and
because insertion and removal were generally thought to be
easier in this location.

Only a handful of HCPs raised concerns about implants
migrating from their initial place of insertion. One nurse was
emphatic that implant design needed to incorporate and ad-
dress this possibility.

Maybe if it moves and gets lost somewhere, maybe in the blood
vessels or travels somewhere where it should not travel, then I
think maybe that will be, like, a big no-no for me. They must
just make sure that it is fixed in one area (Nurse with 4 years in
profession and implant experience).

Many HCPs believed such fears would also be held by
caregivers, especially in relation to biodegradable implants,
claiming that they would want to know ‘‘where did the im-
plant go?’’ Participants thought caregivers would worry
about the potential for old, biodegrading implants to get into
the blood stream and lodge in critical organs, causing dam-
age, or that as implants broke down over time, they would
release toxic or carcinogenic substances into the body. This
would lead to misattribution of future illnesses to the pres-
ence of old implants.

We will tell them that it absorbs into the body but one day a
person will be coming and saying, ‘‘I’ve got chest pain, I think
it’s that thing you inserted in my arm.’’ Or ‘‘I’ve got a
headache, I think that thing went to my brain’’ (Nurse with 12
years in profession and implant experience).

While HCPs themselves generally saw biodegradability in
a positive light—eliminating the need for implant removal,
thereby reducing trauma and scarring for the child—they had
unanswered questions around dosing requirements and
treatment management. One participant questioned whether
therapeutic doses could be maintained with biodegradable
implants, as some would break down faster than others.
Another pointed out that non-biodegradable implants would
become ‘‘proof’’ of a child’s treatment history: if the child’s
family moves to a different province, for example, the ab-
sence of a palpable implant could endanger continuity
of care.

Only two participants raised concerns that caregivers
would attempt to remove the implant themselves rather than
come to a health facility for this procedure—possibly influ-
enced by local anecdotal evidence of contraceptive implants
being removed by patients or by ‘‘implant robbers.’’19 A
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pharmacist claimed, ‘‘you always get people who try to re-
move it themselves or get someone else to try and take it out.
That would be risky’’ (Pharmacist with 12 years in profession
and no implant experience).

Delivery and implementation considerations

Almost all participants believed that replacing current
forms of treatment delivery with the implant would reduce
HCPs’ workload overall. Overall, participants felt that im-
plant administration could be integrated into HCPs’ existing
responsibilities relatively easily, providing staff were well
trained. Such training would need to be multi-purposed,
building HCPs’ technical skills and confidence to insert and
remove implants, as well as their ability to deliver compre-
hensive patient education despite heavy workloads and
under-staffing in health facilities. A few participants stressed
that in addition to training medical practitioners, it would be
important to train counselors, front-desk administrative staff,
and health promotion staff, to support roll-out of the pediatric
implant.

A key anticipated challenge to successful delivery of pe-
diatric implants in the South African health system was de-
nial of access. One participant described how this had
happened with the contraceptive implant:

I feel like patients are being referred from one place to an-
other [and] being dismissed. When you get to a [health] fa-
cility, they will tell you, ‘‘No, here we do not remove implants
if we are not the ones that put the implant in you. you must go
back to that facility’’ (Counsellor with 4 years in profession
and no implant experience).

The perception that pediatric interventions are highly
specialized, requiring only HCPs with advanced training, was
identified as a further potential obstacle to access. One par-
ticipant said,

If you don’t have a specific nurse practitioner, for example.
or doctor with pediatrics experience, in general people
[healthcare providers] are scared of children and we have
had children turned away from the clinic and [been told] ‘‘No,
we don’t treat children’’ (Medical doctor with 14 years in
profession and implant experience).

When it came to implant storage, most participants were
optimistic that this could be handled in health facilities of all
levels—especially if cold-chain storage is not required. There
was some anxiety about possible stock-outs during roll-out of
the implant, however, especially as facilities are already ex-
periencing regular stock-outs of other pediatric HIV medi-
cines and trocars for contraceptive implants. The HCPs
pointed out that implant stock-outs would impact manage-
ment of patients’ treatment plans, by necessitating repeated
returns to tablets and syrups, and eroding patient trust built
through careful education.

As one nurse put it, ‘‘our patients lose confidence in us
and in the system, which is sad’’ (Nurse with 19 years in
profession and implant experience). To avoid impractical
stock-ordering ‘‘on a case-by-case basis,’’ which would be
necessary with single drug implants and different implants
for different weight bands, participants recommended
fixed-dose drug combinations in a single rod, offered as
first-line therapy. The question of the cost-effectiveness of
pediatric implants was raised by a few participants, who felt

that the likely higher cost of an implant would be mitigated
by savings derived from improved adherence, fewer chil-
dren on second- and third-line therapy, and fewer clinic
visits.

Discussion

The HCPs in Johannesburg considered implants an ac-
ceptable drug delivery platform for HIV treatment in young
children and endorsed its scientific development. They of-
fered valuable insights on design and delivery considerations
to increase acceptability among end-users and minimize
burdens on health systems, young CLWH, and their care-
givers. Participants highlighted that current delivery
mechanisms for ART for young children were sub-optimal
and believed that implants could improve adherence and
clinical outcomes, by reducing clinic visits, delivering
precise dosages, and potentially reducing HIV stigma. As
with any new technology, however, potential drawbacks
were also identified.

A primary concern was that children tend to fear needles
much more than adults, and participants were reluctant to
put children in their care through painful and traumatic
procedures. Their message was clear: the pediatric implant
must be designed and administered to be as pain-free as
possible for young children, to not hinder children’s daily
activities, and to be discreet, lest they encourage stigma. At
times, there were tensions between what HCPs preferred in
terms of implant attributes and what they thought caregivers
would want.

For example, while HCPs preferred a stiffer implant for
ease of removal, they recognized that caregivers might con-
sider a flexible implant to be more comfortable for the child.
Similar tensions were noted also in a study on the accept-
ability of PrEP implants for adults in South Africa.14 For
participants in our study, the need to minimize pain and
trauma for children during implant insertion and removal
trumped all other considerations.

Like many HCPs in the South African public sector con-
text, most participants had considerable experience of health
promotion and patient education, and they could anticipate
the kinds of concerns and fears that caregivers in this setting
might have in relation to medical devices or vaccines intro-
duced into the body. The biodegradability of implants was
one product attribute they felt caregivers would reject, as they
would associate it with notions of dangerous decay, believing
that dissolving implants move around the body or become
carcinogenic over time.

Promoting alternative analogies that highlight the safety of
medical devices as they biodegrade in the body may be es-
sential for effective caregiver education. Obtaining per-
spectives from caregivers of CLWH would be important, not
least of all for assessing whether they, indeed, hold the
concerns that HCPs attributed to them.

Not surprisingly, there was a strong emphasis on the need
for careful training and mentoring to secure HCPs’ accep-
tance of this new delivery method and address their concerns
about an implant for children. Participants called for lessons
to be learned from the contraceptive implant experience, and
for implant roll-out to include dedicated patient education to
tackle myths and misunderstandings among caregivers. Si-
milar recommendations have been made by studies of adult
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HIV implants in this setting,12,14,20 although these studies
have stressed the importance of distinguishing between an
ART implant for adults and the contraceptive implant—an
issue that may be less relevant for pediatric implants, and
which did not come up in our interviews. Additional research
is needed on the cost-effectiveness of pediatric implants in
low-resource settings and potential health systems barriers to
uptake.

Limitations to the study included the non-randomness of
participant recruitment and the small sample size (although
acceptable for qualitative research). Findings may therefore
not be generalizable to a larger and more diverse sample of
HCPs in South Africa or in other similar settings. Second,
given that participants knew that the research team was as-
sociated with product developers working on a pediatric
implant, interviews may have been influenced by social de-
sirability bias. Finally, in the six interviews carried out vir-
tually using video communication technology, participants
were not able to handle the implant prototypes, although they
were able to view them remotely.

In conclusion, HCPs in this study recognized that implants
would change the delivery landscape in pediatric ART pro-
grams but emphasized there would be trade-offs. Implants are
a more complex delivery system for the health system to
manage than tablets or syrups, yet they confer simplicity to
the user and offer a route to greater adherence. This makes
them less than ‘‘perfect’’ delivery mechanisms but very
promising in terms of improving long-term treatment out-
comes in young CLWH.
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